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ABSTRACT

This report gives the engilneerling considerations upon which the
design and constructlon of tanks for the storage of low level
radioactive waste sclutlons were based. The tanks bullt were
85 feet 1in dlameter, with a wall heilght of 34 feet 3-3/8 inches
and a nomlnal capacity of 1,300,000 gallons each. Whille
conforming %o the principle of total conflnement, these tanks
were bullt at a conslderably lower cost than the tanks designed
for storing high level radloactive wastes. Thls saving was
brought about by the elliminatlion of a number of features such
as cocling colls and the annular space and secondary saucer
¢ontainer around the tank.
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UNDERGROUND STORAGE OF LOW LEVEL RADIOACTIVE WASTES
AT THE SAVANNAH RIVER PLANT

Engineering Considerations

l. SUMMARY

A. STORAGE OF RADIOACTIVE WASTE MATERIAL

At the Savannah River Plant, radlcactive wastes from the separations
processes are segregated intc solutlons of high and low level activity
and are discharged into two underground tank farms. Although all of

the tanks are designed for the contailnment of high level waste solutilons,
certain ones are used for storing low level waste solutions not sultable
f'or seepage basin disposal.

In June 1955, it was declded that additional tankage would be required
to store low level wastes. By designing these new tanks (total capacity
5,200,000 gallons) to contain only low level wastes, a less expensive
structure could be used. Some of the present tanks 1n use for low

level storage could, by waste soclutlon transfer, be released for

storing high level wastes.

B. COURSES PURSUED IN STUDY

Existling tank designs at the Hanford Atomic Products Cperaticn and
Savannah River Plant were reviewed and varlations cof these designs
were developed. A cost comparlscn of nine alternative deslgns was
made on a basls of four 1,000,000-gallon tanks.

Initial evaluatlions were on the basis that the contents of the tank
would not exceed 100°F. As the study progressed, the feasibility of
concentrating the low activity wastes by evaporatlon became more
evident. Thils necessltated a review of the design to determine what
alterations would be required to accommodate the higher temperatures,
or what operating limitations must be 1lmposed so as not to exceed
permissible unlt stresses.

C. RESULTS

1. The design study indlcated that the most practical tank
size to meet storage requirements was a tank 85 feet 1n diameter with
a wall height of 34 feet, having a nomlnal capacity of 1,300,000 gallons.

2. Further analysis showed that the most economlcal tank
structure meeting the deslgn criteria consisted of a steel liner
surrounded by a prestressed "Shotcrete" eylindrical shell. The waill
and dome ring support a spherical reinforced concrete dome roof - all
resting on a wall foundation and a concrete floor slab. See Exhiblt II,




%, The upper limits of stress and temperature were establlshed
to permit maximum utillzation of the completed tank design under
additional loads imposed by higher bulk temperatures. Thls resulted
in the followlng operating limitations: the tanks can be operated
with a maximum bulk temperature of 210°F by starting with an 18-inch
heel of liquid at a temperature not exceeding 100°F to dlstribute
uniformly the heat resulting from an input no greater than 12 gpm and
not exceedlng 275°F. It is intended that the 210°%F bulk temperature
should not be reached sooner than 1800 hours (75.5 days) under 24-hour
operatlon.

k. The tank dome was deslgned for the possible later
installatlon of an evaporator to concentrate low level waste.

5. A speclfication was prepared to include detalled
procedures for the constructlon of the concrete tanks to minimize the
subseguent development of cracks.

6. Results of stress corrosion studles made by the Du Pont
Engineering Research Laboratory were utlliized in developing a
construction procedure as a measure to minimize residual stresses in
the steel tank llner.

7. Constructlon of several tanks of the design described 1in
this report has been completed.




1l. DISCUSSION
A, INTRODUCTION

1. STORAGE AND TYPES OF RADIOACTIVE WASTE MATERTAL

At the Savannah River Plant, the radiocactive wastes from the Purex
process are segregated into three types: (1) high level or nigh
actlvity waste, (2) low level or low activity waste, and (3) warm or
very low actlvity waste.

The high level waste 1s a nltric acid solution that contalns the bulk
of the fission products from the separations process as well as certaln
process reagents. Thls solution is concentrated for recovery of nitrice
acid by evaporaticn and then treated with caustic ylelding an alkallne
solution containing about 35% sclids. It requires prolonged heat
remcval to aveld beiling during storage and 1s, therefore, stored in
tanks that are equipped with cooling colls to remove the fission
product decay heat.

The so-called low level waste 1s perhaps misnamed. It 1ls an aquecus
sodium nitrate - sodlum aluminate solution resulting primarily from
dissolving the aluminum sheaths from the fuel elements; 1t contains
about 35% solids and less than 0.2% of the gross flssion products.
Although this waste is stored in the same type of tank as is the high
activity waste, the rate of heat release from this solution 1s
sufficiently low to permit dissipation of the heat fo the surrcundings
of a buried tank wlithout c¢ther cooling faclilities. The tanks described
in this repsrt were designed for storage of low level wastes (or
suitably decayed high level wastes).

The very low activity waste contains laboratory trade wastes,
condensates, laundry wastes, and discard water. The radiocactivity

of this waste 1s so low that the solutlon can be discharged to
seepage basins where radiocactive decay and lon exchange reduce the
activity still more sc that the amount reaching the water table or
surface streams is well below fthe maximum permissible level published
by the Natlonal Bureau of Standards®* This report 1s not concerned
with thls very low activity waste. It 1is mentioned only to emphasize
the fact that the so-called low activity waste, because of 1ts higher
radiocactivity, requires storage for an indefinite time.

2. OBJECTIVE

The purpose of this report i1s to set forth the methods and data used

to establish the size, design, construction requlrements, and operating
Iimitations for economical and structurally sound tanks to store low
level waste solutlons.

#* Recommendations of the Natlonal Committee on Radlation Protection
(and Measurements), NBS Handbock No. 69.




B. NEW WASTE STORAGE TANKS

1., FACTORS INFLUENCING DESIGN

As previously stated, the baslic principle of liquld waste handling at
the Savannah River Plant (SRP) 1s that of total conflnement unless the
radloactivity of the waste 1s so low that the normal background at the
slte boundaries will not be signiflcantly raised. In applylng this
principle when additiconal waste storage tanks were needed, 1t was
agreed that the cest of storage would be considerably reduced if tanks
were designed speclfically for low level waste. The speciflcatlions
could be less stringent than those requlred for fresh high activility
waste. The present accumulations of low actlivity waste could then be
transferred from tanks deslgned for high activity waste into the lower
cost tanks.

Factors involved in reachlng thils conclusion were:

a. The wlde difference 1n actlvity level between the two
types of waste would permlt the adoptlon of less elaborate means of
handling a leak in the steel liner, should cone develop.

b. The low activlity waste produces so 1little heat of decay
that 1t can be dissipated without significantly ralsing the tank shell
femperature. _

¢. Performance information of low actlvity waste tanks at
the Hanford Atomlc Products Operatlon appeared favorable for the
application of similar unlts at 3SRP.

d. An invesfigation of low actlvity waste concentration
belng conducted slmultaneously with the new tank deslgn suggested the
likelihood that the tanks would be used for substantially solidified
waste.

In view of the foregolng, it was feaslble to eliminate certain features
incecrporated in the tank designs for high activity waste. Such
features were the cooling colls, valve house, reflux condenser,
denhumidification equipment, annular space and secondary saucer
container around tank, external waterproofing, and spare f1l11 lines

to each tank.

2. BASIC REQUIREMENTS

Baslc requirements established for the new tank deslgn were:

a. A capaclty of at least 1,000,000 galleons for each tank.
{The actual capacity of each tank bullt 1s 1,300,000 gallons.)




b. An aqueous solutlon of sodium nitrate - sodium aluminate
that contains about 35% dissolved solids and has a speciflc gravity
of 1.25 and a temperature of about 100°F. (In anticipation of the
conclusions of the waste concentration study, the design was made on
the basis of a specific gravity of 1.8.)

e¢. A carbon steel tank lining, liguid tight with all seam
welds 100% X-ray quality, and of the same quallity used for high activity
waste storage.

d. The concrete tank surrounding the steel tank liner to be
designed and constructed to minimize susceptibllity to cracks that would
permit significant leakage in the event of fallure of the liner.

e. Provision for detectlion and collectlon of leakage past
the bottom steel llner.

f. The top of the tank to support an earth burden sufficlent ¢to
reduce the radlation level to an arbitrary 25 mr/hr. (Area seldom occupled)

g. A plugged center opening to support facllities for the

possible later installatlon of an evaporator to concentrate low level
waste.

h. Waterproofing only to the extent required to protect the
tank structure.

1. Elevation of bottom slab was placed as close as practical
to the expected maximum ground water level (230.0 feet).

The study of alternative designs described later 1ln thls report
proceeded on the above basls.

3., OPERATING PROCEDURE

The initlal plan was for each tank to be filled with low activity
waste at a maximum rate of 75 gpm at 105-125°F for a period of one hour
per eight hours. The tanks were designed to these requirements.
However, development of a process to concentrate low actlivity waste

to 65% dissolved sollds showed such promise that 1t appeared deslirable
to store waste of approxlmately this concentration 1in these new tanks.
The hlgher waste temperature assoclated with this condition 1mposed
additional stresses on the tank structure, whlch were nct contemplated
in the original design. A sgtudy was made to determine the limiting
temperature and f1lling rate that could be tolerated by the tank
designed for the feed conditlons previously outlined. Utlllzation of
increased but acceptable unit stresses made it feaslble to use these
tanks for wagte contalning 65% dissolved solids under the followlng
conditions:




a. Provide an 18-inch heel of low zactivity waste at 100°F
prior to commencement of filling with concentrated waste.

b. Maximum allowable f1l1l rate to be 12 gpm of 65%
concentrate (evaporator bottoms) at 275°F, having negligible heat
release from decay. At this filling rate, 1t would take 1800 hours
{(75.5 days) of 24-hour operation to reach the 1,300,000-gallon
capacity such that the temperature at the end ls expected to be about
200°F +10°F.

¢. Each tank fto berfilled In this manner cnly once,
It 1s necessary for the tanks teo be kept full of water untll they are
put into operation in order to help malntalin original compression in
the prestressed conerete and to protect the bottom slab from any
hydrostatic pressure.

C. DESIGN CONSIDERATIONS FOR NEW TANKS

1. EVALUATION QOF TANK CONCEPTS

a. BSelectlon of Size

From earlier studies made in connecticon with high activity storage
(HAS) tanks, a dlameter of 85 feet and a helght of 27 feet were
established as the size of the steel container with the f111 line at
about 25 feet. This size came wilithin the upper limits of an economilcal
helght-dlameter ratic for a storage capacity of 1,000,000 gallons.

In the deslgn of the new tanks, the 85-foot dlameter was retained
because of the avallabllity of two ralsing-lowerling frames which had
been altered previously for use wilth the 85-foot-diameter tank bottom
of the HAS tanks. The helght of the steel contalner was lncreased to
34 feet 3-3/8 inches with the liquid depth of waste storage about 2
Teet belcw this height. This slze exceeded the most economlc height-
diameter ratio. However, because of physical conditions noted below,
this additlonal helght provided a capaclty of 1,300,000 gallons for
each tank, exclusive of the 18-inch opsrating heel, at little additicnal
cost.

The increase in helght was Influenced by the following:

(1) A proposed diversion box was omitted, which allowed
ralsing the invert elevation of waste line inlet to permit filling
by a gravity feed (1-1/2% slope from existing diversion box) and
cascade system.

(2) The elevatlon of the bottom slab was established as

close as practical to the expected maximum high ground water level
(230.0 feet). This maximum level, which 1s to be expected once in
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100 years, was determined by reviewlng avallable ground water data 1in
the vicinlty of the site and climatological records from the Augusta,
Georgla weather statlon.

(3) A minimum uniform earth cover (2 feet-9 inches) over
the tank dome was provlded for shlelding purposes and control of storm
dralinage.

b. Selectlon of Type

Alternatlve tank designs were evaluated to establish the most economical
design meeting process requirements. The HAS tanks were used as a basis
for cost comparlisons as they represented the most economlcal waste
storage at SRP at the time.

Estimates of cost were based on wage rates 1ln effect at SRP in
September 1955.

All evaluations were made on the basis of a maximum high water table
level (for 100 years) of 230.00 feet and an invert elevatlon for waste
line inlet of 255.76 feet.

Nine tank deslgns were consldered, each having an approximate capacilty
of 1,000,000 gallons. These deslgns Cases 1A through 4B, are shown

in Exhlblt I. They were varlations of three tank types - namely:

(1) Hanford Atomlc Products Operation (HW) for high and low activity,
(2) Existing SRP single column HAS tanks, and (3) the original SRP
multicolumn HAS tanks modified for low activity.

