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ABSTRACT

The major objective of the Hanford 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 monstration of systems and technology in support
of selecting an alternative Jr disposal of Hanford high-level defense waste.
The operational phase will t be initiated until final retrieval decisions
have been made. This report relates the requirements and sets forth much
of the data and criteria cur 2ntly known. It describes the preliminary
design of a remotely operat , self-contained, mobile system which = cor-
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 & solid wastes, clean the tank walls, and
deposit the waste into a bucket elevator. The bucket elevator auto :tically
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, an
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. Al 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-shel tanks have been emptied. Ancillary
equipment includes in-tank viewing and lighting systems, positive filtered
ventilation equipment for ¢ tamination control, equipment for washing tools
and mining equipment, and includes provisions for remote maintenance of
contaminated equipment, and quick removal and replacement of parts. The
details of the preliminary :sign 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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.0 INTRODUCTION

1.1 BACKGROUND AND RELATIC TO THE NATIONAL HIGH-LEVEL

NUCLEAR WASTE MANAGEME  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 pr iram. 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.(]) 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.(z)

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 fuelg were originally stored as
liquids with precipitated s 1dge in sin e-shell underground tanks.
High-heat release rates of wastes from later processing schemes lead to
the installation of numerous air circulators (Figure 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 fluoride
(SrFZ) and encapsulated in 2-inch-diameter by 20-inch-long, double-
jacketed capsules for stora : 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 in
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the single-shell tanks. Approximately 3 million gallons of Hanford I
residual slurry will remain in double-shell tanks after 1990-1995.
Organic solvents, unique to the Hanford processes, have formed organic
complexants that inhibit further evaporation in the vacuum evaporator-
crystallizers. These complexants also inhibit natural soil and process
jon exchange removal of plutonium, strontium, and multivalent actinides I
and rare earths. The complexants and high sodium content of many Hanford
HLW wastes also interfere with immob- ization processes such as concrete,
glass, and ceramic forms. Consequen: ¢, Hanford has the unique problem
of removing these organic complexants and some sodium before it can : -
immobilize a major fraction of its Hl

The early single-shell concrete ink 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 surréunding
soil, it is reasonable to assume that cracks or joints exist in some of
the concrete surrounding the tanks that can Teak 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 develope
to mine the tanks mechanically with { : waste as is. The existence
of internal equipment (see Figure 1-¢ embedded in the salt cake and t
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.
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Figure 1-6 describes one possible HLW retrieval, processing and
disposal implementation 1. that could be used at Hanford. After
retrieval, dissolving and | 2nding, sludge separation and complexant
removal, the process could be generally similar to the lead site (SRL)
process. The ma )r differ ce 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 fu¢ process waste storage sites have much
smaller quantities of wastes in double-shell tanks, as shown in Table 1-1,
and much simpler retr :val and processing requirements. Savannah River
Laboratory, West Valley, and Hanford double-shell tanks can be solution-
mined, i.e., sluiced and s rry pumped, with existing technology. In
the case of INEL, most of the liquid waste has already been converted
to calcined powders that can be pneumatically transported to an immobil-
jzation facility to make ¢ =2nt, glass, or ceramic waste forms: Com-
mercial spent fuel elements are currently stored in water basins at
reactor sites around the ¢ ntry.

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

Qur primary bjective is to isolate existing and
future radioactive waste from military and civilian
activ: ies from e 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.

1-3



P-1

TABLE 1-1. Estimated HLW Volumes, Activities, and Heat Rates.
Volume Radioactivity Total Heat Thzrmal Density Activity Conc. Repository
m Megacurics ki watts/m3 Ci/litre Ready m3z
Defense Vastes
1) Hanford 200,000 530 2,000 10 2.5
014 Single-Shell Tanks
Salt Cake (1990) 96,000 12 42 0.44 0.13
Sludge (1990) 57,000 130 520 9.1 2.3 15,000 to
| 60,000
Interstitial Liquor (1990) 6,000 3 1 1.8 0.54
Double-Shelled Tanks
Pumpanle Slurries (1990) 51,000 28 92 1.8 0.54
Double Walled Capsules
CsC1 Powder (1990) 4.9 230 730 150,000 47,000
Ser Powder (1990) 1.8 130 560 300,000 72,000 <100
2) Savannah River
Double-Sheiled Tanks
Pumpable Slurries (1980) 90,000 e 2,000 22 9 2,500 to
10,000
3) Idaho iluclear Eng. Labs 10, 300 57 145 14 5.5
Liguid (1990) 5,600 10 25 5 1.8
Pneumaticaliyv Retrievable
Dry Calcined Powders (1990) 4,700 47 120 25 10 5,000 to
20,000
Comnercial Wastes
1) Hest Valley, tew York
Double-Shelled Tanks 2,200 AN 28 13 5 100 to
Pumpat:te Slurries (1990) 400
?) Spent Tuel Elements
In Storage At All Sites 6,000 4,000 8,000 21,300 700 <9,200
32,000 t (1990) U02

“Separated and processed radionu:lides and sludges imwbilized and packaged (author's estimates).

Sinall Volume = glass

Large Volume = supergrout cement

»=0HY
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Table 1-3 provides a total Hanford in-tank major chemical inventory
It should be
known to exist in some t s.

analysis. ed that no chlorides are listed but some are

TABLE 1-2. Est tes of Total Hanford High-Level
Defense ste (Decayed to 1995).
Chemical Quantities Radionuclide Quantities
Waste Type . . Radio- Heat
V?;%?e ”fl%Qt w%;?gt activity? | Generation
(MCi)4 (kW)
In-Tank
Salt cake 96,000 140,000 0.11 12 36
Sludge 57,000 87,000 940° 130d 440
Residual slurry | 51,000 77,000 2.9 28 78
Encapsulated
CsCl1 4.9 7.5 2.6 230 620
Sr‘F2 1. 2.8 0.54 130 480
200,000 300,000 940 530 1,700
4t = 1000 kg = metric n; MCi = megacuries = 10° curies.

bInc]udes parent and daughter nuclides and future Purex wastes.

