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ABSTRACT 

The major objective of the Hunford defense waste retrieval activity 
is to design, develop, demonstrate, and qualify the equipment, staff, and 
methods required for the safe retrieval of solidified high-level radio­
active wastes from the 133 large (75-foot-diameter) single-shell, under­
ground storage tanks at Hanford. The program is currently limited to 
research, development, and demonstration of systems and technology in support 
of selecting an alternative for disposal of Hanford high-level defense waste. 
The operational phase will not be initiated until final retrieval decisions 
have been made. This report relates the requirements and sets forth much 
of the data and criteria currently known. It describes the preliminary 
design of a remotely operated, self-contained, mobile system which incor­
porates a mechanical, articulated mining boom. This boom, when equipped 
with a variety of suitable tools, can remotely cut up in-tank equipment. 
remove the debris, recover the solid wastes, clean the tank walls, and 
deposit the waste into a bucket elevator. The bucket elevator automatically 
removes the waste from the tank and deposits it into shielded shipping 
containers . The containers are remotely sealed, washed, and deposited into 
sealing containers. The containers are remotely sealed, washed, and 
deposited into sealing containers. These containers are sealed and placed 
on a transfer vehicle for transport to a waste processing facility or a 
suitable repository. All of the retrieval equipment is installed on a 
mobile platform which bridges the tank domes to avoid loading the dome 
structure. Mobility provides for progressing from tank to tank until all 
of the 75-foot-diameter, single-shell tanks have been emptied. Ancillary 
equipment includes in-tank viewing and lighting systems, positive filtered 
venti lation equipment for contamination control. equipment for washing tools 
and mining equipment, and includes provisions for remote maintenance of 
contaminated equi pment, and quick removal and replacement of parts. The 
details of the preliminary design set forth in Chapter 2 of this report 
were prepared by Nuclear Systems Associates of Brea, California, under 
subcontract to Rockwell Hanford Operations. 
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1.0 INTRODUCTION 

1. 1 BACKGROUND AND RELATION TO THE NATIONAL HIGH-LEVEL 
NUCLEAR WASTE MANAGEMENT PROGRAM 

The U.S. Department of Energy (DOE) has custody of, and responsi­
bility for, the management of radioactive wastes resulting from the 
nation's nuclear defense program. By direction of the President and the 
Congress, the DOE is conducting a comprehensive program to isolate all 
U.S. nuclear wastes from the biosphere. (l) These high-level wastes 
contain more than 99% of the residual radionuclides produced in fuels 
and targets during reactor operations. They include essentially all of 
the fission products, activated fuel element materials and the actinides 
not recovered for use. (2) 

High-level defense wastes (HLW) have been stored at the Hanford Site 
(Figure 1-1), in Washington State since 1944, the Savannah River Labora­
tories (SRL) in South Carolina since 1954, and the Idaho National Engineer­
ing Laboratories (INEL) since 1958. At Hanford, high-level radioactive . 
wastes from chemical processing of spent fuels were originally stored as 
liquids with precipitated sludge in single-shell underground tanks. 
High-heat release rates of wastes from later processing schemes lead to 
the installation of numerous air circulators (Fjgure 1-2) which helped 
to cool and reduce the violent bumping caused by localized boiling . Due 
to leaks in 24 of the 133 large single-shell tanks at . Hanford, a pro­
gram was initiated in 1968 to evaporate the water from the liquid wastes. 
To prevent overheating the tanks, it was necessary to remove the high­
heat-generating isotopes 137Cs and 90sr. These isotopes were immobi ­
lized as the compounds cesium chloride (CsCl) and strontium fluor i de 
(SrF2) and encapsulated in 2-i nch-diameter by 20-inch-long, double­
jacketed capsules for storage in water basins. 

The remaining liquid wastes at Hanford have since been evaporated 
to produce 25 million gallons of salt cake, 1.6 million gallons of 
·interstitial liquor and approximately 12 million gallons of sludge i n 

1 - l 
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the single-shell tanks. Approximately 13 million gallons of Hanford 

residual slurry will remain in double-shell tanks after 1990-1995. 
Organic solvents, unique to the Hanford processes, have fanned organic 

complexants that inhibit further evaporation in the vacuum evaporator­
crystallizers. These complexants also inhibit natural soil and process 
ion exchange removal of plutonium, strontium, and multivalent actinides 
and rare earths. The complexants and high sodium content of many Hanford 

HLW wastes also interfere with immobilization processes such as concrete, 
glass, and ceramic forms. Consequently, Hanford has the unique problem 
of removing these organic complexants and some sodium before it can 
i1T1T1obilize a major fraction of its HLW. 

The early single-shell concrete tank steel liners were 0.25- to 
0.38-inch thick when installed. Corrosion data and the knowledge that 
58 tanks are of questionable integrity, including 24 known to have leaked, 
(see Appendix) lead to the reasonable conclusion that the tank walls will 
be greatly deteriorated when retrieval is planned for initiation in 1996. 
Figure 1-3 is an early 1970s photograph of the steel liner of one of the 

tanks. Judging from the rate of some of the early leaks into surrounding 
soil, it is reasonable to assume that cracks or joints exist in some of 
the concrete surrounding the tanks that can leak liquid. 

The ongoing interim HLW management program is directed toward de­

activation of all single-shell tanks in 1981, and removal of all drain­
able and pumpable liquids in 1984. Consistent with the above, in order 
to avoid adding liquid (i.e., sluice), the capability will be developed 

to mine the tanks mechanically with the waste as is. The existence 
of internal equipment (see Figure 1-2) embedded in the salt cake and the 
sludge, Figures 1-4 and 1-5, will require a remote cutting and mining 

capability that must be reliable, fail-safe, and reasonable in cost to 
build and operate. Hanford waste volumes represent about 65% of the 
national HLW inventory. Consequently, Hanford has a unique and large 

task if retrieval is required . 

1-2 
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Figure 1-6 describes one possible HLW retrieval, processing and 
disposal implementation plan that could be used at Hanford. After 

retrieval, dissolving and blending, sludge separation and complexant 
removal, the process could be generally similar to the lead site (SRL) 
process. The major difference is the large quantity of solid salt cake 

and sludge that must be mined from single-shell tanks, complexant re­
moval, high sodium content, and disposal of large quantities of decon­
taminated high nitrate salt. 

In contrast, other fuel process waste storage sites have much 

smaller quantities of wastes in double-shell tanks, as shown in Table 1-1, 

and much simpler retrieval and processing requirements. Savannah River 
Laboratory, West Valley, and Hanford double-shell tanks can be solution­

~ined, i.e., sluiced and slurry pumped, with existing technology. In 
the case of If4EL, most of the liquid waste has already been converted 
to calcined powders that can be pneumatically transported to an immobil­

ization facility to make cement, glass, or ceramic waste forms; Com­
mercial spent fuel elements are currently stored in water basins at 
reactor sites around the country. 

The President and the Interagency Review Group (IRG)( 3) have 

recommended that: 

Our primary objective is to isolate existing and 
future radioactive waste from military and civilian 
activities from the biosphere and pose no significant 
threat to public health and safety. The responsibility 
for resolving military and civilian waste management 
problems shall not be deferred to future generations. 

We should be ready to select the site for the first 
full-scale repository by about 1985 and have it opera­
tional by the mid-1990s. For reasons of economy , the 
first and subsequent repositories should accept both 
defense and commercial wastes. 
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TABLE 1-1 . Estimated HLW Volumes, Activities, and Heat Rates. 
I 

Vo lume Radi oactivity Tota l Hea t The rma l Density Acti vity Co ne. 
m3 watts/m3 t1ega curks kW 

- --
Defense 1-ius tes 

l ) H3nfor cl 200,000 530 2,000 10 

Old Si ngl e - Shell Tanks 

Salt Cake (1990 ) 96 , 000 12 42 0.4 4 
Sludq,~ (1 990 ) 57 ,000 130 520 9. 1 

Intel'st it ia l Li quor (1 990) 6 ,000 3 11 l. 8 

Doubl e- Shel l ed Ta nks 

PL/IJlp ii Ll l e Slurries (1990) 51, 000 28 92 1.8 

Doubl e Wa ll ed Ca psu les 

CsCl POl~der { 1990) 4 0 . ;, 230 730 150 , 000 
SrF

2 
Powder (1990 ) l. 8 l 30 560 300 , 000 

2) SavJnna h Rive r 

Double- She l led Ta nks 

Pumpabl e Sl urr i e s (1 980) 90,000 800 i ,OOQ 22 -

3) ~iiJ1g_Jluc lea r Eng. La bs lQ , 300 57 14 5 14 

L iq '..l id { I 99uj 5,600 10 25 5 

Pneu1113tical l y Retrievable 
Ory Calcined Po1~ders (1990) 4, 700 47 120 25 

f2:-«nercial I-ta ste ~ 

l) Hes: Vall ey , tiew Yo rk 

Doubl e -She l led Tanks 2,200 11 28 13 
Purnpa ble Slu rr ies (1990) 

2) Spent fu e l El emen t s 

In St1 rage At All Sites 6,000 1.J20_Q §_,JJOO '.~1-i_3.9_Q 
32,000 t (1 990 ) U0

2 
--·--- -- · - - --- - -· 

aSepara ted and processed r adi onudides and sludges inw r- .-,bil-i zed and pa c kaged (aut ho r' s esti1•1ates ). 
510:1 11 Vo l ume = gl ass 
La r ge Vo lume = supe rgrou t cement 

Ci /l itre 

2.5 

0. 13 
2.3 

0 . 54 

0 .54 

47 , 000 
72 , 000 

9 

u 
l. 8 

10 

5 

700 

- - ----·· 
Repo s ito ry 

Ready rnJ-1 

---- - · 

15 , 000 to 
60 , 000 

<100 

2 ,500 to 
10, 000 

5 , 000 to 
20, 000 

100 to 
400 

<9, 800 

;;o 
:c 
0 
I 
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I am coIT1T1itted to maintaining safe int erim storage 
of defense wastes as long as necessary. vJe will also 
proceed with research and development at the various 
defense sites that will lead to the processing, pac kag­
ing, and ultimate transfer to a permanent repository 
of the high-level and transuranic wastes from defense 
programs. 

The U.S. Energy Research and Development Administration (ERDA), 
issued a report on technical alternatives for long-term management of 

Hanford HLW, with preliminary cost estimates and an analysis of near­
term risks . (4) Included therein are descriptions of 27 alternative 
plans, encompassing a variety of waste forms and storage and disposal 

modes, for the processing and disposal of Hanford HLW. One alternative 
was to fill the void space over the salt cake, interstitial liquor, and 
sludge as is , and cover the existing tanks for in situ disposal . All 

other 26 al ternatives requ i re retrieval to undergo various degrees of 
processing , immobili zation, packaging, and/or pl acement in federa l 
r epos i tor i es . 

From t he foregoing i t is concluded tha t t he development of a 

mechanica l system capable of remotely min i ng the high- l eve l wastes and 
debr i s currently hel d in Hanford single- shell tanks is timely to be 
responsive to the National High-Level Waste Program recommended by the 

Pres i dent and the Interagency Review Group and being followed by the DOE 
at the lead site at Savannah River . 
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FIGURE 1-1. The Hanford Site. 
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FIGURE 1-2. Airlift Circulators 
(Tank Almost Empty ). 

FIGURE 1-3 . Si ngl e-She ll Tank li ner . 

1-7/ 1-8 bl ank 
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FIGURE 1-4. Equipment Requiring 
Remote Cutting to Remove. 

:\ 
I 
I 

FIGURE 1-5. Debris in a Tank. 
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1.2 WASTE AND TANK CHARACTERISTICS 

By 1995, the year proposed for retrieval campaign initiation, the 
current ongoing interim waste management program will have effected the 
following changes and will have produced data as follows: 

• Drainable liquids will be removed from salt cake and sludges 
in single-shell tanks. The remaining interstitial liquor is 
estimated at 1,600,000 gallons. 

• Removed liquids will be transferred to double-shell tanks, 
evaporated to reduce the volume, and stored as 11 residual 
slurry. 11 

• The 2-inch core per 75-foot-diameter tank sampling program for 
single-shell tanks will provide guidance as to the composition, 
physical characteristics and activity variances within indivi­
dual · tanks and from tank to tank. 

• Tank wall concrete core borings, in-tank photography, tank 
leakage monitoring, and laboratory accelerated corrosion 
testing will provide data as to the expected integrity of 
individual tanks. 

• Survey of as-built and as-modified drawings, records, photo­
graphs, and operating histories will provide data regarding 
expected obstruction and debris. 

1.2.l Waste Characteristics 

Table 1-2 provides a gross inventory of all Hanford in-tank waste 
decayed to 1995. These inventories were computed tank by tank (see 
appendix and reference 5) based on the operating histories of the early 
BiP04 Process Plant, the Redox Plant, and the Purex Plant plus a 10% 
addition in radionuclide inventory resulting from planned Purex opera­

tions between 1983 and 1995. Volumes are also based upon surface level 
measurements from the current Surveillance and Maintenance Program. 

1-12 
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Table 1-3 provides a total Hanford in-tank major chemical inventory 
analysis. It should be noted that no chlorides are listed but some are 
known to exist in some tanks. 

TABLE 1-2. Estimates of Total Hanford High-Level 
Defense Waste (Decayed to 1995). 

Chemical Quantities Radionuclide Quantities 

Waste Type Volume Weight Weight Radio- Heat 
activityb Generation (m3) (t)a (t)a (MCi)a ( k~~) 

In-Tank 

Salt cake 96,000 140,000 0.11 12 36 

Sludge 57,000 87,000 940c 130d 440 

Residual slurry 51,000 77,000 2.9 28 78 

Encaesulated 

CsCl 4. 9 7. 5 2.6 230 620 

SrF2 1. 8 2.8 0. 54 130 480 
--

200,000 300,000 940 530 1,700 

at= 1000 kg= metric ton; MCi = megacuries = 106 curies. 

b!ncludes parent and daughter nuclides and future Purex wastes . 
cData include quantities of uranium isotopes nat recovered during 

processing (estimated quantity 920 t) . 
dContains 0. 4 MCi of actinides of which about 400 kg is plutonium. 

1-13 
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TABLE 1-3 . Major Chemicals in Hanford High-Level 
Defense Waste In-Tank Inventory. 

Sa 1t Cake, Sludge Residual 
Chemical Liquor, wt% wt% wt% 

NaN03 84.5 16.3 15.5 

H20 10.3 39.5 45.9 

Na/04 o. 1 19. 9 ----
NaOH 1.5 3.2 12.8 

NaN02 1. 7 3. 3 10.8 

NaAl02 1.4 2.7 10.6 

Na 2co3 0.5 2.0 1.3 

Na2Si03 ---- 2.5 ----
Al 2o3 ---- 2. 0 ----
Fe(OH) 3 ---- 1. 6 ----
Na 2so4 ---- 1.0 1.0 

NaF ---- 1. 1 0.5 

Zr02•2H20 ---- 0.8 ----
KF ---- 0. 2 o. 1 

KOH ---- 0.3 0. 1 

Organic Carbon ---- ---- 0.3 

Other ---- 3. 6 1. 1 

--
Total 100.0 100.0 100. 0 

Total, 
wt% 

46.7 

28. 1 

5.9 

4.9 

4.5 

4.2 

1. 1 

0. 7 

0.6 

0.5 

0.6 

0.4 

0.2 

0. 1 

o. 1 

o. 1 

1.3 

100.0 

NOTE: All wt% reported to three places only. Trace amounts (less 
than O. 1%) of material may be present in waste form where---- apears . 
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Radionuclides contained in the waste are tabulated in Reference 5. 

The 11 hottest 11 bulk material resides in the sludges . For example, Hanford 
average sludge (Table 1-4) contains 0.2 Ci/litre (200 Ci/m3) of 0.66 MeV 

gammas which results in calculated dose rates of 80 R/hr, 5 ft above the 
sludge and 25 ft off tank center line. The hottest sludge measured, 
that in the AX Farm (Table 1-5) , is 2.8 Ci/litre of 0.66 i-1eV gammas, 
which results in calculated gamma dose rates of 1100 R/hr to in-tank 
equipment at the same location. The 2.3 MeV beta from 9 oy daughter of 
90sr has a range of 1100 mg/cm2, or approximately 28 ft in air. The 
specific beta activity in hot sludge is 127 Ci/litre. 

TABLE 1-4. Average Sludge Specific Activities. 

Radionuclide 

Gammas (137Cs and 137Ba) 

Beta (9°Sr) 

Beta (90 Y) daughter 

TABLE 1-5. Hanford 

Radionuclide 

Gammas (13 7Cs and 1 37Ba) 

Beta (90Sr) 

Beta ( 90 Y) daughter 

Activity (approx.) 

Ci/litre 

0.2 

1.4 

1.4 

Hot Sludge. 

Activity 

Ci/litre 

2.8 

63.6 

63.6 

MeV 

0. 66 

0.55 

2.3 

(approx.) 

r1ev 

0.66 

0.55 

2. 3 

The beta dose rates to equ i pment are yet to be calculated . However, 

an estimate based on the data above would indicate that maximum beta and 
secondary bremsstrahlung dose rates could be considerably higher than 
the gamma dose rates to equipment boots and sea l s operating in the tank . 

1-15 



RHO-ST-33 

One cubic centimetre of hott est sludge material could produce up to 

36 R/hr beta dose at 1 ft. Consequently, thorough wash down and decon­
tamination capability will be required of all equipment that must be 

maintained or removed from the retriever. Care must be taken in select­
ing flexible materials, lubricants, seals, etc. Plans must be made to 
withdraw equipment from the tanks and wash down for storage during non 
working hours. More detailed characterization and dose rate information 
will be generated before final criteria can be estab; ished. 

Radiolytically formed H2 must be removed by an adequate HEPA­
filtered ventilation system before flame or abrasion wheel cutting of 
piping, air circulators, and debris can be undertaken. 

In addition to typical hard salt cake and installed obstructions, 

the tanks have other unique contents. Some of these have been recorded 
and are listed in Table 1-6. Figure 1-7 shows a photo of a tank with 
diatomaceous earth addition. Past cooling of hot tanks with air cir­
culators caused preferential encrustation around the air circulators 
(see Figure 1-8). Such large "lollypops" may weigh up to 10 or 20 tons. 
Care must be taken to avoid mining around these lollypops and unneces­
sarily loading the self-supporting dome. The air circulator must first 
be cut loose from the dome and the lollypop broken up with a pneumatic 
or hydraulic hammer before excavation proceeds. 

1.2.2 Tank Characteristics 

Figure 1-9 depicts....a general layout of the Hanford 200 Area plateau. 
About 60% of single-shell capacity is in the 200 l~est Area; only three 

double-shell tanks are placed in 200 West Area. Tank capacities and 
locations are shown in Table 1-7. The appendix provides a listing of 
the volume inventory in each single-shell tank, a summary of salt cake 
and sludge inventory by tank farm, and gives the locations of the 58 
tanks with questionable integrity, including 24 known leakers. See 

Tables A- 1 and A- 2 for a summary of current tank status and locations. 

