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ABSTRACT

This report gives the engineerlng conslderations upon which the
design and constructlon of tanks for the storage of low level
radioactive waste solutions were based. The tanks bullt were
85 feet in dlameter, with a wall height of 34 feet 3-3/8 inches
and a nominal capacity of 1,300,000 gallons each. While
conforming to the principle of total confilnement, these tanks
were bullt at a conslderably lower cost than the tanks designed
for storing high level radlicactive wastes. Thls saving was
brought about by the ellminatlon of a number of features such

as cocling colls and the annular space and secondary saucer
contalner arcund 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 RADIDACTIVE WASTE MATERIAL

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

the tanks are designed for the containment of high level waste solutions,
certain ones are used for storing low level wasfte solutions not sultable
for seepage basin disposal.

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

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

storing high level wastes.

B. COURSES PURSUED IN STUDY

Existing tank designs at the Hanford Atomie Products Operation and
Savannah River Plant were reviewed and variatlons of these designs
were developed. A cost comparlscn of nhine alternative designs was
made on a basls of four 1,C000,000-gallon tanks.

Initial evaluations were on the basis that the contents of the tank
would not exceed 1C0°F. As the study progressed, the feasibility of
concentrating the low actlvity wastes by evaperatlon became more
evident. Thls necessltated a review of the design to determine what
alterations would be required to accommodate the higher temperatures,
or what operating limltatlonsg must be imposed so as not to exceed
permissible unlt stresses.

C. RESULTS

1. The deslgn study indicated that the most practlcal tank
size fo meet storage requirements was a tank 85 feet in diameter with
a wall height of 34 feet, having a nomlnal capacity of 1,300,000 ga}lons.

2. Further analysis showed that the most economical tank
structure meeting the design criteria consisted of a steel liner
surrounded by a prestressed "Shoterete" cylindrical shell. The wall
and dome ring support a spherical reinforced concrete dome rocf - all
resting on a wall foundatlon and a concrete floor slab. See Exhibit II.




%, The upper limits of stress and temperature were established
to permlt maximum utilization of the completed tank design under
additional lcads 1mposed by higher bulk temperatures. Thls resulted
in the followlng operating limitations: the tanks can be operated
wlth a maximum bulk temperature of 210°F by starting wlth an 18-inch
heel of liquld at a temperature not exceedlng 100°F to distribute
uniformly the heat resulting from an 1nput no greater than 12 gpm and
not exceeding 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.

4, The tank dome was deslgned for the possible later
installation of an evaporator to concentrate low level waste.

5. A specification was prepared fo include detalled
procedures for the constructlon of the concrete tanks to minimlze the
subsequent development of cracks.

#. Results of stress corroslon studies made by the Du Pont
Engineering Regearch Laboratory were utllized in developlng a
construction procedure as a measure to minimlze residual stresses In
the steel tank lilner.

7. Constructlon of several tanks of the deslign described 1n
this report has been completed.




1l. DISCUSSION
A. INTRODUCTION

1. STORAGE AND TYPES OF RADIOACTIVE WASTE MATERIAL

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

The high level waste is a nitric acid solution that contalns the bulk
of the fission products from the separations process as well as certaln
process reagents. This sclution is concentrated for recovery of nitrice
acid by evaporaticn and then treated with caustic ylelding an alkalilne
solution containing about 35% solids. It requires prolonged heat
removal to aveid boiling during storage and is, therefore, stored 1n
tanks that are equipped with cooling colls fto remove the fission
product decay heat.

The so-called low level waste 1s perhaps misnamed. It 1s an aqueous
sodlum nitrate - sodlum alumlnate solution resulting primarily from
dissolving the aluminum sheaths from the fuel elements; it contains
about 35% solids and less than 0.2% of the gross fission 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 1=
sufficiently low to permit dissipation ¢f the heat to the surroundings
of a buried tank without other cooling facilities. The tanks described
in this report were designed for storage of low level wastes (or
sultably decaysd high level wastes).

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

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

2. OBJECTIVE

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

to establish the size, design, construction requirements, and operating
limitations for economlcal and structurally sound tanks to sftore low
level waste solutlons.

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




B. NEW WASTE STORAGE TANKS

1. FACTQRS INFLUENCING DESIGN

As previously stated, the baslc principle cof liquid waste handling at
the Savannah River Plant (SRP) is that of total confilnement unless the
radloactivity of the waste 1s so low that the normal background at the
site boundaries will not be signiflcantly ralsed. In applylng this
principle when additional waste storage tanks were needed, 1t was
agreed that the cest of storage would be consgliderably reduced 1f tanks
were designed speclfically for low level waste. The speciflcatlons
could be less stringent than those requlired for fresh high activility
waste. The present accumulations of low actlvity waste could then be
transferred from tanks deslgned for high activity waste Into the lewer
cost tanks.

Factors Involved 1n reaching thils conclusion were:

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

b. The low activity waste produces so 1little heat of decay
that 1t can be dilssipated without significantly ralsing the tank shell
temperature. 7

c. Performance information of low actlvity waste tanks at
the Hanford Atomlc Products Operatlion appeared favorable for the
application of similar units at SRP.

d. An investigation of low activity waste concentration
belng conducted simultaneously wlth the new tank design suggested the
likelihocod that the tanks would be used for substantlally solidified
waste.

In view of the foregoing, it was feaslble to eliminate certain features
incorporated in the tank designs for high activity waste. Such
features were the cocling cclls, valve house, reflux condenser,
dehumidification equipment, annular space and secondary saucer
container around tank, external waterproofing, and spare 11l lines

to each tank.

2. BASIC REQUIREMENTS

Basic requirements established for the new tank design were:

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




b. An aqueous solutlon of sodlum nitrate - godium aluminate
that contalns about 35% dissolved sollds and has a specific gravity
of 1.25 and a temperature of about 100°F. (In anticipation of the
conclusions of the waste concentratlon study, the design was made on
the basis of a specific gravity of 1.8.)

¢. A carbon steel tank lining, liguid tight with all seam
welds 100% X-ray quality, and of the same quality 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 detectlon and collection of leakage past
the bottom steel lilner.

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

g. A plugged center opening to support faclllties for the
possible later installatlon of an evaporator tc concentrate low level

waste.

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

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

The study of alternative designs described later 1n this report
proceeded on the above basls.

%. OPERATING PROCEDURE

The initlal plan was for each tank to be filled wilth low actlvilty
waste at a maximum rate of 75 gpm at 105~125°F for a perlod of one hour
per eight hours. The tanks were designed to these regquirements.
However, development of a process to concentrate low actlvity waste

to 65% dissclved solids showed such promise that 1t appeared desirable
to store waste of approximately fthis concentration 1n these new tanks.
The higher waste temperature assoclated with this condltlon imposed
additional stresses on the tank structure, whlch were not contemplated
in the original design. A study was made to determine the limiting
temperature and filling rate that could be tolerated by the tank
designed for the feed conditions previously outlined. Utllizatlon of
increased but acceptable unit stresses made it feaslble to use these
tanks for waste contalning 65% dissolved solids under the following
condlitions:




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

b. Maximum allowable f111 rate to be 12 gpm of 65%
concentrate (evaporator bottoms) at 275°F, having negligible heat
release from decay. At this fllling rate, it would take 1800 hours
(75.5 days) of 24-hour coperation tc reach the 1,300,000-gallon
capacity such that the femperature at the end 1s expected to be about
200°F +10°F.

¢. Each tank %o berfilled In this manner cnly once,
It is necessary for the tanks to be kept full of water untll they are
put into operation in order to help malntain orilginal compression in
the prestressed concrete and to protect the bottem slab from any
hydrostatlc pressure.

C. DESIGN CONSIDERATIONS FOR NEW TANKS

1. EVALUATION QF TANK CONCEPTS

a. Selectlon of Size

From earller studlies made 1n connection with high activity storage
(HAS) tanks, a dlameter of 85 feet and a height of 27 feet were
established as the size of the steel contalner with the £111 line at
about 25 feet. Thils size came within the upper limits cof an economical
helght-dlameter ratio for a storage capacity of 1,000,000 gallons.