“Data include quantities of uranium isotopes not recovered during
processing (estimated quant :y 920 t).

dContains 0.4 MCi of actinides of which about 400 kg is plutonium.
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TABLE 1-3. Major Chemica  in Hanford High-Level
Defense Waste In-Tank Inventory.
Residual
. Salt Cake, Sludge : Total,
Chemical Wt Wt Liquor, Wt
wt?
NaNO3 84.5 16.3 15.5 46.7
H20 10.3 39.5 45.9 28.1
Na3PO4 0.1 19.9 -—-- 5.9
NaQH 1.5 3.2 12.8 4.9
NaNO2 1.7 3.3 10.8 4.5
NaA]O2 1.4 2.7 10.6 4.2
Na2C03 0.5 | 2.0 1.3 1.1
Na23103 -—-- 2.5 -——-- 0.7
A1203 -——-- 2.0 -—-- 0.6
Fe(OH)3 -—--- 1.6 ———- 0.5
Na2304 -—-- 1.0 1.0 0.6
NaF -—-- 1.1 0.5 0.4
Zr02-2H20 ---- 0.8 -—-- 0.2
KF ——— 0.2 0.1 0.1
KOH ---- 0.3 0.1 0.1
Total Organic Carbon -—=- -——- 0.3 0.1
Other -———- 3.6 1.1 1.3
Total 100.0 100.0 100.0 100.0
NOTE: Al11 wt% reported to three places only. Trace amounts (less
than 0.1%) of material may be present in waste form where ---- apears.
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Radionuclides contained 1 the waste are tabulated in Reference 5.
The "hottest" bulk material esides in the sludges. For example, Hanford
average sludge (Table 1-4) ci :ains 0.2 Ci/litre (200 Ci/m3) of 0.66 MeV
gammas which results in calc ited dose rates of 80 R/hr, 5 ft above the
sludge and 25 ft off ta . cel 2r line. The hottest sludge measured,
that in the AX Farm (Table 1-5), is 2.8 Ci/litre of 0.66 eV gammas,
which results in calculated gamma dose rates of 1100 R/hr to in-tank
equipment at the same locat . The 2.3 MeV beta from 20Y daughter of
30Sr has a range of 1100 mg/ 2, or approximately 28 ft in air. The
specific beta activity in hot sludge is 127 Ci/litre.

TABLE 1-4. Average Sludge Specific Activities.

Activity (approx.)
Radionu¢ ide
Ci/litre MeV
Gammas (137Cs and !37Ba) 0.2 0.66
Beta (20Sr) 1.4 0.55
Beta (99Y) dau iter 1.4 2.3

TABLE 1-5. Hanford Hot Sludge.

Activity (approx.)
Radionucli
Ci/Titre MeV
Garmas (!37Cs 137B3) 2.8 0.66
Beta (°0Sr) 63.6 0.55
Beta (°0Y) dau iter 63.6 2.3

The beta dose rates to equipment are yet to be calculated. However,
an estimate based on the ¢ above would indicate that maximum beta and
secondary bremsstrahlung dose rates could be considerably higher than
the gamma dose rates to equi ent boots and seals operating in the tank.
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inford Single-Shell Tank Farm Facilities

Unique Contents. (Status as of 1-25-80)

Tank Status Contents
101-BX QI vl gallons of ARC-359 organic ion exchange
resin added in 1972
102-BX L Diatomaceous earth added
105-BY QI 63 tons Portland cement added
107-SX L 41 bottles of neutralized waste from 100F Area,
ear with less than 1 gram 2339py
110-SX QI 16 lastic bottles or containers (3-inch diam-
et: by 54 inches long) containing following
total volumes:
113 g U Nat
52 g U Dep
6 g Enriched U
204 g Pu
113-SX QI 14 ) cubic feet diatomaceous earth added
116-SX QI Di¢ Jmaceous earth added
117-TX QI Diatomaceous earth "mounded" in tank
106-TY L Diatomaceous earth added
101-U L Tank used for disposal of solid waste:
Six cask loads of experimental fuel elements,
© roud tubes and samarium "poison" ceramic
balls. 1530 g of 4.5% enriched U and 6 g of
Pu; plus 180 KCi ©9Co and 130 Ci mixed fis-
sion products
Cobalt-60 slugs with 70 KCi ®%Co
104-U L Diatomaceous earth added
KEY: L = leaker; QI = que: ionable integrity




8l-1

TABLE 1-7.

(Tank Capacity in Gallons)

Hanford High-Level Waste Storage Tanks.

Double-She114 Single-Shell
Area Total
1,000,000 1,000,000 758,000 533,000 55,000
Farm AY AZ AW AN A AX BY B BX C B C
200 East _No. of Tanks 2 2 6 7 6 4 12 12 12 12 4 4
Subtotal 17 10 12 36 8 83
Farm SY SX S TX TY T U T U
200 West No- of Tanks 3 15 12 18 6 12 12 4 4
Subtotal 3 15 36 24 8 86
Total 20 25 48 60 16 169

“pdditional tanks are planned for FY-1983.

€€-1S-0HY
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Figure 1-10 shows a ge :wal configuration of typical single-shell
tanks. The inner liner covers the bottom and extends | the inner wall
just above the full line an 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-she tanks are stiffened on the inside with formed
steel angle welded to the i .ide of the shell (see Figures 1-2 and 1-3).
The angle steel will clearly complicate wall cleaning and decontamina-
tion. A1l 133 of the large single-shell tanks are 75 feet in inside
diameter (ID). The liners i 2 surrounded with concrete that was poured
against them. Concrete thit 1ess 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 53-° :zh thick bare concrete domes are self-
supporting across the 75- >0t 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. 1at 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 r uire a central riser 9 inches off center
and a 9-inch longer mining om, or they each require two new 42-inch
risers. Boom length ver: ; iser installation studies will determine
the preferred approach durii 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 - 3 West) require a new center 42-inch riser
and a new 42-inch riser ¢ the 20-foot 9-inch radius. Thus, at least
120 new risers are required Jr 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-in  risers exist on most tanks. It
is planned to use three of these sma 2r risers on each tank to provide
for closed circuit TV and 1ighting for remote viewing during cutting and
mining operations.

By 1996-2010, the planned retri. 11 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 thi 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 tai ; have been probed and are known
to have flat bottoms. The condition of many tank walls and bottoms is
unknown. Several tanks have risers t t extend down into the solidified
salt cake. The retrieval system and development plan described herein
are designed to deal with the forementioned problems.