1-16 
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Tank 

101-BX 

102-BX 

105-BY 

107-SX 

110-SX 

113-SX 

116-SX 

117-TX 

106-TY 

101-U 
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TABLE 1-6. Hanford Single-Shell Tank Farm Facilities 
Unique Contents . (Status as of 1-25-80) 

Status 

QI 

L 

QI 

L 

QI 

QI 

QI 

QI 

L 

L 

Contents 

~,aoo gallons of ARC-359 organic ion exchange 
resin added in 1972 

Diatomaceous earth added 

63 tons Portland cement added 

41 bottles of neutralized waste from lOOF Area, 
each with less than 1 gram 239Pu 

16 plastic bottles or containers (3-inch diam­
eter by 54 inches long) containing following 
tota 1 vo 1 umes: 

113 g 
52 g 

6 g 
204 g 

U Nat 
U Oep 
Enriched U 
Pu 

1400 cubic feet diatomaceous earth added 

Oiatomaceous earth added 

Oiatomaceous earth "mounded" in tank 

Oiatomaceous earth added 

Tank used for disposal of solid waste: 
Six cask loads of experimental fuel elements , 
shroud tubes and samarium "poison" ceramic 
balls. 1530 g of 4.5% enriched U and 6 g of 
Pu; plus 180 KCi 60 co and 130 Ci mixed fis ­
sion products 
Co balt-60 sl ugs with 70 KCi 6 0co 

104- U L Diatomaceous earth added 

KEY: L = l eaker; QI= questi onabl e integrity 
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00 

Area 

Farm 

200 East No. of Tanks 

Subtotal 

Farm 

200 ~Jest No. of Tanks 

Subtotal 

Total 

TABLE 1-7. Hanford High-Level Waste Storage Tanks. 
(Tank Capacity in Gallons} 

Double-Shell a Single-Shell 

l ,000 ,000 1,000,000 758,000 533,000 

AY AZ AW AN A AX BY B BX 

2 2 6 7 6 4 12 12 12 

17 10 12 36 

SY sx s TX TY T u 

3 15 12 18 6 12 12 

3 15 36 24 

20 25 48 60 

aAdditional tanks are planned for FY-1983. 

55,000 

C B C 

12 4 4 

8 

T u 

4 4 

8 

16 

Total 

83 

86 

169 

:;o 
:i:: 
0 
I 
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-i 
I 
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Figure 1-10 shows a general configuration of typical single-shell 

tanks. The inner liner covers the bottom and extends up the inner wall 

just above the full line and below the beginning of the dome (see Fig­
ure 1-3) . The liners vary in thickness from 1/4- to 3/8-inch welded 
steel plate. Single-shell tanks are stiffened on the inside with formed 
steel angle welded to the inside of the shell (see Figures 1-2 and 1-3). 
The angle steel will clearly complicate wall cleaning and decontamina­
tion. All 133 of the large single-shell tanks are 75 feet in inside 
diameter (ID). The liners are surrounded with concrete that was poured 
against them. Concrete thickness is 8 to 12 inches on the bottoms 
and varies from 12 to 18 inches on the sides, depending upon the spe­
cific tank design. The 15-inch thick bare concrete domes are self­
supporting across the 75-foot span and support 6 to 8 feet of soil cover 
at their centers. Some tanks are filled to within 12-1/2 feet of the 
dome centers. 

Figure 1-11 depicts the large riser locations in single-shell tank 
domes. Note that the BY, TX, and S Tanks have a center 42-inch access 
riser. BY, TX, and S Tanks also have a 42-inch riser or manhole located 

on 20foot 9-inch radii. That grouping represents forty-two 758,000-
gallon tanks (see Table 1-7). The A, TY, and SX Tanks have a center 
riser 42 inches in diameter. These twenty-one 1,000,000-gallon tanks 
and six 758,000-gallon tanks will correspond to the configuration of the 
first 42 tanks by the addition of one 42-inch riser on a 20-foot 9-inch 
radius . Thus, the addition of twenty-seven 42-inch risers will provide 
uniform access to 69 tanks . The four remaining 1,000,000-gallon AX Tanks 
in the 200 East Area each require a central riser 9 inches off center 
and a 9-inch longer mining boom, or they each require two new 42-inch 
risers. Boom length versus r iser installation studies wi ll determine 
the pr eferred approach du ring final design of operational retrievers. 

The sixty 533,000-gallon B, BX, C, T, and U Tanks (36 located in 

200 East and 24 located in 200 West) require a new center 42-inch riser 

and a new 42-inch riser on the 20-foot 9-i nch radius. Thus, at least 

120 new risers are required for the 500,000-gallon tanks. 
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The prototype retriever described herein is planned for a 42-inch 
center riser and a 42-inch riser placed 20 feet 9 inches off center. 

A number of small 12- and 24-inch risers exist on most tanks. It 
is planned to use three of these smaller risers on each tank to provide 
for closed circuit TV and lighting for remote viewing during cutting and 
mining operations. 

By 1996-2010, the planned retrieval campaign period, Hanford single­
shell tanks will be 50 to 65 years old. ~easured corrosion rates on low 
carbon tank steel using simulated wastes at historical predicted operat­
ing conditions plus the knowledge that 24 tanks are known leakers today, 
indicate that the steel liners should not be relied upon to hold liquid 
in or out of the tanks. Possible internal tank damage from historical 
boiling and bumping is not fully assessed. It is known that one tank 
bottom has buckled up about 6 to 8 feet due to steam formation between 
the concrete and the steel. Some tanks have been probed and are known 
to have flat bottoms. The condition of many tank walls and bottoms is 
unknown. Several tanks have risers that extend down into the solidified 
salt cake. The retrieval system and development plan described herein 
are designed to deal with the forementioned problems. 
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FIGURE 1-7. Waste After Addit ion of 
Diatomaceous Earth. 

FIGURE l-8. Salt Cake Enc ru st ati on. 
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1. 3 SUMMARY OF DESIGN CRITERIA 

The single-shell tanks are grouped in farms of 2 to 18 tanks per 

farm {typically 12) and, within each farm the tanks are arranged in a 
rectangular array with a center-to-center spacing of 100 or 102 feet. 

The tank farms are located in two general areas (200 East and 200 West) 
separated by about 5 miles. Within each area, individual tank farms are 
separated by as much as 1-1/2 miles. Objectives to be attained are: 

1. Retrieve 5,100,000 ft3 of high-level solid waste from 133 

75-foot-diameter single-shell tanks. 

2. Because of continuing tank wall deterioration, remove waste 
without addition of water or fluid to tank contents. 

3. Because of structure limitations of tank domes, do not add 
significant load to domes beyond the existing 6 to 8 feet of 
earth cover load. 

4. Provide mobility to platform to minimize downtime between 
tanks. 

5. Provide for mining access and waste removal through 42-inch 
risers. Minimize requirement for new riser installation. 
Provide remote ability to internally cut-away entry risers 

to gain access into tanks where risers extend into salt 
cake. 

6. Provide ability to cut up and remove solid debris and in­
tank equipment. 

7. Design to sludge activities of 0.2 to 2.8 curies, 0.66 MeV 

ganma per litre, 1 .4 to 64 curies, 2.3 MeV beta per litre 
and 1.4 to 64 curies, 0.55 MeV beta per litre. 

8. Provide for tank ventilation and provide radiological 

containment. 

9. Provide safety for personnel and design to ALARA radiation 
exposures. 
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10. Retrieve waste at rate of 670 ft 3/day (170,000 ft 3/yr) at 80% 
operator efficiency (80% system availability), 85% payload per 
shipping container at two shifts per day per retriever at 
600-gal/hr capacity, .i.e . , retrieve all waste in 10 to 15 years, 
ideally, with three retrievers. 

11. Package waste and ship to an onsite processing facility or 
repository . 

12. Provide for retrieval operations to commence by 1995 . 

13. Provide the research and development/engineering, equipment 
development, and subsystem demonstrations by 1986 that will 
provide a basis for cost, safety, and assurance of retrieval 
campaign success, and required for 1989 Line Item funding 
requests to be submitted in 1987 . 
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l • 4 sur1MARY OF SELECTION OF CONCEPT 
AND PURPOSE OF DESIGN STUDY 

Waste retrieval refers to the recovery and removal of salt cake and 

sludge, and/or residual liquid, from the underground storage tanks and 
the transfer of these wastes to an onsite processing facility. Two 
basically different techniques are appropriate for retrieval of these 

Hanford high-level wastes: (1) mechanical dry mining for the retrieval 
of solid wastes (salt cake and sludge in older single-shell tanks; and 
(2) water jet sluicing and slurry pumping for the retrieval of residual 
liquor and sludge from newer double-shell tanks. 

Over decades of use, 24 of the single-shell underground storage 
tanks have leaked. For this reason and because additional tanks may 

lose their ability to contain liquids in the decades before retrieval is 
completed, it was deemed appropriate to configure a waste retrieval 
system for mechanical recov€ry of the wastes in order to avoid adding 
more water to the single-shell tanks. The basic retrieval scheme is, 
therefore, to recover the solidified waste in its "as-is" state--either 
dry or in the form of damp sludge and salt cake. This process is com­
posed of at least 12 sequential operations: (1) tank farm and tank 
preparation, (2) tank entry, (3) measures to cut loose dome supported 
equipment, (4) cutting of equipment and debris to small size, (5) in­
tank recovery of debris, (6) removal of waste and debris from tank to a 
transfer point for emplacement in a shipping container, (7) transfer of 
waste to an onsite processing facility, (8) washing and returning ship­
ping container to retriever, (9) maintenance of all equipment and/or 
replacement of parts, (10) cleaning of empty tank, (11) closing of tank, 

and (12) moving retriever to next tank . 

The first consequence of the design criteria in early conceptual 
studies, (4, 5, 7) was an articulated arm for the mining boom. This 

device was envisioned to enter the tank through a vertical 42-inch riser 

located at the center of the dome ?tructure and actuated, segment by 

segment, until the arm (with mining tool attached) was extended in a 
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limited space between the top of the waste 
This articulated arm (a hydraulically­

capability manipulator with 3000-lb lift 

capacity at full extension) was pictured mounted on a vertical tele­
scoping tube assembly. This tube assembly would enable the mining of 
layers of waste through to the bottom of the fullest 1 ,000,000-gallon 
tanks. A similar telescoping tube mechanism was planned for material 

removal through an off-center 42-inch riser. The basic retrieval system 
concept was completed by the plan to support the mining and removal 
equipment on a platform carried by independently powered tracked trans­

porters spaced a distance apart equal to the spacing of the tanks. 
Straddling the tanks in this manner would mi nimize the loads applied 
through the ground to the tank structure. An enclosed platform with 
controlled ventilation would also provide suitable housing for all 
remotely operated auxiliary equipment related to waste containerization, 
mining tool change, maintenance, repair, etc. 

A complete system conceptual design was prepared in 1977 by the 
PaR Systems Corporation( 5) in order to define the general arrangement of 

a viable system. After extensive in-house review, a failure modes and 
effects analysis of the mining boom and controls by the Richland Engi­
neering Company, and some modification of subsystem details, a prelimi­
nary design was initiated in 1979 by Rockwell and Nuclear Systems Asso­
ciates . The design study was completed in March 1980, and is reported 
herein. 

The development and demonstration of retrieval system components is 
planned to be sequential, starting wi th the most complex. To mi nimize 
financial exposure and risk , the most di fficult would be followed by 

the enginee~ing of components , subsystems, and structures with decreas ­
ing complexity. The purpose of the detailed engineering (prel iminary ) 
design of the entire system is to ensure that developed components and 

subsystems will come together as a complete functioning system . Thus, 

this preliminary design will serve as a design configuration baseline . 
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All future design changes resulting from development and testing will be 
formalized to retain configuration control and to ensure successful 
integration. 
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2.0 PROTOTYPE RETRIEVAL SYSTEM DESIGN DESCRIPTION 

2. l SYST8~ DESCRIPTION SUMMARY 

2. 1. l Function 

The Prototype Waste Retrieval System (PWRS) is being developed to 
demonstrate the capability of safely removing the solidified wastes from 

all of the large 75-foot-diameter single-shell tanks at Hanford and deliv­
ering them to an onsite processing plant. The system includes all of the 
remotely operable equipment, controls, viewing systems, monitors, and 

alarms required to achieve safe and effective waste removal and handling. 

2. 1.2 Major System Elements 

The basic arrangement of the PHRS is shown in Figure 2-1 as it 
might appear with the system operating in a tank farm. These eight 

elements contain everything that is necessary and sufficient to retrieve 

and transport the solid waste from the Hanford large single-shell tanks. 
A maintenance support facility required for actual waste retrieval opera ­
tions phase is not included herein. 

1. The waste retriever is the largest and most complex element . 

It is an enclosed multiroom mobile structure which straddles the under­
ground waste storage tank. It incorporates the mining subsystem, the 
material removal subsystem, the container handling subsystem, the re­
triever platform structure, and the retriever ancillary equipment. 
These subsystems are for entering the waste tanks, mining the waste 
material, transferring the waste into the retriever, loading it into 
shielded shipping containers , wash i ng the shipping conta iners , placing 
the shipping containers into secondary sealing containers, and load i ng 

the container sets onto vehicles for transport to the waste process ing 

plant. 

2. The independently powered crawler transporters enable the waste 

retriever to be moved from tank to tank . 
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3. The waste container set consists of a shielded shipping con­
tainer inside an unshielded sealing container, providing double con­

tainment during handling and transport from the retriever to the onsite 

processing plant or repository. 

4. The waste transfer vehicle safely transports filled waste con­

tainers to the waste processing plant and returns cleaned empty con­

tainers to the retriever. Each vehicle is equipped with a tie-down 

fixture and protective energy-absorbing cover to protect the containers 

in the event of an accident. 

5. The control trailer houses most of the monitors, instruments, 

and controls for the entire system. The trailer can be parked outside 

the boundaries of the tank farm being mined to minimize routine expo­

sure to the operating personnel. Most of the operations in the re­

triever and all of the mining operations within the tank to which the 

retriever is attached are remotely controlled from the control trailer . . 
6. In-tank closed circuit television (CCTV) viewing and lighting 

units are capable of inserting a television camera and lights into the 

tank through a 12-inch riser to allow viewing of all in-tank waste 

retrieval operations. 

7. The primary ventilation unit consists of a skid-mounted blower 

and banks of filters connected to a 12-inch or larger riser. It main­

tains the tank and retriever at slightly below atmospheric pressure for 

contamination control during the entire time that the retriever is 

connected to the tank. 

8. The standby generator trailer is provided to ensure that all 

vital radiation containment and monitoring functions can continue in 

case site electrical power is interrupted. 

2.1.3 Waste Retriever Summary Description 

The waste retriever is the principal element of the PWRS . All min­

ing, removal and packaging of waste for shipment is done by this remotely 

operated unit. It consists of a large enclosed structure divided i nto 
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rooms containing the appropriate equipment to accomplish all of its 
tasks (Figures 2-2, 2-3, 2-4). 

The mining operations are accomplished by the articulated m1n1ng 

boom which enters the tank through a port in the mining room floor 
coupled to the tank's central riser. Several kinds of mining tools can 

be attached to the end of the 4-segment articulated arm of the mining 

boom. This is accomplished by the tool change machine. Hhen not in 

use, the tools are stored on the tool storage racks in the mining room 

or can be placed by the tool change machine on the wash cart in the tool 
wash station . Through the use of the appropriate tools, the articulated 
ann is used to cut away obstructions, mine the waste, and place it 
into the material elevator bucket. Mining tools have a removal capacity 
of 4 cubic feet of waste every 3 minutes. 

Each 18 minutes the material elevator lifts the 24-ft3-capacity 
f ill ed bucket upward through an off-center riser, into the fill ing room 
of the waste retriever. The waste is dumped into the 96-ft3-capacity 
shielded shipping container through a funnel. The shipping conta iner is • 
on a 3-station turntable inside the turntable compartment. As one 
container is being filled, a filled container is being washed at the 
second station and another filled container is removed and replaced with 
an empty one at the third station. When a container is full, the funnel 

is removed and the lid replaced and locked on the container by the lid 
handling machine. Then the hatch covers--one at the fill station and 
one at the loading/unloading station--are closed and the turntable 

rotates a third of a turn (120 degrees) to index each container to a 
succeeding station. The filled, sealed, and washed shipping conta iner 
is lifted from the turntable by the 25-ton crane and placed i ns ide a 
sealing container which provides double confinement for the wastes . 
Similarly, a clean, empty, shipping conta iner is removed from a recycled 
sealing container and placed on the turntable load station. The 25-ton 
crane is al so used to place and remove the lid on the sealing conta iner , 

transfer the container set between the retriever and the waste transfer 
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vehicle and to place and remove the vehicle mounted protective cover. 
One 96-ft3 shipping container should be loaded every 72 minutes during 
nonnal (unobstructed) mining operations. 

In addition to the primary equipment for waste mining and removal, 

the retriever houses most of the needed support hardware. A ·2-ton 
overhead crane, an electro-mechanical (E-M) manipulator, and master­

slave (M-S) manipulators are available for remote maintenance and repair 
of the equipment in the mining and filling rooms. The 2-ton crane and 
E-M manipulator can also operate in the tool maintenance room, where 
some contact maintenance may also be performed. The mining tools can be 
transferred to the maintenance room from the wash station via the wash 
cart. The maintenance room also contains a 2-ton, double-monorail hoist 
and a door to the outside so that mining tools, equipment, and parts may 
be brought into or removed from the retriever. An airlock and personnel 
shower is provided between the maintenance room and personnel corridor. 
From the personnel corridor, the activities in all of the rooms may be 
viewed through shielding windows and, when necessary, the equipment in 

them can be operated by using the auxiliary control panels . Also in­
cluded in the retriever are a power center room, a secondary ventilation 
unit, a complete wash down system, and appropriately placed CCTV cameras 
for remote viewing. 
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2. 2 MINING SUBSYSTEM AND CONTROLS 

All work done inside the tank from the initial obstruction removal 
to the final cleanup will be performed by the mining boom. The mining 
boom subsystem consists of a remotely controlled articulated arm with 
four pivoting sections, a hoist assembly to lower and raise the articu­
lated arm, a telescoping tube assembly to guide and laterally support 
the articulated arm, a lower support mechanism, and a counterweight 
assembly to control cable and hose slack during lowering and raising 
operations, the boom-mounted tools, and the tool change machine. The 
mining boom, equipped with a variety of interchangeable mining tools, 
extends down from the waste retriever into the underground waste tanks 
to break or cut up hard waste material including pipe, equipment or 
other debris along with the salt cake and sludge, and deposit it into 
the material elevator bucket for transfer out of the tank. The mining 
boom is capable of handling a maximum weight of 3000 lbs, and consists 
of a mining tool and its load of waste material. 

2.2.1 Articulated Arm 

The articulated arm is mounted on the lower end of the telescoping 
tube . The total length of the articulated arm from the telescoping tube 
interface to the mining tool interface is 35 feet, 11 inches (hanging 
vertical) . The cross-sectional dimensions are such that the complete 
assembly can pass through a 42-inch-ID waste tank riser with a nominal 
2-inch clearance. The articulated arm, fabricated of high strength 
stainless steel, includes a rotation assembly, a main pivot support, 
four pivoting sections, and a tool adapter. The total weight of the 
art i culated arm is 15,000 lbs (Figure 2-5). 

The rotation assembly, mounted on the lower end of the inner tele­
scoping tube is 7 feet, 8 inches long with a maximum cross-sectional 
diameter of 28 inches. The assembly consists of two concentric stain­
less steel cylindrical hous i ngs connected by two 30-inch-diameter bear­
ings. The inner housing is attached to the articulated arm and the 
outer housing ~s attached to the telescoping tubes. A 2-hp high-torque 
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hydraulic motor and harmonic drive are mounted in the outer housing. By 
means of a pinion, idler and ring gear arrangement, the drive system 
rotates the inner housing and thereby the articulated arm ±185 degrees 
about its vertical axis. The rotation system is equipped with pneumatic 
brakes so that the articulated arm rotation can be locked. 