In the design of the new tanks, the 85-foct diameter was retalned
because of the avallabllity of two raising-lowering frames which had
been altered previcusly for use with the 85-foot-diameter tank bottom
of the HAS fanks. The helght of the steel contalner was 1lncreased to
34 feet 3-3/8 1inches with the liquid depth of waste storage about 2
feet below thils height. Thils size exceeded the most economlc height-
diameter ratlo., Hewever, because of physical conditicns noted below,
this additional helght provided a capacity of 1,300,000 gallonrs for
each tank, exclusive of the 18-inch operating heel, at little additional
cost.

The increase in heilght was influenced by the following:

(1) A proposed diverslon box was cmitted, which allowed
ralsing the invert elevation of waste line inlet to permit f1lling
by a gravity feed (1-1/2% slope from exlisting diversion box) and
cascade system.

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

close as practical To the expected maximum hilgh ground water level
(230.0 feet). This maximum level, which is to be expected once in
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100 years, was determined by reviewlng avallable ground water data 1n
the vlicinlty of the site and climatological records from the Augusta,
Georgla weather station.

(3) A minimum uniform earth cover (2 feet-3 inches) over
the tank dome was provlided for shielding purposes and control of storm
drainage.

b. Selection of Type

Alternative tank designs were evaluated to establish the most economlcal
design meeting process requilrements. The HAS tanks were used as a basls
for cost comparlsons as they represented the most economlcal waste
storage at SRP at the time.

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

All evaluatlons were made on the basls of a maximum high water table
level (for 100 years) of 230.00 feet and an invert elevation for waste
line 1inlet of 255.76 feet.

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

in Exhibit I. They were varlatlons 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 orliginal SRP
multicolumn HAS tanks modified for low actlvity.

As a result of these evaluations, Case 4B (Exhibit I), a prestressed
deslign with "Shotcrete" walls, was recommended. The cost was 60%
less than that of the baslec high temperature HAS tanks and 18% less
than that of a typlcal low actlvity HW tank 1nstalled at SRP, Case 1A.

In an analyels of the prestressed concrete deslgn, a comparlson was
made between wire windlng and the use of rods and turnbuckles.
Structurally there was no significant advantage of cne over the other
and there was little dlifference in over-all estimated cost. Rods and
turnbuckles were chosen for thls installatlion since thils method of
prestressing was better suited for fleld conditlons and schedule
requlrements.

The difference in coat 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,

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

In the final design phase, constructlon 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
satisfy requirements of both shlelding and surface drainage,

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

¢. Location (See Exhibit IIT)

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

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

On this basls, the tanks were located as close to the exlsting facility
as practical, since the gradlent and length of the connecting lines
establlished the top elevatlon of the new tanks.

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

Other mlnor considerations were: proximlty to exlsting service lilnes
such as steam, water, and sewers.

2. STRUCTURAL DESIGN CRITERTA

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

(2) Worklng Stress

17,000 psi maximum

(3) Welded Joints

Submerged arc - where practical. All Jolnts radlographed

- 12 -




{(4) Design Loading

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

b. Prestressed Concrete Tank

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

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

Wall Footing and Floor 8lab - Class "C" - 3,000-psi concrete

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

Prestressing Rods - l-inch-dlamster rods - American Iron & Steel
Institute (AISI) Grade C1060. 7/8-inch-diameter rods AISI Grade

C1055. Minimum tensile strength - 105,000 psi. Minimum yleld polnt -
60,000 psi. Roll threaded with oversize threads that will develop full
strength of rods. Turnbuckles - AISI Forging Grade ClO45 designed to
withstand breaking strength of rods

(2) Maximum Working Stresses

Notatlion
fC = unlt compressive stress 1in extreme fiber of concrete
in flexure, psil
fs = unit tensile stress in reinforcing bar, psi
n = ratlo of modulus of elastlcity of steel to that of
concrete
u = bond stress per unlt of surface area of relnforclng bar,
psi
v = unlt shearing stress, psi
b = wldth of concrete section, inch
t = thilckness of concrete section, inch
Dome
Membrane stress = 400 psl - compression
Membrane stress = 500 psl - compression, wlith temperature
stress
Membrane stress = 150 psl - tension, when reinforced wlth steel
v = 120 psl - wvertlecal shearing stress
n=6.7
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Dome Ring and Wall

f = 2,000 psi - compression

e

fc = 2,500 psl - compression, when normal stressess are
comblned with temperature stresses

n = 6.7

Foundation and Flcor Slab

f = 1,350 psi - compression

c
v = 90 psi
u = 300 psi
n = 10

Reinforcing Steel

£

g 23,000 psi - tension

25,000 psi - tension, when normal stresses are
combined 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 vertlically in wall

Prestressing Bands (Rods and Turnbuckles)

Prestress - 50,000 psi
Working stress - 30,000 psi
Iosses - 5,000 psi + & x conerete prestress

Maximum Allowable Soil Bearing - 10,000 psf

{3) Design lLoading

2-foot 9-1inch earth cover over dome

Temporary constructicn lecad of 22,000-1b hulldeozer or 8-ton roller cn
dome with 12-1lnch earth cover

Live load of 50 psf all over dome

Equipment load with shielding walls of 365,000 1b concentrated within
a 27-ft-dliameter circle or the equivalent on the center of the dome.

Six risers with an equipment loading of 3,700 1b each
Tank filled with waste of specific gravity of 1.8

Earth pressure on wall, psf
Before settlement: 32 x depth, %
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After settlement: 80 x depth, ft
Passive resistance toc tank expansion: 330 x depth 1n ft

Surface load of earth-moving equipment on backfl1ll during placing.
See Exhiblt V.

Surface load of Loralne MCS504W crane (72,000 1lb) 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 Exhibit II)

The steel tank liner has two functions. It 1s a liguld-tight
contalnmant vessel, and 1t protects the conerete enveleope from the
waste contents of the tank. The liner is 3/8 inch thlck except at the
knuckle plates where 1t is 7/16 inch thick. It is reinforced with four
circumferential stiffener angles that help to keep the plates 1n
allgnment durlng erection and maintain proper curvature of the tank
while the concrete wall and dome are bullt. It is anchored fo the
concrete wall with eight horizontal rows of 3/8-inch hooked Nelson
studs, spaced 3 feet apart clrcumferentially.

The stresses were computed flrst for the tank wall and knuckle plate
under a 20-foot water head for the hydrostatic test. The maximum
stress occurs 1ln the knuckle plate. Thls curved sectlon with 12-1inch
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
easily carries the 21,200-psil radial bending stress and the maximum
clrcumferentlal tenslle stress is 11,200 psi.

After encasement, the steel tank liner wlll be compressed cilrcumferentially
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 1s to add

730 psi compression to the final clircumferentlal stresses or a stress

of 11,8%0 psl at the bottom of the wall, but the stress at the time of
prestressing will be the maximum as glven above.

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

36-inch centers. The buckling strength of the plate in a circumferential
direction supported on 36-inch centers 1s 10,700 psl. The circumferential
stress will eXxceed this value 1n the lower 13 feet of fThe wall and the
plate will buckle away from the wall between the studs a computed

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

pull on the Nelson studs which are good for 2200 1b each.
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Tn a vertical direction, the stress from the vertical lcads wlll be
770 psl plus 730 psl additional due to the 7-1/2°F thermal gradient
through the wall, or a maxlmum of 1500-psl compresslon. The plate
wlll carry the stress safely as the buckling stress 1s also 10,700 psi
in the vertical directicn.

It should be noted that, except for the thermal effect, the vertical
bending stresses in the concrete wall are not transmitted to the liner
which is anchored at only 36-inch intervals. The liner is comparatively
free to move and deflect and wilill conform to Infiniteslimal changes in
the shape of the concrete. The only definite polints where it 1s fixed
are at the top and bettom. The thermal effect differs 1n that 1t
compresses the lining unifeormly from top fo bottom.

The bottom of the steel liner lles on the concrete floor without
anchorage. As the temperature of the tank lncrecases, the steel plate
wlll be hotter than the average temperature of the concrete envelope.
This will produce a compressicn of 250 psl In the plate, but the weight
of the plate will be sufflcient to hold it down to the concrete slab
and prevent buckling.

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

4, DOME DESIGN

a. Dome (See Exhibit II)

(1) Size and Type

The tank rcof consists of a spherical reinforced concrete dome, with an
internal radius of curvature of 90 feet-4 inches and a rise of 10 feet-
7-1/2 inches above the spring line. Thils is a ratio of rise to tank
diameter of 1 to 8, the usual ratle for a tank dome roof. The maximum
slope of 28° permitted the dome toc be poured without top forms.