1-20
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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. yjectives to be attained are:

1.

Retrieve 5,100,000 ft3 of hi -level solid waste from 133

75-foot-diameter single-shell tanks.

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

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

Provide mobility to platform to minimize downtime between
tanks.

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.

Provide ability to cut up a1 remove solid debris and 1-
tank equipment.

Design to sludge activities of 0.2 to 2.8 curies, 0.66 eV
gamma 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.

Provide for tai ventilation and provide radiological
containment.

Provide safety for personnel and design to ALARA radiation
exposures.

1-26




10.

1.

12.
13.
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Retrieve waste at rate of 670 ft>/day (170,000 ft3/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.

Package waste and s p to an onsite processing facility or
repository.

Provide for retrieval operations to commence by 1995.
Provide the re ar and development/engineering, equipment
development, 2 s ;ystem demonstrations by 1986 that will
provide a basis for cost, safety, and assurance of retrieval

campaign success, i 3 required for 1989 Line Item funding
requests to be : bn :ted in 1987.
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A11 future design changes resulting from development and testing will be
formalized to retain configuration cc :rol and to ensure successful
integration.

-30
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2.0 PROTOTYPE | RIEVAL SYSTEM DESIGN DESCRIPTION

2.1 SYSTEM DESCRIPTION S MARY
2.1.1 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 PWRS is shown in Figure 2-1 as it
might appear with the system operating in a tank farm. These eight
elements contain everythin 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 include herein.

1. The waste retriever is the largest and most complex element.
It is an enclosed multiroo 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 e .ering the waste tanks, mining the waste
material, transferring the waste into the retriever, loading it into
shielded shipping containers, washing the shipping containers, placing
the shipping containers into secondary sealing containers, and loading
the container sets onto ve cles for transport to the waste processing
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 st 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 operat ins within the tank to which the
retriever is attached are remotely controlled from the Fontrol trailer.

6. In-tank closed circuit tel: sion (CCTV) viewing and lighting
units are capable of inserting a television camera and lights into the
tank through a 12-inch riser to allc 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 2-inch or larger riser. It main-
tains the tank and retriever at sli. i y below atmospheric pressure for
contamination control during the ent -e time that the retriever is
connected to the tank.

8. The standby generator trailer is provided to ensure that all
vital radiation containment and mon- )ring 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 into
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vehicle and to place and remove the vehicle mounted protective cover.
One 96-ft3 shipping container should : loaded every 72 minutes during
normal (unobstructed) mining operat .

In addition to the primary equipment for waste mining and removal,
the retriever houses most of the needed si port 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 e tool maintenance room, where
some contact maintenance may also be erformed. The mining tools can be
transferred to the maintenance room from the wash station via the wash
cart. The maintenance »om also contains a 2-ton, double-monorail hoist
and a door to the outside so that mi ng tools, equipment, and parts may
be brought into or removed from the triever. An airlock and personnel
shower is provided between the maint ce room and personnel corridor.
From the personnel corridor, the act ities 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 ' nter room, a secondary ventilation
unit, a complete wash down system, a- appropriately placed CCTV cameras
for remote viewing.
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2.2 MINING SUBSYSTEM AND C  'ROLS

A11 work done inside the tank from the initial obstruction removal
to the final cleanup wi® 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 ti : assembly to guide and laterally support
the articulated arm, a low« support mechanism, and a counterweight
assembly to control cable i = hose slack during lowering and raising
operations, the boom-mount. tools, and the tool change machine. The
mining boom, equipped with 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 handiing a maximum weight of 3000 1bs, and consists
of a mining tool and :s »ad of waste material.

2.2.1 Articulated Arm

The articulated arm is mounted on the »>wer end of the telescoping
tube. The total length ° 1e articulated arm from the telescoping tube
interface to the mining toc 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 art ulated arm, fabricated of high strength
stainless steel, includes a rotation assembly, a main pivot support,
four pivoting sections, a tool adapter. The total weight of the
articulated arm is 15,000 1bs (Figure 2-5).

The rotation assembly, mounted on the lower end of the inner tele-
scoping tube is 7 feet, 8 ches long with a maximum cross-sectional
diameter of 28 inches. assembly consists of two concentric stain-
less steel cylindrical | sings connected by two 30-inch-diameter bear-
ings. The inner housing is attached to the articulated arm and the
outer housing is attached the telescoping tubes. A 2-hp high-torque
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the components to avoid damage during operation. Hoses and cables are
routed through the rotati | assembly to the telescoping tube interface
where they mate with corresponding lines. A rotating coaxial flow union
is included in the rotati | assembly axis for the hydraulic lines.

The hydraulic actuat 's of the articulated arm are controlled by
zero-center servo flow control valves. Proportional opening of the
valves is achieved by driving the torgue motor windings of these valves
with current from servo ¢ )lifiers. 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 transd :ers 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 f * 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 aut atic pre-programmed system in conjunction
with CCTV. In the manual control mode, each articulated joint, the
hoist, and the main rotat jn 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 potenti eter wiper, coupled to the handle, rests in a
dead zone region that ass ‘'es a zero output signal at center. A zero
input into the servo assures a no-motion, no- ‘ift output.

There are three autoc tic 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
joints and the main rotal >nal motion of the articulated arm. The
replica arm is on a horizontal control panel and is moved by the operator

over a coordinate grid. wmbwheel operated friction devices can lock
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the replica arm in any position. The replica arm simulates the in-tank
motions of the articulated arm with 1e 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 arm is us to directly control the corres-
ponding joint on the articulated arm through a closed loop positional
servo system. Position sensors on the replica arm are the command input
to the system. After an initial sy 1ronization, the articulated arm
will follow the motions of the replica arm and match its configuration
in the horizontal plane. The replica arm is then used to provide end-
of-arm (tool) coordinates and joint onfigurations 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 arm. In this mode, the arm 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 iterial elevator bucket. 1In this
mode, each articulated arm motion again operates as a closed loop posi-
tional servo system going to a commé | 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 programming can have the comp :.er system provide an obstacle-
free path to the desired destination. An alternate method that requires
less sophisticated programming and more operator awareness involves
using the replica arm 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 est )lished. When the articulated arm is in manual
control and the operator tries to move into a lockout zone, an alarm
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 ¢ )idance 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 arm.
This braking action plus the resilience of the arm and the probable
resilience of the object struck will absorb the kinetic energy of the
moving arm without allowing excessive forces to build up that could
damage the arm.