The main pivot support is mounted on the bottom of the rotation 
assembly and contains the main pivot joint of the articulated arm. The 
first ann section pivots about the main pivot joint. The remaining 
three sections pivot about the section to which they are attached. Each 
section is capable of pivoting -10 to +90 degrees relative to the main 
pivot axis. The first section is 14 inches square, 8 feet, 10 inches 
long (from pivot axis to pivot axis), and is pivoted by two hydraulic 
cylinders attached to the main pivot housing. The next two sections 
are 12 and 9 inches square, respectively. These sections are 8 feet, 
7 inches long and each is operated by a single hydraulic cylinder. The 
outer (fourth) section is 1 foot, 5 inches long and is operated by a 
single hydraulic cylinder. The outer section also provides the adapter 
for remotely attaching the mining tools. The major arm segments are 
fabricated from stainless steel in order to acconmodate rigorous 
decontamination. 

The articulated ann tool adapter consists of a V-band type flange, 
a male bayonet-type extension and two acme screw operated clamp arms. 
Each mining tool is equipped with a matching bayonet cavity and flange. 
When a tool is mated with the articulated ann, using the tool change 
machine, a remote pneumatic nut runner on the change machine rotates the 
acme screw, thereby clamping the tool to the articulated arm. Elec­
trical and hydraulic quick disconnects operated automatically are in­
cluded on the adapter (Figure 2-6). 

The hydraulic and electrical components (valves, cables, hoses, 
etc.) are mounted on the outside surfaces of the arm sections for main­
tenance access. Detailed design is planned to modularize these compo­
nents for quick remote replacement. Protective guards are placed around 
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the components to avoid damage during operation. Hoses and cables are 

routed through the rotation assembly to the telescoping tube interface 
where they mate with corresponding lines . A rotating coaxial flow union 
is included in the rotation assembly axis for the hydraulic lines. 

The hydraulic actuators of the articulated arm are controlled by 

zero-center servo flow control valves. Proportional opening of the 
valves is achieved by driving the torque motor windings of these valves 

with current from servo amplifiers. The amplifiers are controlled by 

positional error signals derived from the position transducers on the 
equipment and compared to command signals from the master control sys­
tem. The position transducers are coupled as closely to the actuators 

as practical to eliminate structural dynamics from the feedback loop. 
Although very large and high inertia components make up the articulated 
arm, the required speeds and positioning accuracies are modest, so that 

additional compensation for velocity and pressure feedback should not be 
required. 

2. 2.2 Controls 

The articulated arm is operated from the control trailer using 

manual controls or an automatic pre-programmed system in conjunction 
with CCTV . In the manual control mode, each articulated joint, the 
hoist, and the main rotation drive are controlled by a single axis 
lever. Each motion has continuous control except the hoist which has 
five discrete speeds. Each manual control handle is spring-loaded back 
to center and the potentiometer wiper, coupled to the handle, rests in a 

dead zone region that assures a zero output signal at center. A zero 

input into the servo assures a no-motion, no-drift output . 

There are three automatic modes of operation available to control 
the articulated arm. One is by means of a replica arm which is a small 

scale version of the articulated arm that has the three outboard pivot 

join~s and the main rotational motion of the articulated arm. The 

replica arm is on a horizontal control panel and is moved by the operator 

over a coordinate grid . Thumbwheel operated friction devices can lock 
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the replica ann in any position . The replica ann simulates the in-tank 
motions of the articulated ann with the main support joint rotated to 
90 degrees so as to put the path of the articulated arm motions in a 
horizontal plane which will be the usual configuration for operation. 
Each joint of the replica ann is used to directly control the corres­
ponding joint on the articulated ann through a closed loop positional 
servo system. Position sensors on the replica ann are the corrmand input 
to the system. After an initial synchronization, the articulated ann 
will follow the motions of the replica ann and match its configuration 
in the horizontal plane. The replica arm is then used to provide end­
of-arm (tool) coordinates and joint configurations for mining points, 
dumping points (at the material elevator bucket}, and in-tank obstacles. 
When the desired coordinates and particular configurations are set, that 
information can be sent directly to the memory of the computer system by 
control buttons. 

The coordinates are used in the computer control mode of the artic­
ulated ann. In this mode, the ann is sent, without operator guidance, 
directly from one point in the tank, such as a mining point, to another, 
such as the dumping point above the material elevator bucket. In this 
mode, each articulated ann motion again operates as a closed loop posi­
tional servo system going to a corrmand position derived from the com­
puter's memory. 

Since the automatic positioning mode is not controlled by the 
operator, except for starting the movement, it is important that colli­
sions of the arm with objects in the tank do not occur. Therefore, an 
obstacle avoidance scheme is provided. The replica arm is used to 
define the location of the obstacles in the computer system. Appro­
priate prograrrming can have the computer system provide an obstacle­
free path to the desired destination. An alternate method that requires 
less sophisticated prograrrming and more operator awareness involves 
using the replica ann to define a series of destinations in short path 

segments that clearly avoid obstacles. The articulated arm would pause 
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slightly at each destination and resume motion with very little increase 
in travel time. Although the path and times may not be optimal, this 

method would provide the operator with a better sense of control over 
the system and is therefore planned for initial operation. In addition, 
lockout zones can be established. When the articulated arm is in manual 

control and the operator tries to move into a lockout zone, an alann 
sounds, the appropriate controls are disabled, and all motions stop. 

Another feature of the articulated arm control is that of miti­
gating the effects of collision. This feature applies in case of 

failure of the obstacle avoidance system. Signals from differential 
pressure sensors across each actuating piston and motor are fed back to 
the control valve amplifier, so as to decrease the forward driving 
signal and even reverse it when pressure builds up on the driving side 
of the piston to a value higher than that just required to move the ann. 
This braking action plus the resilience of the ann and the probable 
resilience of the object struck will absorb the kinetic energy of the 
moving ann without allowing excessive forces to build up that could 
damage the ann. 

The third automatic control mode is the sequential control mode 
used for operations such as inserting the articulated arm into the tank. 
In the sequential mode, each step is controlled by pushbuttons arranged 
in vertical columns. (This mode of control is explained in greater 

detail in the waste removal subsystem description.) 

2.2.3 Telescoping Tube Assembly 

The telescoping tube assembly consists of an inner and outer tele­
scoping tube, and a carriage assembly which travels vertically wi thin 
the mining boom tower of the retriever. It provides the articulated arm, 
mounted on the lower end of the inner tube, with a total vertical travel 
of 100 feet so that the arm can be operated at the bottom of the deepest 

tank or completely withdrawn into the retriever tower for washing 

(Figure 2-7). 
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The square tubes in the corners of the retriever tower function as 
guide rails for the carriage. Roller assemblies mounted on the ends of 

the carriage mate with the tower rails to guide the carriage as it 

travels up and down within the tower. The outer tube travels vertically 
within the carriage assembly and is guided by roller assemblies mounted 

on the carriage frame. The inner tube travels within the outer tube and 
is guided by rollers mounted in the outer tube. 

The articulated ann is lowered and raised from the waste tank by 
. means of two wire rope hoist cables attached to the bottom of the inner 

tube. The hoist cables support the weight of the articulated arm, its 
maximum tool load, the inner and outer telescoping tubes, the carriage, 
and the dynamic loads during up and down travel. The telescoping tubes 

and carriage provide only guidance and lateral stability during artic­
ulated ann operations. 

The rectangular carriage is 11 feet long and is fabricated from 
square tubing and plate. The telescoping tubes are fabricated from 

1-inch plate. The inner tube is 18 inches square and approximately 
42 feet long and the outer tube is 22 inches square and approximately 
42 feet long. The tubes and carriage weigh about 15 tons. When the 
articulated arm system is completely lowered, the carriage is positioned 

at the bottom of the tower. The outer telescoping tube is fully lowered 
within the carriage and the inner telescoping tube is fully lowered 

within the outer tube. The carriage is supported by the tower structure 
(stops) and the outer telescoping tube is supported by the carriage. 
However, the articulated ann and the inner telescoping tube remain 

suspended on the hoist cables. 

To retract the system from the tank, the articulated arm and inner 
tube are raised by the hoist cables. The inner tube travels within the 

outer tube until brackets at the bottom of the inner tube contact the 

bottom of the outer tube. The outer tube then travels upward with the 
inner tube and the articulated ann. The outer tube travels within the 

carriage until the inner tube brackets contact the carriage. The car­

riage then travels upward with the other units. When the articulated 
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arm is completely enclosed by the tower (tool removed), the carriage is 

positioned near the top of the tower and the telescoping tubes are fully 

elevated within the carriage. When the articulated arm system is low­
ered back into the tank, the system operates basically in the reverse 
order described above. Shock absorbers are incorporated into the system 
to prevent damage and shock when the telescoping tubes and carriage come 
in contact during raising and lowering operations. 

2.2.4 Support Mechanism 

A support mechanism is required to provide lateral rigidity during 
routine mining operations. 

The support mechanism consists of four hydraulically operated 
cylinders mounted in the support housing positioned below the main 

retriever support structure floor. At the end of each hydraulic cyl­

inder rod is a limited-motion, pivotable brake shoe. The hydraul i c 
cylinders are positioned to extend inward to provide lateral support of 

the square telescopic tube of the articulated arm during the mi ni ng 

operation. The double acting hydraulic cylinder's 3-inch-diameter bore 
by 7-inch stroke can provide a 7200-lb maximum force during a maximum 
applied moment on the articulated arm. The overall dimensions of the 
support mechanism are 90 inches long by 19.38 inches high, and weighs 
approximately 250 lbs . The support mechanism is operated from the 
control trailer by an automatic preprogrammed control system during the 
mining operations in the tank. 

2. 2.5 Hoist Assembly 

The hoist assembly cons i sts of a 25- ton min imum capaci ty hoist 

unit, two sheave assemblies, and two turnbuckle assemblies wi th cabl es 
guided outs ide the telescoping tubes for ease of inspection and 
maintenance. 

The hoist unit is located at the base of the tower on the ret riever 

roof. Its major components are a 25-hp drive motor, a speed reducer, a 

double drum wrapped with two 1-1/4-inch-diameter wire ropes, and two 
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independent brakes each rated at 150% of hoist capacity. One of the 

brakes will automatically control the load during lowering and the other 
will stop the hoist drum when system or motor power is interrupted. The 
system is equipped with limit switches to prevent overtravel and an 
encoder to indicate the telescoping tube position with an accuracy of 
1/4 inch. 

The cables are routed from the hoist to the top of the tower and 
over the two sheave assemblies. Each sheave assembly consists of a 
4-foot, 3-inch-diameter sheave and associated support brackets. The 

sheaves are positioned such that the hoist cables are lowered from the 
sheaves directly through the telescoping tube carriage structure to the 
inner telescoping tube. The cables are attached by pins to turnbuckle 
assemblies which, in turn, are attached by pins to the outer lower 

flange of the inner telescoping tube. The turnbuckle assemblies provide 
capability for equalizing cable tension. They also provide the means of . 
securing the telescoping tube system and articulated ann to the tower 

structure during maintenance and cable removal. 

Load cells are incorporated into the sheave assemblies to detect 
11 hangups 11 and load changes in the mining boom system. Controls for the 
hoist are located in the control trailer as part of the articulated arm 
controls (discussed in paragraph 2.2.1.1). 

2.2.6 Counterweight Assembly 

The coun~erweight system is utilized to control electrical cable 
and hydraulic-pneumatic hose slack created between the stationary ends 
and the vertically traveling ends during articulated arm lowering and 
raising operations. The system consists of a traveling counterweight 
assembly, a cable-and-hose assembly, two wire rope sheave assemblies, 

and an enclosure. 

The 3-ft2 by 44-ft-high enclosure is mounted on the side of the 

retriever tower. Vertical tracks in the enclosure mate with the 

V-grooved rollers to allow the counterweight assembly to travel the 
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full length of the enclosure. Lead weights, a 2-foot-diameter wire rope 
sheave, and a mounting plate make up the rest of the counterweight 
assembly . 

The cable assembly consists of a 3/8-inch wire rope and the elec­
trical cables and hydraulic-pneumatic hoses connecting the articulated 
arm with the retriever power and control systems. The hoses and cables 
are clamped to the wire rope approximately every 5 feet. In this man­
ner, the hoses, cables, and wire rope are grouped together as units 
controlled and positioned by the wire rope. The wire rope sheave assem­
blies guide and control the cables and provide suitable bend radius. 
One sheave assembly is mounted above the counterweight system enclosure 
and the second is mounted above the outer telescoping tube. 

The cable assembly is attached directly above the inner telescoping 
tube with the wire rope anchored and the cables and hoses connected to 
correspondi ng lines from the articulateq arm by means of a bulkhead 
panel. The cable assembly is routed over the outer telescoping tube­
mounted sheave above the counterweight enclosure, around and below the 
counterweight assembly sheave, and returned to the enclosure top where 
the wire rope is anchored and the cables and hoses are connected to a 
bulkhead panel. Hard lines and cables from the retriever power systems 
are connected to the other side of the panel . 

In operation, as the articulated arm and telescoping tube system 
ascend from minimum elevation to where the sheave on the outer tele­
scoping tube is level with the enclosure-mounted sheave, the coun­
terweight descends. As the arm and telescoping tubes continue upward t o 
the maximum elevation (fully retrac ted), the counterweight returns upward. 

The total cable slack generated is 99 feet, 5 inches (total art icu­
lated arm travel ). The counterweight travels 35 feet , 1-1/2 inches 
downward and 14 feet, 7 inches upward while controlling the slack. When 

the articulated arm is returned into the tank, the counterweight system 
operates in the reverse order described above. 
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A load cell is provided where the wire rope is anchored to the 

counterweight enclosure to detect problems with the counterweight as­

sembly travel. 

The counterweight assembly structure components are fabricated from 

carbon steel coated with epoxy paint. 

2.2.7 Mining Boom Tools 

Six tools have been designed to be remotely attached to the working 
end of the articulated arm using a common adapter interface and remotely 

operated from the control trailer. These consist of a clam bucket, a 

backhoe, an impact hammer, a rod and cable cutter, an object handling 

tool, and an external pipe cutoff tool. They are designed to remove in­

tank obstacles, break up hard waste material, and deposit waste material 

in the material elevator bucket. When not in use, the tools are stored 

on racks located in the mining room. All tools are fabricated from 

stainless steel for corrosion resistance and ease of washing. 

2.2.7.l Adapter Assembly. The adapter assembly, common to all mining 
tools, is located at the proximal end of each tool and facilitates remote 

attachment to the articulated arm. It includes quick disconnects for 
hydraulic and electrical lines, a sleeve for mating with the mounting 

stub of the articulated arm, and for handling lugs to position and 
support the tool when in the tool change machine, in the storage racks, 

or on the maintenance cart (Figure 2-8). 

2.2.7.2 Clam Bucket. The clam bucket picks up waste material from any 

location in the waste storage tank and transfers it to the material 

elevator bucket. The clam bucket has conventional clamshell type ac­

tion, and is mounted on a pivoting support arm. It is capable of han­
dling 4 ft2 of waste material weighing up to 425 lbs whether thick 

slurry, chunks of salt cake, or miscellaneous debris. Major components 

are the bucket assembly, the support arm, and the common adapter assem­

bly. The bucket assembly consists of two pivoting bucket halves sus­

pended from a support housing, each operated by a hydraulic cylinder with 
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a 4000-lb force capability at the bucket cutting (lower) edge. Closed, 

the bucket assembly is approximately 20 inches wide by 33 inches long by 
32 inches deep (Figure 2-9) . 

The bucket assembly (bucket halves and housing) is suspended from 
the end of the support arm by means of a universal joint and a rotation 
joint . The universal joint allows the bucket to hang vertically from 
the distal end of the support arm and automatically adjust angular 

positions as the support arm pivots and the bucket halves dig into waste 
material. The rotation joint, operated by a hydraulic rotary actuator, 
is capable of rotating the bucket assembly ±180 degrees about its ver­
tical axis, thus allowing the bucket to be oriented before it is lowered 
into the waste material. 

The support ar~ is approximately 

cross section, and is attached to the 

by means of an additional pivot joint. 

52 inches long, 6 inches square in 

articulated arm adapter assembly 

The pivot joint, operated by a 
4-inch-diameter hydraul i c cylinder, provides the capability of pivoting 
the support arm downward a maximum of 90 deg rees from its horizontal 
position. The rotation _joint, universal joint, and pivot joint facili­
tate complete tool maneuverability during mining operations. 

The tool is 5 feet, 6 inches from the tip of the bucket assembly to 

the forward pivot joint and 5 feet, 10 inches from the forward pivot 
joint to the tool-articulated arm interface . The total length of the 
tool, when hanging vertically, is 11 feet, 4 inches and the weight 
is 1380 1 bs. 

2. 2. 7. 3 Backhoe. The bac khoe tool is used in the waste storage t ank to 
break up medium-hard waste material , move and scrape waste mater i al into 
piles suitable for pic ku p by other too ls, transfer waste to t he material 
elevator and scrape waste material from t he ta nk walls. The remotely 

operated bac khoe cons i sts of a conventi onal backhoe-type bucket mounted 
on the end of a pivoting, rotating support arm. The backhoe bucket 

capacity is 4 ft 3 of waste material (or 425 l bs ). Its major components 
are the bucket assembly, the support arm, a rotati on assembly, and the 
adapter assembly common to all the tools (Figure 2-10). 
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The bucket is approximately 20 inches wide by 26 inches long by 

26 inches deep and is attached to the distal end of the support arm by a 
pivot joint. The bucket is capable of pivoting 180 degrees about the 
end of the support ann and is operated by four linkages and a 3-1/4-inch 

diameter hydraulic cylinder. 

The support arm is approximately 69 inches long, 6 inches square in 
cross section and is attached at the proximal end to the rotation assem­
bly by means of an additional pivot joint. The pivot joint provides the 

capability of pivoting the support arm downward 45 degrees from its 
horizontal position and is operated by a 5-inch hydraulic cylinder. 

The rotation assembly, located directly behind the rear pivot 

joint, provides the capability of rotating the bucket-support arm assem­

bly ±100 degrees about its horizontal axis. The rotation assembly is 
operated by a hydraulic rotary actuator. The support arm pivot joints 
and the rotation assembly, facilitate complete tool maneuverability 

during mining operations. 

The total length of the tool (extended) is 11 feet and it weighs 
1564 1 bs. 

2.2.7.4 Impact Hammer. The impact hammer mining tool is used to break 
up hard layers or deposits of waste material in the storage tank. It 
consists of a commercially available hydraulic "backhoe" impactor mounted 
on the end of a support arm. The hydraulic impactor is capable of 

exerting 125 foot-pound minimum impact energy at a minimum rate of 
800 blows per minute. The major components of the impact hammer consist 
of the impactor, the support ann, a rotation assembly, and the adapter 

assembly (Figure 2-11). 

The impactor is 44 inches long (including the tool), the maximum 
cross section dimension is 11 by 16 inches, and its weight 291 lbs. It 

is operated by a hydraulic motor-cam and spring arrangement. The impac­

tor is attached to the forward end of the support arm on a pivot joint 

capable of rotating 90 degrees about the end of the support arm to a 
point in line with the tool centerline, or at varying angular positions 
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to a point perpendicular with the centerline. The impactor is rotated 
by four linkages and a 3-1/4-inch hydraulic cylinder. 

The support ann is approximately 47 inches long, 6 inches square in 

cross section, and is attached at the rear to the rotation assembly by 
means of an additional pivot joint. The joint allows the support arm 

to pivot downward 45 degrees from its horizontal position and is oper­

ated by a 5-inch hydraulic cylinder. 