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

(a) Interlor 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 constructilon.

(2) Allowable Stresses

The 28-day strength specified for the dome slab was 5000 psi. The actual
strength is higher. At 14 days, 1t tested 5000 psl and at 21 days, the
minimum time specifled for removal of dome forms, 1t attalned 5500 psi.
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Tensile strength using a 6 x 6 1nch gpecimen was 350 psl 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 psl specifled for
the concrete. Later 1t was declded to use 5000-psl concrete because

it was obtalnable at a very small increase 1ln cost. At the same tlme
the allowable membrane stress was relaxed to 500 psl when the effect of
a 210°F temperature was added to the deslgn condltiona.

There willl be direct tenslle stress in the dome due to some types of
loading so sufficient reinforecing steel was used to carry the entire
tensile stress. Since the concrete would have to crack before the
entire stress would be carried by the steel, direct tensille stress 1s
limited to an average value of 150 psi on the concrete section to
prevent cracking.

Although shear 1s not always considered in the desigh of domes, the
vertical shearing stress at any sectlion was limlted to 120 psl as an
addltlional safety check.

(3} Design Analysis

The deslgn was based primarlly on the membrane theory which assumes
that the slab 1s thin enough that all stresses are of uniform tension
or compresslon at any polnt 1n the dome. Local bendlng effects at the
risers and the dome edge, and for equipment loads were investligated.

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

The procedure followed was to compute membrane stresses first, then
the bending stresses, and finally the combinatlon of the two.

(4) Loadings
The following loads were used in the calculations:
Dome slab, 7 to 10 inches thick, 12.5_1b per lnch thickness
2 feet-9 inches earth f£i11l at 110 1b/cu ft, 300 psf
Live load, 50 psf |
2-ft-ID Risers -
Egqulpment 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 1lb (considered concentrated within a
27-foot-diameter cirecle)

One 22,000-1b bulldozer (consldered concentrated within a 5-foot-diameter
clrcle)

Total Dome Loads -

Dome 710,000 1b
Earth cover 2,050,000 1b
Evaporator plug 140,000 1b
Shieldlng walls 225,000 1b
Live load 300,000 1b
3,425,000 1b

Duplications, etc. 32,000 1b
Total 3,393,000 1b

(5) Calculations

(a) General Loading

The maximum stresses for four cages of lcading are shown below.

Combined Membrane

Membrane and Bending Stress,
Stress, Concrete Steel
Case Loads psi psi _psi
I Dome slab and prestressing -212 =720 +12, 400
1T ILcad in Case I with 12-inch
earth cover and 22,000-1b
bulldozer at any point -270 ~-490 + 1,060
IT1 Dome, earth and tank at 210°F -390 -685 +20, 200
Iv Same fully loaded -440 -675 + 4,120

Note: Tengille stress = +
Compressive stress = -

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

the foregoing membrane stresses and the moments from prestressing.

Cases III and IV include the moments due %o a thermal gradlent of 15°F
through the dome slab. They are combined with the prestressing moment
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and the membrane stresses due to the weight 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 1n the steel of 16,500 psil.

Calculations of the stresses in the center collar showed a tension of
21,900 psi in the circumferential dome slab reinforcing Just beyond
the collar. The collar sustained a circumferentlal compression of
1145 psi at the bottom.

b. Dome Ring

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

The dome ring, 24 inches thick X 39 inches high, 1s bullt monolithleally
with the silde walls of 5000-psi "Shotcrete". The jolnt between the

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

The dome ring was prestressed with 41 one-lneh round bands tensioned
to 50,000 psi with a total prestress of 1,610,000 1k and an iniltial
compression of 1900 psi in the dome ring. The final circumferentlal
streases under operating condltions and with allowances for shrinkage,
plastic flow, etc., are 615 psl compression in the dome ring and 42,200
psi tension in the tenslonlng bands.

The dome ring extends out beyond the core wall a maximum of 23 1nches.
This causes a vertical moment at its Juncture wlth the core wall.
Stresses from this moment are low, however, and amount to only 235 psi
compression in the outside face and a tensilon of 3510 psi in the inner
layer of vertical wall reinfeoreilng.

Hh. WALLS
a. Dimensions

The walls form a cylinder 85 feet 1n diameter and 33 feet high
surmounted by the dome ring.

The core wall 1s 7 l1lnches thilck at the top and 11 Inches at the bottom.
The total wall thickness, including bands and cover, 18 10 inches at the
top and 15 1nches at the bottom.
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b. Detalls

The core wall was constructed of 3/4 to 1-1/2-inch-thick layers of
"Shotcrete", which were allowed to set up three days between layers.
Tests showed that the bond between layers was so strong that, when
cores were broken, they lnvariably broke at other than the Jjolnt
between layers. Allowing three days between "Shotcrete" layers had
the following 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 disslpated

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

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

The dome ring and wall were made monolithic by shceting the layers
continually from bottom to top of wall. The vertlcal reinforcing
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 Jjoint between the wall and floor. The dowels into
the dome slab were placed at the center of the slab, and the dowels
from the footing 1into the wall were placed on the inside to minimilze
the moment 1n the feootlng due to the prestressing. Thus the wall can
be considered pln-connected at top and bottom for analysis of restralnt
at these polnts.

¢. Prestress (See Exhibilt 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 ftensioned to an average stress of
50,000 psl, which was measured at the quarter point in the individual
rod. In order tc provide a more uniform distributlon of stresses, the
furnbuckles on one band were staggered with those on adj]acent bhands 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
height of the wall to provide clearance for turning,. Thilis reduced the
core wall thickness to an effective thickness of 6 inches at the top
and 10 inches at the bottom.
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The prestressing in the bands was calculated to provide compression

in the core wall under all operating conditlons after losses from
shrinkage, plastlc flow, and friction had taken place, without 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 permanent compressive stress of over

100 psi on the wall section and effectively prevents herlzental cracks

from opening up.

d. Design Analysis

For the design of the walls, both clircumferentlal and vertical stresses
were calculated. The clrcumferential stresses Include prestressing,
earth pressure, surcharge from eguipment, llquild pressure from contents
of the tank, and thermal streases. The vertlical 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 to the top
and bottom of the tank from horlzontal loads on the walls.

e, Vermiculite Blanket

Calculations showed that the tank wall when heated to 210°F will expand
radially 1/2 inch. To preclude oversiressing the wall due to the develop-
ment cf passive forces in the surrounding soil, an B8-1nch planket of
compressible material consisting of expanded vermlculite was placed
agalnst the outslde surface of the tank walls. The vermiculite will
compress 1 inch at a preasure of 15,000 psf. The use of this material
also facllitated the backfill coperation by permitting heavier loads
adjacent to the tank wall.

f. Calculated Stresses

Note: The "Shotcrete" wall wiil be referred to by the general term
"concrete" in the discussion of stresses that follows.

(1) Prestress

Thie circumferential stress Iin the concrefte due to the tank belng 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 psl, the spacing of bands at the bottom
using 7/8-inch round rods 1s 1-5/16 inches center to center. The rods
had to be placed in two layers up to the helght of 12 feet where the
spacing of 2 inches center to center allowed enough clearance between
bars to turn the turnbuckles.
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These bands, prestressed at 50,000 psi put an 1nitial compression of
275,000 1b on the first foot of core wall. A thilckness of 10 inches
{minimum at notches) was selected which would be stressed 1nitlally
to 2290 psl in compression.

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

the top 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 In the table
btelow for the feollowlng cases:

Case 1 - Initlal or active pressure

Caae 2 - At-rest pressure after settling

Case 3 -~ Passive pressure, developed by expansaion of the
tank against the soll as it heats up to 21Q°F.
This 18 relieved by the B 1lnches of expanded
vermiculite which takes l-inch compression at
15,000 psf.

Compressive Stress

Earth Pressure, in Wall due to
pafl Earth Pressure, psi
Top of Bottom Top of Bottom
Cage 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, 74O
3 (With
vermiculite) 2,640 5,230 915 1,065

(3} Circumferential Stresses

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

These are prohibiltive deslgn stresses for 5000-psl concrete and require

some rellef 1in the form of a permanently loose fill materlial so expanded
vermlcullte was used wlth a filnal direct stress of 1660 psi.
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The thermal gradient of 7.5%F through the wall will add bending stress
tc the direct stress as shown in the table below.