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 tu assembly consists of an inner and outer tele-
scoping tube, and a carriage assembly which travels vertically within
the mining boom tower of the retriever. It provides the articulated arm,
mounted on the Tower 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 with: awn 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 1ided by roller assemblies mounted
on the carriage frame. The inner tu travels within the outer tube and
is guided by rollers mounted in the outer tube.

The articulated arm is lowered and raised from the waste tank by

. means of two wire rope hoist cables . tached to the bottom of the inner
tube. The hoist cables support the - ight 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 arm operations.

The rectangular carriage is 11 feet long and is fabricated from
square tubing and plate. The telesct ing 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 cor letely wered, 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 arm 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 arm. 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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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 a ve 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 connecte to
corresponding lines from the articulated 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 to
the maximum elevation (fully retracted), the counterweight returns upward.

The total cable slack generated is 99 feet, 5 inches (total articu-
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.

2-21
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A Toad cell is provided where the wire rope is anchored to the
counterweight enclosure to detect prot 2ms 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 a1 iculated 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. ~ ey 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.

2.2.7.1 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 1bs whether thick
slurry, chunks of salt cake, or misce” 1ineous 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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The bucket is approximately 20 1ches wide by 26 inches long by
26 inches deep and is attached to - e distal end of the support arm by a
pivot joint. The bucket is capable of pivoting 180 degrees about the
end of the support arm and is operated by four linkages and a 3-1/4-inch
diameter hydraulic cylinder.

The support arm is approximate’ 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 a : downward 45 degrees from its
horizontal position and is operated ' 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 horizont: axis. The rotation assembly is
operated by a hydraulic rotary actuator. The support arm pivot joints
and the rotation assembly, facilitate complete tool neuverability
during mining operations.

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

2.2.7. 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 rdraulic "backhoe" impactor mounted
on the end of a support arm. The hydraL ic impactor is capable of
exerting 125 foot-pound minimum impact energy at a minimum rate of

800 blows per inute. The major con nents of the impact hammer consist
of the impactor, the support arm, a rotation assembly, and the adapter
assembly (Figure 2-11).

e impactor is 44 inches long (including the tool), the maximum
cross section dimension is 11 by 16 inches, and its weight 291 1bs. It
is operated by a hydraulic motor-cam 1d spring arrangement. The impac-
tor is attached to the forward end ° the support arm on a pivot joint
capable of rotating 90 degrees about he end of the support arm to a
point in line with the tool centerline, or at varying angular positions

2-24




RHO-ST-33

to a point perpendicular w 1 the centerline. The impactor is rotated
by four linkages and a 3-1/4-inch hydraulic cylinder.

The support arm is ap| )ximately 47 inches long, 6 inches square in
cross section, and is attached at the rear to the rotation assembly by
means of an additional | s/ Joint. The joint allows the support arm
to pivot downward 45 degrees from its horizontal position and is oper-
ated y a 5-inch hydrau ic cylinder.

The rotation assemt r, located directly behind the rear pivot
joint, allows the impactc -support arm 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 t 1 rotation assembly provide complete maneu-
verability for placement of the impactor tool. The combination of
hydraulic cylinders and 1i1 iges allows a pre-load of 2500 1bs to be
exerted on the impactor to« . The total extended length of the tool is
approxiﬁéte]y 10 feet, 7 i hes with a weight of 1515 1bs.

2.2.7.5 Rod and Cable Cutting Tool. The rod and cat 2 cutting tool is
used to cut off and chop up small (maximum 2-inch-diameter) pipe, tie
rods, cable, hoses, etc., in the waste tank. [t consists of a com-

mercially available rod an bar cutter, a rotation assembly, a support
arm and the standard tool adapter assembly (Figure 2-12).

The rod and bar ¢ :ter 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 rotary 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 hydraulic rotary actua-
tor. The actuator permits the cutter to pivot +75 degrees relative to
its extended position (¢ :ter centerline in ine with tool centerline).
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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 1bs.

2.2.7.7 External Pipe Cut 'f 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 rang 1g in size from 2 to 30 inches. The tool is
also capable of carrying | )je segments we%ghing up to 350 1bs 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 asse 1y consists of a 20-inch-diameter abrasive
cutoff wheel and its drive system, mounted in a housing. The cutoff
wheel 1is 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-inch square outer tube. The inner tube is
supported within the outer tube by means of flat rectangular bearing
assemblies. The telescopi  support arm is operated by a 2-inch bore
hydraulic cylinder and is capable of extending 28 inches from a fu ly
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 2000-1b 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 squort 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 orientatic of the cutoff wheel for hori-
zontal or vertical cuts.

Attached to the housing for the 01 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, sim 2ir to the telescoping 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 . n 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- /4-inch hydraulic cylinder and
linkage arrangement which can exert 1000 1bs at each clamp pad (force
perpendicular to pipe surface). The retracted length of the tool is
11 ft and the ‘weight is 2280 1bs.
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2.2.7.8 Tool Controls. A1l tools descr red 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 ¢ 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 e 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 an circular track arrangement and is equipped
with a carriage assembly capable of 56 inches of horizontal and 48 inches
of vertical travel. A clevis arrangement on the end of the carriage
boom interfaces with the tc adapter and is capable of supporting a
maximum load of 3000 1bs. ° 2 basic components of the change machine
are the carriage assembly, - 2 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 ass bly 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 e 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
Tugs when picked up by the change machine.

The clar 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. Whe 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 - e 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 3 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 roil on a 30-1b
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 constructed of 3-inch square tubing. The
storage rack is basically ' inches wide by 49 inches long by 11 feet,

7 inches high. It is bc ted 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
clevis. 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 (solenoid valves,
flow control valves, etc.) are located on the outside wall of the
retriever with the drive system. Rotary encoders, operated by rack-
and-pinion arrangements, are provided on the change machine to monitor
travel of the carriage and boom. An encoder is also provided with the
drive system to monitor rotation. Flex hoses and electrical cables,
equipped with quick disconnects, connect the systems on the machine with
the control components outside of the mining room.