The rotation assembly, located directly behind the rear pivot 
joint, allows the impactor-support ann assembly to rotate ±180 degrees 

about its horizontal axis. The rotation assembly is operated by a 
hydraulic rotary actuator. The support arm pivot joints, the impactor 
rotation system, and the tool rotation assembly provide complete maneu­
verability for placement of the impactor tool . The combination of 
hydraulic cylinders and linkages allows a pre-load of 2500 lbs to be 
exerted on the impactor tool . The total extended length of the tool is 
approximately 10 feet, 7 inches with a weight of 1515 lbs. 

2.2.7.5 Rod and Cable Cutting Tool. The rod and cable cutting tool is 
used to cut off and chop up smal l (maximum 2-inch-d iameter) pipe , tie 
rods, cable, hoses, etc., in the waste tank. It consists of a com­
mercially available rod and bar cutter, a rotation assembly, a support 
arm and the standard tool adapter assembly (Figure 2-12). 

The rod and bar cutter is approximately 21 inches long with a 
cutting head 2 by 8 inches in cross section and is operated by a hy­

draulic ram with a cutting force capability of 85 tons. The cutter is 
attached to a hydraulic rota ry actuator with a cylindrical adapter which 

enables the cutter to rotate 135 degrees about its longitudinal axis . 

The cutter and the rotation assembly are attached to the support 

arm by a pivot joint operated by an additional hydraul ic ro tary actua­
tor. The actuator permits the cutter to pivot ±75 degrees relative t o 

its extended position (cutter centerline in line wi th tool centerline). 
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The support arm, which is 29 inches long and 7 inches square in 

cross section, is attached directly to the adapter assembly. The total 
extended length of the tool is 7 feet; the weight 853 lbs. Mounted on 
the support arm along with the hydraulic valves is a pressure booster 
which increases the 1500 psi supply pressure to the 6000 psi required to 
produce the 85-ton force. 

2.2.7.6 Object Handling Tool. The object handling tool is utilized to 
pick up and move miscellaneous objects in the tank, transfer them to the 

material elevator and deposit them in its bucket. The object handling 
tool is capable of handling a maximum load of 1000 pounds and consists 
of a clamping assembly, a clamping head rotation system, a support arm, 

a tool rotation assembly, and the standard adapter assembly (Figure 2-13) . 

. The tool clamping arms which fonn the clamping assembly are at­
tached by pivot joints to the head rotation system and operate in simi­

lar fashion to the bucket halves of a clamshell. Each clamp arm is 
1-1/2 feet long with a 3- by 3- by 23-inch long-angle clamping bar at its 
end. Each clamp is operated by hydraulic cylinders capable of pivoting 
40 degrees from a fully closed position (angles together) to a fully 
open position (23 inches between clamp bars). 

The clamping assembly is attached to the forward end of the support 
arm by a rotation assembly and a pivot joint. The rotation assembly, 
operated by a hydraulic rotary actuator, provides the capability of 
rotating the clamping assembly ±180 degrees about its longitudinal axis. 
The pivot joint, operated by a 3-1/4-inch hydraulic cylinder, allows 

pivoting of the clamping-rotating assembly 90 degrees from its fully 

extended position. 

The support arm, approximately 45 inches long and 6 inches square 
in cross section, is attached to the tool rotation assembly with an 
additional pivot joint. The pivot joint, operated by a 5-inch bore hy­
draulic cylinder, allows the support ann and clamping assembly to pivot 

downward 90 degrees from the horizontal position (tool extended). 
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The rotation assembly, located directly behind the rear pivot 
joint, permits rotation of the clamping assembly-support arm to 180 de­
grees about the horizontal axis. The assembly is operated by a hydraulic 

rotary actuator. The pivot and rotation joints provide complete tool 
maneuverability for pick-up and handling operations. The overall length 

of the tool is 11-1/2 feet and it weighs about 2000 lbs. 

2.2.7.7 External Pipe Cutoff Tool. The external pipe cutoff tool is 

used in the waste storage tanks to cut off pipe and transport the sec­
tions to the material elevator. The remotely operated cutoff tool 
consists of a 20-inch-diameter abrasive cutoff wheel, mounted on the end 
of a telescoping, pivoting support arm and is capable of clamping and 
cutting through pipes ranging in size from 2 to 30 inches. The tool is 

also capable of carrying pipe segments weighing up to 350 lbs after 

cutoff. The major components of the cutoff tool consist of the cutoff 
wheel assembly, the telescoping support arm, a clamping assembly, a tool 
rotation assembly, and the adapter assembly (Figure 2-14). 

The cutoff wheel assembly consists of a 20-inch-diameter abrasive 
cutoff wheel and its drive system, mounted in a housing. The cutoff 
wheel is driven at 2300 rpm by a 20-hp hydraulic motor and timing belt 
arrangement. The cutoff wheel is attached to a drive sprocket and shaft 
by means of a special nut to facilitate remote replacement of the wheel 

in the mining room using the master-slave manipulators and an impact 
wrench. The drive housing is attached to the outer end of the inner 
telescoping support arm tube . 

The telescoping support arm assembly consists of a 4-3/4-inch 
square inner tube and a 6-i nch square outer tube. The i nner tube is 
supported within the outer tube by means of flat rectangular bearing 
assemblies. The te l escoping support arm )S operated by a 2-inch bore 
hydraulic cylinder and is capable of extending 28 inches from a fully 

retracted length of 78 inches (length from centerline of cutoff wheel to 
rear pivot joint of support arm). The hydraulic cylinder is also capable 

of producing a 2000-lb force at the cutoff wheel to aid in cutting 

operations. 
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The proximal end of the support arm, attached to the tool rotation 

assembly by a pivot joint and operated by a 3-1/4-inch hydraulic cylin­
der, allows the cutoff wheel assembly and telescoping support arm to 

/ 
pivot downward 45 degrees from the tool horizontal centerline. This 

motion produces the horizontal and vertical cuts in large pipes. 

Directly behind the pivot joint, the rotation assembly rotates the 
entire cutoff wheel-telescoping support arm assembly ±90 degrees about 
the tool centerline. The rotation assembly is operated by a hydraulic 

rotary actuator and allows orientation of. the cutoff wheel for hori­
zontal or vertical cuts. 

Attached to the housing for the tool rotation assembly is the 

clamping assembly, consisting of two pivoting, telescoping, clamping 
arms for clamping pipe being cut for stability, or to carry pipe seg­
ments within the tank. Each telescoping arm consists of a 4-inch square 

tube within a 5-1/2-inch square tube. Rectangular bearings provide 
sliding support between the tubes, similar to the telescopi~g support 
arm. The distal end of each inner tube is equipped with a pivoting 
clamp pad. Serrations on the pads and the pivoting capability allow the 
pads to adjust and firmly grip the various size pipes being cut. Each 
clamp arm can be extended 28 inches beyond the retracted length of 

58-1/2 inches (measuring from the center of the clamp pads to the cen­
terline of the clamp arms rear pivot joints); each is operated by a 

2-inch hydraulic cylinder. 

The proximal end of each clamp arm is attached by a pivot joint to 

a support structure, which in turn, is attached to the tool rotating 
assembly housing. The pivot joints permit pivoting of each clamping arm 
by 15 degrees to a fully open position (30 degrees between arm center­

lines). The arms are pivoted by a 3-1/4-inch hydraulic cylinder and 
linkage arrangement which can exert 1000 lbs at each clamp pad (force 
perpendicular to pipe surface). The retracted length of the tool is 

11 ft and the ·weight is 2280 lbs. 
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2.2.7.8 Tool Controls . All tools described are operated in the manual 
mode remotely from the control trailer using closed circuit television. 

The hydraulic actuators of each tool are operated by solenoid and flow 
control valves mounted as closely as practical to each actuator on the 

tool. These valves receive their signal from a panel of three 2-axis 

joysticks. Three are required to accommodate all of the degrees of 
freedom of each tool. The axes are chosen so that forward and backward 
motions of the joystick correspond to forward and backward pitch motions 

or left-right rotations of the tool body or tool arm. On some of the 
tool motion, rate control is used: the speed of the motion is pro­
portional to the joystick displacement from center . Continuous motion 

of a tool part, like a cutting wheel, is initiated by depressing a 
pushbutton on the panel. The motion is stopped by pressing another 
pushbutton . 

When a particular tool is used, the corresponding legend plate with 

appropriate motion identification is placed over the joysticks. The 
not-used _functions of the joysticks are locked out electrically by the 
tool selector switch and can be locked out mechanically by turning the 

thumb wheels adjacent to the switches. 

2.2.7.9 Tool Change Machine. The tool change machine is used in the 
mining room of the retriever to remove and install the mining tools on 

the working end of the articulated arm and to place the tools on the 

wash cart in the tool wash station. Included with the change machine 
are seven storage racks for the mining tools. The change machine pivots 
195 degrees on a bearing and ci rcular track arrangement and is equipped 
with a carriage assembly capable of 56 i nches of hor izontal and 48 inches 
of vertical travel. A cl ev is arrangement on the end of the carriage 
boom interfaces with the tool adapter and is -capable of supporting a 

maximum load of 3000 lbs. The basic components of the change machine 
are the carriage assembly, the main frame, and pivot mechanism (Fig-

ure 2-15). 
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The main frame of the tool change machine is an open truss struc­

ture constructed primarily of 4-inch square tubing. The structure is 
approximately 24 inches wide, 76 inches long, and 11 feet in height, 

mounted on the pivot mechanism. The carriage assembly is mounted in the 
upper portion of the structure and is raised or lowered by a 2-1/2-inch 
hydraulic cylinder mounted on the main frame. 

The carriage of the carriage assembly is an open truss structure 
constructed primarily of 3-inch square tubing and is 21 inches wide, 
34 inches long, and 60 inches high. It is equipped with two sets of 
eight V-grooved rollers. One set mates with vertical tracks on the main 

frame and the other mates with horizontal tracks on the carriage boom. 
The boom, fabricated from an 8-inch square by 8-foot long tube, is 
extended or retracted by a 2-inch hydraulic cylinder mounted on the 

carriage. The clevis arrangement at the working end of the boom con­
sists of two slotted plates designed to surround the mining tool adapter 
assembly and engage its lugs and a system to tighten/untighten the clamp 
assembly of the articulated arm. The clevis and slot design prevents 
the tool from rotating about its vertical axis or swinging about the 
lugs when picked up by the change machine. 

The clamp assembly, which is part of the articulated arm, is oper­

ated by a captive acme thread screw, equipped with a tapered hex head. 
The clevis is equipped with a pneumatic nut runner mounted on a pneu­
matically operated dovetail slide. When the mining tool is fully 

secured in the boom clevis ·and the tool is fully mated with the artic­
ulated arm, the nut runner is moved by means of the dovetail slide until 

the socket on the nut runner engages the hex head of the clamp screw. 

The nut runner then opens or closes the clamp as required. 

The pivot mechanism contains a 40-inch diameter bearing with in­
ternal gear teeth. The top of the bearing is covered with a flat plate 

to which the main frame is bolted. The centerline of rotation of the 
bearing is also the pivot axis of the tool change machine. The bearing 
is rotated by an internal pinion which is driven by a 1/3-hp electric 
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motor and reducer located on the outside surface of the waste retriever . 
The drive motor-reducer is connected to the pinion by a series of drive 
shafts and couplings. The forward end of the main frame is supported by 

two 8-inch diameter, double-flanged crane wheels which roll on a 30-lb 
circular rail attached to the floor of the mining room. 

The tool storage racks are mounted in a circular pattern within 
reach of the extended boom of the tool change machine . Each tool stor­
age rack is an open truss constr~cted of 3-inch square tubing. The 
storage rack is basically 27 inches wide by 49 inches long by 11 feet, 
7 inches high. It is bolted to the floor and/or wall of the mining room . 

The top of the rack is equipped with slotted plates which position and 
support the mining tool in the same manner as the tool change machine's 

clev i s. These plates are spaced to provide clearance for the tool 
change machine clevis as the tools are removed and installed. 

The hydraulic and pneumatic control components (soleno i d va l ves , 
f l ow control valves, etc .) are located on the outs i de wall of the 
ret r1 ever with the drive system. Rota ry encoders, operated by r ac k­
and- pin ion arrangements , are provided on the change machine to mon i tor 
travel of the carriage and boom. An encoder i s al so provided wi th the 
dri ve system to monitor rotation. Flex hoses and electrical cables , 
equ i pped with quick disconnects, connect the sys tems on the machine with 
the control components outside of the min i ng room . 

The tool change machine is remotely operated from the control 
trai ler by means of a combination of automat ic pre- programmed sequential 
pushbuttons and manual levers and knobs wi t h the ai d of closed circui t 
tel evisi on. Control f rom the personnel corri dor is also poss i bl e fo r 

specia l ma i ntenance and emer gency operat ions. 
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2. 3 WASTE MATERIAL REMOVAL SUBSYSTEM 

The waste removal subsystem operates in the waste tank, the filling 

room, and its associated tower of the retriever. 

Its primary components are the material elevator, the funnel assem­
bly and associated controls. The material elevator consists of a bucket 
assembly to carry and dump the wastes, a hoist assembly to raise and 

lower the bucket, a telescoping tube assembly to guide and laterally 
support the bucket, and a counterweight assembly to control cable and 
hose slack during vertical travel. The funnel assembly is used to 
channel and wash the waste material into the shipping container. The 

subsystem has been designed for a minimum waste removal rate of 10 gal­
lons per minute. 

2.3.1 Bucket Assembly 

Mounted to the lower end of the elevator is the bucket assembly. 
This assembly is 15 feet long and has a cross section that allows it to 
pass through the 42-inch-ID waste tank riser with a nominal 2-inch 
clearance. The bucket assembly consists of a bucket, the main body, a 
dumping mechanism, a rotation mechanism, and an offset system consisting 
of two pivoting support arms (Figure 2-16 ). 

The bucket is approximately 35 inches wide, 38 inches long, and 
55 inches high . The bucket shape is based upon the 24 cubic foot capac­
ity requirement, the nominal riser clearance specified above and the 
clearance envelope available in the fill room for rotation and dumping. 
The walls of the bucket are fabricated from 0. 5-inch plate and the 
bott om from 1.0-inch pl at e. Two 3- inch-diameter trunn i ons are provided 
on t he side of the bucket for attachment of the supporting arms . 

The main body of the mat eri al elevator bucket assembly is a 7- foot 
3- i nch long square tube fabr i cated from 0.5-inch plate . A flange is 

provided on the upper end of the main body for attachment of the rota ­

t i on assembly. Two cylindrical bearing support housings are provided on 

the lower end of the main body. The two bucket support arms pivot about 
these housings by means of four bearings. The lower end of the support 
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arms attach to the bucket trunnions by means of additional bearings. 
The support arms are basically rectangular tubes, 42 inches long and 
4 by 12 inches in cross section. 

Two hydraulic cylinders mounted on the outside surface of the main 

body rotate the support arms 90 degrees relative to the bucket assembly 
vertical centerline. This offset position provides open space above the 
bucket during filling operations and transfers the bucket over the 

container for dumping. 

The dumping mechanism is wholly contained inside the main body and 
support arms. A double-rod hydraulic cylinder mounted inside the main 

body drives a shaft which passes through the main body bearing housings 

by means of a double strand roller chain and sprockets . Two other 
chains inside the support arms connect the sprockets on each end of the 

shaft with sprockets on the two bucket trunnions. If the support arm 
internal roller chain systems remain stationary, the bucket will remain 
in the vertical position as it is pivoted by the arms. When the inter­
nal hydraulic cylinder is operated, the internal arm roller chain sys­
tems rotate the bucket about the trunnions to a maximum of 180 degrees 
(bucket inverted). 

The bucket assembly rotation mechanism between the main body and 
the elevation system consists of two cylindrical housings and a 22-inch­
diameter bearing equipped with internal gear teeth. An electric motor, 
gear reducer, and a drive pinion-idler gear arrangement rotate the 
bearing and the total elevator assembly ±180 degrees about its vertical 
axis. 

2.3.2 Hoist Assembly 

The hoist assembly is used to lower the bucket assembly into the 

waste tank and to raise the bucket assembly with its load of waste 
material into the retriever. It is identical to the hoist of the mining 

boom except that it has only a 17-ton capacity with 1-inch-diameter wire 
rope and a maximum speed of 30 feet per minute with a 40-hp drive motor 

to match the requirements of the material elevator. It incorporates all 
features of the mining boom hoist discussed above. 
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2.3.3 Telescoping Tube Assembly 

The telescoping tube system of the material elevator is nearly 

identical to the telescoping tube system of the mining boom. The only 

difference is that the tubes and carriage are shorter because the bucket 
assembly requires a maximum of 62 ft of vertical travel. 

2.3.4 Counterweight Assembly 

The material elevator counterweight system is identical in function 
and components to the counterweight system of the mining boom. The only 

difference is the length and size of the electrical cables and hydraulic 
hoses. 

2.3 . 5 Funnel Assembly 

The funnel directs waste material from the material elevator bucket 

into the shipping container . The funnel assembly also has features to 

flush the material elevator bucket and the funnel surface (Figure 2-17). 

The funnel assembly consists of the basic funne1, a mechanism to 
pivot the funnel over the fill station, a mechanism to lower the funnel 
into the open shipping container, the flush system, and the necessary 
supporting structure. 

The funnel is constructed of an 0.25-inch plate measuring in diam­
eter approximately 84 inches at the top, tapering to 55.5 inches at the 
bottom. A circular tapered flange around the funnel mates with another 
tapered flange around the turntable fill station opening when the funnel 
is lowered into the container, providing guidance and seating. 

The funnel is supported by a frame attached to the filling room 
wall by means of a pivot mechanism and elevati on mechanism. The pivot 

system consists of a vertical shaft and bearing arrangement which is 
pivoted by a hydraulic rotary actuator. The elevation mechan i sm consists 
of a vertical acme screw and nut arrangement which is driven by an 

electric motor-gear reducer located in the shipping and receiving room 

beside the hydraulic control components. Shafts, couplings, and a right 
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angle drive connect the reducer through the wall to the drive screw. 

The main structure supports the funnel assembly from the turntable 
enclosure and fill room wall. 

The funnel flush system consists of a 1-inch tube provided with 
slotted holes, attached to the upper edge of the funnel. Waste water, 
supplied from the drain system, flows out the slots and washes waste 
material from the funnel surface into the shipping container. The 

material elevator bucket flush system consists of a single conical pat­
tern spray nozzle mounted on a pivoting frame. After the waste mate­
rial is dumped from the bucket, the frame and nozzle are pivoted into 
position by a hydraulic rotary actuator . The nozzle flushes waste ma­
terial from the bucket into the shipping container. Used wash water, 
collected and stored in a tank in the mining room, is pumped into the 
shipping container through an additional 2-inch pipe at the top of the 
funnel. Flex lines connect the flush manifolds to the drain system 

piping. Structural materials include round and square tubing for 
frame and support, stainless steel for the funnel, guide flange, and 
piping, and the balance of components from carbon steel coated with 
epoxy paint. The total weight of the funnel assembly is 2130 lbs. 