Summary of Comblned Circumferentlal Stresges

Concrete, psi Band Steel, psl
Top of Bottom Top of Bottom
Wall of Wall Wall of Wall
Direct Stress -1, 320 -1,660 +36, 545 +35, 460
Combined Stress
Inglde face -1,4%0 -1,770
Outslde face -1,21C -1,550
Band steel +37,275 +36,190

The effect of considering the wall free to move instead of pln-connected
at the bottom results In the above calculated stresses belng higher
near the bottom of the tank than is actually fthe case due to the

support recelved from the floor and foundatlon. However, by calculafing
the stresses in this manner, all the circumferentlal stresses between
the top and bottom are proportional within required accuracy. This 1s
on the side of safety and maintains uniform prestressing to the bottom
of the tank.

(4) Vertical Stresses in Wall

The vertical stresses in the wall conslst of direct compresslion due to
the weight of the dome and superimposed loads and bending due to the
cantilever moment of the overhanging dome= ring, prestressing of wall
and dome ring, thermal gradlent through wall, thermal expansion of
wall, and changes 1n lecading on wall due to 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 little effect on the other
and they do not occur simultaneouwsly.

The maximum moment occurs during prestressing the wall at a point 3.4
feet from the bottom, causing a compression of 1,440 psi at the cutside
face and 20,900 psi tension in the lmner layer of reinforcing steel.
These stresses do not include the effect of vertical loads which are
not fully applied until much later. Under operating condltlons, these
stresses are reduced to 1,270 psl and 11,900 psl, respectlvely.

The hendling moments at the top of the wall were computed for the three
followling conditions:

1. Prestressing dome ring assumlng wall not prestressed

2. Prestressing wall assumlng dome ring not prestressed
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3. Operating conditicns, without thermal gradlent

The czntililever moment from the dome ring 1s combined wlth these three
conditions but not with the thermal gradient that would reduce the
maximum moment.

The maxlmum stress for these conditions cccurred durlng (1) prestressing
the dome ring at a point 4.17 feet below the top ¢f the wall when the
stress was 92C psil compresslon on the inside face and 23,700 psl tension
in the ocuter layer of reinforcing steel. Under (3) operating conditions,
thege stresses are reduced to 500 psi compression on the cutside face
and 2,420 psi tension in the inner layer of the reinforcing steel.

(5) Equipment Loads

In the preceding calculations, symmetrical leoading of the walls was
consldered and no horizontal bending cccurred. When the walls are
backfilled, the earth-moving equipment will produce horizontal bending
from unsymmetrical lcading and Iif allowed to come too close might over-
strese the walls.

Calculaticns were made to determine how far from the wall different
pleces of equipment could operate at varying depths of fiil. The
results are shown on a dlagram, whlch was followed 1in the backfilling
process. (See Exhibilt V). Also included in the study was a Lorain
crane whilch wlll operate on the surface of the ground adjacent to the
tanks.

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

Equatlion for earth pressure.

6. CONCRETE FLOOR SLAB AND WALL FOUNDATION

a. Floor Slab

The floor slab 1s 4 inches thick with No. 4 (1/2-inch) bars 10 inches
cn centers each way in the lower face. The welght of the liquid, 3600
psf, is carried through the slab to the soil. The 4-inch slab will
span about 1.7 feet In case a weak spot should develop in the sub-grade.
The cement finlsh was made 3 Inches thlck because of the 1-5/8 x 2-5/8
inch notches that form dralnage channels to the legk detectlon pipe
below the floor.

The liquld load does not ordinarily cause bending stress in the slab,
but the thermal gradient of 2.6°F will produce bending stress of 90 psi
compression 1n the upper surface of the slab and 1795 psi tension in
the reinforcing steel In the lower face.
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A difference 1n temperature of 23%°F between the center and outside of
the floor will stress the concrete to 150 psi beyond which the concrete
slab will buckle for the 8%-foot-dlameter unsupperted slab, and a
difference of 15°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 floor.

The circular wail footing 4 feet-10 inches wide, is bullt of 3,000 psl
concrete. The maximum pressure of 9,6C0 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 bettom of the wall during prestressing. Thils produces a

circumferential compressive stress of 850 psi in the footing.

7. BACKFILL

The original design consideration was based con placing a loose fill
around the tanks. Thilis was not done, sinze it would have been difficult
to place a uniformly loose £ill for the entire depth, which would allow
the tanks tc expand under thermal condltions. Had 1t been practical to
place such a fill, the soll would have consolidated (not necessarily
uniformly) due to weathering and 1ts own welght. Hence, full active

and passive soil pressurez would result.

To minimize these pressure condiltions, an 8-inch-thick vermiculilte
cushion around the tanks was specifled. Test results showed that the
backf11l could be equipment compacted and the vermiculite weould 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 be absorbed by the vermiculite.

Standard compaction was specifled for the rest of the fill. This
minimlzes any earth settlement provided complete areca coverage 1is

obtained by earth-work equipment as specified.

8. WASTE LINE SUPPORTS

Low level waste 18 transferred from the separations processes to two of
the new tanks through 3-1nch stainless steel plpe lines extending from
the original diversion box. (See Exhibit III). These tanks are in turn
connected to the other new tanks by 4-inch stainless steel cascade

lines. In addition a waste line runs from one cf the existing tanks to
one of the new tanks. This line provides for the transfer of accumulated
low level waste. All f111 lines are encased with "Transite"” plpe for
leak-detecting purposes.

The fil11 lines traverse both unexcavated and previously excavated

areas. Because of the type materlal transported, no structural settlement
in the lines could te tolerated.
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In areas where the scil has not been dlsturbed, the fi11l1l lines rest
on firm earth. Alternative support schemes were evaluated for the llnes
traversing fllled areas. As a result, these lines were supported on
15-ton crecsoted wood piles spaced 2 and 5 feet dependlng on depth of
earth cover and size of plle cap.

Piles within 6 feet of the tank wall were placed before backfilling to
avold possible damage to the tank structure during the driving process.
(See Exhibilt XII-B),

9. GRADING AND SURFACE TREATMENT - TANK AREA

Final gradlng of the immediate area arcund the tanks was determined by
the amount of earth cover required for shleldlng over the tank roof.

A sewer system with adequate surface lnlefs was installed to handle
the storm dralnage.

The area around the tanks recelved a bltumlnous surface treatment, a
type of pavement that provides the lowest Iinstallatlon and maintenance
costs.

D. CONSTRUCTION PROCEDURE

1. CONSTRUCTION SEQUENCE

The sequence glven below was followed in the erection of each tank:
a. Wall foundation
b. Tank floor slab and cement topplng
¢. Construction of steel tank bottom
d. Radiographic inspectlon of tank bottom
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 layer of wall reinforcing

J. Placling "Shotcrete" to line of outer layer of
relnforcing

k. Erecting dome forms and dome ring inside form
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1. Placing ocuter layer of wall reinforcing and dome ring
reinforeing

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

o. Tensicning seven bands conh wall and four on daome ring
to 25,000 psi

p. Pouring dome slab affer core wall and dome ring have
reached 5,000 psl and have set a2 minimum of fourteen
days

g. Tensioning bands 1in first layer to 50,000 psi after dome
slab has reached 5,000 psi 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 a minimum of 21 days

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

t. Testing tank by filling with water

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

v. Backfilling and installing piplng
w. Grading and surface treatment

Tt should be noted that "Shotcrete" operations were 1ln progress on
certain completed and accepted steel tanks while construction of the
steel liner was still in progress on other tanks.

2. LEXCAVATTION

Approximately 275,000 cublic yards of earth, including 65,000 cubic yvards
for two apprcach ramps were excavated at the tank site to a nominal
depth of 59 feet below 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 soil was a sandy clay type with sufficient fines to maintaln a

stable 1:1 maximum slope on all cuts. This soll was reasconably

conslatent for the full excavatlon depth. TIts permeability characteristlcs
were generally the same at varlous elevations which explains the
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comparatlve constant elevation of the water table. A berm was
constructed at the midpoint of the slope to provide necéssary dralnage
and abttendant erosion control. All slopes and berms were treated with
emulsified asphalt for stabllization purposes.

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

3. FLOOR SLAB AND WALL FOUNDATION (See Hxhibits IT and VI)

The wall foundation and the 4-inch floor slab were poured without
construction joints on undisturbed soll. Specifications 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
milxture.