The tool change machine is remotely operated from the control
trailer by means of a combination of automatic pre-programmed sequential
pushbuttons and manual levers and knobs with the aid of closed circuit
television. Control from the personnel corridor is also possible for
special maintenance and emergency operations.
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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 < the outside surface of the main
body rotate the support arms 90 degrees relative to the bucket assembly
vertical center ine. This offset pos ion provides open space above the
bucket during filling operations and - ansfers the bucket over the
container for dumping.

The dumping mechanism is wholly contained inside the main body and
support arms. A double-rod hydraulic ylinder mounted inside the main
body drives a shaft which passes through » 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, t ! internal arm roller chain sys-
tems rotate the bucket about the trur )ns 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 asseml y +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 entical to the hoist of the mining
boom except that it has only a 17-ton capacity with 1-inch-diameter wire
rope an a maximum speed of 30 feet per minute with a 40-hp drive motor
to match the requirements of the mat 1ial elevator. It incorporates all
features of the mining boom hoist discussed above.
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2.3.3 Telescoping Tube Asse 1y

The telescoping tube system of the material ¢ 2vator is nearly
identical to the telescopi  tube system of the mining boom. The only
difference is that the tubes and carriage are shorter because the bucket
assembly requires a maxin of 62 ft of vertical travel.

2.3.4 Counterweight Assembly

The material elevator counterweight system is identical in function
and components to the cor terweight system of the mining boom. The only
difference is the length and size of t electrical cables and hydraulic
hoses.

2.3.5 Funnel Assembly

The funnel directs waste material from the material € :vator bucket
into the shipping container. The funnel assembly also has features to
flush the material elevator bucket and the funnel surface (Figure 2-17).

1e funnel assembly consists of the basic funnel, a mechanism to
pivot the funnel over the 1 [1 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 approximate ¢ 84 i hes at the top, tapering to 55.5 inches at the
bottom. A circu 1ir tapered flange around the funnel mates with another
tapered flange around t  rntable fill station opening when the funnel
is lowered into the container, providing guidance and seating.

The funnel is supporti by a frame attached to the filling room
wall by means of a pivot mechanism and elevation mechanism. The pivot
system consists of a vert :al shaft and bearing arrangement which is
pivoted by a hydraulic rotary actuator. The elevation mechanism consists
of a vertical acme screw an nut arrangement which is driven by an
electric motor-gear reducer located in the shipping and receiving room
beside the hydraulic contrc 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 « 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 fri 2. After the waste mate-
rial is dumped from the bucket, the fr 2 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 1 ng room, is pumped into the
shipping container through an additional 2-inch pipe at the top of the
funnel. Flex lines connect the flush 11ds to the drain system
piping. Structural materials include and square tubing for
frame and support, stainless steel for ‘unnel, guide flange, and
piping, and the balance of components | carbon steel coated with

epoxy paint. The total weight of the nnel assembly is 2130 1bs.

2.3.6 Subsystem Controls

A1l of the waste removal subsyste e 1ipment is operated remotely
either from the control trailer in the 1inual or semiautomatic control
mode or from the personnel corridor of he 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 tors. 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 s/ utton. An example is the set
of pushbuttons labeled FILL SHIPPING ( TAINER SEQUENCE. In this se-
quence, after the material elevator in the tai has been filled by the
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articulated arm mining operations, the following steps occur: the
bucket arms are lowered to t the bucket in line with the riser and
simultaneously t whole material elevator assembly is rotated to the
proper angular orientation for dumping, the material elevator is raised
to the filling roc the ket 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 exar le, reaches its destination and actuates a limit switch, the
equipment stops and the green light i the pushbutton turns to white,
indicating completion of - e operation. The next step is interlocked so
it cannot be initiated by the operator until the prior step has“been
completed. "Moreover, the perator is expected to satisfy himself by
observation that the step as 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 nec sarily 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 fille material elevator bucket could be lowered back into the tank
without dumping perhaps to wait for the availability of an empty ship-
ping container.
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2.4.4 Qverhead Crane

The container handling subsystem uses a 25-ton overhead crane with
its 1ifting fixture to:

® Remove the protective enclosure of the waste transfer vehicle

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

o Remove the 1id of the sealing container

® Remove the empt 1ipping container from the sealing container,
transfer it to place it in the turntable.

o Remove the fille shipping container from the turntable,
transfer it to ar place it in the sealing container

® Replace the 1id ¢ the sealing container

e Pick up the fille container set and transfer and [ ice it on
the waste transfer vehicle

o Replace the protective enclosure over the container set on
the waste transfe vehicle.

The crane operates bot 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 t bridge, the trol :y, the hoist, the
1ifting fixture, and the cc trols.

The bridge trave 5 on J-1b rails. It is powered by a 2-hp elec-
tric motor equipped with a disk brake and has a maximum speed of 40 feet
per minute. The top rid g trolley requires a 1-hp motor with a disk
brake to provide a maximum speed of 30 feet per minute.

The hoist spee varies from 0 to 5 feet per minute. Its drum is
single grooved and wi | accept the full cable length without overlap and
is driven by a 10-hp motor. The hoist is equipped with two ﬁndependent
brakes, each rated at 150% of the rated capacity of the hoist. One is a
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The double-drop lowboy trailer is 10 ft wide with a bed length of
10 ft. The trailer has a payload capacity of 80,000 1bs and weighs
approximately 16,000 1bs. The trailer has overall dimensions of
361 inches long by 120 i 's wide. The tractor weighs 16,500 1bs
and is driven by a 350 h esel 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 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 high. The walls are
constructed of 0.38~inch-thick external circular steel skins which sand-
wich a shock absorbing material made of aluminum honeycomb. The top is
circular, flat, and of si ir construction to the wall. There are
eight clevis-type tie-dow ~ackets positioned equally around the base
of the protective shipping enclosure. These are secured to the tie-down
fixture on the trailer us 1g 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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6 inches above the retrievi floor to accommodate the preferred height
of the retriever viewing windows.

The total weig . of the retriever structure including panels and
shielding is approximately 600,000 1bs.