As a result of these evaluatlons, Case 4B (Exhibit I), a prestressed
deglgn wlith "Shoterete" walls, was recommended. The cost was 60%
less than that of the baslc high temperature HAS tanks and 18% less
than that of a typlcal low actlvity HW tank installed at SRP, Case 1A,

In an analysls of the prestressed concrete design, a comparlscn was
made bhetween wire windlng and the use of rods and turnbuckles.
Structurally there was no significant advantage of one cver the other
and there was little difference 1n over-all estimated cost. Rods and
turnbuckles were chosen for this Installatlon since this method of
prestressing was better sulted for fleld conditlons and schedule
requlrements.

The difference In cost between Cases 4A and 4B was not significant.

The decision to use the "Shotcrete" for the core wall instead of poured
concrete was made in order to get a tighter wall. Shrinkage cracks,

1f they occur, will not carry through the "Shoterete" wall, as they
will be confined to thelr respective "Shoterete" layers.

In the final design phase, construction costs were reduced further by
(1) omitting the sand bed under the steel tank bottom, since the cement
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topping of the bottom slab was poured at a tolerance of $1/8 inch,

(2) establishing minimum uniform earth cover over the tank dome to
satlsfy requirements of both shlelding and surface dralnage,

(3) omltting 3-ply-membrane waterprooflng under the steel tank bottom,
(4) revising the existing ralsing-lowering frame for the bottom steel
liner installation, {(5) venting one tank into a second tank that
required only one vent filter for each palr of tanks. Exhibit II shows
the tanks as flnally deslgned and constructed.

c. Location (See Exhibit IIT)

The locatlon selected was based on the foilowlng fundamental
conslderations necessary to meet the established design criteria.

(1) Waste material is to be transported through pipellnes
by gravity from the existing diversion box to the tanks with the
minimum grade for the pilpelilnes established at 1-1/2% as a desilgn
requirement.

On thils baslis, the tanks were located as close fto the exldstlng facility
as practical, since the gradlent and length of the connecting lines
establlished the top elevatlon of the new tanks.

(2) The 1limits of the area required for excavation during
construction of the tanks were determined by providing sufficient
clearance from the exlsting wasfe tanks to allow for continulty of
operation and at the same time keep the length of the new gravity feed
line as short as practical.

Other minor consideratlons were: proximlty to exlsting service lines
such as steam, water, and sewers.

2. STRUCTURAL DESIGN CRITERIA

a. Tank Liner
(1} Material
American Society of Testing Materials (ASTM) A-285 Grade "B" Firebox
quallty open hearth carbon steel. Minlmum tenslle strength - 50,000
psi. Minimum yieid point - 27,000 psi

(2) Worklng Stress

17,000 psl maximum

(3) Welded Joints

Submerged arc - where practical. All Jolnts radiographed
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(4) Design Loading

Filled with 20 feet of water for leak detectlcen test before encasement

b. Prestressed Concrete Tank

(1) Material
Dome - Class "A" - 5,000-psi concrete

Wall and Dome Ring - 5,000-psi "Shotcrete"

Wall Footing and Floor Slab - Class "C" - 3,000-psi concrete

Reinforcing Steel - ASTM-Al5 Intermadiate grade blllet steel. Minimum
tensile strength - 70,000 psi. Minimum yield point - 40,000 psi

Prestressing Rods - l-inch-diamster rcds - American Iron & Steel
Institute (AISI) Grade C1060. 7/B-inch-diameter rods AISI Grade

€1055. Minlmum tensile strength - 105,000 psi. Minlmum yleld point -
60,000 psi. Roll threaded with oversize threads that will develop full
strength of rods. Turnbuckles - AISI Forging Grade ClOL45 designed to
withstand breaking strength of rods

(2) Maximum Working Stresses

Notation
fC = unit compressive stress in extreme filber of concrete
In flexure, psl
fs = unit tensile stress In reinforcing bar, psi
n = ratio of modulus of elasticity of steel to that of
concrete
u = bond stress per unlt of surface area of reinforelng bhar,
psi
v = unlt shearing stress, psi
b = wldth of conecrete section, inch
t = thickness of concrete section, 1nch
Dome
Membrane stress = 400 psi - compression
Membrane stress = 500 psl - compresslion, with temperature
stress
Membrane gtress = 150 psl - tension, when reinforced with steel
v = 120 psl - vertlcal shearing stress
n==56.7
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Dome Ring and Wall

fc = 2,000 psil - compression

fc = 2,500 psl - ccompression, when normal stresses are
comblned wlth temperature stresses

n = 6.7

Foundatlion and Floor Slab

£ =1,350 psi -~ compression

v = 90 psi
u = 300 psi
n = 10

Reinforcing Steel

f
8

f

20,000 psl - tension

25,000 psi - tenslon, when normal streases are
comblned with temperature stresses

Minimum - 0.0025 bt each way 1In dome slab

Minimum - 0.005 bt each'way in floor slab

Minimum - 0.005 bt vertlcally in wall

I

Prestressing Bands (Rods and Turnbuckles)

Prestress - 50,000 psi
Working stress -~ 30,000 psi
Logses - 5,000 psl + 6 x concrete prestress

Maximum Allowable Seoil Bearing - 10,000 psf

(3) Design Loading

2-foot 9-inch earth cover cver dome

Temporary construction load of 22,000-1b bulldczer or B-ton roller cn

dome with 12-1nch earth cover

Live lcoad of 50 psf all over dome

Equipment load with shielding walls of 365,000 1b conecentrated withiln
a 27-ft-dlameter circle cr the equivalent on the center of the dome.

Six risers wlth an squipment lcading of 3,700 1b each
Tank filled with waste of speclfic gravity of 1.8

Earth pressure on wall, psf
Before settlement: 32 x depth, ft
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After settlement: 80 x depth, £t
Pasglve resistance to tank expansion: 330 x depth 1n ft

Surface load of earth-moving equipment on backfill during placing.
See Exhiblt V.

Surface load of Loralne MC504W crane (72,000 lbh) after backfilling

Temperature of 210°F within tank, which should not be reached before
1800 hours (75.5 days) of 24-hr operation

Thermal gradient of 15°F through dome slab, 7.5°F through wall and 2.6°F
through floor slab

3. STEEL TANK LINER (See Exhiblt II)

The steel tank liner hag two functlons. It 1s a liquid-tight
contalnment vessel, and 1t protects the concrete envelope from the
waste contents of the tank. The liner is 3/8 inch thick except at the
knuckle plates where 1t i1s 7/16 inch thick. It i1s reinforced with four
circumferential stiffener angles that help to keep the plates 1n
allgnment during erectlon and malntaln proper curvature of the tank
while the concrete wall and dome are bullt. It is anchored to the
concrete wall with eight horizontal rows of 3/8-inch hooked Nelson
studs, spaced 3 feet apart clrcumferentially.

The stresses were computed flirst for the tank wall and knuckle plate
under a 20-foot water head for the hydrostatic test. The maximum
stress occurs 1n the knuckle plate. Thls curved sectlon with 12-inch
radius forms an annular ring that cantilevers out from the flat bottom
of the tank to support the steel wall of the tank. The steel plate
easlly carries the 21,200-psl radial bending stress and the maximum
cilrcumferential tensile stress 1s 11,200 psi.

After encasement, the steel tank liner wlll be compressed clircumferentially
from prestressing the concrete. The clrcumferentlal compressive stress
1s 15,400 psl at the bottom of the wall.

The effect of the 7-1/2°F thermal gradient through the wall is to add

730 pel compression to the final clrcumferentlal stresses or a stress

of 11,830 psl at the bottom of the wall, but the stresg at the time of
prestressing will be the maximum as given above.

The plate 1s anchored to the concrete with Nelson studs spaced at

36-inch centers. The buckling strength of the plafte in a eclrcumferential
direction supported on 36-inch centers is 10,700 psl. The clrcumferential
stress wilill exceed thls value In the lower 13 feet of the wall and the
plate will buckle away from the wall between the studs a computed

dlstance of 0.6 inch. In doing so, 1t will place z strain of 1270-1b

pull on the Nelson studs which are goed for 2200 1b each.
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In a vertical direction, the stress from the vertlical loads will be
770 psi plus 730 psl additional due to the 7-1/2°F thermal gradient
through the wall, or a maxlimum of 1500-psl compressicn. The plate
wlll carry the stress safely as the buckling stress 1s also 10,700 psi
in the wvertical direction.

It should be noted that, except for the thermal effect, the vertlcal
bendling stresses in the concrete wall are not transmitted toc the liner
which is anchored at cnly 36-inch intervals. The liner is comparatively
free tc move and deflect and will conform to lnflnltesimal changes in
the shape of the concrete. The only deflnlte points where 1t 1s fixed
are at the top and bottom. The thermal effect differs 1n that 1t
compresses the Iining unifermly from tep to bottom.

The bottom of the steel liner lies on the concrete flcor without
anchorage. As the temperature of the tank lncreases, the steel plate
wlll be hotter than the average temperature of the concrete envelope.
This will produce a compressicn of 250 psl 1n the plate, but the weight
of the plafe wlll bhe sufflclent to hold it down o the concrete slab
and prevent buckling.

It is apparent, from the above stresses, that temperature and the
gradients established for this Jjob have only a minor effect on the tank
lining.

4, DOME DESIGN

a. Dome (See Exhibit II)

{1) Size and Type

The tank roof conslsts of a spherical reinforced concrete dome, wlth an
internal radius of curvature of 90 feet-4 inches and a rilse of 10 feet-
7-1/2 inches above the spring line. This i8 a ratlio of rise to tank
dizmeter of 1 to 8, the ususal ratlc for a tank dome roof. The maximum
slope of 28° permitted the dome to be poured wlthout top forms.

The dome-type roof sfructure was adopted for the followlng reasons:

(a) Interior supports and their attendant complexitles were
eliminated.

(b) A study of other clear-span structures indicated the dome
roof to be the most economical type of constructlon.

(2) Allowable Stresses

The 28-day strength specified for the dome slab was 5000 psi. The actual
strength is higher. A% 14 days, 1t tested 5000 psl and at 21 days, the
minimum time specifled for removal of dome forms, it attalned 5500 psi.
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Tenglle strength using a 6 x 6 inch specimen was 350 psil at 21 days
and the modulus of rupture strength (ASTM - Spec. C78) was 1420 psi at
21 days.

A compressive membrane stress of 400 psi was used in the design for
normal temperature with an ultimate strength of 3750 psi specifled for
the concrete. Later 1t was declided to use 5000-psi concrete because

it was obtalnable at a very small increase 1n cost. At the same time
the allowable membrane stress was relaxed to 500 psi when the effect of
a 210°F temperature was added to the deslgn conditions.

There will be direct tensile stress in the dome due to some types of
loading so sufficient reinforclng steel was used to carry the entlre
tensile stress. Since the concrete would have to crack hefore the
entire stress would be carried by the steel, direct tenslle stress 1s
limited to an average value of 150 psl on the concrete section to
prevent cracklng,

Although shear 1g not always considered ln the design of domes, the
vertical shearing stress at any section was limlted to 120 psl as an
additional safety check.

(3) Design Analysis

The design was based primarlly on the membrane theory which assumes
that the slab 1s thln enough that all stresses are of uniform tension
or compression at any polnt 1n the dome. Local bending effects at the
risers and the dome edge, and for equipment loads were investigated.

Analysis therefore required that calculations be made for uniform and
concentrated loads, tempsrature and prestressing forces, and at openilngs.

The procedure followed was to compute membrane stresses firat, then
the bending streasses, and finally the comblnatlion of the two.

(4) Loadings
The following loads were used in the calculatlons:
Dome slab, 7 to 10 inches thick, 12.5 1b per Inch thickness
2 feet-9 inches earth fill at 110 1b/cu ft, 300 psf
Live lcoad, 50 psf |
2-ft-ID Risers -
Equipment 3,700 1b

Concrete 9,300 1b .
13,000 1b (each)
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Center opening -
Plug and Evaporator - 140,000 1b
Shielding Walls - 225,000 1b {considered concentrated within a
27-foot-diameter circle)

Cne 22,000-1b bulldozer (consldered concentrated within a 5-foot-dlameter
circle)

Total Dome Loads -

Dome 710,000 1b
Earth cover 2,050,000 1v
Evapcrator plug 140,000 1b
Shielding walls 225,000 1b
Live load 500,000 1b

3,425,000 1b

Duplications, etc. 52,000 1b

Total 3,393,000 1b

(5) Calculations

(a) General Loading

The maximum stresses for four cases of loadlng are shown below.