Because of tolerance requlrements for the floor slab, particular
attenticn was gilven to establlshing the correct sgcreed elevation. After
the reinforcing steel had been placed, No. 6 reinforcing bars were
driven about 3 feet into the ground. Screed chalrs, spaced 8 feet in
each direction, were welded to the top 2 inches of these bars and set

to final elevation of the slab. Straight and true lengths of 1-1/2-inch-
diameter screed plping was lald in the screed chairs and the concrete
placed and finlshed to the requlred tolerance.

A 3-inch cement topping, conslsting of a pea gravel mlx, was then
poured and glven 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 1n leak detection were formed In this cement
topping. See Exhibit VI-A. Thelr locatlons coincided 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 into {he dralnage channels. This 35-inch
stainless steel line was encased and placed below the 4-inch base slab
and run to an B-inch-diameter by 8-1inch-long ccllection chamber below
the footing at the edge of the tank wall., A lesk detectlon probe may be
dropped through a riser and tube from the ground surface to this leakage
collection chamber.

Dowels in the wall foundatlon were bent to glve a safe clearance for the

installatlion of the sfteel tank. Afterwards, they were bent back for
embedment in the "Shotcrete”. See Exhibit VII-B.
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4. STEEL TANX LINER

a. General

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

for Unfired Pressure Vessels. All weldsg, which might affect The ability
of the tank to retain liquids, were radiographed 1In accordance with
procedures and standards of the "ASME Boiller Constructilon Code, 1952"
and du Pont specificaticns.

A 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-
leowering frame with hydraulic jacks was used to ralse the steel bottom,
ineludlng knuckle plates, for the purpose of radlographic inspection.
See Exhibit VI-B.

Attachments welded to the tanks and n=eded only for erectlon purposes -
such as lugs, brackets, and electrical grounding connecticns - were kept
to a minimum. Thils reduced leocked-up stresses derived from welding.

No access openings were left or holes cut in the tank liner for any
purpcse. This eliminated weak patch points which, when subjected to
thermal shock, might Jjeopardize the requirement of a sound, liguid-
tight tank.

b. Steel Tank Bottom

A1l plates in the tank bottom were assembled and welded In a manner to
ensure minlmum variation in elevation. The depth of buckle in any
plate could not exceed 1-1/4 inch and the off'set on adjoining plates
could not exceed 10% of the plate thickness.

The knuckle plates, which jolned the bottom and slde plates, were
placed 1In assemblies of not less than three pleces. The alignment was
controlled by checking the curvature at the top and bottom of the
plates holding to a 5/16-inch minimum dsviation on thz horizontal
clrcumference 1n a 2-foot-long are. Care was taken that abutting
edges were not offset 1ln excess of 10% of plate thickness.

Upon zompletion of the tank bottom, the whole assembly was raised

3 feet 6 inches by means of the steel raising-lowering frame and was
supported on cribbing. This was done for the purpcse of a complete
radiographle inspection of the welds and subsequent vacuum leak
tegtlng.

After all radiographic work and testing were completed and the tank
bottom was accepted, the cribbing was removed and the complete bottom
agssembly was lowered back to the concrete floor slab by means of the
raising-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 to cover the
high spots. Workilng progressively wlth each high spot, an underwater
torch brought these areas to heat treating temperature. Upon removal
of the torch, water rushed over the heafted area providing a quick
quench, whlch relieved locked-up stresses due to weldlng and gradually
pulled the high spots to the floocr.

A horizontal cutting line was egtablished for the welding machine at
the top edge of the knuckle plates by a layout crew uslng optical
tooling methods. The resultant horlzontal seams were gulte accurate.
Previously, & water boat was used to establish the cuttling line, but
this was not precise dus to varlations caused by the wind.

¢, Steel Side Plates

The steel sitde plates of the tank were assembled and welded in a manner
to give the least distortlon due to shrinkage and to eliminate kinks

at seams and vertical Jjoints. The deviation from frue dliameter could
not exceed 2 inches.

Circumferentlial stiffener angles were used successfully to control

this roundness tolerance. They were located below the horizontal welds
of the belt sectlcns at an elevation convenient for welding and were
connected to the inside of the tank wall with Nelson stud bolts through
slotted holes in the angles. The locatlon of these stud bolts was
spotted on the outside surface of plate so that hook anchors on the
outside could elear the bolts on the inside by a minimum of 8 inches.

Until the first belt section of side plates was 1n place, caulking with
Sika "Igas" joint sealer at the joint formed by the knuckle plates and
bottom ccnerete slab was done by hand. After that time, caulking was
performed wlth an air gun. OCne 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. Such plates were
reformed to proper location, butt welded, inspected, and radicgraphed
as other plate welds.

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

Sectlonal ladders were hocked over the top of installed side plates.
This precluded weldling ladder rungs to the tank wall. Plate welds on
the tank wall for groundlng welding machines were kept o a mlinimum.
Lifting lugs, welded to the outside surface of the wall plates, were
not remocved. They were buried 1n the "Shotcrete" core wall with a
minimum cover of 1 inch.
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5. WALLS

a. Pneumatlc Mortar ("Shoterete™)

(1) Gensral Description

In the processing and placing of "Shotecrete", 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 into a speclal mechanical feeder called a "gun". To protect
the mix from sun and raln, the bin was kept covered with a tarpaulin.

{c) With the 1ntroduction of compressed alr into the gun, the
pressurized mix was forced out 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 specilal perforated manifeld through
which water was introduced to the dry mix.

(e) The molstened mixture was jetted from the orifice of the
nezzle cnto the surface to be shotereted.

From the foregoing, 1t was evident that, for a successful job, definite
materlal controls and skilled operators were requlred to give bhest

results both in structural strength and in appearance.

(2) Preliminary Tests

Therefore, prlor to beginning actual shotcreting work on the tanks, 1t
was necessary to devote some tlme in the fleld toward developling a
mixture to meet specifilcatlions with proper sand gradation, cement mlx,
and water content.

To this end, a 96 x 1ll-foot-high curved wooden form panel with
reinforcling was used for test panel purposes. Thls panel provided a
means to establlsh certaln materiazl standards mentioned above.
"Shotcrete" was applled to the panel at an average total thickness of
12 1nches which was built up in successlive layers.

For this preliminary test, conerete sand and mortar sand were bhlended

to conform as closely as possible to the sleve analysls gilven in the
followlng takle.
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Sleve Size Per Cent Passing

3/8 inch 100.0
4 mesh 99.4

8 91.9
16 76.4
30 50.9
[510] 25.0
100 10.0

The "Shoterete" was applied with this analysis for 1:3-1/2 and 1:l4
mixes respectively. Resultant tests on core cylinders indicated a lack
of fines, particularly those that passed 50 mesh. The bond was good
but the guantity cof rebound sand caught in the samples showed that too
much of the larger size sand was being used. Al1 tests were made by
the Pittsburgh Testing Laboratory.

Efforts were made to find a natural sand approximating the above sleve
anzlysis. Flnally, a natural mortar sand, secured locally, was found
with = moisture content for three separate applications ranging 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 material discharged at the mixer both at the beglinning
and mlddle of the run, from the mix as applied to the wall, and from the
rebound material in order to determine the moisture and cement contents.
These tests resulted 1n the acceptance of thilis mortar sand 1n accordance
wlth the following sleve analysis:

Gradation:

Sleve Size Per Cent Passing

3/8 1inch 100.0
4 mesh 100.0

8 99.9
16 93.8
30 54.3
50 21.2
100 5.3

This sand proved to have the hlghest compresslve strength, the least
abscrption and the minimum rebound of all the samples tested.

"Shotcrete" was applied to the first tank using mortar sand with the
above sieve 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 28-day -
5,000 psl 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.

- 32 -




Moisture, rebound, and compression tests were made on 1:3-1/2 and 1:4
mixes using the previcusly accepted sieve analysls for mortar sand as
a base. As a result of these tests, certaln requlrements were
established:

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

sieve analysls, which was incorpcrated in the specificaticns:
Required Desired

Sleve 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 $.0
Fineness
modulus 2.3%30 - 2.60 2.42

(b) A dry mix of 1 part of cement to 3-1/2 parts of sand by
volume was establlished which was based on maximum density as determined
by specifilc gravity tests, minimum water content 1n terms of "Shotcrete"
placed, uniformity, and a minimum compressive strength of 5,000 psi in
place after 28 days. The 1l:4 mix showed some volds behind the
reinforcing, while the 1:3-1/2 mix was easier to control wilth 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 materlial because of
hose line cloggling.