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 co onents (turntable, articulated arm, etc.), snow load and
wind load based on the Uni- rm Building Code, 1976 edition. In addi-
tion, the retriever structure was analyzed for an operational failure
mode in which a 100,000-1b 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 ' American Iron and Steel Institute specifications. The
computer analysis was performed considering 131 joints, 319 members,
five load conditions, and six degrees of freedom per joint.
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2.6 RETRIEVER A 'ILLARY 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 Tow by the use of the wash
down system, the ventilation system, and the coupling mechanism.

2.6.1.1 MWash System. The wash system uses gh 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 ¢ | 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 immersion 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 erform 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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sealing. The coupling mechanism has 1 overall dimension of 54 inches
in diameter and weighs about 82 1bs.

The rotatable sealing closure cover module is mounted above the
main retriever floor for the articulated arm and below the floor for the
material elevator. These modules cons st of a pivotable and elevating
cover, inflatable seal and cover rotati | drive. In order to allow the
primary ventilation system air flow to exit the retriever, each pivot-
able cover is maintained in a raised »2¢ :ion 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 abo 2 minutes and holds it in this
position with a motor brake.

The cover rotating drive mechani | 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 d holds the pivotable cover in
either the open or closed position.

2.6.2 Power Distribution Center

The electrical, hydraulic, and p umatic power systems distribute
the power required to operate the system equipment. This equipment is
located in the power center room.

2.6.2.1 Electric Power. Electrical power to operate the entire re-

triever during normal operations is rived from a 2400-V, 3-phase,
60-Hz supply line connected to the Ha »n Site power. A 750-kVA t1 1s-
former reduces the 2400-V input to 480-V, 3-phase, for distribution
throughout the retriever and control tra ler. 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,
alarms, and other equipment that require the lower voltage. The power
distribution panels and motor controllers are conventional, industrial-
type units that have provisions for loc control but are interlocked
and controlled normally from the contrc 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 indicator. A pressure relief valve set
at 200 psi above the workin pressure controls the maximum 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 is provided to the waste

retriever by a 120-psi, 23-cfm, electric motor driven compressor with a
60-gallon receiver. A desiccant air dryer filter removes moisture and
dust from the air supply. A differential pressure switch monitors the
filter status and indicates its condition on the control panel in the
control trailer. The air pressure is controlled by pressure regulators
at each of the pneumatic powered 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 g

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.

2.6.4.1 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 1bs. 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 travels on the same rails as e
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 1bs. Two
interchangeable hands are supplied: a paral 21 jaw having an opening of
5 inches and a grip force of 0 to 200 1bs, and a hook type having an
opening of 3 inches and a 'ip force of 0 to 800 1bs. A 1000-1b 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 win w 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 consists of a O- 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 1imit switches. A load limit switch is provided on the
hoist. The crane has a maximum travel of 58 feet along the runway with
a 1ifting height of 11 feet 8 inches. It is controlled from either the
control trailer or a contr panel at the window locations in the per-
sonnel corridor.

2.6.4.4 Two-Ton Monorail Hoist. The 2-ton overhead monorail hoist is

located over the maintenance roo and tool wash station. It consists of
a 0- to 35-fpm troll¢ a | a 2-speed hoist 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 1ifting height of

18 feet 6 inches. It ca »e controlled from the control trailer or
locally from control pan 5 in t - 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. i¢ "C"-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
2500-1b load in this fashion. The cir 1lar 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 ar 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 | iraulic power system. The
entire wash cart is fabricated from carbon steel and painted with epoxy
paint for corrosion protection and ease ¢ 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 ¢ itrol 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. = 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
control. 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 :r

The interlocking functions are accomplished in a programmable logic
controller. All the cont panel pushbuttons, equipment limit switches,
some position transducers, and other equipment switches and sensors are
wired to the logic input terminal of the controller. Most motor starter
coils, relay coils, valve solenoids, and control panel indicator lights
are connected to the controller output terminal. The outputs are ener-
gized or not depending on the logical determinations 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 continuo 1y operating systems on the
retrier ' will gathered . transmitted to the « trol 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 concentratio and radiation levels. The
sensors or local signal conditioners produce signals in the range of 0-
to 10-V that are fed to the multiplexer. °~ e multiplexer scanning,
digitizing, and addressing -e control by the system computer.

A11 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.
A1l normal data is printed out at periodic intervals. The computer
system also performs surve' lance 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 arm 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 impendi 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 s ‘tware will be modified to include the bene-
fits of such experience.

2.7.7 Safety, Reliability, and Recovery

The instrumentation a control (I&C) system provides for and aids
in utilization of the per: inel and equipment safety features of the re-
trieval system. Al1l important sensor data is, of course, available for
alarming. The extensive interlocking system has been described.

Instrumentation ¢ | ¢ i1trol component failure and the conse ient
mechanical overload ar possible damage have been major considerations
in the design of the system. The mechanical equipment generally 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 i :luded in the directly driven
systems such as the funnel's horizont: and vertical drives. If a
failure of a 1Timit switch or position se ;or occurs no damage is done

to the system when a mechanical stop is t. On continuous drive equip-
ment without mechanical stops (such as © ! turntable) slip clutches can
be engaged. Correct pos :ioning of equ 1ent is important. For example,
the turntable system has two sets of tri sducers and 1imit switches that
indicate three stopping points, and a continuous position sensor. The
output of the two sensor measurements is co ared in the programmable
controller. This simple redundancy along with observation by the oper-
ator prior to filling ensures that a sh- ping container is indeed in
place in the filling room before dumpi | ¢ material occurs.

Other mechanical safety features p tain 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 ar 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 mail 2nance 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 t ; 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 jn separate cables.
If either breaks, operations can continye. In cases where double
wiring is used, each set is monitored. When a break occurs the problem

is flagged.

2-96



RHO-ST-33

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 u ally 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 faile conditions. For example, the computer is not
essential to any operat n. 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 e totally operable but all critical signals
and alarms would be functional.

2.7.8 Maintenance Aspects

A1l 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 describe in t equipment section.