2.3.6 Subsystem Controls 

All of the waste removal subsystem equipment is operated remotely 
either from the control trailer in the manual or semiautomatic control 
mode or from the personnel corridor of the waste retriever in the manual 
mode. In the manual mode, single-axis joysticks or spring return pots 
are used to initiate the signal to operate the solenoid valves of the 
hydraulic actuator or the electric motors. For the semiautomatic mode, 
the equipment is controlled in discrete sequential steps by pushbuttons 
arranged in vertical columns. The operator initiates each step by 
momentarily depressing the associated pushbutton. An example is the set 
of pushbuttons labeled FILL SHIPPING CONTAINER SEQUENCE. In this se­

quence, after the material elevator in the tank has been filled by the 
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articulated arm mining operations, the following steps occur: the 

bucket arms are lowered to put the bucket in line with the riser and 
simultaneously the whole material elevator assembly is rotated to the 
proper angular orientation for dumping, the material elevator is raised 
to the filling room, the bucket arm is raised to the dumping position, 

and the bucket is dumped and rinsed. The bucket arms are then lowered 
to return the bucket in line with the riser. It is lowered into the 
tank, rotated, and raised into position for receiving more material from 
the articulated arm. 

While each operation is in progress (such as the bucket arm travel­
ing from its vertical to a horizontal position) a green light, called a 
running light, is displayed in the pushbutton. When the equipment item, 
for example, reaches its destination and actuates a limit switch, the 
equipment stops. and the green light in the pushbutton turns to white, 
indicating completion of the operation. The next step is interlocked so 

it cannot be initiated by the operator until the prior step has·been 
completed. "Moreover, the operator is expected to satisfy himself by 
observation that the step has been completed satisfactorily. He can 
observe adverse conditions that are not directly monitored by sensors. 
His initiation of the next step serves as verification that he has 

observed no problems. 

The operator is not necessarily confined to the sequential steps. 
The interlocking system permits backtracking or reversing operations in 
some unusual situation. In the sequence mentioned above, for example, 
the filled material elevator bucket could be lowered back into the tank 
wi thout dumping perhaps to wait for the availability of an empty shi p­
ping container. 
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2.4 CONTAINER HANDLING SUBSYSTEM 

The container handling subsystem includes a 25-ton overhead crane 

with a lifting fixture, a turntable system, and a lid-handling machine. 

Although not part of the waste retriever, the description of the waste 
transfer vehicle and the waste containers are included. 

2.4. 1 Waste Container Set 

A container set consists of a shielded shipping container within an 
unshielded sealing container. The shipping container is capable of 
transporting anything from wash water and pourable slurry to chunks of 

salt cake and miscellaneous debris (Figure 2-18). 

2.4. 1. 1 Shipping Container. The shipping container has a 60-inch 
inside diameter and an overall height of 78 . 5 inches for a capacity of 

96 ft 3. The walls and bottom of the container consists of 1. 5 inches 
of poured lead sandwiched between 0. 5- inch plates . A heavy flange forms . 
the top edge of the container. The flange is equipped with two 3-inch-
di ameter trunnions which rotate the shipping container with the 25- ton 

crane and lifting fixture . 

The 72-inch-diameter lid is equ i pped with a grapple handling lug at 
the center and six pneumatically operated locking devices. The lid also 
contains 1.5 inches of poured lead and is equipped with double-0 rings 
mounted in dove-tailed grooves for sealing to the container. The lock­
ing devices consist of pneumatic cylinders connected to tapered pins. 
The pins protrude through holes in the lid's outer flange and engage a 
tapered groove in the container flange. The pins are maintained in the 
extended (locking) posit ion by compression springs. When the lid is to 
be removed, the pneumatic cyl inders are pressurized to retract the pins . 

The lid handling lug inter faces with the grappl e on the l id han­
dling machine. When the grapp l e i s locked onto the lug, a poppet­
equipped, quick-disconnect type fitting in the lug supplies pneumatic 

pressure to the locking cylinders as required . 
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SHIELD ASSEMBLY 

SEALING CONTAINER LIO 

§ 
i I -...•,======::::i,J::..' ••-----~- SHIPPING CONTAINER LID 
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SEALING CONTAINER 

( )i..•---- SHIELD ASSEMBLY BASE 

FIGURE 2-18. Waste Containers. 
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For corrosion resistance and ease of decontamination, the lid and 

container are completely fabricated from stainless steel (except for 

items such as O rings). The lid weighs 5470 lbs. The container weighs 
15,800 lbs. A filled container has a maximum total weight of 31,500 lbs 
including the lid. 

2.4. 1.2 Sealing Container. The sealing container has a 68.5-inch 
inside diameter, an overall height of 84.25 inches and is designed to 

completely enclose the shipping container. The container wall is formed 
from 0.5-inch plate and the container bottom from 1-inch plate. The top 

of the container is formed by an 8-inch thick flange with an overall 

outside diameter of 88.0 inches. The flange is provided with two 3-inch­

diameter trunnions which rotate the container with the 25-ton crane and 
lifting fixture. The trunnions on the shipping container and sealing 

container are equally spaced to allow both containers to be moved with 

the same nonadjustable lifting fixture. Standard channels are attached 
to the container inside surface to form guides for installation of the 
shipping container. In addition, "pockets" are provided in the inside 

diameter of the upper flange to allow clearance for shipping container 
trunnions and engagement/disengagement of the lifting fixture hook when 
the shipping container is installed in the sealing container. 

The sealing container lid is an 0.75-inch thick disk with three 
stiffeners and handling shackles. A flat gasket, attached to the lid, 
seals the lid to the container. The lid is attached to the sealing 

container body by means of sixteen 1-inch bolts. 

The sealing container and lid are fabricated from carbon steel 
except for the guides which are fabricated from stainless stee l . The 
carbon steel components are coated with epoxy pa i nt for corrosion re­

sistance and ease of decontamination. The container weighs 7140 lbs 

and the lid 1790 lbs. 

The total weight of a filled and lidded container set is 40,400 lbs . 
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2.4.2 Turntable Assembly 

The turntable assembly of the waste retriever is used to remotely 
transfer the shipping containers between the unshielded shipping and 

receiving room and the shielded fill room. It is capable of processing 
one shipping container through the retriever every 72 minutes. It con­
sists of a large diameter turntable within a sealed and shielded enclo­

sure. The enclosure provides a loading/unloading station in the ship­
ping and receiving room and a fill station in the fill room, each 
equipped with remotely operated hatch. The assembly also provides a 

wash station in the shipping and receiving room to wash each shipping 
container after filling. The turntable assembly is capable of process­
ing three shipping containers simultaneously, one at the loading/unloading 
station, one at the fill station, and the third being decontaminated at 
the wash station (Figure 2-19). 

The turntable is a circular, carbon steel, truss-like structure and 
consists basically of three equally spaced container support frames 
mounted on top of a 19-foot-diameter main frame. Each support frame 
consists of a 75-inch ring supported by tabular columns. When a ship­
ping container is placed on the turntable, it is supported by means of 
its upper flange resting on the support frame ring. 

Cylindrical enclosures of stainless steel are provided with each 
support frame to environmentally isolate the shipping container from the 

internal atmosphere of the turntable enclosure. i·/hen the turntable is 
positioned at the stations, inflatable seals incorporated into the 
station hatch openings seal against the top of these enclosures. When 

the hatches are open, these seals isolate the turntable enclosure atmo­
sphere from the shipping-receiving and fill room atmospheres. When the 
hatches are closed, the containers are completely environmentally sealed 

within their individual enclosures. 

The upper cylindrical enclosure of each support frame is equipped 

with a drain port and a quick disconnect type fitting. When a shipping 
container is being sprayed in the wash station, a drain line is remotely 

2-68 



N 
I 

O'I 
ID 

HATCH · 

FIGURE 2-19. Turntable. 

: ... 

V8005-3.3 

;Q 
:I: 
0 
I 

Vl 
--i 
I 
w 
w 

, I 



connected to the drain port such that waste wash water can be collected 
and drained to the disposal system. 

The turntable rotates on a central 16-inch bearing and nine perim­

eter rollers mounted on the main frame of the turntable. The center 
bearing and its support structure and the track on which the rollers 
turn are bolted to the retriever main floor beams. The turntable is 

capable of supporting and rotating three filled shipping containers, 
each weighing 31,500 lbs {94,500 lbs total). 

The turntable drive system consists of a roller chain and sprocket 
arrangement designed to function similar to a gear system. A 1-1/4 
pitch, double-strand roller chain is attached to the outside circum­
ference of the turntable main frame, thus forming a large gear-like 
configuration with an approximate pitch diameter of 19 ft. The drive 
assembly consists of a 1/2-hp electric motor and gear reducer, driving a 
28-inch-diameter double-roller chain sprocket. The components are 
mounted in a support frame forming a single module. When the drive as­
sembly is installed in the enclosure, the large sprocket mates with the 
roller chain on the turntable, thus providing the capability of rotating 
the turntable in either direction. With the drive assembly in the in­
stalled position, the motor and reducer are located outside of the turn­
table enclosure, in the shipping and receiving room, for contact adjust­

ment and maintenance. The drive assembly can also be removed as a unit 

for maintenance. 

The turntable and its enclosure are centered between the shipping 
and receiving room and the fill room . The enclosure is constructed from 

I-beams and channels covered with an 1/8-inch skin to environmentally 
isolate the turntable and the enclosure interior from the two room 
atmospheres. Shielding is provided by 1-1/2-inch lead plate installed 
in the vertical enclosure walls between the frame and the skin. The 
stainless steel enclosure skin in the fill room is welded in place to 
maintain environmental sealing. The enclosure vertical panels of carbon 

steel in the shipping and receiving room are bolted and can be removed 

for maintenance or turntable removal. 
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Each enclosure station (loading/unloading, fill and wash) provides 
a 90-inch-diameter opening in the enclosure top surface. A circular 
ring with an 86-inch ID is bolted into each opening. The rings contain 

inflatable seals for the turntable station sealing and also provide a 

sealing surface on top for the hatches or wash station cover. The fill 
station ring also includes a tapered funnel interface. The loading/ 
unloading station and the fill station are each equipped with a hatch 
remotely operated by two hydraulic cylinders. In addition, fill and 
return ducts are provided in each hatch to allow flushing of the en­
closed volume between the container and the closed hatch, prior seal 

deflation and turntable rotation. 

The wash station cover is bolted in place over -the wash station 
opening in the turntable enclosure. The cover contains a rotating spray 
manifold for high pressure water washing of each filled container and a 
hot air supply manifold for container drying. The water supply, air 
supply, and return lines penetrate for cover for connection to the vari­

ous systems piping. The rotating manifold drive motor is mounted on top 
of the cover for ease of maintenance. 

The hydraulic and pneumatic control components of the hatch actua­

tors and inflatable seals are located in the shipping and receiving room 

for hands-on maintenance. The complete turntable system is operated 
remotely from the control trailer by a preprograrrmed automat i c system. 
Limit switches, pressure switches, and an encoder on the turntable drive 
system are used to monitor operation and position. 

2.4 . 3 Lid Handling Machine 

The lid handling machine i s used to remot ely remove and insta ll the 
shipping container lid in the f ill ing room. It is capable of li ftin g 

the lid 8 feet, 9 inches to provide clearance for the fi ll ing opera­
tions. The machine consists of a grapple assembly , a te l escoping tube 
system, a hoist system, and a support frame mounted to the main struc­

tural members directly over the fill station. The lid handling machine 
forms a module which can be handled as a unit for installation/removal 

and maintenance (Figure 2-20). 
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The grapple assembly, attached to the lower end of the telescoping 

tube system, consists of an 8.5-inch-diameter cylindrical housing that 
surrounds the lug on the container lid. An inner sleeve, containing 

locking balls, is operated by two pneumatic cylinders to lock the grap­
ple onto the lug. The inner sleeve contains a poppet-equipped pneumatic 
fitting which mates with a matching fitting on the lug. This feature 

allows pneumatic pressure to be supplied to the container lid's locking 
system. 

The telescoping tube system provides lateral support and guidance 
for the grapple during raising and lowering operations and consists of 

three square tubes guided by a series of rollers and a support collar 
mounted on the support frame. 

The hoist system consists of a 3.5 hp electric motor, a gear re­
ducer and a 12-inch-diameter cable drum equipped with two independent 
1/2-inch cables wrapped on right and left hand grooving. The two cables, 
each attached to the grapple by means of a turnbuckle assembly, raise 
and lower the grapple and lid as required. The motor, reducer, and 

drum are mounted on top of the support frame and connected by a drive 
shaft and coupling arrangement. 

The pneumatic control components (solenoid valves, flow control 
valves, etc.) for the grapple operating system and the container lid 

locking system are attached to the handling machine frame. The control 
components are connected to the grapple by two pneumatic hoses mounted 
on a spring operated hose reel. 

The lid handling machine will be operated from the control trailer 
using closed circuit television or it may be operated from the personnel 
corridor using local control stations during special safety and main­
tenance operations. Limit switches and a torque sensor are provided on 
the machine to monitor travel and loading conditions. It is fabricated 
primarily from carbon steel and coated with epoxy paint. The module 

weighs 4400 lbs. 
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2.4.4 Overhead Crane 

The container handling subsystem uses a 25-ton overhead crane with 
its lifting fixture to: 

• Remove the protective enclosure of the waste transfer vehicle 

• Remove and transfer empty container sets from the vehicle into 
the waste retriever 

• Remove the lid of the sealing container 

• Remove the empty shipping container from the sealing container, 
transfer it to and place it in the turntable. 

• Remove the filled shipping container from the turntable, 
transfer it to and place it in the sealing container 

• Replace the lid on the sealing container 

• Pick up the filled container set and transfer and place it on 
the waste transfer vehicle 

• Replac~ the protective enclosure over the container set on 
the waste transfer vehicle . 

The crane operates both in the shipping and receiving room of the 
waste retriever and outside above the transfer vehicles. Its working 
envelope is approximately 22 feet wide by 40 feet long by 17-1/2 feet 
high. The major components are the bridge, the trolley, the hoist, the 
lifting fixture, and the controls. 

The bridge travels on 60- l b rails. It is powered by a 2-hp elec­
tric motor equ ipped with a disk brake and has a max imum speed of 40 feet 

per minute. The top riding troll ey requires a 1-hp motor with a disk 
brake to provide a maximum speed of 30 feet per minute. 

The hoist speed varies from Oto 5 feet per minute. Its drum is 
single grooved and will accept the full cable length without overlap and 

is driven by a 10-hp motor. The hoist is equ ipped with two independent 
brakes, each rated at 150% of the rated capacity of the hoist. One is a 
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mechanical load brake that will automatically control the load during 

lowering to prevent undue acceleration and to hold the load independent 

of the electric brake. The other is a solenoid-operated hoist brake 

interlocked with the motor control to stop the drum when power to the 
motor is interrupted. 

Two lifting fixtures are included. One is designed for hands-on 

operation, the other for remote operations. Both fixtures contain two 

lifting hooks and a spreader bar assembly to fix the hooks 76 inches 
apart. A 4-inch-diameter pin is provided in the spreader bar to attach 

the fixture to the crane. For hands-on operation, a 2-inch pin is 

provided in the spreader bar for attaching a wire rope sling, used for 
the installation and removal of the sealing container lid. 

The remotely operated lifting fixture uses a remotely operated pin 

device to lock the lid to the fixture and pneumatic wrenches to loosen 

the bolts. For remote operation, a separate sealing container lid 

equipped with captive bolts and heads for remote engagement and with 

guide pins is required. Also a powered rotate hook would be added to 

the crane to allow the lifing fixture to be remotely oriented to any 

angular position. 

Control of the crane can be perfonned from the control trailer and 

locally from a pendant on the crane or a control panel located in the 

personnel corridor at the shipping and receiving room window . 

2.4.5 Waste Transfer Vehicle 

The waste transfer vehicle is used to transport the doubly con­

tained waste from the waste retriever to the onsite waste processing 

facility. The vehicle consists of a specially designed trailer which is 

towed by a standard diesel tractor. The waste container set is placed 

into the center of a protective enclosure tie-down fixture, attached to 
the bed of t~e special double-drop lowboy trailer. A protective enclo­
sure is installed over the container set and held in place by the tie­

down fixture. 
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The double-drop lowboy trailer is 10 ft wide with a bed l ength of 

10 ft. The tra i ler has a payload capacity of 80,000 lbs and weighs 
approximately 16,000 lbs. The trailer has overall dimensions of 

361 inches long by 120 inches wide. The tractor weighs 16,500 lbs 

and is driven by a 350 hp diesel engine . The tractor wheel base dimen­
sion is 180 inches and its overall length is 263 inches. 

The tie-down fixture is constructed from a 1-inch thick steel base 

plate with dimensions of 120 inches by 120 inches . It is bolted to the 
trailer bed by attaching each of the base plate corners to the trailer 
bed beams. The base has eight equally positioned gusset plates with 

1.5-inch-diameter holes for attachment to the protective enclosure. The 
waste container sits within a circular retainer that is welded to the 
tie-down fixture. 

The protective enclosure weighs 24,866 pounds and has overall 

dimensions of 114 inches in diameter by 82 inches hi gh. The walls are 

constructed of . 0.38-inch-thick external circular st eel skins which sand­
wich a shock absorbing material made of aluminum honeycomb. The top is 

circular, flat, and of similar construction to the wall. There are 
ei ght clevis-type tie-down brackets pos i tioned equally around the base 
of the protective shipping enclosure . These are secured to the t i e-down 

fixture on the trailer using eight 1. 5-inch-diameter ball lock pins . 
Twelve equally positioned shock absorbers are mounted inside the top of 
the enclosure and extend down to make contact with the container set . 
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2.5 RETRIEVER PLATFORM STRUCTURE 

The retriever structure which sets upon three transporters provides 
environmental isolation and support for the equipment of the waste re­

triever. It straddles the underground waste storage tank to minimize 
the loading on the tank dome. The T-shaped structure is of bolted 
joint, truss construction to provide maximum rigidity and minimum 

weight. The truss members are fabricated from structural steel I-beams, 
angles, and square tubing. The wall panels, floor, ceiling panels, and 

the shielding panels are attached to the truss structure to enclose the 
retriever. The operational rooms subject to contamination are lined 
with all welded stainless steel sheeting in order to withstand stringent 

decontamination processes . The articulated arm and material elevator 

towers are bolted to the structure as are the three transporter/bolster 
assemblies. 

The center section, which contains the enclosed portion of the 
retriever, is 24 feet wide by 130 feet long. The two open structural 

sections, which form the arms of the "T", extend 27 . 5. feet dista lly 
from the side of the retriever. The articulated arm and material ele­
vator towers extend upward 79 and 53 feet, respectively, above the top 
of the retriever . 

Support beams and rails are provided in the shipping and receiving 
room for the 25-ton bridge crane. The beams and rails also extend out 
from the end of the shipping and receiving room to allow the crane to be 
used for waste transfer vehicle loading/unloading . Additional support 
beams and rails extend through the fill room, the mining room, the tool 
washroom, the maintenance room, and the personnel room for the 2-ton 

bridge crane and the bridge-mounted E-M manipulator. 

The external walls and roof of the entire enclosed portion of the 

retriever are covered with standard prefabricated building-type r i bbed 

panels with built-in insulation. The inside surfaces of the retriever 

room walls, ceilings, and floors are formed by bolting stainles s steel 

plate to the truss members and welding the stainless seams to achieve 
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airtightness. The floors of the fill room, m1n1ng room, and tool wash­
room shall be sloped to a drain for waste water and decontamination 
chemicals collection. Additional thermal insulation is provided under 
the retriever room floor plates. 

The portions of the articulated arm and material elevator towers, 
which contain the telescoping tube and carriage assemblies, are 6 by 

6 feet in cross section and are each formed by four vertical square 

steel tubes at the four corners and covered by steel plate. In addi­
tion, sealed enclosures fabricated from structural steel shapes and 
sheet are provided on each tower to enclose the counterweight/cable 
slack system and the wire rope hoist systems to acconmodate the tele­
scoping tubes as they are fully retracted in the towers. The entire 
tower assemblies are sealed and form a common atmosphere with the in­
ternal retriever. 