(d) Althocugh 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 helding rebound
within desired 1limlts. 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 1In place.

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

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

(3) Application

Prior to beglnning daily shotcreting operations, "Eye Protectlon
warning signs were posted in all areas where "Shotcrete” was to be
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applied. Unprotected eyes could sustaln serlous 1njury from the
"Shoterete" materlal as 1t was applled due to the rebound velocity of
particles whlech dld not adhere.

The "Shotcrete" over the knuckle plate was shot first and allowed to
set up befores the wall above was started. If this were not done, 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 clrcumferential 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 jolnts were staggered in subsequent layers so
that planes of weakness could not be formed. The vertical line at
which the shotcreting termlnated at the end of the workling day was
trimmed back to good material and tapered te a thin, clean, regular
edge with a slope not exceeding 1 to 2.

The "Shotcrete" was applled in successive layers from 3/4 to 1-1/2
inches in thickness with a maximum of 2 inches to bulld up to
dimensioned thickness on the drawings. For layers in excess of this,
the "Shoterete" would slough off and/or crack due to 1ts own weight.

Layers were appiled on the wall once 1in three days, which gave
sufficient time for the heat in the cement to dissipate. This time
also allowed for wet curing, inspectlon, and removal of unsound
material.

The wall surface was wet dewn thoroughly and scoured wlth an alr Jet

before applylng subsequent layers of "Shoterete’. Always, the surface
was given a final check to avoid covering up weak spots 1n previous
layers.

"Shotcrete" dimensions were malntained accurately by means of pilanc
wilre suspended vertically at 8-foot intervals around the perimeter of
the tank. As each layer of "Shotcrete” was applled, the plano wire
was moved outward an additional 1-1/2 inches from the steel tank liner.
This enabled the nozzleman to maintaln an even tapered thilckness of
"Shotcrete" at all times. This method produced a "Shotcrete" surface
that was uniformly smooth and free cof Ilrregularities to a tolerance of
+1/4 1inch.

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

No bars or wires were allowed to proJect completely through the
"Shoterete" wall. When reinforcing tie wires projected beyond the face
of the core wall, they were cut back by notching and reshotecreting.
Scaffold tie wires to the steel tank were not used. Reinforcing tie
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wlres were cut neat at the reinforcing bars prlor to coverlng with
"Shotcrete" in lleu of bending loose ends back into the core wall space.
All of this was done to help ensure a ligquid-tight tank.

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

When reinforecing spacer bars would normally be located opposlte the
scaffold platform, they were placed approximately 1 foot above or
below thils level in order to alleviate sloughling and voids mentloned
above.

(4) Control Measures

As previously discussed, preliminary tests established such factors

as baslc material requirements and alr and water presgures. Beyond
this, and durlng the preparation and subsequent application of
"Shotcrete", certain control measures were necessary to cbfaln quality
results. These were:

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

(b) The molsture content of sand was checked daily and mix
proportions adjusted daily. The batch plant operator was notified of
results 1n writing.

{¢) An inspector was assigned at the batch plant to asgsure
_that correct guantities were belng dry mixed and at a proper rate to
provide an uninterrupted flow of materlal for the "Shotcrete" operatlon.

(d) Care was taken to conform to the requirements of "ACI
Standard Recommended Practlce for the Applicatlon of Mortar by Pneumatilc
Pressure'" insofar as the time allowed between mixing the material and
1ts application at Jjob 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 wa® half dlscharged, and one near the end of
discharge. Thege tests were run promptly and the engineer in charge
of "Shoterete" work was advised of any deviation from specifled material.
If such materlal was not acceptable, it was rejected 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 wide and 2 lInches thick, were made at cor
adjacent to the point of placement. They remalned undisturbed in shot
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location untll they had set - at least # hours. They were protected
from shock, weather conditicons, and rebound. After set, the panels
wera removed from the scaffold, cured, and samples were cut and tested
as required for compresslve strength at 2, 7, and 28 days.

(g) Samples were taken once dally from each nczzleman's work
area to determine the sleve analysis, water, sand, and cement contents,
This provlded information wlthout undue delay as to the quallty 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 resulis.

(h) Core cylinders (L-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 verlify for record purposes the strength status
of the concrete structure. These cores were tested 28 days after final
layer was shot. They were taken outside the inner layer of reinforcing
and 2 inches minimum from the sfeel tank liner, so as not to damage
the steel tank. These holesg in the concrete were filled with a
metallic nonshrink grout.

b. Tensloning Elements

(1) Material and Equipment

As noted previcusly, tenslonlng elements used to prestress the
"Shoterete" consisted of round carbon steel bars and hexagonal end
turnbuckles. On the wall of each tank, 163 7/8-1nch round rocds were
applled with s double layer at the botftom for a height of 12 feet-

1 inch. ©On the dome ring, 41 l-inch round rods were applied in three
layers. See Exhiklt II.

Eight rod lengths, each about 3L feet-6 inches and connescted with
turnbuckles, made up one band which encircled the tank. Vertically
shaped notches, formed wilith the final "Shoterete" layer over
reinforcing steel, were located at turnbuckle positions to give the
necessary clearance for turning the turnbuckles durlng stressing
process. See Exhibits IV and X.

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

Stressing was accompllshed by using a tightenlng lever lnserted into
the "eye" of the turnbuckle. For the rod being stressed, clamps were
used on each side of the turnbuckle to prevent the rod from turning
or riding on the wall. This clamp consisted of two 1-1/4-inch steel
plates with two 1l-inch bolt connectors and hardened 6-inch steel
Jaws. See Exhibit X.
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Whittemore Strain Gages (10-inch gage length) were used to determine
the proper stress 1n the rods. Each kit conslisted of the gage, a
standard bar of mild steel having hardened bushings, a double-polnted
punch, a wrench, and a reamer. The dlazl was graduated to 0.0001 inch
and one revolutlon of the long polnter was 0.010 iInch. One graduation
equaled a deformatlon of 0.00001 inch per 1nch or 290 psi.

(2) Preliminary Rod Tests

Representative rods (two 7/8-inch diameter and two l-inch dlameter) from
the stock to be used on the tank walls were subjected to certaln
preliminary tests with results as follows:

(a) Experiments were made with the operation of strain
gages to decide whether to use punch marks or drilled holes.

Punch marks gave consistent results under laboratory conditilons.
However, later experiments 1ln 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.

(c) Experiments were made on an 18-inch torque wrench,
wilth 16-inch lever, to determine method of use and the torgue necessary
fto turn turnbuckles.

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

(d) The pull required on tightening levers to turn
fturnbuckles was establlished.

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 slight varlations 1n the wall
surface.

(e) The specified yleld 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 dlirectly from the traller carrying
the rods. They were pulled arcund the tank wall and ccnnected with
turnbuckles te form a band of B8 rods. After being placed in the proper
position on the tank wall, the closing turnbuckle was attached by
bending the two free ends 1lnward with a bar bender to allgn with and
engage the threads of the connecting turnbuckle. Care was taken to
merely spring the rod and not put a permanent bend in it. Later, it
was agreed that the rods could be prebent 1f dolng so would facilltate
placement. No improvement in placement was found, so prebendlng 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 in the next section, these bars were removed prior to initlal
stressing.

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

Experience showed that the rcds could not be assembled while "Shotcrete"
was being applied on upper porticons 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 ldentifying 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 slot on the north slde and golng counter-
clockwise.

{c) Alternate rods that started in the flrst turnbuckle
notch west of north were numbered from 1A to 8A starting with this

notech.

(%) Tensioning Procedure

Sufficlent stress readlings were taken to determine that all bands were
stressed uniformly at 50,000 psl as closely as practlcal. The followling
minimum readings on designated bands were taken with additional

readings as requlred to obtaln proper uvniformlty and stress.

(2) Initially, for each of the designated bands noted
below, straln gage readlngs were taken at each end and at the mlddle
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of Rods 1 or 1A. The other seven rods in the degignated 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 readlngs, stress readings were taken at quarter
points on each of the 8 rods in a band. Two readings at the ends of
Rod 1 or 1A in a band were taken as before.