2.7.9 Accessory Control

In addition to controls for all the mining and operating equipment
in the retriever and in t tank, the control trailer has controls for
all the accessory equipme . in the retriever. These include controls
for t : ventilation system, the various doors between rooms, the lights,
positioning of the TV ¢  1s, 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 capat : 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 f nt 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 s :h to
provide maintenance access to the rear of the control units and to the
cable tray located below the floor. st 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 isolate and routed separately from the
main wiring bundle.
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2.8 MOBILE AND SUPPORT SYSTEMS

2.8.1 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 boister assembly. There are three bolster
design configurations per itting 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. / a ignment and position control system is pro-
vided in each of the trans rters 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-de ‘'ee rotation about the vertical Z-axis and a
7-1/2 degree gimbal-type movement provided by a ball-
an -socket support that allows the floor of the
retriever to tilt to accommodate travel over uneven
terrz 1.

B: 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 normally 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-an -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 performing synchronized maneu-
vers. This system consists of the position transducers and their asso-
ciated di: lays 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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a 12-foot-square concrete base. The u ~ four corners of the structure
will be secured by cables to "deadman" chors embedded in the ground.
The cables prevent the structure from 1 ipling 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 : eration.

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 1e bottom of the tank and raised
to a position inside the enclosure ere it can be maintained or re-
placed. An electric-powered hoist is ¢ nected to the inner tube by a
1/4-inch-diameter steel cable.

The TV camera is mounted to a ti mechanism to allow the camera
to be tilted 120 degrees starting at grees 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 1i . is mounted to the telescoping
tube and one axial reflector light is mounted to the camera housing.

The electrical cable which provides ower to the lights, tilt
mechanism, zoom lens a 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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allow for clean air to flow from the :ast contaminated area to the most
contaminated area. The air leaves the retriever and enters the waste
tank via the 42-inch risers. The air 1en 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 a semitrailer. An enclosure
over the diesel and power supply prov s 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 bec: se of its heaters, the diesel has
been sized large enough to operate 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 communic .ions systems,
emergency lighting, radiation monitors and some ventilation. (It cannot
provide full normal ventilation.) The uninterruptible power system is
sized to provide ti ; emergency power up to 30 minutes.

While the retriever is being rel :ated 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 t Jwer and to
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provide heat and some 1i 1iting. 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 fri 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
.C M AL RETRIEVAL TECHNOLOGY

The intent of the Hanf 'd 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 an leave the solid HLW in Hanford tanks as is at
substantially reduced cost.

However, it is ¢ te isible that in situ disposal may require
partial or fairly complet: mmobilization of interstitial liquor, semi-
fluid sludges, and sc ible salts. Partial in situ immobilization may be
accomplished within the tanks using the retriever described herein. All
known low temperature immol {izing agents would require approximately a
2 to 1 ratio of immobi izing agent to raw waste volume. Some tanks are
nearly full, while others are nearly empty. Effective mixing of any immo-
bilizing agent with raw wa: 2 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 Timited.
The immobilization achiev¢e 1is also limited by raw waste chemistry, such
as sodium, organic comple: it content, etc.

Potentially satisfact: y immobilization of in-tank HLW for in situ
disposal might be achieved by immobilizing the waste external to the tanks
(Figure 3-1). Here the sl je may be washed of salts, organic complexants
may be removed, good mixing and blending may be achieved and a quality
immobilization agent suc as the supergroup type cements may be mixed and
returned to the tanks for 1 situ disposal of solid HLW. A speci¢ ly de-
signed "bucket" tool for the articulated mining boom of the retriever
might replace up to 9 ft3 per bucketload (1/3 yd3 concrete) or about

7 yd3/nr.
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This intermediate version of in situ disposal has higher proba-
bility of meeting public and environmental safety criteria at costs
still substantially reduced from the aseline geologic disposal plans.

Consequently, the probability o plying Hanford retriever tech-
nology remains high when considering possible waste disposal plans.
The development plan described herein = 2cifically attempts to minimize
development costs prior to the 1985 le. 2-or-retrieve decision date. In
order to provide credibility to a le. 2-or-retrieve decision, and to
meet the 1995-1996 date for planned implementation of Hanford HLW dis-
posal, substantial development and d onstration must be achieved by
1985.
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FIGURE 3-1. A Possible Retrieval, Immobilization and In Situ
Disposal Scheme for Hanford HLW.
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use of inflatable seals. Fu. scale testing is necessary to
establish the adequacy of this solution. Protection from wear
and abrasion must be evaluate , and a reliable method devel-
oped to detect a failed se:

Articulated Arm. The arrangt 2nt of the articulated arm was

completed. Its parts and ¢ inents were sized and fitted
into the confined space avai le. 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 a 1ieve the necessary relia-
bility and maintainability, a | to integrate it with the
remote controls. The proving of the articulated arms ability
is of top priority because of e 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 a- of the varied wastes that
will exist at the time of retrieval operations.

Material Elevator Bucket. T bucket has changed from a bot-
t | dumping one in the conceptual design to a pivot-and-tilt
¢ 1ping 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 reli-
ability and maintainability of its drive mechanism need to be

proven.
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e Tool Change Mac . The capability ) change tools remotely
on the distal end of the articulated arm needs to be developed.

The engineering design provides an arrangement of components

for a tool chan Development testing of the change machine
and the various 1s is required to provide the needed reli-
ability. It is r .dy for detail design, fabrication, and
testing.

e Controls. A & )r continuing effort is required to develop
the software and refine the controls of the system. The
engineering des has provided the basic philosophy and one-
Tine schematic dr rings 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. :ems such as the crawler-transporters, the waste
transfer vehicle, the over:é | structure, the stand-by generator, the
cranes, hoists, and the mor :ors and alarms need only to be integrated
into the overall system. Other elements of the system, such aé remote
viewing and lighting, venti ition, and wash systems will require testing
for adequacy and optinm 1 placement or performance.

4.1.2 Review of Design Concept

Review of the design icept to date reveals the following favor-
able conclusions:

1. The overall :sign concept is capable, upon complietion of engi-
neering and develt nent, of satisfying the identified design
criteria.