Combined Membrane

Membrane and Bending Stress,
Stress, Concrete Steel
Case Loads psi psi _psi
I Dome slab and prestressing -7212 -720 +12, 400
1T Load in Case I wilth 1l2-inch
earth cever and 22,000-1b
bulldozer at any polnt -270 -490 + 1,060
IIT Dome, earth and tank at 210°F -390 -685 +20, 200
IV Same fully loaded -i40 -675 + 4,120

Note: Tensile stress = +
Compresslive stress = -

Case II includes the membrane stresses due to the welght of the dome
8lab plus 1 foot of earth fill. The stresses from a 22,000-1b bulldozer
operating at any place on the dome were calculated and comblned with

the foregoing membrane stresses and the moments from prestressing.

Cases IIT and IV include the moments due to a thermal gradlent of 15°F
fhrough the dome slab. They are comblned with the prestressing moment

- 18 -




and the membrane stresses due to the welght of concrete and full load
of earth f111. Case IV is the same as Case III but has the full load
on the dome.

{b) Openings

Calculations of the local stresses around the 2-foot riser openings showed
a maximum compressive membrane stress in the slab of 460 psi and a
maximum tension in the steel of 16,500 psi.

Calculations of the stresses in the center collar showed a tension of
21,900 psi in the cilrcumferential dome slab reinforcing Jjust beycnd
the collar. The collar sustalned a circumferentlial compresslon of
1145 psi at the bottom.

b. Dome Ring

The principal function of the dome ring 1s to carry the ring tension
of 1,013,000 1b produced by the maximum lcad on the dome of 3,393,000
1b.

he dome ring, 24 inches thick x 39 inches high, is bullt moncllthically
with the side walls of 5000-psi "Shotcrete". The Joint between the

dome ring and dome slab was deslgned so as not to take any moment, but
only thrust and shear.

The dome ring was prestressed with 41 one-inch round bands tensioned

to 50,000 psil with a total prestress of 1,610,000 1b and an initial
compression of 1900 psi in the dome ring. The final circumferential
stresses under operating condltions and with alleowances for shrinkage,
plastic flow, etc., are 615 psl compression in the dome ring and 42,200
psl tenslon in the tensionlng bands.

The dome ring extends out beyond the core wall a maximum of 23 Ilnches.
This causes a vertlcal moment at 1ts Juncture wlth the core wall.
Stressges from this moment are low, however, and amount to only 235 psi
compression in the outside face and a tensilon of 3610 psl in the lnner
layer of vertlical wall reinforecing.

. WALLS
a. Dimensionsg

The walls form a eylinder B85 feet in diameter and 33 feet high
surmounted by the dome ring.

The core wall 1s 7 1inches thick at fhe top and 11 Inches at the bottom.

The total wall thickness, including bands and cover, 1s 10 inches at the
top and 15 1nches at the bottom.
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b. Details

The core wall was constructed of 3/4 to 1-1/2-inch-thick layers of
"Shoterete™”, which were allowed to set up three days between layers.
Tests showed that the bond between layers was 80 astrong that, when
cores were broken, they lnvarlably broke at other than the joint
between layers. Allowing three days between "Shotcrete" layers had
the followlng advantages:

(1) Time was allowed for wet curing

(2) Much of the shrinkage took place before the next layer
was added

{3) The heat usually developed during set was dissipated

(%) Time was allowed to inspect the layer and repalr any
weak places

(5) Most of the shrinkage had taken place when 1t was
prestressed

The dome ring and wall were made monollithlec by shooting the layers
continually from bottom to top of wall. The vertical reinforelng
in the wall was also carried up into the dome ring.

The dome ring and wall act as a unit with a Joint between dome ring
and dome slab and a Jolnt between the wall and floor. The dowels iInto
the dome glab were placed at the center of the slab, and the dowels
from the footing into the wall were placed on the inslde to minimize
the moment 1n the footlng due to the prestresslng. Thus the wall can
be considered pln-connected at top and bottom for analysis of restralnt
at these poilnts.

¢. Prestress {See Exhibit IV)

The wall was prestressed circumferentially by 163 7/8-inch round bands
roll threaded with a minimum area no smaller than the 7/8-inch rod.

The turnbuckles, placed 45° apart on each band, were designed to be
stronger than the rods. Rods were tensioned to an average stress cf
50,000 psl, which was measured at the quarter point in the individual
rod. In order to provide a more uniform distributlion of stresses, the
turnbuckles on one band were staggered with those on adJacent bands so
that points of higher stress would occur next to points of lower stress.

The turnbuckles required a l-inch-deep notch 18 inches wide the full
helght of the wall to provide clearance for turning. This reduced the
core wall thickness to an effective thickness of & 1nches at the top
and 10 inches at the bottom.
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The prestressing 1n the bands was calculated to provide compressicn

in the core wall under all operating conditlons after losses from
shrinkage, plastic flow, and friction had taken place, wilthout depending
on the compression resulting from backfill.

The wall was not prestressed vertically as the load from the dome after
adding the earth cover provides a psrmanent compressive stress of over

100 psi on the wall section and effectively prevents horilzental cracks

from opening up.

d. Design Analysls

For the design of the walls, both circumferential and vertical stresses
were calculated. The clrcumferential stresses lnclude prestressing,
earth pressure, surcharge from egulpment, liguld pressure from ccntents
of the tank, and thermal stregses. The vertical stresses are those

due to the roof loads as computed for the dome and to the temperature
and bending moments that result from the shear transferred tc the top
and bottom of the tank from horlzontal lcads on the walls.

e. Vermiculilite Blanket

Calculations showed that the tank wall when heated to 210°F will expand
radially 1/2 inch. To preclude overstressing the wall due to the develop-
ment of passive forces in the surrounding soil, an 8-1inch blanket of
compressible material consisting of expanded vermicullte was placed
against the outslde surface of the tank walls. The vermiculite will
compress 1 inch at a pressure of 15,000 psf. The use of thilsg material
also facllitated the backfill cperatlion by permlitting heavier loads
adjacent to the tank wall.

f. Calculated Stresses

Note: The "Shotcrete” wall wiill be referred to by the general term
"eoncrete" 1n the discussion of stresses that follows.

(1) Prestress

The circumferential stress in the concrete due fto the tank being filled
with a liquid of 1.8 specific gravity 1s zero at the top and a tenslon
of 162,500 1b per ft at the bottom, or a stress of 1040 psl on the core
wall.

At the working stress of 30,000 psi, the spacling of bands at the bottom
using 7/8-inch round rods is 1-5/16 inches center to center. The rods
had te be placed in two layers up to the height of 12 feet where the
spacing of 2 lnches center to center allowed enough clearance between
bars to turn the turnbuckles.

- 21 -




These bands, prestressed at 50,000 psl put an 1nitial compression of
275,000 1b on the filrst foot of core wall. A thickness of 10 inches
(minimum at notches) was selected which would be stressed inltially
to 2290 psl in compression.

A minimum thickness of 6 inches (at the notch) was selected for the top
of the wall wilth a minimum spacing for the 7/8-inch rods on 9-inch
centers. The prestress at the top of the wall was 40,000 1b for

the ftop foot, or an 1nltlal concrete stress of 555 psl in compression.

(2) Earth Pressure

The stresses 1n the wall due to earth pressure are shown 1n the table
below for the following cases:

Case 1 - Inltial or active pressure

Case 2 - At-rest pressure after settling

Case 3 - Passlve pressure, developed by expansion of the
tank against the soll as 1t heats up to 210°F.
This 18 relieved by the 8 Inches of expanded
vermicullte which takes l-inch compression at
15,000 paf.

Compresslve Stress

Earth Pressure, In Wall due to
paf Earth Pressure, psi
Top of Bottom Top of Bottom
Case Wall of Wall Wall of Wall
1 265 1,355 90 275
2 640 3,280 220 665
3 (Without
vermiculite) 2,640 13,530 915 2,740
3 (With
vermiculite) 2,640 5,230 915 1,065

(3) Circumferentlal Stresses

Case 3 1n the preceding table shows a compresslve stress at the bottom
of the wall of 2740 psl due to passive pressure of earth. Combined
with the compressive stress due to prestress less shrinkage, etc., a
direct compressive stress of 3335 psi would result with the tank full
and 4370 psi with the tank empty.

These are prohibitive deslgn stresses for 5000-psi concrete and require

some rellef Iin the form of a permanently loose fill material so expanded
vermicullte was used with a filnal direct stress of 1660 psi.
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The thermal gradient of 7.5°F through the wall will add bendlng stress
to the direct stress as shown in the table below.

Summary of Comblned Cilrcumferentlal Stresses

Concrete, psi Band Steel, psil
Top of Bottom Top of Bottom
Wall of Wall Wall of Wall
Direct Stress -1, 320 -1,660 +36, 545 +35, 460
Combined Stress
Ingide face =1, 430 -1,770
Outslde face -1,210 -1,55C
Band steel +37,275 +36,190

The effect of considering the wall free to move inetead of pln-connected

at the bottom results in the above calculated stresses belng higher
near the bottom of the tank than 1s actually fthe case due to the

support recelved from the floor and foundatlon. However, by calculating

the gtresses 1in this manner, all the circumferential stresses between
the top and bottom are proportional wlthin required accuracy. This is
on the side of safety and maintains uniform prestressing to the bottom
of the tank.

(4) vVertical Stresses in Wall

The vertlcal stresses 1n the wall consilst of direct compresslon due to
the welght of the dome and superimposed loads and bending due to the
cantilever moment of the overhanging domsz ring, prestressing of wall
and dome ring, thermal gradient through wall, thermal expansgion of
wall, and changes 1n loading on wall due fo earth pressure and filling
the tank.

For convenlence, the moment at the bottom of the wall was consldered
separately from that at the top as one has 1llttle effect on the other
and they do nof ocecur slmultanesously.

The maximum moment occurs durlng prestressing the wall at a point 3.4
feet from the bottom, causlng a compression of 1,440 psi af the cutside
face and 20,900 psi tenslon in the 1nner layer of reinforcing steel.
These stresses do not include the effect of vertical lcads which are
not fully applied until much later. Under operatling conditions, these
stresses are reduced to 1,270 psl and 11,800 psl, respectively.

The bending moments at the top of the wall were computed for the three
following conditlicns:

1. Prestressing dome rlng assumlng wall not prestressed

2. Prestressing wall assumlng dome ring not prestressed
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3. Operatling conditions, wlthcut thermal gradient

The cantilever moment from the dome ring ls comblned wlth these three
conditions but not wlth the thermal gradient that would reduce the
maximum moment.

The meximum stress for these conditions occurred durlng (1) prestressing
the dome ring at a point %.17 feet below the tep of the wall when the
stress was 920 psi compresslon on the inside face and 23,700 psl tension
in the outer layer of reinfeorecing steel. Under {3} operating conditions,
these stresses are reduced to 500 psi compressilicn on the cutslde face
and 2,420 psl tension in the inner layer of the reinforcing steel.

(5) Equipment Loads

In the preceding calculations, symmetrical loadlng ¢f the walls was
consldered and no horizontal bending occurred. When the walls are
backfilled, the earth-moving equipment will produce horlizontal bending
from unsymmetrical lecading and I1f allowed to come too close might over-
stress the walls.

Calculations were made to determine how far from the wall different
pleces of equipment could operate at varying depths of fill. The
results are shown on a dlagram, which was followed in the backfilling
process. (See Exhibit V). Also included in the study was a Lorailn
crane wWhlch will operate on fhe surface of the ground adjacent %o the
tanks.

The dlistances were calculated for the lateral pressure con the wall due
to a concentrated lcad on the surface of the ground using Bousslnesq's

Equation for earth pressure.

6. CONCRETE FLOOR SLAB AND WALL FOUNDATION

a. Floor Slab

The floor s8lab is 4 inches thick with No. ¥ (2/2-1nch) bars 10 inches
on centers each way in the lower face. The weight of the liquid, 3600
psf, 1s carried through the slab to the s0il. The b-inch slab will
span about 1.7 feet 1n case a weak spot should develop I1n the sub-grade.
The cement finlsh was made 3 inches thlck because of the 1-5/8 x 2-5/8
ineh notches that form dralnage channels to the leak detection pipe
below the floor.

The liquid load does not ordinarlly cause bending stress in the slab,
but the thermal gradient of 2.6°F will produce bending stress of 90 psil
compression in the upper surface of the slab and 1795 psi tension in
the reinforeing steel in the lower face.
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A difference 1in temperature of 23°F between the center and outside of
the flecor will stress the conerete to 150 psi beyond which the concrete
slab will buckle for the 85-fcof-diameter unsupported slab, and a
difference of 19°F will stress the reinforcing around the outside to
the limiting value of 25,000 psi. This requires an 18-inch-deep heel
of water to distribute the heat evenly to the whole flocor.