Shielding is incorporated into the retriever structure to protect . 
personnel from radiation. The most critical requirement is the fill 

room where shielding is required on all four walls from floor level up 
to a height of 17 feet. The outside walls are fitted with prefabricated 
shielding panels which bolt to the outside of the truss structure, under 
the insulated building panels. The shield panels are formed by sand­
wiching lead plate between two steel plates. Similar shielding panels 
are attached to the fill room inside walls. The mining room and tool 
wash station require less shielding. This is provided by the existing 
inside steel surface plate and a similar plate welded to the outside 
surface of the truss structure. The remaining retriever rooms require 
only the existing inside steel surface plates and the building panels on 

the outside surfaces. Shielded panels, similar to the fill room panels, 
are also provided on the material elevator tower from the base to a 
height of 7 feet above the roof. 

The personnel corridor is 4 feet wide and is fabricated from bolted 
structural steel shapes covered with insulated building panels, in­

cluding the sloped roof. The floor of the corridor is positioned 5 feet 
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6 inches above the retriever floor to acconmodate the preferred height 

of the retriever viewing windows. 

The total weight of the retriever structure including panels and 
shielding is approximately 600,000 lbs. 

The configuration of the retriever structure is based upon the re­

sults of a three-dimensional linear elastic analysis using the SPACE IV 
computer program. Input loads for the analysis consisted of the dead 
weight of the retriever, including the concentrated weight of all the 

retriever components (turntable, articulated arm, etc.), snow load and 

wind load based on the Uniform Building Code, 1976 edition. In addi­
tion, the retriever structure was analyzed for an operational failure 

mode in which a 100,000-lb horizontal load is imposed on the structure 
by the crawler transporter on the end of the central section, while the 
other two transporters are fixed . The structure design is based on the 

combination of these loads and the allowable stresses for A- 36 struc­
tural steel per American Iron and Steel Inst i tute specif i cations . The 
computer analysis was performed considering 131 joints, 319 members, 

f i ve load conditions, and six degrees of freedom per joint. 
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2.6 RETRIEVER ANCILLARY EQUIPMENT 

Many features have been built into the waste retriever to assist 
the retrieval operation. These include equipment for remote maintenance 
and repair, for remote viewing, for power distribution, and for contami­
nation control. 

2.6. 1 Equipment for Contamination Control 

The spread of contamination is kept low by the use of the wash 
down system, the ventilation system, and the coupling mechanism. 

2.6.1.1 Wash System. The wash system uses high pressure water or 

detergent to wash the mining boom, the material elevator, and each 
shipping container processed through the retriever. The system also 
provides the capability to wash down the interiors of the filling and 

mining rooms and safely dispose of all liquid waste generated during the 
wash operations. 

The high pressure wash equipment is housed in an·enclosure over the 
retriever personnel room and consists basically of an insulated 600-gal­
lon stainless steel tank and three high pressure piston pumps. Facility 
water is heated in the tank to 150°F by a 90-kW irrmersion heater. The 
hot water is then pressurized to 3000 psi by the pumps and supplied at a 

maximum rate of 60 gpm to the various equipment wash stations throughout 
the retriever. Local throttle valves are used as required to provide 
lower pressure. The tank heater is capable of heating the initial 

supply of water to 150°F in two hours and maintaining that temperature 
as water is removed by the pumps and resupplied from the facility. 

The articulated arm and material elevator are washed in their 

respective towers prior to major maintenance operations or periodically 
to reduce waste deposit buildup. To perform a wash operation, the arm 
and elevator must be fully retracted into their towers and the hatches 
on the lower end of the towers are closed. The towers are provided with 

a series of fixed manifolds equipped with spray nozzles. The rotatable 
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portions of the articulated arm and material elevator are sprayed with 

3000 psi water from flat pattern nozzles. In order to provide complete 
coverage with minimum water consumption, the arm and elevator are ro ­
tated while the individual spray manifolds are sequenced from top to 

bottom. The nonrotating portions of the arm and elevator (from the 

telescoping tube interface to the rotating portion) are sprayed by 
manifolds equipped with 1000 psi full cone pattern nozzles. The top 

section of the arm and elevator telescoping tube assemblies are flushed 
with low pressure water to wash off loose dust and debris from the inner 
telescoping tubes. 

Each mining tool, after use in the waste tank, is washed in the 

wash station adjacent to the mining room. The wash station is equipped 
with a number of fixed manifolds, equipped with 3000 psi flat spray 

pattern nozzles. As the tool is rotated by the wash cart which supports 

it, the spray manifolds are sequenced to provide complete coverage with 
mi nimum water consumption. In order to assure complete decontamination , 

a wash wand is provided in the wash station wall to direct 3000 psi 
water directly on the working end of each tool. The wash wand is manu­
ally operated from the personnel room using a viewing window. The wand 
is equipped with a ball joint and a telescoping tube arrangement for 
complete maneuverability. 

Each shipping container, after being filled with waste material and 
lidded in the fill room, is washed in a station incorporated into the 
turntable enclosure. It is washed with 3000 psi water from a rotating 

manifold equipped with flat pattern nozzles. The manifold is incor­
porated into the wash stat i on cover. A remotely engaged/disengaged 

drain line directs waste water from the enclosure. 

The fill room and mining room are each equipped with a high pres­
sure spray wand, mounted on the end of a hose. The wands are maneuvered 
by the bridge-mounted electro-mechanical manipulator to wash down the 

i nteriors of the rooms . 
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Waste water generated in the various wash stations is collected by 

drain systems and directed to a sump (holding tank) under the retriever 
floor. The waste water is then pumped from the sump into a 900-gallon 
stainless steel waste holding tank in the mining room. A portion of the 
waste water in the holding tank is pumped to the shipping container fill 

station after each elevator bucket dump. The ba.lance of the tank waste 
water, including the "sludge" that may settle to the bottom of the tank, 
is pumped directly into the open shipping container. In this manner, 

all waste water collected from various wash operations is eventually 
removed from the retriever with the solid waste in the shipping 

containers. 

The pressurized hot water is distributed to the various wash sta­
tions by means of a stainless steel piping network consisting of 3-inch 
schedule 80 pipe for the 3000 psi water and various sizes of schedule 40 
pipe for the lower pressure water. Distribution and sequencing is 
controlled by remotely operated pneumatic diaphragm valves. 

The waste water system consists of various sizes of schedule 40 
stainless steel pipe controlled by remotely operated solenoid valves. 
Centrifugal pumps are used to distribute the waste water, one on the 
sump tank and two on the bucket-funnel flush system. Stainless steel 
strainers are provided in the drain openings of fill room, mining room 
and tool wash station to prevent large chunks of waste from entering the 
drain piping. These strainers are remotely replaceable/cleanable. 

Instrumentation is provided in the supply tank to monitor and con­
trol water level and temperature and in the waste tank to monitor water 
level. The wash down system also provides for the addition of chemicals 

or detergents to the wash water as required. 

The system is sized for the following wash frequencies: (two 8-hour 

working shifts per 24 hours). 

• One articulated arm wash down every ten 8-hour shifts 

• One material elevator wash down every ten 8-hour shifts 
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• One tool wash every 8-hour shift 

• One shipping container wash every 72 .minutes 

• One material elevator bucket-funnel flush every 18 minutes 

The control and operation of the wash down system is performed from 
the control trailer. 

2.6. 1.2 Ventilation System. A secondary air circulation system, inte­

gral with the retriever, performs two functions. It circulates heated 
air that dries various components after washing, and it maintains the 

retriever atmosphere during the times it is not connected to the primary 
ventilation system via the tank, i.e., while the retriever is moving 
from one tank to the next. The secondary system contains two 675-cfm 
blowers in parallel for redundancy and a filter bank consisting of a 

moisture separator, a prefilter, a HEPA filter, and an activated char­
coal filter. Included in the retriever are louvers and ducting to 

assure that air flow is always from the least contaminated area to the 
most contaminated area . 

2.6. 1.3 Coupling Mechanism. The coupling mechanism is used to connect 
the parts in the mining boom and filling rooms to the tank risers and to 
prevent contaminants from escaping to the environment. It cons i sts of a 
riser coupling mechanism and a rotatable cover mechanism. The riser 
coupling mechanism consists of a remotely operable Hypalon-coated nylon 

bellows and a sealing flange mounted to the underside of the retriever 
main floor support structure . Three double-acting pneumatic cylinders 

1. 06-inch-diameter by 6-inch stroke are used to apply the pressure 
required to seal the 42-inch riser flange to the flange seal assembly. 
A pneumatic pressure of 70 ps i g i s applied to the cylinders producing 

a sealing force of 62 lbs each, for a total of 186 lbs for the three 
cylinders. The sealing flange is des i gned to provide remote guidance 
and seal against a gasket in the riser flange (Figure 2-21) . 

The coupling mechanism assembly has an overall height dimension of 

23 . 62 inches when extended and 17 . 62 inches when retracted prior to 
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sealing. The coupling mechanism has an overall dimension of 54 inches 

in diameter and weighs about 82 lbs. 

The rotatable sealing closure cover module is mounted above the 
main retriever floor for the articulated ann and below the floor for the 
material elevator. These modules consist of a pivotable and elevating 

cover, inflatable seal and cover rotating drive. In order to allow the 

primary ventilation system air flow to exit the retriever, each pivot­
able cover is maintained in a raised position 6 inches away from the 

inflatable seal. The cover elevating mechanism consists of an electric 
motor drive gear reducer, coupled to a 1-ton capacity machine screw 
actuator that raises the cover in about 2 minutes and holds it in this 
position with a motor brake. 

The cover rotating drive mechanism consists of an electric motor 
drive gear reducer that drives a spur gear. The spur gear is attached 
to the cover pivoting shaft which rotates the cover through a 110-degree 
arc at 1.2 rpm. A motor brake stops and holds the pivotable cover in 

either the open or closed position. 

2.6.2 Power Distribution Center 

The electrical, hydraulic, and pneumatic power systems distribute 
the power required to operate the system equipment. This equipment is 

located in the power center room. 

2.6.2.l Electric Power. Electrical power to operate the entire re­
triever during nonnal operations is derived from a 2400-V, 3-phase, 

60-Hz supply line connected to the Hanford Site power . A 750-kVA trans­
former reduces the 2400-V input to 480-V, 3-phase, for distribution 
throughout the retriever and control trailer. Most of the large power­

consuming equipment, such as the motors, heaters and TV-lighting sys­
tems are designed to operate from the 480-V source. The voltage is 
reduced again to 208/120-V, 3-phase, to operate instruments, controls, 

alanns, and other equipment that require. the lower voltage. The power 

distribution panels and motor controllers are conventional, industrial­

type units that have provisions for local control but are interlocked 

and controlled normally from the control trailer. 
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The connected load is about 900 kW; however, the total power re­

quired considering the duty cycle of the various components is approxi­
mately 400 kW during the winter season. 

Interconnection cables are routed or distributed through cable 
trays, raceways, and conduits. Fire and radiation resistant materials 

are specified. The signal and power wiring are separated and critical 
wiring is routed and isolated from the main cable runs. 

2.6. 2.2 Hydraulic Power. The hydraulic power system consists of three 
30-gpm, variable-displacement, pressure-compensated pumps, each powered 

by a 40-hp electric motor. The pumps are manifolded together at the 
common 180-gallon pressurized and temperature-controlled reservoir and 
also at the output. A solenoid and check valve are provided on each 

pump outlet enabling the pump to be shut off and prevent fluid backflow 
through the pump. The pressurized fluid (2000 psi) output is monitored 
by a flow meter and a pressure i ndicator. A pressure relief valve set 

at 200 psi above the working pressure controls the max imum output pres­
sure. The fluid is distributed throughout the retriever to the various 
hydraulic-powered equipment items. Small needle valves are installed at 

the high points in the lines to assist in removing trapped air. The 
return line contains a 10-micron filter equipped with a differential 
pressure switch to indicate its status. 

The hydraulic power system operates on a demand basis and requires 
operation of two pumps at a time. A third pump is on standby; to 
ensure equal wear between the units they are operated in rotation. 

2.6. 2.3 Pneumatic Power. Pneumatic power i s provided to the waste 

retriever by a 120- ps i , 23- cfm , el ectr ic mot or driven compressor wi th a 
60-gallon rece i ver . A desiccant air dryer filter removes mo i sture and 
dust from the air supply. A differentia l pressure swi tch monitors the 
filter status and ind i cates i ts condition on the control panel in the 

control trai l er . The air pressure is controlled by pressure regula t or s 

at each of the pneumatic power ed equipment items. 
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2.6.3 Remote Viewing System 

A closed circuit television (CCTV) system is provided for viewing 
all waste handling operations, including material elevator bucket fill­
ing, container filling and handling, tool maintenance operations, and 

activities in the personnel corridor. A combination of fixed focal 
length and zoom lens TV cameras, each with a pan and tilt unit, are 
provided in the three major rooms of the waste retriever, i.e., shipping 

and receiving room, filling room, and mining room. In addition, cameras 
are located in the maintenance room and the tool wash station and on the 
material elevator and the 25-ton bridge crane. 

There is one 14-inch TV monitor that can be switched locally to 
view any one of the TV cameras of the system. It is located outside the 
mining room on the personnel corridor wall. There are six additional 
monitors and a control unit for each camera located in the control 

trailer. 

2.6.4 Equipment for Maintenance and Repair 

Included in the waste retriever to facilitate maintenance and 
repair are a pair of master-slave manipulators, an electro-mechanical 
manipulator, a 2-ton bridge crane, a 2-ton double-monorail hoist, and a 
wash cart. 

2.6.4.l Master-Slave Manipulator (M-S). Master-slave manipulators are 
provided in the mining room external wall, adjacent to the articulated 

arm riser/tower. A modular enclosure adjacent to the wall forms an M-S 
manipulator operating room. The manipulators are an ''off-the-shelf" 

rugged duty model capable of handling 100 lbs. They can also be trans­

ferred along with the operating module to the material elevator riser/ 
tower area for use in the filling room. 

2.6.4.2 Electro-Mechanical Manipulator (E-M). An E-M manipulator is 

mounted on an overhead bridge which travel s on the same rails as the 
2-ton bridge crane so that work may be performed in the maintenance 
room, the mining boom room, and the filling room. The bridge supports 
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a top-riding carriage which suspends a telescoping tube and hoist as­
sembly. The bridge, carriage, and hoist give the manipulator arm access 
to all areas of the three rooms it serves. 

The manipulator has a load capacity at the hand of 150 lbs. Two 

interchangeable hands are supplied: a parallel jaw having an opening of 
5 inches and a grip force of Oto 200 lbs, and a hook type having an 

opening of 3 inches and a grip force of Oto 800 lbs. A 1000-lb capacity 
hook is fastened to the shoulder housing, easily reached by the hand. 

Control of the manipulator is from the control trailer or locally 
from control panels at window locations in the personnel corridor and 
maintenance room. 

2.6.4.3 Two-Ton Bridge Crane. The 2-ton overhead bridge crane serves 
the filling, mining, and maintenance rooms of the waste retriever. 
Remotely operated doors provided in the internal walls allow the crane 
passage between the rooms. The crane cons ists of a 0- to 40-fpm single 
girder-top running bridge, a 0- to 30-fpm trolley and a 2-speed hoist 
with a swivel-type hook. Overtravel of the hoist, trolley, and bridge 

is prevented by limit switches . A load limit switch is provided on the 
hoist. The crane has a maximum travel of 58 feet along the runway with 
a lifting height of 11 feet 8 inches. It is controlled from either the 
control trailer or a control panel at the window locations in the per­
sonnel corridor. 

2.6 .4. 4 Two-Ton Monora i l Hoist. The 2- ton overhead monorail hoist is 

located over the maintenance room and tool wash station . It consists of 
a 0- to 35-fpm trolley and a 2- speed ho i st with a swivel - type hook. 
Limit switches prevent overloading or overtravel . The crane has a 
maximum travel of 36 feet along the tracks with a lifting height of 
18 feet 6 inches. It can be controlled from the control trailer or 
locally from control panels in the maintenance room or in the personnel 

room at the maintenance room viewing window. 
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2.6.4.5 Wash Cart. The tool wash cart supports and rotates the mining 
boom mounted tools while they are being washed in the wash station, 
repaired in the maintenance room, or transferred between the two rooms. 

The wash cart consists of a 9-1/2-foot-high 11 C11 -shaped tubular structure 
mounted on a rectangular 4-wheel dolly. Over the top of the structure 
is a saddle assembly which receives and supports the individual tools 

vertically by means of their guide lugs. It is capable of supporting a 
2500-lb load in this fashion. The circular track and roller arrangement 
of the saddle, driven by a hydraulic motor, enables the tool to rotate 

±100 degrees about its vertical axis. One pair of rail wheels on the 
dolly are driven by a hydraulic motor and roller chain arrangement, 
permitting a maximum travel speed of 6 fpm . Standard rails provided in 
the wash station and maintenance room allow the cart and tool to be 
transferred between the two areas as required. Four rail clamps are 
provided on the dolly to prevent the cart from overturning during a 

seismic event or other abnormal loading condition. Festooned hoses 

and cables, connected to the cart and wash station wall, link the cart 
to the remote control stations in the maintenance room, the personnel 

room and the control trailer and to the hydraulic power system. The 
entire wash cart is fabricated from carbon steel and painted with epoxy 

paint for corrosion protection and ease of cleaning. 
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2.7 MOBILE CONTROL TRAILER 

The control trailer contains all the control consoles and associ­

ated instrumentation and control equipment necessary to remotely control 

the mining, removing, and container handling operations of the Prototype 

Waste Retrieval System. The trailer can be parked up to 600 ft from 

the retriever structure, located above and attached to the waste tank 

being emptied. The trailer will usually be outside the boundaries of 

the tank farm being worked on (Figure 2-22). 

2.7. 1 Control Systems 

The various types of control systems employed in the PWRS are 

described with the equipment being controlled. Closed circuit televi­

sion cameras and microphones in the retriever and tank provide visual 

and acoustical feedback to the operators in the control trailer. Any of 
the camera pictures can be switched to any of the five TV monitors 

provided in the trailer. In addition, numerous sensors provide status 

information that is presented in various displays and recorded. 

2.7.2 Interlocks 

An extensive interlock system is incorporated into the controls. 

By-passing of interlocks is permitted but only with administrative 

contro l . The administrative control is exercised by using key switches. 
Three levels of by-passing are permitted. Each higher level by-passes 

more interlocks but each requires a higher level of administrative 

permission. 

2.7.3 Programmable Control l er 

The interlocking funct ions are accomplished in a programmabl e log ic 
controller. All the control panel pushbuttons, equipment l i mit switches, 

some position transducers, and other equipment switches and sensors are 

wired to the log ic input terminal of the controller. Most motor starter 
coi ls, relay co il s, va l ve so l enoids, and control panel i nd i cator l i ghts . 

are connected to the controll er output terminal. The outputs are ener­

gized or not depending on the logical determi-nations programmed into the 
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controller . The programmable controller is under the surveillance of 

the computer system but is independent of it and can operate even when 
the computer is not operating. 

2.7.4 Graphic Displays 

Visual feedback to the operator is not only provided by the TV 

systems but also by two graphic display units. One provides a plan 
view of the orientation of the articulated arm joints in the tank along 

with an indication of obstacles in the tank. The other is an elevation 
view that shows the relative positions of the articulated arm and the 
material elevator with respect to each other and the tank parts. These 

views are generated by the graphics system from information derived from 
the sensors on the equipment. The orientation of the replica arm can be 
superimposed on the plan view for synchronization purposes. The eleva­
tion view is used to monitor the folding and unfolding of joints during 
the entry and exit operations of the articulated arm from the tank. 