2. The system, as conceived, is capable of accomplishing tasks
required for retr val of in-tank wastes. It may also become
a basic tool for »>lementing tank decommissioning and
decontaminatit

3. A1l aspects of the design are based upon current materials and
engineering pri :iples.
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8. Final operational system procurements, waste retrieval oper-
ating costs, retriev  system performance and availability
determinations 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.
0f 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 ¢ 2ctro-mechanical remote sensing and auto-
matic céntro] 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, fi let requirements, crack and porosity
control, and chemicé 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 Targer 2:ns apertures than currently planned are
required. Actual testing 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.
A typical candidate ass¢ »>ly 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.

6. 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 n ce or repair. Evaluation and
comparison to other methods ucket-tilt or modularization
of the present system for easier access and replacement are
required. Determination will 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 emoval.

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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retriever structure. Installation is planned during the last half of

FY 1983. Functional startup testing will commence in early 1984. Func-
tional testing will be followed by the :tailed 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 intenance 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 yei s for startup.

Integrated subsystem testing of t @ basic miniﬁg 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 r¢ jve 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 ine Items must be made for a 1996
retrieval operations startup.

The f .11 _»:sign phase of e prototype retriever structure and its
ancillary equipment will folTow the material removal system by 14 months.
The mobile prototype retriever structure and equipment will become
available for installation of mining a | material removal subsystems in
1988. Total mobile prototype retriever integration and shakedown will
be comi 2ted by early FY-1990. Final roof "hot" tank demonstration will
commence 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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APPENDIX

Table A-1 provides estimates of the liquid, sludge and salt cake
voli e distribution among 169 Hanford underground high-level waste
storage tanks. Table A-1 @ ;o indicates which tanks are known leakers
and tank status. Table A-2 1 ;ts by tank fa- the range of content
volumes, thermal problems and number of tanks of questionable integrity.
Figure A-1 shows the general ‘rangement and the current status of al
tanks.
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TABLE A-1.
Status as of April !
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Values in 1000 Gallons
(Page 1 of 3)

Waste Storage Tank Contents.
. 1980

r

Tank Liauid ; Siudge Salt Cake Tank Liquid Sludge Sal* Cake
1.300,000-Gallon Tanks (Single-Shell)
A-Farm | i SX-Farm
t H
101 i2 3 330 | 101 385 128 275
102 83 8 9 | 102 346 17 380
103 496 2 200 103 27 112 602
104L2 0 28 0 104 201 169 586
105L 0 19 0 105 146 73 662
106 613 50 Q 106 173 12 75
107L 0 109 0
AX-Farm 108L 0 87 0
108L 0 257 0
101 13 3 597 1100 0 62 0
102 275 5 33 1L 0 125 0
103 909 6 0 112L 0 106 0
104N ) 3 | 0 1131 0 10 0
! 1140 0 200 0
i nsL 0 10 )
1,0C0,000-Gallon Tanks (Double-Shell)
AY-Farm AW-Farm
101 264 52 0 101 0 0 0
102 382 6 0 102 0 0 0
103 0 0 0
AZ-Farm ! 104 0 o 0
i ing 0 3 0
101 952 1 0 iDL 0 0 0
102 87 23 0
AN-Farm
SY-Farm E—
101 0 0 0
101 217 0 135 102 0 0 0
102 596 0 105 103 i 4] 0 0
103 260 0 0 104 i 0 0 Q0
105 0 0 0
16 0 0 0
i , A V] 0 J
758,000-Gallon Tanks
BY-Farm | ] | il IX-Farm | {
101K . a Lo109 ! 330 HHl 102 73 ' v}
102N 0 0 417 102N 0 0 334
103L 3 1 457 102 482 145 0
1043 1 43 530 104K 8 0 49
105N 0 87 539 105N 0 0 609
1065 0 95 531 105K 0 0 453
107N 0 15G 176 4N 0 0 40
108L 0 178 181 1udi Q0 0 131
109N 33 79 254 1091 | 0 0 450
11084 ! 3 123 382 110N i 0 0 530
111 | 0 26 589 TTiN ‘ 33 0 379
1124 0 15 295 112N 9 4] 564
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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)

Tank Liquid Sludge Salt Cake Tank Liquid Sludge Salt Cake
533,000-Gallon Ta ; (Cont.)

U-Farm l

101L 5 21 0

102N 0 43 335

103N 42 32 379

104L 0 125 0

105N 25 32 349

106N 16 26 185

107 242 15 141

108N 17 29 415

109N IR 48 369

110L 0 161 0

1M 116 26 355

1121 | 2 46 0

55,000-Gallon Tanks

B-Farm C-Farm

201L 1 27 0 201N 4 0 0
202N 0 27 0 202N 2 0 0
203N 3 47 0 203N 4 4 0
204N 3 46 0 204N 3 0 0
T-Farm lI-Farm

201N 0 27 0 201N 1 3 0
202N 0 20 0 202N 1 3 0
203N 0 36 0 203N ] 2 0
204N 0 37 0 204N 1 1 0

2L = leaker, N = inactive.
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TABLE A-2. Single-Shell Tank Farms.
Tank | tumber | ey | SeTC Cake | studge | Rl thnge | Themal a0 coier,
Number | Tanks | EMPLY m3 m3 per ga"k Number/Farm | OF Have G
m Number/Farm
A 6 0 10.4 - 187 104 - 1770 0 - 93.7 3 2
AX 4 0 10.4 - 208 10.4 - 1770 0-74.9 2 0
B 16 0 0 - 1090 102 - 1550 0 - 54.8 0 8
BX 12 0 52 - 1370 | 99.4 - 1.0 0 -61.0 0 5
BY 12 0 0 - 749 1170 - 2400 0 - 51.7 0 5
16 3 0 - 1580 | 89.0 - 1680 0 - 51.7 3 3
12 0 32.2 - 2790 § 1070 - 2720 0 - 51.7 5 1
SX 15 0 32.8 - 3610 | 36.1 - 3670 0 - 80.0 12 9
T 16 0 52.0 - 1800 | 52.0 - 1800 0 - 50.0 0 6
TX 18 0 0 - 625 151 - 2580 0 - 51.7 2 8
{ 6 0 156 - 1160 | 78.5 - 1080 0 -79.8 0 5
u 16 0 9.64 - 1990 | 8.90 - 1690 0 - 375 1 5

%Tanks generating more than 7.74 x 107 3/hr.

bQuestionab]e Integrity.

A11 values as of 1985 and will change only slightly until solids are removed.
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