The circular wall feooting U4 feet-10 inches wide, is bullt of 3,000 psi
concrete. The maximum pressure of 9,800 psf occurs under the outslde
edge when the tank is empty.

The footing, which acts as a large ring, restrains the inward movement
of the bottom of the wall during prestressing. This produces a
circumferential compressive stress of 850 psi in the footing.

7. BACKFILL

The original design consideration was based on placing a loose fill
around the tanks. This was not done, sinze 1t would have been difficult
to place a unifermly loose fill for the entire depth, whlch would allow
the tanks to expand under thermal conditions. Had 1f been practical to
place such a £1l1l, the soll would have congolldated (not necegsarlly
uniformly) due to weathering and 1ts own weight. Hence, full actilve

and passive solil pressures would result.

To minimize these pressure conditions, an 2-inch-thick vermicullte
cushlon around the tanks was specifled. Test results showed that the
backf11l could be equipment compacted and the vermliculite would deflect
the required 0.5 to 1 inch (depending on the dry or wet condltion) under
a maximum computed 0.5 ton/sq ft active pressure. An additional 1/2-inch
deflection due to a computed 8 ton/sq ft outward force (tank expansion)
would also bhe absorbed by the vermiculite.

Standard compactlon was specified for the rest of the fi1l11. This
minimizes any earth settlement provided complete area coverage 1is

obtained by earth-work equipment as specified.

8. WASTE LINE SUPPORTS

Low level waste 1s transferred from the separations processes to two of
the new tanks through 3-inch stainless steel plpe lines extending from
the original diversion box. (See Exhibit IIY). These tanks are in turn
connected to the other new tanks by lY-inch stainless steel cascade

lines. In addition a waste line runs from one cf the existing tanks to
one of the new tanks. Thils line provides for the transfer of asccumulated
low level waste. All fill lines are encased wilth "Transite” plpe for
leak-defectling purposes.

The 111 lines traverse both unexcavated and previcusly excavated
areas. Because of the type material transperted, nc structural settlement

in the lines could be tolerated.
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In areas where the 801l has not been disturbed, the 11l lines rest

on firm earth. Alternative support schemes were evaluated for the lines
traversing fllled areas. As a result, these lines were supported on
15-ton creosoted wood piles spaced 2 and 5 feet dependlng on depth of
earth cover and size of plle cap.

Piles wilithin 6 feet of the tank wall were placed before backfilling to
avold possible damage to the tank structure durlng the driving process.
(See Exhibit XII-R).

9. CGRADING AND SURFACE TREATMENT - TANK AREA

Final grading of the 1mmediate area around the tanks was determined by
the amount of earth cover required for shlelding over the tank roof.

A sewer system with adeguate surface 1lnlets was Installed to handle
the storm drailnage.

The area around the tanks recelved a biltumlnous surface treatment, a
type of pavement that provides the lowest lnstallaticon and maintenance
costa.

D. CONSTRUCTION PROCEDURE

1. CONSTRUCTION SEQUENCE

The seguence glven below was followed in the erection of each tank:
a. Wall foundation
b. Tank floor slab and cement topplng
c. Construction of steel tank bottom
d. Radiographlc inspection of tank btottom
e. Vacuum leak testing of tank bottom
f. Construction of steel tank slde plates
g. Tank water testing
h. Preparing "Shotcrete" test panels
1. Placing inner laysr of wall reinforcing

J. Placing "Shotcrete" to 1line of outer layer of
relinforcing

k. Erecting dome forms and dome ring inside form
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1. Placing cuter layer cof wall reinforcing and dome ring
reinforcing

m. Finishing shotcreting wall and dome ring
n. Placing dome reinforcing and riser forms

o. Tensioning seven bands on wall and four on dome ring
to 25,000 psi

p. Pouring dome slab after core wall and dome ring have
reached 5,000 psl and have set a mlinimum cof fourteen
days

g. Tensioning bands 1n first layer to 50,000 psli after dome
slab has reached 5,000 psl and has set a minimum of fourteen
days

r. Removing dome forms after first layer of rods has been
fully tensioned and after dome has reached 5,000 psi
and has set z minimum of 21 days

s. Completing outer layers of bands on wall and dome ring,
including tensloning to 50,000 psi

t. Testing tank by fillling with water

u. Applylng reinforcing mesh over wall and dome ring and
final "Shotcrete" cover

v. Backfilling and 1nstelling piplng
w. QGrading and surface treatment

It should be noted that "Shotcrete" operations were in progress on
certaln completed and accepted steel tanks while construction of the
steel liner was still in progress on other tanks.

2. EXCAVATION

Approximately 275,000 cubic yards of earth, including 65,000 cubkic yards
for two approach ramps were excavated at the tank site to a nominal
depth of 59 feet belcow finlshed grade. This was about 10 feet above
water table (Elevation 217.00) as measured during December 1955. (Note:
Water table measured May 15, 1958, was at 218.33.)

The s2l1l was a sandy clay type with sufficient fines to maintaln a
stable 1:1 maximum slope on all cuts. This soll was reasonably

consistent for the full excavatlon depth. Tts permeability characteristics

were generally the same at varlous elevatlons which explalng the
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comparatlve constani elevation of the water table. A berm was
constructed at the midpoint of the slope to provide necessary dralnage
and attendant eroslon control. All slopes and berms were treated with
emulalfied agphalt for stablilization purposes.

Laboratory tests of soll samples from borlngs made at the slte 1ndicated
a soll bearing value of 10,000 psf. Test table readings, made upon
completion of the excavation, verified the laboratory results.

%. FLOOR SLAB AND WALL FOUNDATION (See Exhibits II and VI)

The wall foundation and the 4-inch floor slab were poured without
construction Jolnts on undisturbed soil, Specifilecations called for the
floor slab to have a screeded surface level to #1/4 inch from a true
horizontal. A 1 foot-6 inch space was provided between the floor slab
and wall foundation and filled after seven days with "Embeco" grout
mixture.

Because of tolerance requirements for the flocr slab, particular
attention was gilven to establlshing the correct screed elevation. After
the reinforcing steel had been placed, No. 6 reinforeing bars were
driven about 3 feet into the ground. Screed chairs, spaced 8 feet in
each direction, were welded to the top 2 1lnches of these bars and get

to final elevatlon of the slab. Straight and true lengths of 1-1/2-inch-
diameter screed piplng was 1ald in the screed chalrs and the concrete
placed and finlshed te the required tolerance.

A 3-inch cement topping, conslsting of a pea gravel mix, was then
poured and given a float and trowel finlsh having a maximum tolerance

of *1/8 inch from a true level. Drainage channels (3 inches wide x
1-5/8 inches deep) for use in leak detection were formed in this cement
topplng. BSee Exhlibit VI-A. Theilr locations coinclded wlth the pattern
of bottom plate welds and backup strips. At the center of the base
slab, a 3-inch stalnless steel draln pipe was set to collect any leakage
through the bottom plate welds 1nto the dralnage channels. Thls 3-inch
stailnless steel line was encased and placed below the UY-inch base slab
and run £o an B-inch-diameter by 8-lnch-long eocllection chambher below
the footlng at the edge of the tank wall. A leak detectlon probe may be
dropped through a riser and tube from the ground surface to this leakage
cellection chamber.

Dowels In the wall foundation were bent to glve a safe clearance for the

installation of the steel tank. Afterwards, they were bent back for
embedment 1n the "Shotcrete”. See Exhibit VII-B.
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4. STEEL TANKX LINER

a. General

The construction of the steel tank liner conformed to the ASME Code

for Unfired Pressure Vessels. All welds, which might affect the ability
of the ftank to retain liquids, were radiographed 1n agcordance with
procedures and standards of the "ASME Boiler Construction Code, 1952"
and du Pont speciflcations.

4 stiff-leg derrick, placed at the center of the four tanks, was used
to 1ift and place the steel plates and assemblies. A steel raising-
lowering frame with hydraulic jacks was used to ralse the steel bottom,
Including knuckle plates, for the purpose of radiographic inspectilon.
See Exnibit VI-B.

Attachments welded to the tanks and n=eded only for erection purposes -
such as lugs, brackets, and electrical groundlng connections - were kept
to a minimum. Thls reduced locked-up stresses derived from welding.

No access openings were left or holes cut in the tank liner for any |
purpose. This eliminated weak patch points which, when subjecfted to I
thermal shock, might jecpardize the requirement of a sound, liguid- !
tight tank.

b. Steel Tank Bottom

All plates in the tank bottom were assembled and welded in a manner to

ensure minimum variation in elevation. The depth of buckle in any 7
plate could neot exceed 1-1/84 inch and the offset on adjoining plates f
could not exceed 10% of the plate thickness. ?

The knuckle plates, which jolned the bottom and slde plates, were
placed in assemblies of not less than three pleces. The alignment was
controlled by checking the curvature at the top and bottcm of the
plates holding toc a 5/16-inch minimum deviation on ths horizontal
¢lrcumference 1n a 2-foot-long arc. Care was taken that abutting
edges were not offset in excess of 10% of plate thickness.

Upon completion of the tank hottom, the whole assembly was raised

% feet 6 inches by means of the sfteel raising-lowerling frame and was
supported on cribblng. This was done for the purpose of a complete
radiographle inspection of the welds and subsgequent vacuum leak
testing.

After all radiographilc work and testing were completed and the tank
bottom was accepted, the cribbing was removed and the complete bottom
assembly wags lowered back to the concrete flcor slad by means of the
ralsing-lowering frame. The bottom plates were flattened uniformly
agalnst the concrete floor slab by the use of heat and water quenching,
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Water was placed on the tank bottom to a depth sufficlent toc cover the
high spots. Working progressively with each high spot, an underwater
torch brought these areas to heat treating temperature. Upon removal
of the torch, water rushed over the heated area providing a quick
quench, whlech relieved locked-up stresses due to weldlng and gradually
pulled the high spots to the floor.

A horizontal cutting line was established for the weldlng machine &t
the top edge of the knuckle plates by a layout crew using optlcal
tooling methods. The resultant horlzontal seams were gulte accurate.
Previously, a water boat was uged to establilsh the cutting line, but
this was not preclse due to varlatlons caused by the wind.

c. Steel Side Plates

The stesl side plates of the tank were assembled and welded in a manner
to give the least distortion due to shrinkage and to elimlnate kinks

at seams and vertical joints. The deviation from true diameter could
not exceed 2 lnches.

Circumferential stiffener angles were used successfully to control

this roundness tolerance. They were located below the horizontal welds
of the kelt sections at an elevation convenient for welding and were
connected to the inslde of the tank wall with Nelson stud bolts through
slotted holes 1n the angles. The locatlon of these stud bolts was
spctted on the outside surface of plate so that hook anchors con the
outsilde could clear the bolts on the 1nside by a minimum of B inches.

Until the first belt sectlon of side plates was in place, caulking with
Sika "Igas" joint sealer at the joint formed by the knuckle plafes and
bottom concrete slab was done by hand. After that tlme, caulking was
performed wlth an alr gun. One plate edge was left unwelded and
wedged out far enough to permit entrance of a 4-inch hose to remove
raln and surface waters trapped in the tank shell. BSuch plates were
reformed to proper locatlon, butt welded, inspected, and radicgraphed
as other plate welds.

Hook anchors, attached to the cutside surface of steel plates and
spaced 3 feet each way except as noted above, were used as polnts of
attachmant for reinforcing rods. This provided a means for anchoring
the "Shotcrete" core wall to the steel tank.

Sectlonal ladders were hooked over the top of installed slde plates.
This precluded welding ladder rungs to the tank wall. Plate welds on
the tank wall fer groundlng welding machines were kept To a minimum.
Lifting lugs, welded to the outside surface of the wall plates, were
not remcved. They were burled in the "Shotcrete" core wall with a
minimum cover of 1 inch.

- 30 -




5. WALLS

a. Pneumatic Mortar ("Shotcrete")

(1) General Degcription

In the processing and placing of "Shotcrete", the following general
steps were observed:

(a) Sand and cement were dry mixed in a standard
concrete mixer.

(b) The dry mix was unloaded into a bin from which 1t was
gravity-fed intc a specilal mechanlcal feeder called a "gun". To protect
the mix from sun and raln, the bin was kept covered with a tarpaulin.

{¢c) With the 1ntroductlon of compressed alr into the gun, the
pressurlized mix was forced cut of the gun into the dellvery hose by a
feed wheel.