2. 7.5 Data Acquisition System 

Routine sensor data from continuously operating systems on the 
retriever will be gathered and transmitted to the control trailer by 

a remote multiplexer located on the retriever. This data includes ven­
tilation damper positions, air flows, differential pressures and tem­
peratures, washing system pressures, temperatures and levels, tank exhaust 
air temperature, hydrogen concentration, and radiation levels. The 

sensors or local signal conditioners produce signals in the range of O-
to 10-V that are fed to the multiplexer. The multiplexer scanning, 
digitizing, and addressing are controlled by the system computer. 

All the equipment position signals and some critical sensor signals 
and alarms are hard-wired back to the control trailer. The alarms in­
clude off-normal levels of radiation, hydrogen concentration, and tem­
peratures. Vital analog signals are transmitted to the control trailer 

by four 20-mA current loop signals. 
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2.7.6 Computer Systems 

The computer system controls the multiplexer but in addition 

checks the data, stores it, and prints out any off-normal conditions. 

All normal data is printed out at periodic intervals. The computer 

system also performs surveillance on the programmable controller and 

signals any apparent discrepancy in its operation. 

The computer serves as an operational aid during the mining opera­

tions in the tank. It stores the tank obstacle information and provides 
the obstacle-free command to the articulated ann during its automatic 

operation. 

The computer is also used as an operational aid in the sequential 

step operations. The step-by-step operating procedures are stored in 

the computer's memory. As each step is accomplished the computer checks 

that it has been performed. The computer system displays operating 
instructions for the operator; should the operator fail to respond, it 

flashes an overdue impending operation message and, through the pro­

grammable controller, causes the green light on the pushbutton next in 

sequence to flash. The computer system can also display procedures of 

alternate actions for recovery from abnormal conditions. As operating 

experience develops, the software will be modified to include the bene­
fits of such experience. 

2. 7.7 Safety, Reliabili~nd Recovery 

The instrumentation and control (I&C) system provides for and aids 

in util i zation of the personnel and equipment safety features of the re­

trieval system. All important sensor data is, of course , available for 
al anning . The extensive interlocking system has been described. 

Instrumentation and control component failure and the consequent 

mechanical overload and possible damage have been major considerations 
in the design of the system. The mechanical equipment genera lly has 

been designed for very rugged use and, therefore, extreme measures are 

not believed necessary. Double and triple redundancy of sensors has not 
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been employed generally although backups are designed into the system. 

For example, slip clutches are usually included in the directly driven 
systems such as the funnel 1 s horizontal and vertical drives. If a 
failure of a limit switch or position sensor occurs no damage is done 

to the system when a mechanical stop is hit. On continuous drive equip­
ment without mechanical stops (such as the turntable) slip clutches can 

be engaged. Correct positioning of equipment is important. For example, 

the turntable system has two sets of transducers and limit switches that 
indicate three stopping points, and a continuous position sensor. The 

output of the two sensor measurements is compared in the programmable 
controller. This simple redundancy along with observation by the oper­
ator prior to filling ensures that a shipping container is indeed in 
place in the filling room before dumping of material occurs. 

Other mechanical safety features pertain to the hoist. All hoists 
(articulated arm, material elevator, and cranes) have conventional 
double braking and double cabling as required for nuclear facilities. 
The hoist cable for the articulated arm and material elevator hoists are· 
hidden. Therefore, a single broken cable detection scheme is incor­
porated in each as one of the disabling interlocks. 

To avoid lengthy shutdowns for maintenance to repair simple fail­
ures such as a single electrical wire breaking to an in-tank component, 
some redundancy has been included in the design. For example, each 

control valve on the articulated arm has a dual winding. The windings 

for each are brought up to the retriever in separate cables so that if 
one set of wires opens, operations can continue. Similarly, the posi­
tion transducers on the articulated arm consist of two units--one coarse, 

one fine. The wires for each of these is brought up in separate cables. 

If either breaks, operations can continue. In cases where double 
wiring is used, each set is monitored. When a break occurs the problem 

is flagged. 

' 
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Features for recovery of the articulated arm from the tank after a 
failure are included in the system. The hydraulic valve circuits for 
the hydraulic piston actuators that position the joints have additional 
valves in the circuit that route piston port lines to the return line. 
During operation these valves are energized and closed. If the main 
control valve fails, it usually will fail closed and trap fluid in the 
piston, locking it in place. In order to remove the articulated arm 
from the tank, each joint must be straightened out. Deenergizing the 
additional valves opens both piston ports through an orifice to the 
return line, allowing gravity to straighten the joint. 

The various components of the system interface with each other to a 
large extent, but the systems have been designed to preserve independence 
and autonomy during failed conditions. For example, the computer is not 
essential to any operation. The equipment control system can be operated 
in a slightly restricted fashion. The features lacking would be those 
pertaining to obstacle avoidance and operator prompting. The data ac­
qusition system would not be totally operable but all critical signals 
and alarms would be functional. 

2.7.8 Maintenance Aspects 

All retriever equipment controls can be put into a manual jogging 
mode to aid in maintenance and cleaning. In addition to all controls 
being in the control trailer, local controls are provided in the re­
triever as described in the equipment section. 

2.7.9 Accessory Control 

In addition to controls for all the mining and operating equipment 
in the retriever and in the tank, the control trailer has controls for 
all the accessory equipment in the retriever. These include controls 
for the ventilation system, the various doors between rooms, the lights, 
positioning of the TV cameras, heating in the retriever, etc. 
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2.7.10 Control Trailer Structure 

The various control consoles are installed in a 12-foot wide by 

45-foot long tractor trailer typically used by the military for elec­
tronic instruments and electrical repair shops. It is towed by a vehi­

cle equipped with a fifth wheel, and capable of highway travel accord­

ing to the Department of Motor Vehicles restrictions for wide loads. 

Heating and air conditioning for both personnel and equipment are at­

tached to the trailer. Storage bins located under the trailer contain 

the various power and signal cables plus spare parts. Power control 
relays and distribution panels are located in the equipment storage 

room. Cables from the retriever and ventilation towers attach to the 

bulkhead connector panel on the right front of the trailer. Access to 
the control room is provided by two doors and a stairway. A double door 

is provided for installation and removal of equipment from the trailer . 

Internal arrangement of the control trailer consoles are such to 

provide maintenance access to the rear of the control units and to the 
cable tray located below the floor. Most of the control panels are 

removed and installed from the front. Standard electronic rack and 

panel construction is utilized throughout the control trailer. The 
interconnection cables are located in the back of the consoles. Criti­
cal noise sensitive wiring is isolated and routed separately from the 

main wiring bundle. 
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2.8 MOBILE AND SUPPORT SYSTEMS 

2.8.l Crawler-Transporter 

The waste retriever is supported and transported to the various 

tanks by three crawler-transporters. Each transporter is connected to 
the retriever through a bolster assembly. There are three bolster 
design configurations permitting various degrees of freedom to prevent 

unwanted loads from being transmitted to the retriever structure. A 
jacking capability is provided on each of the transporters to provide 
vertical adjustment. An alignment and position control system is pro­
vided in each of the transporters so that each operator is fully aware 
and in command of the relative motion of the retriever and the trans­
porter (Figure 2-23). 

The crawler-transporter is a 400-ton capacity diesel self-powered 
track-type vehicle . A hydraulic jack system on each transporter is 
capable of raising the retriever approximately 16 inches . One trans­
porter is also equipped with an auxiliary direct current generator and 
inverter to power the ventilation systems during relocation of the re­
triever to a new tank. 

The bolster assemblies, designated A, B, and C, provide the follow­
ing degrees of freedom: 

A, B, and C: 360-degree rotation about the vertical Z-axis and a 
7-1/2 degree gimbal-type movement provided by a ball ­
and-socket support that allows the floor of the 
retriever to tilt to accommodate travel over uneven 
terrain. 

8: Lateral "float" of ±2 feet 6 inches in the X-Y 
plane. 

C: Linear translation of ±1 foot 9 inches in the 
X direction. 
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Bolster A consists basically of a pressure-lubricated ball-and­

socket assembly with the upper and lower portions attached to the struc­
ture and transporter, respectively. A resolver mounted adjacent to the 
ball is connected to the ball through a chain drive belt and transmits 
the angular rotation position to the position monitor control panel 
located in the transporter. 

Bolster B provides only vertical support and nonnally does not pro­
vide any horizontal force to move the retriever. The ball connected to 
the retriever rests in a pressure-lubricated socket which is free to 
move laterally 2 feet 6 inches in any direction from center. An energy 
absorbing bumper (redwood) is provided around the perimeter of the bol­

ster and is designed to absorb 10,000 foot/pounds of impact energy 
should the socket reach the maximum limits of travel. This feature 
reduces the impact loads being transmitted into the retriever structure. 

Two resolvers, X-axis and Y-axis, provide a graphical display of the 
socket position. The angular rotation position is also indicated on the 
control panel located in the transporter cab. 

Bolster C is a pressurized ball-and-socket assembly mounted in a 

slide which provides ±1 foot 9 inches of lateral travel in the 
X-direction. Energy absorbing bumpers are located at the end of travel 
points. Two resolvers, X-plane and angular rotation, provide positional 

and rotational data to the position monitor control panel in the trans­
porter cab. 

Each of the three transporter crawlers uses a conventional set of 
controls ·for engaging and stopping each drive track and thereby running 

or turning the vehicle. The alignment and position control system has 
been added to aid the three operators in perfonning synchronized maneu­
vers. This system consists of the position transducers and their asso­
ciated displays or indicators in the control panel. Each transporter 
control panel has a servo direction indicator that shows the heading of 

the transporter with respect to the retriever. The bolster positions 

are indicated on a light emitting diode (LED) single-axis display for 

bolster C and a two-axis LED display for bolster B. 
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Transporters A and B (corresponding to bolsters A and B) are 
equipped with mechanical followers that track a guiderail set up at the 
tank farm for alignment of the retriever. A position sensor measures 
the distance of each transporter (A and B) from the guiderail and that 
value is displayed to the driver. Each driver steers so as to put his 

indicator at center . In addition, drivers on transporters Band C 
steer so as to maintain their free travel indicators at mid-point. If 

any of the indicators reaches about 70% of its full travel, a panel 
light flashes and an audible alann is sounded. If 90% is reached the 
throttles of all transporters are automatically shut down and the trans­
porters are stopped. Overrides are provided to drive out of this 
condition . 

Driving the transporters is a manual operation . There is only an 
automatic shut down in case the transporters are headed in such a way as 

to put large forces on the retriever structure. The energy absorbing 

bumpers and the structure, however, have been designed to take full 
thrust of the worst case (that is, transporter C continuing to travel at 
full speed with transporters A and B stopped) without damage. The 

energy absorbing bumpers, however, will become successively deformed 
with each impact, so such impacts are to be avoided . 

Each transporter driver is to be equipped with a headset and micro­

phone for constant communication with each other and with walkers who 
will provide additional guiding instructions . 

2.8.2 In-Tank Viewing System 

The i n-tank viewi ng system consists of three separate free-standing 
enclosures, each containing a radiati on hardened CCTV camera wi th zoom 

lens and two lights mounted on the bottom end of a telescoping tube 
assembly. The enclosures are located over 12-i nch risers spaced at ap­
proximately 120-degree angles at a 26.5-foot radius from the waste tank 

center. Each enclosure consists of a square tabular framework structure 

with exterior aluminum siding . Each structure is approximately 5 feet 

4 inches wide by 5 feet 4 inches deep by 30 feet high and is mounted on 
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a 12-foot-square concrete base. The upper four corners of the structure 
will be secured by cables to "deadman" anchors embedded in the ground. 
The cables prevent the structure from toppling during maximum wind 
conditions (Figures 2-24 and 2-25). 

Each enclosure has a personnel access door for maintenance of TV 
camera, lights, hoist and cable takeup system. A wall-mounted ladder 
provides access to all of the equipment inside the enclosure. The 

enclosure is sealed around the riser to keep the interior at slightly 
below atmospheric pressure during its operation. 

The TV camera and lights are attached to the bottom end of the 
innermost of the three telescoping square tubes. The vertical travel of 
these telescoping sections is approximately 44 feet. The camera can be 

lowered to within 13 feet 6 inches of the bottom of the tank and raised 
to a position inside the enclosure where it can be maintained or re­
placed. An electric-powered hoist is connected to the inner tube by a 

1/4-inch-diameter steel cable. 

The TV camera is mounted to a tilting mechanism to allow the camera 
to be tilted 120 degrees starting at 30 degrees above horizontal. An 
electric-driven pan motion unit enables the camera and light to rotate 
through 360 degrees for viewing all parts inside the waste tank. 

Two 250W quartz halogen lights are used for illumination on each TV 
system. One right angle reflector light is mounted to the telescoping 

tube and one axial reflector light is mounted to the camera housing. 

The electrical cable which provides power to the lights, tilt 
mechanism, zoom lens and camera, runs through the center of the three 

square telescoping tubes. The cable take-up system uses two idler and 
two 12-inch-diameter sheaves mounted near the top of the structure, and 
two lower 12-inch-diameter counter-weighted moving sheaves around which 

the cables pass to form a 4-part cable system. The lower sheaves move 

one-fourth the vertical travel distance of the camera, allowing the 

cable to be housed without the use of slip-rings. 
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A flange cover is provided to seal off the riser opening when the 

TV system is removed. A wall-mounted jib crane is used to remotely 
emplace the sealing flange cover. 

Each of the TV positioner control panels controls two variable 
speed direct current motors for precise positioning of the cameras. For 
elevation and angular position of the camera a digital readout can be 
monitored on the TV positioning control panels. 

2.8.3 Primary Ventilation System 

The primary ventilation system is required to assure that the con­
taminated retriever atmosphere does not enter the environment and that 
operating personnel receive as-low-as-is-reasonably-achievable radiation 

exposure. This is accomplished by maintaining contaminated retriever 
rooms at slightly negative differential pressure and channeling flow 
from areas of least contamination to areas of greater contamination prior 
to exhausting it through a bank of filters to a stack. The system, 
consisting of redundant blowers , filters, and radiation monitoring 
instruments, coupled with the secondary systems onboard the retriever, 
provides contamination protection for operating and maintenance per­
sonnel and the environment. The entire ventilation system is monitored 
and controlled automatically from the control trailer. 

The primary ventilation system is a module mounted on a skid. Its 
two separate redundant circuits include moisture separators, 5-micron 
prefilters, 0.3-micron HEPA filters, activated charcoal filters, 2600 cfm 
capacity blowers, and monitoring and control equipment. The module 
weighs approximately 4500 lbs and has overall dimensions of 21 feet in 
length by 6 feet in width by 5 feet 6 inches in height . A 12-inch­

diameter flexible inlet duct connects the module inlet to a 12-inch 
waste tank riser. On the outlet end of the module a 12-inch-diameter 
flexible duct is connected to the retriever stack. This sys t em takes 

incoming fresh outside air and preheats it to a temperature of 52°F to 

prevent freezing and condensing of water. The air initially enters the 

air lock room and is diverted to the other rooms in the retriever to 
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allow for clean air to flow from the least contaminated area to the most 
contaminated area. The air leaves the retriever and enters the waste 

tank via the 42-inch risers. The air then leaves the waste tank through 
the 12-inch riser. It passes through the filters and is exhausted to 
the stack. 

2.8.4 Standby Power System 

The standby power system consists of a diesel generator and an 

uninterruptible power supply mounted on a semitrailer. An enclosure 
over the diesel and power supply provides protection from weather 

conditions. 

A 2400-V, 500-kVA diesel generator provides emergency power to the 
retriever in case site power is lost. Its main purpose is to keep the 
ventilation system operational. Since the ventilation system has the 

largest power consumption, mainly because of its heaters, the diesel has 
been sized large enough to aper-ate not only the ventilation system but 
the entire retriever system in near normal manner. 

The diesel can be started and take on full load in about 10 seconds. 
However, if a problem is encountered in starting the diesel, it is 
expected that a diesel from another retriever can be transported and 
started within 30 minutes. To provide power to critical loads during 

the period before a diesel generator is running, an uninterruptible 
120-V, 60-Hz, 30-kVA power supply is provided. It consists of a bank of 
batteries, a rectifier system for charging the batteries, and an inver­

ter for converting direct current battery power to alternating current. 

The uninterruptible power supply takes over in about 4 milliseconds and 

will supply power to the computer system, the communications systems, 
emergency lighting, radiation monitors and some ventilation. (It cannot 
provide full normal ventilation.) The uninterruptible power system is 

sized to provide this emergency power up to 30 minutes. 

While the retriever is being relocated by the crawler transporters 

and the 2400-V site power is disconnected, some electric power is re­

quired on the retriever to run an auxiliary ventilation blower and to 
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provide heat and some lighting. The blower keeps air circulating 

inside the retriever in the same direction as the normal ventilation 

system. Otherwise, back currents might dislodge contaminated dust. The 
heat is required to prevent any water left in the system from freezing . 

The power is derived from a static inverter connected to a direct cur­
rent generator driven by the diesel engine of one of the transporters. 
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3.0 POTENTIAL APPLICATIONS OF HANFORD 
MECHANICAL RETRIEVAL TECHNOLOGY 

The intent of the Hanford retrieval system development described here­
in is in accordance with the national plan for full retrieval, processing, 
and transfer of immobilized waste to to a federal repository (Figure 1-6) . 
The favorable Hanford 200 Area geography, topography, geology, hydrology, 
and climate offer the potential opportunity for in situ disposal . As 
public and environmental safety criteria are developed, it may be found 
possible to entomb and leave the solid HLW in Hanford tanks as is at 
substantially reduced cost. 

However, it is quite possible ·that in situ disposal may require 
partial or fairly complete immobilization of interstitial liquor, semi­
fluid sludges, and soluble salts. Partial in situ inmobilization may be 
accomplished within the tanks using the retr i ever described here i n. Al l 
known low temperature immobilizing agents woul d require approx imately a 
2 to l ratio of immobilizing agent to raw waste volume . Some tanks are 
nearly full, while others are nearly empty. Effective mixing of any irrrno ­
bil izing agent with raw waste will require mining raw waste from full tanks 
and redistributing it to nearly empty tanks. Total solid waste inventory 
is about one third of total tank capacity . The effectiveness of mechanical 
mixing in-tank, around obstructions and to the top, will clearly be limited . 
The immobilization achieved is also limited by raw waste chemistry, such 
as sodium, organic complexant content, etc. 

Potentially satisfactory immobil i zation of in-tank HLW for in situ 
disposal might be achi eved by immobi liz i ng the waste ext erna l to the tanks 
(Figure 3-1). Here the sludge may be washed of salts , organic compl exants 
may be removed, good mixing and bl ending may he achieved and a qual i ty 
immobilization agent such as the supergroup type cemen t s may be mixed and 
returned to the tanks for in situ disposal of solid Hll4. A specially de­
signed "bucket" tool for the articulated mining boom of the retriever 
might replace up to 9 ft3 per bucketload (l/3 yd3 concrete) or about 

7 yd3/hr. 
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This intennediate version of in situ disposal has higher proba­

bility of meeting public and environmental safety criteria at costs 
still substantially reduced from the baseline geologic disposal plans. 