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

(¢) Above this, six additional bands were selected at 5-foot
Iintervals up the tank wall.

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

Before beginning the tensionlng process, the bands selected for stress
readings were drilled for the strain 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 tightness. To do this,
1t was declded to loosen the bands and then pull them up enough to Jjust
touch the wall. When thls was done, zero readlngs were taken on the
bands selected for stress readings. The first turn of the turnbuckle
wag applied in two half turns with 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 remaining 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 difflcult to achieve because some turnbuckles turned easier
than others due to the bilndlng of some of the threads or %o obstructions
on the threads. Adoption of this procedure gave a more poslitive check
on the I1nitial stages of tightening. A heavy lubrlcant was also

applied to the threads before applylng the turnbuckles.

Fleld experience 1lndlcated that 1f the furnbuckles were tlghtened 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 turnbuckles
were generally tightened two half turns, then three full turns to obtain
the requlred 50,000 psi. As ncted above, all turnbuckles In a band were
tensicned at the same time. This required azn 8-man crew and foreman.

If the stress readlngs indicated too low an average stress, additional
half turns were taken as required. If sftress readings on an 1ndividual
bar indicated stresses higher than that required, additional half turns
were not given this particular rod in that bhand. When additlonal turns
were appllied to rods not designated for testing, no turns were applied
to turnbuckles, which obvicusly were much tighter than others in that
band.
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6. DOME RING (See Exhibits IX and XI)

It was necessary to install form work for the dome slab prior to
shotereting 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 contlnuous layers horizontally and
vertically, giving a monolithlc tle-in between the fwo 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 2-1inch increments as the "Shoterete" layers were applied. This
facilitated making square edges on the dome ring and eliminated
excesslve material splashback. The lower part of each layer was shot
first in order to preclude the collecticn of rebound in the lower
gshootlng strip.

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

The dome forms were erected within the tanks before shotcreting con the
walls was completed. The erecticn of the heavy vertlcal formwork was
facilitated, and labor costs held to a minimum, by using two fleld
construction jigs consisting of two vertical grooved wheels and one
horizontal rubber-tired small wheel that ran around 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, vertical form members were braced
and secured from scaffolds erected for the safety of the c¢rafts. AL
the completion of each 11ft, the scaffold was then ralsed for another
1ift. This method was continuous until the teop radilal pleces were
placed. The final 1ift of scaffold was left in place untll dismantling
operations were started and the reverse procedure followed. All
members were marked and identified as to locatlion in the formwork
structure before dlsmantling, thus making 1t easler for re-erection 1n
the other tanks.

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

forms to produce this dimensilon when the concrete was poured. Differences
in elevation at the top of the dome slab due to settlement of forms

were held t¢ less than 1 1nch.

The dome slab could not be poured untll after the core wall and dome
ring had reached 5,000 psi, 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 psi minimun.

- 4o -

| -



Pouring of the dome slab actunally consumed 5 hours. It was poured
monolithically, using two cranes worklng from opposite ends of the dome
roof strueture. Concrete buckets were dumped starting at the center

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

Each c¢rane warked 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 worked closely behind the pouring crew, thus making it posslble
fo expedite the finlshing process.

Screed chalrs were used to obtain the desired thickness of concrete.
Nuts for the chairs were welded to the relnforcing steel which in turn
was placed or supported by concrete spacer brick to the clearance
specified. As soon as practlcal, burlap was placed on the dome roof
concrete and kept molst for the specified perilod 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 attained 5,000 psl and 21
days had elapsed since pouring.

8. BACKFILLING (See Exhibit XIII)

The material for backfilling was taken from a spoll pile located durlng
the excavation process for cenvenient rehaul to the tank site. The
downslope of the spoil plle led directly to the south ramp of the
excavatlon. ‘

The quality of the f£111 material was established as sultable for backfill
purposes both during excavation and after the spolil pile had set for
several months.

Equipment used for placing and compacting the fi1ll was as follows:
power grader, "Tournapulls", "Tournadozer", front end loader, "Tampco"
(wobble wheel) rollers, eand "Barcc" and alr-powered hand tampers.

The backfill was placed 1n layers nct exceeding 12 inches wlth each
layer compacted by routing the earthwork equlpment in a manner to obtaln
complete area coverage.

Design consideratlons requlred placing bags of vermicullte, 8-1nch
minimum thickness, around tank walls from the foundation to the under-
side of dome ring. These bags weighed about 3% pounds each and contalned
L.,3 cublc feet of material. They were placed 1n horizontal layers,

hrick fashion, stacked on the long edge against the tank wall. As each
layer was placed, volds behind and between the bags were filled wlth
earth backfill. When the £i1l cams up to the top of a course of
vermiculite bags, additional bags were taken directly from the vendor's
trailer, having a 500-bag capaclty, and placed agalnst the tank,
Deliverles were timed to coincilde with backfilllng progress.
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The general pattern of placing the fill by "Tournapulls" was to
deposit the earth in layers with an occaslonal extra run around the
tanks before depositing the load so as to get extra compactlion from
the heavy vehlcle. For a large percentage of the area, there was
sufficlent wldth for the "Tournapull"” to shilft from one slde to the
other in crder to get almost complete coverage. The grader spread

the fill out in even layers and the rcller made contlnucus passes over
the material. Speciazl routling of the roller near the vermicullte bags
provided good compaction close to the tank wall.

Hand tamping equlpment was used where cbstructions prevented complete
equipment coverage, such as around plezometers and the columnsg

supporting the evaporator.

9. WASTE LINES AND SERVICES

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

thence by cascade to the other tanks. A waste line was also run from a
jet placed in cne tank in the original waste fank farm tc a tank 1In

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

The lines consisted of 3-inch stainless steel or carbon steel pipe
encased in 6 or 12-inch "Transite" pressure plpe, dependlng on length
of run, so that a proper slope could be provlided for leak detection
purposes. Where soll had been disturbed by excavation, the "Transite'
plpe was supported on plles. Otherwise, 1t was laid directly on the
earth with any soft spots or pockets under the plpe helng filled with
lean concrefte to glve an even bearing.

Waste line pilles adjacent to the tank walls were placed prior to
backf1lltng. Thils elimlnated possible damage to the tank walls or
dome rings due to pile driving. See Exhibit XII-B.

Within the tank backflll area, poles supporting overhead power and
electrical lines were pile driven to z depth of 10 feet - 5 blows to
the inch. These lines were placed 15 feet azbove grade so as not to
interfere with maintenance and/or operating equipment.
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IV. APPENDIX

CASE 1-A
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i /— Elevation 224.0 £
C

L 3. Ply Woter Proofing

No Feed Wells

Notes from Honford Drowings, Specifications, and Facility Description

Storage Petiod -

Liquid -
Tank -
Pan -
Annular Space -
Watarproofing -

Daini ")& '/_3'.‘9”“3“'""“"\ /-Vupor Barriee 3- Ply Waterproofing

{ndefinitaly fong

1.25 specific gravity, pH 10, atmospheric pressure
3/8 inch plate liner, open top, slightly dishsd
bottom, spot X « ray chack only

None

None

Bottom only

CASE 2- AA

“Insylmastic’
%"’ Steel Plote Liner

2'' Cement Ploster

i "4 R
FUErEA AR RoO P "Celotex"
u Nezzles
b o q b Elevation 255.8
' ¢ _‘? _: 85 |ll-jluvlvl 53 é 2%2x%
T F | £3/8"" Plate |]
| : Maniter EF & W\ Liner 5; Elevation 230.0
! Sumps L ) Maximum Ground Water
' P : ] Elevati + DETAIL,“*X"
R R T DA T T R AR TR % evation 2238,0=
R ISR SR TR AR AT

4, Steel Pon

Working ‘Slab 3/8" Plote Liner Mo Fesd Wells

1. Design Conditions
a} 100° F bulk temperature. No vacuum
b) Centents ~ specific gravity 1.25

2. Stael Liner
3/8.inch plate
3. Concrote Walls

Designed for hydroulic pressure

Leok detector only

EXHIBIT | ALTERNATIVE TANK DESIGNS

- by o




CASES 2-A & 2-B

/-z'-'o" Minimum

85' Diameter

}5"' Plete Liner
1-Bonly

~

LT I U ST e
E L L W Rk TR R LN K

1__ Nozzles
& Elevation 255,8 +

Elevation 230.0

Maximum Ground Water

levoti +
/— Elevation 224,85

Feed Welis

Same os High Activity Tanks sxcept the following Omissions

Cose 2-A

a} No hydraulic pressure
on inside wall

b} Minimuym thickness roof
slab plus earth

¢} Omit requirement of 1/3
eolumn load tronsfer to
wall to provide for
differential settlement