{(d) The dry mix under pressure passed through the delivery
hose to a speclal nozzle with a speclal perforated manifold through
which water was Introduced to the dry milx.

(e) The moilstened mixture was jetted from the orifice of the
nczzle cnto the surface to be sheotereted.

From the foregoing, 1t was evident that, for a succesgsful job, definite
materlal controls and skllled operators were requlred to glve best

results both in structural strength and in appearance.

(2) Preliminary Tests

Therefore, prlor to beginning actual shotcreting work on the tanks, it
was necessary to devete some tlime in the fleld toward developlng a
mixture to meet speciflcations wilth proper sand gradatlon, cement milx,
and water content.

To thils end, a 96 x 11-foot-high curved wooden form panel with
reilnforcing was used for test panel purposes. Thils panel provided a
means to establish certaln materlal standards mentioned above.
"Shoterete" was applied te the panel at an average total thilckness of
12 inches which was built up in successive layers.

For thils prellminary test, concrete sand and mortar sand were blended

to conform as closely as possible to the sleve analysls given in the
followlng table.




Sleve Size Per Cent Passing

3/8 inch 100.0
4 mesh 99,4

8 g1.9
16 76. 4
30 50.9
50 25.0
100 10.0

The "Shotcrete” was applied with this analysis for 1:3-1/2 and 1:4
mixes respectively. Resultant tests on core cylinders indilicated a lack
of fines, particularly thcse that passed 50 mesh. The bond was geood
but the quantity of rebound sand caught in the samples showed that too
much of the larger size sand was being uged. A1l tests were made by
the Pittsburgh Testing Laboratory.

Efforts were made to find a natural sand approximating the agbove sleve
analysis. Finally, a natural mortar sand, secured locally, was found
with a moisture content for three separate applications rangling from
3.3 to 3.7%. A 1:4 mix was applied to the test panel and resultant
compression tests met the 28-day - 5,000 psi requirement. Samples were
taken from the materlial discharged at the mixer both at the beglnning
and mlddle of the run, from the mlx as applied to the wall, and from the
rebound meterial in order to defermine the mcisture and cement contents.
These tests resulted In the acceptance of this mortar sand in accordance
wlth the following sieve analysis:

Gradation:

Sleve Size Per Cent Passing

3/8 inch 100.0
4 mesh 100.0

8 99.9
16 93.8
30 54.3
50 21.2
100 5.%

This sand proved to have the hilghest compressive strength, the least
absorption and the minimum rebound of all the samples tested.

"Shotcrete" was applied to the filrst tank using mortar sand with the
above sleve analysis and a 1:4 mix. After 1-1/2 to 2 inches had been
applied, tests Indlcated %that the material did not meet the 2B-day -
5,000 psi compression requirement. As a result, gradatlon and
characteristics of the mortar sand used were rerun and sand from
another source was secured, tested, and evaluated.
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Moisture, rebound, and compression tests were made on 1:3-1/2 and 1l:i4
mixes using the prevliously accepted sieve analysils for mortar sand es
a base. As a result of these tests, certaln requlrements were
established:

(a) The sand gradation was to conform to the following

sieve analysis, which was incorpcrated in the specifications:
Required Desired

S1leve Slze Per Cent Passing Per Cent Passlng

3/8 inch 100 100
4 mesh 98 - 100 99.5
8 95 - 100 97.5
16 60 - 90 85.0
30 4o - 65 54.0
50 10 - 30 18.0
100 2 - 10 k.o
Fineness
modulus 2.30 - 2.60 2,42

(b) A dry mix of 1 part of cement to 3-1/2 parts of sand by
volume was established which was based on maximum denslty as determined
by speclfic gravity tests, minimum water content in terms of "Shotcrete"
placed, uniformity, and a minimum compressive strength of 5,000 psi in
place after 28 days. The 1:4 mix showed some voids bshind the
reinforecing, while the 1:3-1/2 mix was easier to control wlth greater
consistency and compressive strength.

(¢c) The water content of sand was set from 3 to 5%. For
amounts 1n excess of this, the water caused hydration of the cement
in the gun and nozzle which decreased the flow of material because of
hose line clogging.

(d) Although the specifications called for a minimum water
content of 4.5 to 7 gallons per bag of cement, 5-1/2 gallons per bag
was established for use, which gave a workable mlx holding rebound
within desired limlts. This amount also reduced excesslve heat and
posslble checklng when the mortar was cured. With a 1:3-1/2 mix,
about a 1:3 mixture was retalned 1n place.

(e) The water pressure was to be held at 20 psl above the
alr pressure or between 80 and 85 psi for 65-psl alr pressure.

(f) Proper controls of all factors affecting final
"Shotcrete" product were to be established.

(3) Application

Prior to beginning daily shotereting operations, "Eye Protection"
warning signs were posted 1n all areas where "Shotcrete" was to be
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applled. Unprotected eyes could sustain serlous injury from the
"Shoterete” material ag 1t was applied due to the rebound velocity of
particles which dld not adhere.

The "Shotcrete" over the knuckle plate was shot first and allowed to
set up before the wall above was started. If thls were not dene, there
would be the difficulty and extra cost of removing the rebound that
would collect at the bottom due to shooting above. The "Shotcrete" was
applied to the wall surfaces from five circumferential scaffold
platforms. See Exhibit XI. The wall was shot in vertlcal strips from
these platforms which eliminated horizontal "cold" joints around the
tank. These vertical Jjolnts were staggered 1n subsequent layers so
that planes of weakness could not be formed. The vertical line at
which the shotereting terminated at the end of the worklng day was
trimmed back to good material and tapered to a thin, clean, regular
edge with a slope not exceeding 1 to 2.

The "Shotecrete" was applled in successive layers from 3/4 to 1-1/2
inches in thickness with a maximum of 2 inches to build up to
dimensioned thlckness on the drawings. For layers in excess of this,
the "Shotecrete" would slough off and/or crack due to its own welght.

Layers were applled on the wall once in three days, which gave
sufficient time for the heat in the cement to dissipate. This time
also allowed for wet curing, inspection, and removal of unsound
material.

The wall surface was wet down thoroughly and scoured wlth an air Jet
before applylng subsequent layers of "Shoterete'". Always, the surface
was given a final check to aveld covering up weak spots in previous
layers.

"Shoterete" dimensicns were mailntalned accurately by means of plano
wlre suspended vertically at 8-foot intervals around the perimeter of
the tank. As each layer of "Shotcrete” was applled, the plano wire
was moeved outward an additional 1-1/2 Inches from the steel tank liner.
This enabled the nozzleman to maintaln an even tapered thickness of
"Shotecrete™ at all times. Thils method produced a "Shotcrete" surface
that was uniformly smooth and free of irregularities to a telerance of
£1/4 inch.

After initlal curing of "SBhotecrete", 1t was always kept moist over
weekends and at night in warm weather by a "soaker" type hose fastened
%o the top of the tank wall or dome ring and allowed tc run until the
beginning of the next work day.

No bars or wires were allowed to project completely through the
"Shotcrete" wall. When reilnforcing tile wires projected beyond the face
of the core wall, they were cut back by notching and reshotereting.
Scaffold tie wires to the steel tank were not used. Relnforeing tie
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wlres were cut neat at the reinforcing bars prior to coverlng with
"Shoterete" in lieu of bending loose ends back into the core wall space.
All of this was done to help ensure a lliquid-tight tank.

Cracks and/or volds resulting from sloughing were cut back on a bevel
and reshotereted as soon as possible rather than waiting until the
next "Shotcrete" layer was applied.

When reinforeing spacer bars would normally be located opposlite the
scaffold platform, they were placed approximately 1 foot above or
below this level in order to alleviate sloughling and volds mentioned
above.

(4) Control Measures

As previously discussed, prelimlinary tests established such factors

as baslc materlial requirements and alr and water pressures. Beyond
this, and during the preparation and subsequent applicatlon of
"Shoterete”, certain control measures were necessary to obtaln quality
results. These were:

(a) The gradation of sand was checked twlce a week, and
colorimetric tests were made once a week.

(b) The moisture content of sand was checked daily and mix
proportions adjusted daily. The batch plant operator was notified of
results in writing.

{c) An inspector was assigned at the batch plant to assure
that correct quantilities were being dry mixed and at a proper rate to
provide an uninterrupted flow of material for the "Shotcrete" operatilon.

(d) Care was taken to conform to the requirements of "ACI
Standard Recommended Practice for the Applicatlon of Mortar by Pneumatilc
Pressure” inscofar as the time allowed between mixing the material and
1ts application at Job site.

(e) On arrival at the Job site, three samples of dry mix
were checked from each 2-yard load - one at the beginning of discharge,
one when the load wag half discharged, and one near the end of
discharge. These tests were run promptly and the englneer in charge
of "Shoterete" work was advised of any deviation from specifiled material.
If such material was not acceptable, it was relected and any already
appllied was removed from the wall.

(f) During the application of the "Shotcrete" material on
the tank, a test panel was made by each operator for each day's work.

The test panels, 2 x 2 feet wlde and 2 Inches thick, were made at or
adjacent to the point of placement. They remalned undisturbed In shot
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location until they had set - at least 4 hours. They were protected
from sheck, weather conditions, and rebound. After set, the panels
were removed Ffrom the scaffold, cured, and samples were cut and tested
as requlred for compressive strength at 2, 7, and 28 days.

(g) Samples were taken once dally from each nozzleman's work
area to determine the sieve analysls, water, sand, and cement contents.
This provided informatlon wlthout undue delay as to the dquallty of
"Shoterete" material being applied on the tank wall.

The dally sieve analysis on wet samples and rebound for each operator
were later eliminated because of the uniformity of test results.

(h} Core cylinders (4-inch) - one for each 150 square feet
of wall surface and cone for each 25 linear feet of dome ring - were
cut from the core wall to verify for record purposes the strength status
of the concrete structure. These cores were tested 28 days after final
layer was shot. They were taken outslde the inner layer of reinforcing
and 2 inches minimum from the steel tank liner, so as not tTo damage
the steel tank. These holes 1n the concrete were filled with a
metallic nonshrink grout.

b. Tensioning Elements

(1) Material and Equipment

As noted previously, tenslonlng elements used to prestress the
"Sheterete" consisted of round carbon steel bars and hexagonal end
turnbtuckies. On the wall of each tank, 163 7/8-1nch round rods were
applied with a double layer at the bottom for a height cof 12 feet-

1 inch. On the dome ring, 41 1-Iinch round rods were applled in three
layers. See Exhiblt II.

Eight red lengths, each about 34 feet-6 inches and connected with
turnbuckles, made up one band which enclircled the tank. Vertically
shaped ncotches, formed with the final "Shoterete" laver over
reinforcing steel, were located at turnbuckle positions to give the
necessary clearance for turning the turnbuckles during stressing
process. See Exhibits IV and X.

One vertical bar (1-1/2 x 3/8 inch), containing half-vound cuts, was
placed in each of these notches to position the rods.

Stressing was accomplished by using a tilghtening lever ilnserted into
the "eye" of the turnbuckle. For the rod being stressed, clamps were
used on each slde of the turnbuckle to prevent the rod froem turning
or rlding on the wall. This clamp consisted of two 1-1/4-inch steel
plates with two 1l-1inch bolt connectors and hardened 6-inch steel
Jaws. See Exhibit X.




Whittemore Strain Gages (10-inch gage length) were used to determine
the proper stress 1n the rods. Each kit consisted of the gage, a
standard bar of mild steel having hardened bushlngs, a deuble-polnted
punich, a wrench, and a reamer. The dial was graduated to 0.0001 inch
and one revolutlon of the long pointer was 0.010 inch. One graduation
equaled a deformaticn of 0.00001 inch per 1nch or 280 psi.

(2) Preliminary Rod Tests

Representative rods (two 7/8-1nch diameter and two l-inch diameter) from
the steck to be used on the tank walls were subJected to certain
preliminary tests with results as follows:

{a) Experiments were made with the coperation of strain
gages to declde whether to use punch marks or drilled holes.

Punch marks gave consistent results under laboratory conditions.
However, later experiments 1n the fleld proved that drilled holes gave
more reliable readings.

{(b) Straln gage readings were checked on a testing machine
to determine accuracy of reading gage.

Readings were determined to be reliable for an accuracy of less than
1000 psi.

(¢) Experiments were made on an 18-inch torgue wrench,
with 16-inch lever, to determine methcd of use and the torgue necessary
to turn turnbuckles.

The torque wrenches tested were too difficult to read accurately. Later
use in the fleld also proved they were out of range and the turnbuckles
could not bte pulled with sufficlent uniformity to get a reading unless
the scaffold platforms were made wider.

(d}) The pull required on tlghtening levers to turn
fturnbucklies was establlshed.