Consequently, the probability of applying Hanford retriever tech­

nology remains high when considering all possible waste disposal plans. 
The development plan described herein specifically attempts to minimize 

development costs prior to the 1985 leave-or-retrieve decision date. In 

order to provide credibility to a leave-or-retrieve decision, and to 

meet the 1995-1996 date for planned implementation of Hanford HLW dis­
posal, substantial development and demonstration must be achieved by 

1985. 
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4.0 DESIGN ASSESSMENT DEVELOPMENT PLAN AND SCHEDULE 

4.1 DESIGN ASSESSMENT 

The reference preliminary design described herein su111narizes the 
design work conducted from February 1979 to March 1980 by Rockwell 
Hanford Operations and its subcontractor, Nuclear Systems Associated, 
Inc., Brea, California. The preliminary design includes 122 component, 
assembly and structural, layout and schematic drawings. 

Subsystem engineering packages containing criteria, static cal­
culations and specification outlines were prepared. This preliminary 
design will serve as the baseline design for further development and 
incorporation of advanced criteria and retrieval equipment test and 
evaluation information. 

As development progresses, the baseline design will be maintained 
and updated to ensure configuration control and ultimate component and 
subsystem integration ~nto a successful prototype system. 

The system is conceived and designed to integrate current prin­
ciples into a complex system to accomplish a unique and versatile set 
of tasks. 

4.1.1 Highlights of the Engineering Design 

The engineering design effort has accomplished its goal of defining 
the PWRS in sufficient detail so that any or all elements of the system 
can be detail des i gned, and fabricated with assurance that they will fit 
and function within the allotted space . All features and functions of 
the conceptual design have been retained although many appear different 
because of refinement . The following are some of the more notable 
accomplishments of the engineering design. 

• Turntable Sealing. A solution was found to the ·problem of 
sealing the turntable which transfers the shipping containers 
between the clean shipping and receiving room and the contami­
nated filling room. The solution was to enclose the entire 
turntable with on ly two hatch access points and to expose only 
the top of the container to the contaminated atmosphere by the 
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use of inflatable seals. Full scale test i ng is necessary to 

establish the adequacy of this solution . Protection from wear 

and abrasion must be evaluated, and a reliable method devel­
oped to detect a failed seal. 

• Articulated Arm. The arrangement of the articulated arm was 

completed. Its parts and components were sized and fitted 

into the confined space available. Provision has been made 
for the hydraulic, pneumatic and electrical piping and cables. 
The adapter provides the capability of interchanging tools. 

Although all of the components and materials of the arm are 
being used in industry today, an extensive development and 
testing program is required to achieve the necessary relia­

bility and maintainability, and to integrate it with the 
remote controls. The proving of the articulated arms ability 
is of top priority because of the severity of its service 

requirements and the dependence of the rest of the system on 
it. 

• Mining Tools. Preliminary design for six tools are completed. 
These first-generation designs will require extensive develop­
ment, testing, and demonstration evaluation. New designs 
may also be required to mine all of the varied wastes that 

will exist at the time of retrieval operations . 

• Material Elevator Bucket. The bucket has changed from a bot­
tom dumping one in the conceptual design to a pivot-and-tilt 
dumping arrangement. This arrangement has the advantage of 

holding fluid and fine material better, of reducing the chance 
of material becoming lodged in the bucket because it is being 
dumped out the same opening it is put in, and providing better 

access for filling in the tank by the mining boom. The rel i ­

ability and maintainability of its drive mechanism need to be 

proven. 
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• Tool Change Machine . The capability t o change tools remotely 
on the distal end of the articulated ann needs to be developed . 
The engineering design provides an arrangement of components 

for a tool change. Development testing of the change machine 
and the various tools is required to prov i de the needed reli­
ability. It is ready for detail design, fabrication, and 

testing . 

• Controls. A major continuing effort is required to develop 
the software and refine the controls of the system. The 

engineering design has provided the basic philosophy and one­

line schematic drawings for the controls but details of the 
logic and circuits need to be developed in the next phase . 

Many components of the PWRS have already been proven and thus will 

not need development. Items such as the crawler-transporters, the waste 
transfer vehicle, the overall structur e , the stand-by generator, t he 
cranes, hoists, and the mon i tors and al arms need only to be integrated 

i nto the overall system. Other elements of t he system, such as remote 
viewing and lighting, vent i lation, and wash systems will require testing 

for adequacy and optimum placement or performance. 

4. 1. 2 Review of Design Concept 

Review of the design concept to date reveals the following favor­

able conclusions: 

1. The overall design concept is capable , upon completion of eng i ­

neering and development , of sat i sfyi ng t he i dentif i ed des ign 
cr iteri a. 

2. The system, as conceived , is capable of accompl i shing tasks 
required for retr i eval of i n-tank wastes. It may also become 
a bas ic tool for implementing tank decoJT1Tiissioning and 

decontami nation . 

3. Al l aspects of the des i gn are based upon curren t materia l s and 

engineer ing princ i pl es . 
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4. The design, with minimal departure, will serve as a basis for 
completion of development . 

The existing design provides the basis for the required additional 
detailed work in the following overall areas. 

l. Component and subsystem interfaces and individual perfonnance, 
reliability, and quality criteria remain to be identified, 
detennined and specified. 

2. Detailed analysis, planning and possible redesigning for 
expeditious component decontamination is needed. 

3. Considerable testing of methods and types of nozzles for the 
wash systems is envisioned. 

4. Remote maintenance and repair .of equipment in the filling 

and mining rooms requires definition and demonstration. 

5. A fonnal program for reliability analysis, failure modes and 
effects analysis, system failure diagnosis, and failure response 
plans must be developed and implemented to guide developmental 
design, fabrication, testing and the evaluation program. 

6. The following tasks remain to be completed before the experi-
mental prototype subsystem elements can be built and tested: 

• configuration management plan 

• drawing trees 
• specifications tree 
• parts lists 
, quality assurance program criteria and implementation 

plans 

• final design criteria, and 
• fabrication and procurement plans. 

7. Design, development, fabrication, and testing costs are being 

estimated. 
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8. Final operational system procurements, waste retrieval oper­
ating costs, retrieval system perfonnance and availability 
detenninations are the major objectives of the planned devel­
opment program. 

Immediate aspects of the design that require further design and 
development are: 

1. Detail review, mock-up, and full-scale system testing of the 
hydraulic subsystem dynamics, as related to the articulated 
arm, material elevator, hoists and hose slack control systems. 
Of specific concern is elimination of hydraulic shocks and 
induced vibrations caused by pressure surges in the actuator 
and return to tank lines in the flex joints and hose sections . 
The complexity of the system defies satisfactory analysis cur­
rently and requires system assembly, testing and modification. 

2. Integration of the electro-mechanical remote sensing and auto­
matic control valves, actuators , shock absorbers and accumu­
lators. Simulated systems must be subjected to plausible oper­
ating and failure conditions prior to full-scale prototype 
system operation. 

3. Specifications for in-tank contaminated equipment welding 
surface finishes, fillet requirements, crack and porosity 
control, and chemical resistance to corrosion, and attack 
from in-tank salts and decontamination chemicals. 

4. Further work on the CCTV system to provide suitable viewing 
for boom tool spatial placement relative to excavation or 
cutting location. Design review reveals that at least better 
lighting and larger l ens apertures than currently planned are 
required. Actual test ing of a full-scale working model is 
required to determine the combination of equipment and tech­
niques needed to accomplish the tasks in a cost-effective 
and safe manner . 
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5. The economics requiring high system availability also requires 
further design of failure-prone elements for quick remote re­
moval and replacement. Further modularization is possible and 

will be examined for incorporation into the baseline design. 

6. 

A typical candidate assembly is the hydraulic actuator, shock 
absorber, control valve, interconnecting line, electrical con­

nections, position sensors-encoders and limit switches of each 
segment of the articulated arm. 

The bucket-tilt mechanism of the material removal subsystem has 
a high reliability rating. However, if or when it fails it 

could be very difficult to replace or repair. Evaluation and 
comparison to other methods of bucket-tilt or modularization 

of the present system for easier access and replacement are 

required. Determination will be resolved by hands-on exper­
ience with developmental hardware. 

7. The retriever system structure and room layouts appear to be 
generally adequate. Detailed review indicates that mainte­
nance will be facilitated with 2 feet more head room in the 
structure. Manipulators are available in each contaminated 
area for equipment maintenance. Further remote maintenance 
time and availability studies may well suggest that all major 
contaminated assemblies should be easily removable and replace­

able for external decontamination and maintenance. Some struc­
ture modifications may be desirable to facilitate articulated 
arm segment or elevator bucket removal. 

Because of these considerations the articulated mining boom sub­

system, the material removal subsystem and the controls will be de­
signed, developed, and functionally tested prior to fabrication of the 

prototype retriever structure. 
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4.2 DEVELOPMENT PLAN AND SCHEDULE 

The development plan approach is to address initial development efforts 
toward those more unique and complex subsystems that requir~ extensive 

modeling, breadboarding,* functional testing, development, integration, 

feedback assessment, and qualification. This activity will be undertaken 
immediately. It will be conducted while awaiting prototype component and 

subsystem test facility construction. (Project 8-227 Engineering Develop­
ment Facility and Mock Waste Tank.) The advanced development task will 
use a near one-third scale working model of the articulated mining boom. 
The model mining boom and its hydraulics will be coupled initially to the 
manually operated remote breadboard control system. Following functional 
testing, the control system will be expanded to include the replica arm. 

Development of failure diagnosis techniques wilr be a major objective of 
the breadboard test program. Thus, functional testing of the mining boom 
control scheme can be completed by the time the full scale experimental 

prototype mining boom control system is assembled. See Figure 4-1, 
Retrieval Development Schedule. 

The basic mining tool controls can be breadboarded and functionally 

tested with the hydraulic actuators of the mining tools in a bench test 
stand concurrently but lagging the articulated ann model-control test­
ing. Model and control testing will begin early in FY 1982 (Figure 4-1). 

Final design and fabrication of the experimental prototype full scale 
mining boom subsystem, including its telescoping tube elevator assembly, 
will proceed during model and breadboard functional testing . The experi­
mental prototype mining boom will also incorporate quick remote component 

replacement capabi l ities for remote ma i ntenance assessment. Current plans 

call for insta ll ation of the experimental prototype min i ng boom as sembly 
and controls on a test stand suspended over the Mock Waste Tank associated 

with Project B-227 Engineering Development Faci l i ty planned for FY 1982. 

The test stand will simulate structure and arrangements of the prototype 

* Breadboarding, i .e. , control components and simulated components 
arranged in a flexible manner to provide for ease of circuit change and 
component replacement. 
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retriever structure. Installation is planned during the last half of 
FY 1983. Functional startup testing will corTITience in early 1984. Func­

tional testing will be followed by the detailed development test program. 
The experimental mining boom test program will include mining tool func­
tional integration, mining and cutting operation tests, remote tool 

changing tests, remote servicing and maintenance tests, failure diagnosis, 
system simplification, determination of limit switch, position encoder 
adequacies, etc. 

The waste material removal subsystem and the replica arm-computer 

integrated control system design, fabrication, installation, and startup 
will follow the experimental prototype mining boom system by about 
one year in design and about 1-1/2 years for startup. 

Integrated subsystem testing of the basic mining subsystems com­

mence in early 1986. This testing will incorporate all functions of the 
mining boom subsystem and the material removal subsystem, including the 

integrated control systems. Upon completion of integration tests, the 
system will actually mine and remove debris and simulated waste material 
from the Mock Waste Tank. Projected waste removal rates and efficiencies 
will be verified and reliability demonstrated and the various mining 
boom tools will be available for demonstration. Addition of the tool 
changing machine and remote maintenance equipment to the test stand will 
permit demonstration of the serviceability and projected availability of 
the key elements of the total retriever system. Approximately 1-1/2 years 
of integrated subsystem testing will be completed by mid-FY-1987 when 

request for authorization for FY-1989 Line Items must be made for a 1996 
retrieval operations startup. 

The final design phase of the prototype retriever structure and its 
ancillary equipment will follow the material removal system by 14 months. 

The mobile prototype retriever structure and equipment will become 
available for installation of mining and material removal subsystems in 

1988. Total mobile prototype retriever integration and shakedown will 

be completed by early FY-1990. Final proof 11 hot 11 tank demonstration will 
corrrnence in FY-1990, at the time Title II design commences for the 
operational retrievers. (See Figure 4-2, Master Program Schedule.) 
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APPEND IX 

Table A-1 provides estimates of the liquid, sludge and salt cake 
volume distribution among 169 Hanford underground high- level waste 
storage tanks . Table A-1 also indicates which tanks are known leakers 
and tank status. Table A-2 lists by tank farm the range of content 
vo l umes, thermal problems and number of tanks of questionable integrity . 
Figure A-1 shows the general arrangement and the current status of all 
tanks. 
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TABLE A-1. Waste Storage Tank Contents. 

L i.luid 

12 
83 

496 
0 
0 

618 

13 
275 
909 

6 

264 
382 

Q'~ .OL 
875 

217 
596 
960 

8 
0 
3 

11 
0 
0 
0 
0 

33 
3 
0 
0 

Status as of April 30, 1980 
Values in 1000 Gallons 

(Page 1 of 3) 
r. - ' 

Sludge l Sa lt Cake JI Tank Liquid 

1.JGQ,OC:U-G:1 l1on TanKs (Single-Shell) 

I SX-Farm I 

! ! 
I 

3 330 101 385 
8 9 102 346 
J ::co 103 27 

28 0 104 201 
19 0 105 146 
50 0 I 106 173 I 107L 0 

I 108L 0 
109L 0 

3 I 597 11 ON 0 
6 33 111 L 0 
6 0 112L 0 
3 0 113!.. 0 

114N 0 
ll 5L 0 

l,000,000-Gallon Tanks (Double- Shell) 

AW-Fann 

52 0 101 0 
6 0 102 0 

103 0 
104 0 

I, ~'15 [) 

1 0 
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1J6 0 

I 
23 0 

AN-Farm 

l 01 0 
0 135 102 0 
0 I 105 103 I 0 
0 I 0 104 0 

I I 
105 0 
106 0 

l 107 0 
----- .. -1.L 

758,000-Gallon Tanks 

I 
!1 

TX-Farm I II I ,, -- ! ,, 

I 
109 330 

ii 
1Ul 102 

0 417 102N 0 
1 457 103 482 

! 43 530 i 104N 8 
i 
i 87 

I 
539 I 1os r1 0 

95 I 531 
I 

1061-J 0 
150 I 176 107L 0 i I 
178 131 i 10!3N 0 
79 I 354 I 109rl 0 

123 I 382 I i ION 0 I 

II 
! 26 I 589 111 N 33 I 
I 15 I 295 112N 9 I 
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TABLE A-1 . Waste Storage Tank Contents. 

Liquid 

Status as of April 30, 1980 
Values in 1000 Gallons 

(Page 2 of 3) 

Liquid Sludge Su lt Cake Sl udge I Salt c~ L~ 1k 
--~- --~----~----

758,000-Gal Io n Tan ks (Co nt . ) 
I I 

--
I --i--

I TX- Farm 
! {Cont.) 

I 
379 244 88 

99 4 506 113N 0 0 681 
522 10 143 114N 0 I 0 645 

0 299 0 115N 0 
I 

0 
I 

640 
0 2 486 116N 0 0 631 
0 32 I 580 117N i 0 i IJ ! 626 I I 107 293 50 11 3 I 287 ! 0 340 

I i 0 4 608 I 

0 13 555 TY-Farm I 

I 0 131 561 ! 0 139 484 101N ' 16') I 0 ! I ! 
0 6 667 102N i 3 ! 0 i 70 

103L 0 172 0 
104N 0 46 0 
105L 0 285 0 
106L 0 21 0 

533,000-Gallcn Tan ks 
1· ,1 c- rarm 

I 103 0 101L 0 0 73 0 
14 18 19 102 N 0 431 0 
24 0 68 103N 25 175 0 
14 301 94 104N 22 293 0 
0 40 253 105N 22 150 0 

14 125 0 106N 22 1 97 0 
3 191 0 107N ll 33 7 0 

33 0 70 108N 0 65 0 
14 0 120 109N 0 62 0 

(J 2C2 0 li 110N 0 211 ') 

3 246 0 11 1N l) 62 0 
6 37 0 

I 
112N 0 109 0 

T-Fann 

0 46 Q 
, ! 
! ' lO lil 23 iG3 J 

0 40 0 102N 0 15 0 
0 76 0 103N 0 35 0 

36 i 34 2 104N 0 483 0 
99 65 3 105N 0 114 0 
14 29 0 106L 0 26 0 
0 376 0 107N 11 167 0 
0 26 0 i G3N Q ~6 u 
0 208 0 109N 0 147 0 
2 189 11 l l ON 0 466 0 

22 68 143 l llH 0 488 0 
0 169 0 112N 6 cc ,, 

\J 
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Tank Li quid 

U-Farm 

lOlL 5 
102N 0 
103N 42 
104L 0 
105N 25 
106N 16 
107 242 
108N 17 
109N 11 
llOL 0 
111 116 
ll 2L i 2 

B-Farm 

201L 1 
202N 0 
203N 3 
204N 3 

T-Farm 

201N 0 
202N 0 
203N 0 
204N 0 

I 
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TABLE A-1. Waste Storage Tank Contents. 
Status as of April 30, 1980 

Values in 1000 Gallons 
(Page 3 of 3) 

Sludge Salt Cake Tank Liquid 

533,000-Gallon Tanks (Cont.) 

21 0 
43 335 
32 379 

125 0 
32 349 
26 185 
15 141 
29 415 
48 369 

161 0 
26 355 
46 0 

55,000-Gal l on Tanks 

C-Farm 

27 0 201 N 4 
27 0 202 N 2 
47 0 203N 4 
46 0 204N 3 

ll -Farm 

27 0 201N l 
20 0 202N 1 
36 0 203N 1 
37 0 204N 1 

al= leaker, N = inactive. 
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Sludge Salt Ca ke 

0 0 
0 0 
4 0 
0 0 

-. 
3 0 
3 0 
2 0 
1 0 
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TABLE A-2. Single-Shell Tank Farms. 

Tank Number Salt Cake Sludge 
Farm of Number Range/Tank Range/Tank 

Number Tanks Empty m3 m3 

A 6 0 10.4 - 187 104 - 1770 
AX 4 0 10 .4 - 208 10.4 - 1770 

B 16 0 0 - 1090 102 - 1550 
BX 12 0 52 - 1370 99.4 - 1420 

BY 12 0 0 - 749 1170 - 2400 

C 16 3 0 - 1580 89.0 - 1680 

s 12 0 32.2 - 2790 1070 - 2720 

sx 15 0 32 . 8 - 3610 36 . 1 - 3670 

T 16 0 52 . 0 - 1800 52 .0 - 1800 

TX 18 0 0 - 625 151 - 2580 
TY 6 0 156 - 1160 78 . 5 - 1080 

u 16 0 9.64 - 1990 8.90 - 1690 

aTanks generat ing more than 7. 74 x 107 J/hr . 
bQues ti onable In t egrity . 

Interstitial 
Liquor Range 

per Tank 
m3 

0 - 93.7 

0 - 74.9 
0 - 54.8 

0 - 61. 0 

0 - 51.7 

0 - 51.7 

0 - 51. 7 

0 - 80.0 

0 - 50.0 

0 - 51. 7 

0 - 79.8 
0 - 375 

Thermal 
Problenfl 

Number/Farm 

3 
2 
0 
0 

0 
3 

5 

12 

0 

2 

0 

1 

All va l ues as of 1985 and will change only s l i ghtly until solids are removed. 

Tanks Which 
Have Leakers 
or Have Qb 

Number/Farm 
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5 

5 

3 
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9 

6 

8 
5 

5 
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