CASE 2-C

/—2'-'0"‘ Minimum

Case 2-B
Same as Cose 2- A except
a) Omit pon
b} Provide tar § ft - 0 in.
hydraulic pressure on
side walls

Walls [afeaids oo ae T
Domp - Proof [

RS

L, o]
ozzles

N
— Elavation 255.8 *

Elevation 230,0
Maximum Ground Water

\— Elevation 224,46 +

: T 85’ Diamater
.:-\‘ 27' . of’
%' Pigte Liner 1 %'*Plate Liner
Pan :«
No Feod Wells
Steel Tank

Same as High Activity Storage Tanks except
@) 100°F bulk temperaturs
b) 1.25 specific gravity
¢) Atmospheric pressure
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Concrete Shall
Some as Case 2 A except
100°F bulk temparature




CASE 3

T Yl
Vapor Barrier f—" 07
Detail X" Case 2+ AA

- \-uTop of Plate Linar |
] Nozzles
Elevation 255.3 £

32n.‘ F3 n‘,_l |
27'-0")

- 35’ Diometer \

l— 3/8’' Plote Liner Elevation 230,0
)\ E Maximum Ground Water

ol
Working Slab L Feed Wells

Monitor Sumps

Design Conditions for Elevated Temperature
Tonk — 3/8-inch plata liner
Concrete Shell — dasignad for full hydraulic pressure
Pan — 3/8-inch leak detector only
Roof Vapor Barrier — 1/4-inch plate

CASE 3-A

Elevation 276.5

3 41..0'n
éls" Crown

le— 85°-0"" Diometer

b 3/8"" Steel Plate

—i] ‘—20"

s'-o”—\u _,—_|lo‘-o" 3

27I‘- 0”

Elevation 230.0

o~ Elevation 227,5*

L; Moximum Ground Water
ﬁ F Footing /!

Base Slab

Modified Hanford - Typs Conventional Design
No leak detactor pan required

Partial blast protection

Mo %-inch steel plate for vapor seol required
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CASE 4- A

‘vw/wmmnl
— 1

Void formed by
e 85 Diameter ———-- thin sheet metal
¢ e ~z | topermit free

N'-6 hat—-3/8" Plate Liner ‘59| movement of wall
28| "3
i3 G

Light Weight Concreta] E:E vpoer Fa
X Jb i
L

5"
I *‘Shotcrete"’

Cover

3/8'" Steel Plate
Premolded Joint Filler
Closure Angle
Lightweight Concrate
Iy 378" Steel Plote

i

RNER DETAIL

Elevaticn 230,0
Maximum Ground Water

Prasiressad 85- Ft-Diamater Pourad Conctete Construction
Maditied Hanford Type

A typical commercial prestress design

Ne leak detector pan required

No blast provision ond no vapor seal

CASE 4-

te— 3/8 inch Stesl Plate

Elevation 230.97

—=

N'o”

B

2" Grout

Rt AR A
3+ Ply Membrane Water Proofing
CORNER DETAIL

Elevation 230.0

Maximum Ground Water

Prestressed 85 Foot-Diameter ‘‘Shotcrete'' Construction

No blast provision
No leak detector pan required
No steel vapor barrier
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Dome Live Load = 50 Ib/ft 2 Gradient 15°

2'-9"
41 - One- Inch- Diameter Type “'P*' Rods MEUIH\ Shielding
YARINCIT =
10 7% 7" Minimum :
X 7 l Spring Line
__..sv ] 'lolf
g
g g
LY
e 85'-0"" .
Y 716" Knuckle Plate 3/8" Plate Liner
o :0 3 Gradient 2.6° .
N W - 3-38" e
= 8 N . ‘4n
2 g

Top of Steel Plate
Elevation 228.92 N, Tanks
Elevation 228.00 S. Tanks

Gradient 7,59 — |a—

4" Concrete 4" “Embeco’” Grout

(Moximum Water Table : 230.0)

~ 3" Cement Topping

EXHIBIT [l WASTE STORAGE TANKS - SECTION AND DETAILS

Y-




—} —tp—
Central
Evaporator —_
s
1 n :_' 0 n't
§'-0"* 6" ““Transite® Pipe 3""'SS Pipe

3'" 85 Pige
)

Pile Cap

_t

= AL AN
S

; PRI ARRRANRE
6 \ M
fal-T-1-1.T.X.1:]

>

"

#

&

o000

»r

Section “A- A"

Section "'B-B"

EXHIBIT 11l WASTE STORAGE TANKS AND FILL LINES
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Tumnbyckle Slot
1" Doep

Steel Tank Wall

‘“Shotcrate’’ Cover

3" Thick Wire Mesh
SECTIONAL PLAN
. ~i T T i
=T 1 e—— | ] a— T |
3} —— == ’:“_{ sl 4
3 [ Y e ¢¢" 1

PARTIAL ELEVATION
Rods:

Type "P" rods — 40,000 psi minimum yield
Prestressed to 50,000 psi

7/8"" diemeter — spaced 1-5/16" 16 9" 'on center in wall

EXHIBIT IV WASTE STORAGE TANKS — TENSIONING ELEMENTS — RODS AND TURNBUCKLES
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Weights of {oaded Equipment
Equipment Lb
MC 504 W Crane 72,000
E 18 "“Tournapuli™ 72,000
D8 Bulidozer 40,000
White Truck 36,000
Super C Bulldozer 31,700
#12 Grader 22,200
HD S+ R 13 Reller 30,000
HD 5 Bulldozer 16,000
HD 5G Endloader 14,200
75 A Endlooder 15,800
D2 + X112 Roller 15,400
D2 Bulldozer 8,000

Depth of Fill

Finish Grade

T~
T~
N

WSS

k1]

3’

15’

10’

©

=

2
—— U—
=[
w» | = 2
2% 8
Ziy) €
=1=| 3
&\l e
oo
|13 G

MC 504 Grene with

D 8or White Truck

Super C Bulldozer

#12 Grader or HD5+ R 13

7e

HD5G, 754 of D2+x1

HDs,
D 2 Bulldozer

b
v
\\_ I" 8"

1

Bottom of Excavation

||

by I
A
10° 9" g 7'

P
1o
6 5

Moximum 20,000 [b

1:_‘0 1

ll_‘ou

42" = 6-3/8"" Radius

s> - Tank Wall

EXHIBIT vV MINIMUM APPROACH OF EQUIPMENT TO TANK WALL
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EXHIBIT Yi-B ERECTION OF STEEL LINERS SHOWING RAISING- LOWERING FRAME
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T 5 ‘\'5

k]
s A
LS

EXHIBIT Y- A

P

EXHIBIT VII-B OUTSIDE OF STEEL LINER SHOWING KNUCKLE PLATE,
WALL FOUNDATION AND DOWELS

- 5% ~

=



/?’ i RS

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

EXHIBIT VIlI-B DOME FORMWORK
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EXRHIBIT IX- A DOME REINFORCING

M e

%l » : -

LS 3 b i

§ § ! . i ﬁw

iz
Lo | R R
-} 1 ’ 1
' ke
. P . ! R4
< 1 ;; *y 1 L i
3 |

gt
T
\

.
- 4 \
; i hY L
iy e HING 5 ‘; rhd IJ
¥ ; X
5% B -H8 71 2
¥ " A 3

EXHIBIT I1X-B DOME RING REINFORCING
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EXHIBIT X- A

U B e b A

B

et LR s‘W*“*"?-‘*?“"’
ey
o 1 YT 3
;.E’m e W

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

EXHIBIT Xi-B COMPLETED TANK
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EXHI
BIT X
-2
COMP
LETE
DTA
NKS
SHOW
ING
PILES NEAR TA
NK W
ALL
PLAC
EDP
RICR
TOB
ACKF
ILLIN
G
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EXHIBIT Xili-A BACKFILLING tN PROGRESS SHOWING PLACEMENT OF VERMICULITE BAGS
AROUND THE WALL

EXHIBIT XI11-B BACKFILL NEARING TOP OF WALL
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