This pull was about 4% higher than that calculated - that is, 167 1b
vs. 160 1b. Under field conditions this pull was even higher due to
binding of rod threads in turnbuckles and sllght varlations 1n the wall
surface.

{(e) The specified yield point (60,000 psi min.) and ultimate

strength (105,000 psi min.) were confirmed by taking elongation readings
on the straln gage at 2,000-1b intervals.
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(3) Method Assembly

Rods for the first 1ift were taken dlrectly from the traller carrying
the rods. They were pulled around the tank wall and connected with
turnbuckles to form a band of 8 rods. After being placed 1n the proper
position on the tank wall, the closing turnbuckle was attached by
bending the two free ends inward with a bar bender to allgn with and
engage the threads of the cornnecting turnbuckle. Care was taken to
merely spring the rod and not put a permanent bend in it. Later, it
was agreed that the reds could be prebent 1f doing so would facllltate
placement. No improvement 1n placement was found, so prebending of

the rods was discontinued.

Rods were held 1n position at proper spacing by 1-1/2 x 3/8-inch spacer
bars contalning half-round cuts. After "snugging" up the rods, as
described 1n the next section, these bars were removed prior to initial
stressing.

For subsequent 1lifts, a platform was erecfed at the second scaffold
level between tanks and this area was used for storing rods as
necessary. The rods were lifted into place, depending on height, by
hand or by crane and assembled in =z fashion similar to that used for
the flrst 1ift.

Experience showed that the rods could not be assembled while "Shotcrete"
was being applied on upper porticns of the wall and dome ring because
the waste and rebound that collected on the rods and threads required
an unnecessary amount of extra cleaning.

The followlng system of ldentlfying rods was adopted:

{a) Bands were numbered from the bottom to top of tank.

{b) Rods in each band were numbered from 1 to 8 beginning
at the turnbuckle notch or siot on the north slde and golng counter-
clockwlse.

{c) Alternate rods that started in the first turnbuckie
notch west of north were numbersd from 1A to 8A starting with this

ncteh.

(4} Tensionlng Procedure

Sufficient stress readings were taken to determine that all bands were
stressed uniformly at 50,000 psi as closely as practlical. The following
minimum readlngs on deslgnated bands were taken with additional

readlngs as requlred to obtaln proper uniformlty and stress.

(a) Initially, for each of the designated bands noted
below, straln gage readings were taken at each end and at the mlddle
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0f Rods 1 or 1A. The other seven rods in the designated bands were
read at the center. The readings at the center of the rods showed the
lowest stress and therefore did not represent the average stress. To
glve better average readings, stress readings were taken at quarter
polnts on each of the 8 rods 1n a band. Two readings at the ends of
Rod 1 or 1A in a band were taken as before.

(b} The first band designated for stressing was selected
1 foot from the bottom of the tank wall.

{c) Above this, six additional bands were selected at 5-foot
Intervals up the tank wall.

(d) On the dome ring, two bands were selected - one 12 inches
from the tcp, and the cother 12 inches from the bottom of the dome ring.

Before beginning the tenslonling process, the bands selected for stress
readings were drllled for the straln gages and so marked.

To make sure that all rods were tightened the same degree, care was
taken in "snugging" up the bands so that counting the turns would start
on each turnbuckle at about the same degree of tlghtness. To do thils,
1t was declded to loosen the bands and then pull them up encugh tc just
touch the wall. When this was done, zero readlngs were taken con the
bands selected for stress readings. The first turn of the turnbuckle
wag applied in two half turns wlth an interval between so that the
first half turn on all the turnbuckles in a band was completed before
the second half turn was started.

The remalining turns were applled in full turns with an interval between
each turn. Although the turnlng was to be done in unison when possible,
this was difficult to achieve because some turnbuckles turned easier
than others due to the bindling of some of the threads or to obstructions
on the threads. Adoption of this procedure gave a more positive check
on the 1nitial stages of tightening. A heavy lubrlcant was alsoc

applied to the threads before applylng the turnbuckles.

Fileld experience 1ndicated that 1f the turnbuckles were tightened two
half turns, then four full turns, the desired 50,000 psi for the tank
wall would be approximately obtalned. For the dome rlng, the turnbuclkles
were generally tightened two half turns, then three full turns to cbtain
the required 50,000 psl. As noted above, all turnbuckles In a band were
tensioned at the same time. This required an 8-man crew and foreman.

If the stress readlngs Indicated too low an average stress, addlitlonal
half turns were taken as required. If stress readlngs on an individual
bar Indicated stresses higher than that required, additional half turns
were not glven this particular rod 1n that band. When additional turns
were applled to rods not designated for testing, no turns were applied
to turnbuckles, which obvicusly wers much tighter than others in that
band.
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6. DOME RING (See Exhibits IX and XI)

It was necessary to inetall form work for the dome slab prior %o
shotcreting the dome ring as this provided the necessary "Shotcrete"
forms for the dome ring. This made it possible to apply the "Shotcrete"
on the dome ring and tank wall in continuous layers horlzentally and
vertically, glving a monolithic tle-in between the ftwo structural
components.

Layers on the dome ring were applied once every two days. A 2-Inch-
wide shootlng strip at the top and bottom of the dome ring was added
in 2-1nch inerements as the "Shotcrete" layers were applled. This
facllitated making square edges cn the dome ring and elimlnated
excesslve material splashback. The lower part of each layer was shot
first in order to preclude the cellection of rebound in the lower
gshooting strip.

7. DOME SLAB AND RISERS (See Exhibits VIII and IX)

The dome forms were erected within the tanks before shotcreting on the
walls was completed. The erection of the heavy vertlcal formwork was
facllitated, and labor costs held to a minimum, by using two fleld
constructlion Jigs consisting of two vertlical grooved wheels and one
horizontal rubber-tired small wheel that ran arcund the top steel edge
of the tank. These jigs were placed 180° apart with a 5/8-inch cable
attached between them. A rolling block and tackle attached to the
cable allowed the carpenters to erect vertical members of the formwork
at any place in the tank.

Starting at the bottom of the tank, vertlical form members were braced
and secured from scaffolds erected for the safety of the crafts. At
the completion of each 1ift, the scaffold was then ralsed for ancther
1ift. This methed was continuous untlil the tep radial pleces were
placed. The final 1ift of scaffold was left in place untll dismantling
operatlons were started and the reverse procedure followed. All
members were marked and ldentified as to locaticn in the formwork
structure before dismantling, thus making 1t easler for re-erection in
the other tanks.

The dimensional rise of the dome was adhered to by wedging-up of the

forms to produce this dimenslion when the concrete was poured. Differences :
in elevation at the top of the dome slab due to settlement of forms i
were held to less than 1 1nch.

The dome slab could not be poured untll after the core wall and dome
ring had reached 5,000 psl, had set a minimum of 14 days, and at the
same time had seven bands on the wall and four on the dome ring
tensicned to 25,000 psl minimum.
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Pouring of the dome slab actually consumed 5 hours. It was poured
monolithically, using two cranes working from opposite ends of the dome
roof structure. Concrete buckets were dumped starting at the center

of the roof and working toward the edge or perimeter of the roof.

Each crane worked one-half of the roof and at no time was 1t necessary
for the concrete bucket to swing over an area where craftsmen were
working. As the concrete was placed from the center outward, concrete
finishers werked closely behind the pouring crew, thus making it posslble
to expedite the finishing process.

Sereed chalrs were used to obbtain the desired thickness of concrete.
Nuts for the chairs were welded to the reinforcing steel which in turn
was placed or supported by concrete spacer brick to the clearance
specified. As soon as practical, burlap was placed on the dome roof
concrete and kept moist for the specified perlod by means of revolving
water sprinklers.

Dome forms were removed after the first layer of rods had been fully
tensioned, providing the dome concrete had attalned 5,000 psl and 21
days had elapsed since pouring.

8. BACKFILLING (See Exhibilt XIII)

The material for backfilllng was taken from a speoll plle located during
the excavation proceas for convenilent rehaul to the tank site. The
downslope of the spoll pile led directly to the south ramp of the
excavation. :

The quality of the fill material was established as suitable for backflll
purposes both during excavation and after the spoll pile had set for
several months.

Equipment used for placing and compactling the f1l11l was as follows:
power grader, "Tournapulls", "Tournadozer", front end loader, "Tampco'
(wobble wheel) rollers, and "Barco" and alr-powered hand tampers.

The backfill was placed in layers not exceeding 12 lnches with each
layer compacted by routing the earthwork equipment in a manner to obtaln
complete area coverage.

Design consideratlons required placing bags of vermlculite, 8-1nch
minimum thickness, around tank walls frcem the foundation to the under-
gide of dome ring. These bags welghed about 34 pounds each and contailned
4.3 cuble feet of material. They were placed in horlzontal layers,

brick fashion, stacked on the long edge agalnst the tank wall. As each
layer was placed, volds behind and between the bags were filled wlth
earth backfill. When the fiil came up to the top of a course of
vermiculite bags, addltional bags were taken directly from the vendor's
trailer, having a 500-bag capaclty, and placed against the tank.
Deliveries were timed fto colinclde with backfilllng progress.
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The general pattern of placing the fill by "Pournapulls" was to
deposit the earth in layers with an occaslonal extra run around the
tanks before depositing the load so as to get extra compaction from
the heavy vehlecle. For a large percentage of the area, there was
sufficlent width for the "Tournapull" to shift from one side to the
other in corder to get almost complete coverage. The grader spread

the fiil out in even layers and the roller made contlnucus passes over
the material. Specilal routing of the roller near the vermiculite bags
provided geod compaction close to the tank wall.

Hand tamping equipment was used where obstructions prevented complete
equipment coverage, such as around plezometers and the columns

supporting the evaporator.

9. WASTE LINES AND SERVICES

Two of the future line stub-outs from the diversion box in the original
tank farm were used to convey waste to twe of the new tanks and

thence by cascade to the other tanks. A waste line was also run from a
Jjet placed in one tank in the criginal waste tank farm to a tank 1n

the new tank farm in order to transfer sultable accumulated wastes.

The llnes consisted of 3-inch stainless steel or carbon steel pilpe
encased in 6 or 12-inch "Transite" pressure pipe, depending on length
of run, so that a proper slope could be provided for leak detection
purposes. Where soil had been disturbed by excavation, the "Transite"
plpe was supported on plles. Otherwise, 1t was lald dlrectly on the
earth with any soft spots or pockets under the plpe belng filled with
lean concrefe tec give an even bearing.

Waste line pilles adjacent to the tank walls were placed prior to
backf1lling. This eliminated possible damage to the tank walls or
deme rings due to pile driving. See Exhiblt XII-B.

Within the tank backfill area, poleg supporting overhead power and
electrical lines were plle driven to a depth of 10 feet - 5 blows to
the inch. These lines were placed 15 feet above grade so as not to
interfere wlth mailntenance and/or operating equipment.
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IV. APPENDIX

CASE 1-A

v W v/ f 71_'on"i-

:Top_ﬁ Plats Linar

Nozzles

Elavation 255,76

7’8 A L4 tt———— 75° Diamater
‘ Elevation 230.0
~—3/8*" Plats Liner- Maximum Ground Water
\—L /— Elevation 224,0 &
Ne Feed Wells

3-Ply Woter Proofing

Notes from Honford Drawings, Specifications, and Facility Description

Storage Petiod - Indefinitely long

Liquid - 1.25 spacific gravity, pH 10, atmospharic pressure

Tank - 3/9 inch plate liner, open top, slightly dished
bottom, spat X« ray check only

Pan - None

Annular Spoce - None

Watarproofing - Bottom only
CASE 2-AA

“lasulmastic"
%" Stewl Plote Liner

L eeyes . Flgrig Vapot Barrier 3- Ply Waterproofing
Dainil X/ /—3 9" Minimum /_ 2'' Cement Ploster

K_J ¥ e / m l.cel ' 1]
ri— P Ty E D s ofex
: T vt
B ; - Elevation 255,8
) S 4+ 85° Diometer{s =
ol = k B:/BDI,M - P 48 2x2xY
) P  Plate
Monitor & Y\ Liner B Elevation 230.0 ]
Sumps B . Maximum Ground Water "
N , [ \* — SEIevulion 228.0% DETAIL,*X"

Working'Stob™ \_3/8" Plate Liner  No Feed Wells

1. Design Conditions
a) 100° F bulk temperature. No vacuum
b) Contents ~ specific gravity 1,25

2. Steel Liner

3/8.inch plate
3. Concrats Walls

Designed for hydroulic pressurs
4, Stesl Pon

Leak detector only

EXHIBIT i ALTERNATIVE TANK DESIGNS

- uy




CASES 2-A & 2-B

/2'-'0” Minimum

SN 1 Nozzles
Elevation 255.8

Damp - Praof, 85’ Diameter

}ﬁ"' Plata Liner
1-B only

Elavation 220.0
“>\  Maximum Ground Water

P LSy e Y] : fposs i +
Ek\ ™ —/'El e Elevation 224,86
Feed Welis

Same os High Activity Tanks oxcept the following Omissions

Cose 2-A Case 2-B
a) No hydraulic pressure Some aos Coge 2- A except
on inside wall a) Omit pan
b} Minimum thickness roof b} Provida bor 5§t - 0 in.
slab plus earth hydraulic pressure on
¢} Omit requirement of 1/3 side walls

column 1oad tronsfer to
wall to provide for
diffarentiol settlement

CASE 2-C
/— 2°+0"" Minimum
Walls i;.:r I d ”"I:Io'zzles
Damp - Proof : ( = Elavation 255.8 +
il
'1 27°.0" =
e . : o . El ti 230,0
] F’Fi,::'a Liner g 1 K% Plate Liner . f Mexir;:‘:nlacound Water
i e Elevation 224,46 +
No Feed Wells Y
Steel Tank Concreate Shell
Same os High Activity Storage Tanks except Some as Cose 2 A except
a) 100°F bulk tamperaturs 100°F buik temperature

b} 1.25 specific grevity
c) Atmospheric pressure




CASE 3

o iaid PR Kl .
Vapot Batrier j’__"" 0

Detail X" Case V‘
] ;—Top of Plate Liner

. — Nozzles

IElevufiun 2553 ¢
kv M Rt e— 85 Diameter \
270 '
l«— 3/8'' Plote Liner Elevation 230.0

E Maximum Ground Water

e

o~ Elevation 227.5 ¢

k.

TR ™ SR

3 o
Monitor Sumps Working Slab L Feed Wells

Desigh Conditions for Elevated Temperature
Tonk — 3/8-inch plote liner
Concrete Shell - dasignad for full hydraulic prassure
Pan = 3/8-inch leak detector only
Roof Vapor Barrier — 1/4-inch plate

CASE 3-A

Elevation 276.5

DA St g AR Sy SN 4 LI U e

15"" Crown

10"'0" 75"

e 85'-0'" Diometer
La—— 3/8"" Stenl Plate
270‘- Oal

— 4—20"

6"0" ]0"0”
_\ B LX)
; 1 ﬁlewuﬁan 230.0
) aximum Ground Water
f};" Z_ Footing /

Base Slab

Modified Hanford - Type Conventional Design

No leak detector pan required
Partial blast protection
No Y-inch steel plate for vapor sesl required
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CASE 4-A

5”
J “Shotcrete'’

Cover / 3/8"" Steal Plate

‘9'-.4}‘4" Premolded Joint Filler
—_— + Closure Angle
Void formed by Lightweight Concrete

thin sheat metal
to permit free
movement of wall

34" % 310"
Continuous
Rulbber Pad

3/8" Sreel Plate

bt———— 85 Diameter ———-

30°6" | be—3/8" Plate Liner

""" "CORNER DETAIL

E Elevation 230,0
Maximum Ground Water

Maximum Liquid
Height 30°-0"

Light Weight Concrala]

=

Prastressed 85- Fi-Diameter Pourad Concrete Construction
Modified Hanford Type

A typical commercial prestress design
No leak detector pan reguired
No blast pravision and ne vepor seal

CASE 4-B

2" Grout

, P A

31r-0” 3+Ply Membrane Water Proofing

Elevation 230.97 : CORNER DETAIL
Elevation 230,0

[—_/ Maximum Ground Water

Le— 3/8 inch Steel Plate

Prestressed B85 Foot-Diometer ‘‘Shotcrate” Constryction

No blast provision
No leok detector pan required
No stes) vopor borriar

- 47 -




Dome Live Load = 50 Ib/ft2
41 = One- Inch - Diameter Type *'P"* Rods

10 7%

Gradient 15°

2'. 9"
MEWH\ Shielding
YN
7' Minimum b
Spring Line

—f 10"

Bsf-oll
7/18" Xnuckle Plate
Gradient 2,6°

163 = 7/8- Inch - Diometer
Type ‘P’ Rods,
50,000 1b/in? Prestress

Top of Steel Plate
Elevation 228,92 N. Tanks
Elevation 228.00 S. Tanks

— 3" Cement Topping

34" -3-3/8"

4" Concrete

3/8"* Plate Liner =

—] o 27

_— ___-‘411

i

—15

4" ""Embeco’” Grout

{Maximum Water Table : 230.0)

EXHIBIT Il WASTE STORAGE TANKS - SECTION AND DETAILS
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Central
Evoporator ——

LEZ RN GRS S N [y

3" 55 Pige

Pile Cap

Section “A- A"

&' “Tronsite'" Pipe

CLL

ISRTY? TRE T

3'"'SS Pipe
AN

N4

AN N Pl L T

ORI I M
R N

PR

TR A i

Section ''B-B"

EXHIBIT Il WASTE STORAGE TANKS AND FILL LINES
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Tumnbyckle Slot
]fl D.ep

Steel Tank Wall

“Shbtc'[pta" Cover

3’ Thick Wire Mesh
SECTIONAL PLAN
I T -1t T T i e ——
1= : ] : T
| — I it | Hi D — — ¢
1 T

PARTIAL ELEVATION

Rods:

Type “'P*" rods — 60,000 psi minimum yield
Prestressed to 50,000 psi ) y
7/8° diometer — spaced 1+ 5/16" 10 9" on center in wall

EXHIBIT IV WASTE STORAGE TANKS — TENSIONING ELEMENTS — RODS AND TURNBUCKLES
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Weights of Loaded Equipment

Equipment b
MC 504 W Crane 72,000
E 18 “Toumnapuli’™ 72,000
D& Bulidozer 40,000
White Truck 36,000
Super C Bulldozer 31,700
#12 Grader 22,200
HD5 + R13 Roller 30,000
HO 5 Bulldozer 16,000
HD 5G Endloader 16,200
75 A Endloader 15,800
D2 + X112 Rofler 15,400
D 2 Bulldozer 8,000

Depth of Fill

q Finish Grade
TENAESE__ Maximum 20,000 [b

40' /
/‘%1 .lr_‘ou
/ / / P 10"
35’ ¥ -~
iuga gl ~ 10
]
- !— 9\\: 42' - 6-3/8" Radius
© o L 1t.g"
: SN LT
‘' [ &) wy o
0T T ol = P
32 E <] B
BRI
s\=| 5| 5] | o) ke
-8‘: ;- ..::g E (5 5 -.’.'.7';
= w| x| o] | < :.:!«:
25 L i wl & ;; ¥R _\_‘?‘:-I~
g o) @ )
(¥) a v % e Tank Wall
= g e ﬂ
% A [a] & b
g =12
3
20, l 2
\ \ \ °
10' \\
5° &

Bottom of Excavation 7

1]

Iy | I
oy !
]0’ 9! Bl 7! 6' 5! 4'

w‘ ——

EXHIBIT ¥ MINIMUM APPROACH OF EQUIPMENT TO TANK WALL
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EXHIBIT VI-B ERECTION OF STEEL LINERS SHOWING RAISING - LOWERING FRAME
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EXHIBIT Yli-B OUTSIDE OF STEEL LINER SHOWING KNUCKLE PLATE,
WALL FOUNDATION AND DOWELS

- Hh3 -~

k-



P --—v-— t
2 e R "i“’”k*t% .

>

e o
g«a«w-w,-&w.—_ ﬁlﬁ-«-a‘w\ m-'%w-:_ ;»f" »%y ot g

Y el
IR i~ f;%
4"@ e e

A ,,—— -1
/,)/ YT 1% - ...m -ull"‘" ,
/!/II:: uﬂ“mﬂl'm i

L X x'%:"

EXHIBIT VIlI- A VIEW SHOWING WALL SCAFFOLD AND DOME FORM SUPPORTS

EXHIBIT VIlII-B DOME FORMWORK
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EXHIBIT I1X-A DOME REINFORCING

EXHIBIT 1X-B DOME RING REINFORCING

_55_

J




EXHIBIT X- A

P w%“_
-4 2

kz A R oy wee ) w
. N .
— A}la%) Ea .
Em L e 5 :I; o

EXHIBIT X-B TENSIONING PROCESS WITH TENSIONING LEVER AT TURNBUCKLES
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EXHIBIT XI-A APPLYING "*SHOTCRETE" TO DOME RING

EXHIBIT Xi-B COMPLETED TANK
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EXH
1BIT
XH
-B CO
MPLE
TED
TANK
S SHO
WING
PILES NEAR TA
NK W
ALL
PLAC
gD P
RIOR
TO B
ACKF
ILLING
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EXHIBIT Xtii-A

BACKFILLING IN PROGRESS SHOWING PLACEMENT OF VERMICULITE BAGS
AROUND THE WALL

EXHIBIT XI11-B BACKFILL NEARING TOP OF WALL

_59_
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H. WORTHINGTON, DIRECTOR
TECHNICAL DIVISION
EXPLOSIVES DEPARTMENT - AED
WILMINGTON

DP-478, UNDERGROUND STORAGE OF LOW LEVEL RADIOACTIVE WASTES
AT THE SAVANNAH RIVER PLANT. - ENGINEERING CONSIDERATIONS
by A. N. Daniel

The initial installation of storage tanks to receive radioactive
wastes from the Separations Areas at SRP consisted of twelve:
750,000-gallon tanks, eight of which were located in the F Area
and four in the H Area. Although designed for the contalnment

of high level waste, three of the tanks are used for storage of
low level waste solutions not sultable for seepage baslin disposal.

In 1954, the need for additional high activity waste storage
capacity in H Area led to the construction of four 1,030,000-gallon
tanks similar to the origlnal tanks. In June 1955, the need for
additlional waste storage in F Area led to the design study of tanks
to hold 4,000,000 gallions of low actlvity wastes. Tanks designed
specifically for storage of low level wastes could be constructed
much more economically than those designed for high activity

wastes since certaln features 1ncorporated in the latter could be
eliminated. These features would 1lnclude cooling colls, valve house,
reflux condenser, dehumidification equlpment, annular space and .
secondary saucer contalner around the tank, external waterproofing,
and spare 11l lines to each tank. In addition, accumulated low
level wastes and those high level wastes that have decayed

, sufficiently that cooling is no longer reguired.could be transferred
; to such tanks, thereby releasling exlstlng tanks for storage of high
i activity wastes.

E This report sets forth the methods and data used to establish the
size, design, construction requlrements, and operatling limlitations
for economical and structurally scund tanks for storage of low

BETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY
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level waste solutions. It 1s a revisilon of DPE-1099, a Confidential
report, wrltten by the Design Division of the Engineering Department

under Project 981030. DPE-1099 includes design calculations and cost

evaluations of the tank deslgns consldered. The present 1nterest in
industrial participation in fuel element reprocessing makes 1t
desirable to issue the report in a form sultable for external
circulation.

Construction of four tanks of the design described in this report
has been completed under Project ,$8-1030, entitled "Additional
Waste Storage Tanks - 200-F Area" authorized for constructilon
December 6, 1956, at a cost of $0.40/gallon in contrast to $1.60/
gallon for the original tanks. The new tanks have a capacity of
1,300,000 gallons each, instead of the originally planned 1,000,000
gallons, and therefore, increase the total storage capacity in the
F area to 11,200,000 gallons.

Currently, four additional tanks, almost ldentical to the ones
described in this report, are under construction in H Area.

R. J. Christl
200 Area Process Supt.
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TELEPHONE
AUGUSTA A,
UNITED STATES ' ycusTe, o,
ATOMIC ENERGY COMMISSION
SAVANNAH Rn;.sl; o;;s::-nons OFFICE T E‘;ﬁ%ﬁ:ﬁ A‘" DGE’:ESS

AIKEN, SOUTH CAROLINA

IN REPLY REFER TO:

TI:THl:maep v \,"“"(Ii' "
July ik, 1960 / |7

Technical Diviaion, AED

Explosives Department

E. I. du Font de Hemours and Corpeny
Wilnmington 78, Delaware

Mr. Hood Worthington, Director /,

Dear Mr. Worthipgtom:

We have reviewed for classificetion and patent considerations

the following unclassified documents tranmsmitted by your lete

tere of June 28 and June 29, 1960, and agree that they may be

relessed for standard extermal distribution:

DP-LT78 - "Underground Storage of low Level Redioaciive

Wastos at the Savarnah River Mant - Englncering.
Considerations”, by A. N. Danlel

DPelol ~ "Precipitatiom of Radiorutheniux”, by F. E.
- Butlor

Dr. Wahl'e office was 80 notificd by telephonc this date.

] Very truly yours,

Paul J. Hagelston, Director
Technical & Production Divisign

ﬁg)y M. H. Wahl {2)
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M. H. Wahl - J. W, Morris -
EXPLOSIVES DEPARTMENT S.. W, O MRear - TI1S File

SAVANNAH RIVER LABORATORY

June 28, 1960

Mr. P, J. Hagelston, Director (2)
Technical and Production Division
Savannah River Operations Office
U. 3. Atomic Energy Commlssion
Post Office Box A

Alken, South Carolina

_ Dear Mr, Hagelston:

PROPOSED PUBLICATION - Dp-478

Attached for review as to classification and patent matter are five
coplies of the followlng report:

Underground Storage of low Level Radioactive Wastes at the
Savannsh River Plant - Engineering Considerations
by A. M. Danlel

We propose to release the report for standard external distribution.

To facilitate the release of this report, 1t would be appreclated if
you would telephone your comments to M. H. Wahl's office and send a
confirming letter to me with a copy to M. H. Wahl, The report will
be released when approval 18 received, but not until after 14 days
from the date shown above.

If any clarification or technical information is needed to 2aid 1n
your patent review, we suggest you get in touch with

C. W. J. Wende, Assistant Director
Savannah River Laboratory

If you decide to pursue a patent on any development covered in the
accompanying materlial, I shall be happy to supply the additicnal
information required such as appropriate references and the name of
the person responsible for the development.

Very truly yours,

Hood Worthington, Director
Technilcal Division

HW/
Enc.
OSR 24-p148
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I, Internal and Informal Reports.
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Bec: Hood Worthington -~ L. C. Evana
EX-1184 ‘ . u. H. mith

@]UNT & WiMereis - 3. V. O'Rear

MG Uy bt IF
ESTABLISHED IBQ2

4, ~A

E. I. pu PonT DE NEMOURS & CoMPANY &,j fé‘u‘.f
INCORPORATED j i 4
WILMINGTON, DELAWARE ;,/

EXPLOSIVES DEPARTMENT

July 11, 1960

wr. T. B, Niland, Chief (3)
Claszifieation Branch

Technical & Production Division
Savannah River Operations Offiee
U, 5. Atomic Energy Commission
Alken, South Carolina

Dear Wr. luauq;

CILASSIFICATION COMSIDERATIONS -~ DP-478

The above report, "Umderground Storage of
Low lLevel Radiocactive Waster at the Savannah River Plant
- Engineering Comsiderations,™ ¥y A. M. Damiel, which was.
transmitted %o your o Cice by letter of June 2B, 196C Caeia
Hood Worthington, [ou been reviewed fow glassilicatliom.

™his report arpears %o de wiclassified by
topie 203 of the 3RO Classiiication Quide, e waate
BLOrage eapacity 2t SRP izsz been publichod previously Iin
pages 826-B11, Vulime I of the record o the hearings on
Industrisal Radivact . ve Waste Disancsal held by the J,C.A.E.
in January snd February of 14549,

Yours very Lruly,

P
R

-
s e

5. Al HeMeront
BAMcK: Technlcal Asalabant
ATOMIC ENERGY LIVIBION

BETTER THINGS FOR BETTER LIVING ...  THRQUGH CHEMISTRY
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DON'T SAY IT-WRITE IT

J. W. Hill - C. R. Tharin ' paTe_ July 26, 1960

Savannah River Laboratory
From__M. G. Buck - W:leington[hﬁ&@/&}

' The following comments and corrections apply to DP-478.
Most of them were discussed with C.R. Tharin by telephone.

1. Transmittal letter, 2nd paragraph, 1st line actlvity
1s misspelled. Second line, 1,300,000~gallon should be 1,030,000~
gallon. . _ é{ |

2, Though A. N. Danlel did not object at first to the uge
of his name as the author, he does now., He will be satisfied to: .
leave his name but include an acknowledgement which I think you .
can put on page 42. 'There are a couple of other corrections to
be made on that sheet, - '

Acknowledgement
The author is indebted to A. E. Daking and R. J. ~. [
Endriss of the Design Division and to C. L. Dorsey and
E. W. Bolin of the Construction Division of the Engi- ]
neering Department for their technical assistance in the’
preparation of this report.

Se—
R

3. Page 5. Question 1 ralsed by C. M. Patterson. Since .
the diameter is given as 85 féet, change wall height to 34 feet. .

(Note: 1leave 34 feet 3 3/8 inches on Exhibit I11) Chewreans) .

' 4. ©Page 7, paragraph 4, 1line 3; A. N. Daniel suggests
that "discharged to" would be better than "disposed of to'.

Iines 7 and 8, re: Patterson's correction. His statement 1s o.k.
It might require:less retyplng to change the word "established"

to "published", put an asterisk after Bureau of Standards and-a

footnote: "*Recommendations of the National Committee on Radiation

Protection (and Measurements), NBS Handbook No. 69", . )
Note: The title page of NBS Handbook #69 does not give

"and Measurements" but page 111 of the Preface gives "Natilonal

Committee on Radiation Protection" (and later, the National

Committee on Radiation Protection and Measurements).

5. Page 9, f. re: Patterson’s comment about 25 mr/hr.
Christl suggested "to an arbitrary 25 mr/hr since the area is
seldom occupied", B. L. Taber and I tried to come up with a
correction that would not require retyping the whole page. Move
"to" to the line above then have the last line read "reduce the
radiation level to an arbitrary 25 mr/hr. (Area seldom occupied. )
I counted spaces and think. this could be done.

1. We do not agree that the inference made is as
Patterson stated. For other reasons, the bottomsof the tank must
be at the greatest depth possible but it must be kept above the
ground water level. ' ) _




DON'T SAY IT—WRITE IT Page 2 -
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6. Page 10, line 1, activity missbelled.

, 7. Page 14, third line from bottom. Specific gravity has
no dimensions. Delete "feet". Error is in DPE-1099, we should
have caught it.

v 8. Page 15, 3. Sentence 3 and then Exhibit II. Possibly
make arrow for "3/8" Plate ILiner" go to right wall, as is, and
an additional one to the bottom wall, then make arrow in left © +
. hand corner go down to the center of the curved corner and read
"7/16" Knuckle Plate".. On the original, the knuckle plate was:
~ 8hown’'as a heavier line but on the scale of the drawing, 1/16"

- could hardly be shown. Iike so., ,

T D e i

I

"If this 1s too much to do, delete the 3/8" Plate from
lower left hand corner ilnsert. '

_ 9. Page 21, &. Iine 3. We think 1t should read an 8-inch
blanket, it did in DPE-~1099. '

10. Page 27, Line above 2. Steel lines should be steel
liner, o - L PR e o

11l. Page 29, b. Iine 2. Daniels thought "ensure" should
be "insure". I think ensure 1s correct. , _

-Next to last line, "raising-lowering crane" should read
ralsing-lowering frame, see the paragraph above. (Not your error. )

12. Pages 32-33 - Three Tables. '
You moved "inch" from 3/8" to top of column. Only the
3/8 is 1in inches. The other numbers are mesh 8lze. So it should
probably be - :

Sleve Sigze.

3/8 T
4 mesh
8




; . wEs.-azsl . - “ - .
. DON'T SAY IT-WRITE IT Page 3

fo ‘DATE

FrOM____

13. Page 36, 3rd baragraph, line 1; operator misspélled.

14, ©Page 37, Line 2, another error we should have caught,
j"ggéke" should be ”§age“ to be consistent. :
Line 6, "per inch of 290 psi" should read "per inch or
290 psi". : o

15. Page 41, 8, Paragraph 3. Deélete comma after "Barco",
it modifies hand tampers. I guess there should be an "and" before
Barco, !

16. 'Pa%e 42, 9, Line 2. "to two of the new two tanks".
Delete second "two™. ' C :
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E. l. ou PONT pE Nemours & COMPANY éffiEéeD%ff;ing
WILMINGTON 98, DELAWARE Engg. Dept. AEC File (2)

ENGINEERING DEPARTMENT

January 12, 1959

J. B. TINKER, MANAGER (2)
PROCESS SECTION .
MANUFACTURING DIVISION
ATOMIC ENERGY DIVISION
EXPLOSIVES DEPARTMENT

PROJECT 981030-2) ~ UNDERGROUND STORAGE OF LOW LEVEL RABIOACTTVE
'WASTES - ENGINEERING CONSIDERATITONS .
TRANSMITTAL OF CONFIDENTTIAL REPORT DPPE-1099 DATED EECEMBER 1958

Transmitted herewith are Copy Nos. 1 through 14 of the subJe L
report. f

With copies of this letter, R. K. Mason andﬁg ‘D, Day are %
mitted Copy No. 15 and COpy No. 16 respectively.

DESIGN DIVISION

. P (Eaébtw;héz Si;ﬁ

A. N, Daniel, Jr,
Sr. Archltectural & Civil Engineer
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A i W. Cos Beinig

ZITABUSNTS rema R. J. Christ]l - AED -

INTER-OFFICE MEMORANDUM File

SAVANNAH RIVER PLANT

July 11, 1960

TO: J. We HILL

FROM: Ce M. PATTERSQ
Ay

DP-478 - UNDERGRO STORAGE OF LOW IEVEL
EADIOACTIVE WASTE AT THE SAVANNAH RIVER PLANT

I have three minor questions concerning the subjéct report and one correction.
First, the gquestions --——=-—
l. On page 5 under C. Results,point number one implies that a height of

34 feet 3 3/8 inches is quite critical. I don't think that the
height to the 1/8 inch is as important as all this.

o

2. On page 9, item f. I wonder where the figure 25 mr/hr came from? It
is not a Technical Standard. Why not 10 mr/hr or 50 mr/hr? :

3. On page 9, item i. Inference is that there was some reason to place
the bottom slab at grourd water Jlevel. I am sure that most installa-
tions of this nature prefer to keep as large a soll column between
the tank and the ground water as possible.

The following part of the report should be corrected —-——

1, Page 7, A. Introduction, paragraph 4 under point one states -—--
"is well below the maximum permissible level established by the
National Bureau of Standards.m

The National Bureau of Standards éponsors and publishes the recommendations
of the National Committee on Radiation Protection and Measurements. It

is this Committee who recommends or Mestablishes™ the maximum permissible
levels., .

Subject statement might read "——--- is well below the maximum permissible

level recommended by the National Committee on Radiation Protection and
Measurements as published in NBS Handbook #69."

CMP:rb
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E. I. DU PONT DE NEMOURS & CO. CC: J. W. HILL, SRP )
EXPLOSIVES DEPARTMENT R. B. FENNINGER/W. P. OVERBECK, SRP
WIIMINGTON, DELAWARE W. C. REINIG, SRP

B. L. TABER

W FILE (2)

August 1, 1960

J. D, ELLETT, MANAGER
SAVANNAH RIVER PLANT
ATTENTION: C. M, PATTERSON (2)

DP-478 - UNDERGROUND STORAGE OF
LOW LEVEL RADIOACTIVE WASTE
AT THE SAVANNAH RIVER PLANT

Your questions and comment contained in meme to J, W, Hill, 7/11/60, relative
to the report on low level radioactive waste storage tanks, DP-4T8, have been
considered and resolved in the following manner:

Question 1 concerning the implication that tank height measured to an accuracy

of 1/8B™ is critical - as used on page 5 under C, reporting results of a study

on optimun tank size, the nearest foot should be adequate and the report is
being changed accordingly.

Guestion 2 concerning the shielding design basas of a 25 mr/hr field above the

tanks - this is an arbitrary number nsed by g1v1ng recognitlon to the fact that

occupancy of the area above the tanks is less than a go-called intermittent
occupancy area where the shielding design basis at the time was 10 mr/hr

Question 3 concerning the placement of the tank bottom slab as near maximum .
ground water level as practical - as you indicated, normal preference is to

keep as large a soil column as possible between tank and water table., How-

éver, in this instance, since there is an upper controlling elevation, namely

the invert of the inlet pipe which in twrn is controlled by line slope from an
existing diversion box, it is desirable to go as close as practical (construction
tolerance) to the water table to take advantage of as much tank height as is
available within the limits of reasonable tank height.

With regard to your comment on that part of this. report to be corrected, ‘the
reference to limits established by Natﬁonal Bureau of Standards has been re-
written to indicate the correct relationship ‘between the National Committee

on Radiation Protection and Measurement which recommends limits and the National
Bureau of Standards which publishes limits.

ATOMIC ENERGY DIVISION
J. B. TTWKER, MANAGER

PROCESS' SECii\;;7/
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