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FIGURE IX-11
Chemical Tank Farm, 211-B

8. Utilities
8.1

0]

ceEall

The 200 East Area Power House, 284-E. supplies high pressure
225 psig (450 F) steam to B-Plant tarougk an 8-inch overhezd line which
enters the B-Plant arez at the 5E corner. High pressure steam to the
process stack aree (R19-B). 222-B Building, snd the 224-B Building is
supplied by branches from this line, The line continues cround the
wegt end of B-Flant a2uzd enters 221-B in the vicinity ¢ Cell 37 con the
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electricel gellery level. The main steam cut-off valve is located in
the electrical gallery at this point. Two PRV stations in the pipe
gallery, one near Cell 29 and one near Cell 15, reduce the high pressure
steam to medium pressure, 100 psig steam. Low pressure steam used in
the building heating system and in process vessel heating coils and
Jackets is provided by further reducing the medium pressure steam with
additional PRV's. Separate PRV's are used to reduce medium pressure
steam to 29 psig for the concentrators in Cell 5 and Cell 23. Medium
Pressure steam for the 271-B Building eand the 211-B Tank Farm is
supplied through an 8-inch line which leaves the pipe gallery in the
Vicinity of Cell 20. A simplified schematic of the steam trunk lines
is shown in Figure IX-12.

Medium Pressure Steam, 100 psig Medium Pressure Steam, 100 psig
[ 1 ' 1 !
t ' T : 1 | H
To Gell § To 221-B% % 9 %To Tank 9% To Tanidem ~ (To 272-B
Concentrator Heaters r g‘EE’ 2 Coils EE % Coils ﬁ' B 15 psig
¥ 29 pslg 15 patg © ooy 015 pale cpg Brsie SR
SR g ik 4
= &
Mediun Pressure Stean, 100 pslg $ .
: % é
To Gell 20 To Cell 23
Concenfrator Concentrator
: 9 paig 2
Madium Pressure i@ea.m, 100 psig ? psig —
+ 1
t t
To ’yank “Tc 211-B
Coils 15 psig
15 psig
Lﬂigh Preesure Steam

225 psig

FIGURE IX-12
Schematic of Steam Trunk Lines in 221-B
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8.2 Compressed Air Systems

8.2.1 Process Air

Compressed process air for the B-Plant area is supplied from the
compressor room in the basement of the 271~B Building. Eguipment con-
sists of one Worthington 782 c¢fm, two-staege duplex compressor and two
335 cim single-stage Pennsylvania compressors. The compressors are
arranged to start automatically as certain prescribed drops occur in
hesder pressure; thus the gystem will be maintsined arcund 95 psig
over a wide range of demand. The air for the compresscors is filtered
before being compressed. The compressed air is routed through an
aftercocler and then into two large air receivers located cutside of
the 271-B Building.

8.2.2 Instrument Air

Instrument air for the B-Plant area is supplied by a 300 cfm,
100 pesig compressor located in the electrical gellery in the 221-B
Building. The compressor is equipped with peolytetrafliuorethylene rings
for oil-free operation. OSupply z2ir is filtered before being compressed.
Interconnections exist between the process and instrument air systems;
however, these are used only in an emergency.

8.2.3 Breathing Air

Four Mine Safety Appliance (MSA) clean zir blowers with water
separators are installed in an enclosure on the south side of the 221-B
Building. Two of these blowers. operated by 3 HP Continental Electric
motors, deliver 38 c¢fm of breathing air. The remaining twe blowers are
cach driven by a 5 HP Iouls Allis motor and have a combined capacity of
120 cfm. The total flow delivered by the four blowers can supply
breathing air tc a total ¢f 32 mask cutlets, The compressors were
manually cperated at the time this was written bul may be converted to
an automatic system through the use of existing line pressure switches,
Breathing air is supplied to air manifold stations located in the canyon,
the reilroad tummel, the pipe gallery, the operating galiery, and to the
211-B Chemicel Tank Ferm.

8.3 Raw Water

Raw or untreated water which is used for cooling weter and for
cell sprays is supplied to B-Plant from the 200 East Reservoir (282-E)
through a 12-inch line entering the building on the east end, and =z
10-ineh line entering the building cn the west end. The two lines sre
Joined together in the operating gallery to form a loop system. Emer-
gency raw water is provided from two wells lccated near the west
entrance tc the B-Plant enclosure. The diesel-driven pumps with which
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the wells are equipped are capeble of supplying 550 gpm of emergency
cooling water. The emergency water supply is connected to the 10-inch
raw water supply line with appropriate hand and check valves.

8.4 Sanitary Water

Ssenitary (filtered) water is used in B-Plant for safety showers,
drinking and toilet facilities, feed to the 217-B water demineralizer,
and as emergency water in wall niches in the 221-B canyon. Lines to
the wall niches in the canyon are equlpped with backflow preventers as
a protection against contaminating the sanitary water. Sanitary water
is supplied to the B-Plant area from the 200 East Ares filter plant
(283-E) through an 8-inch line which enters the building near the north-
west corner.

8.5 Process Water

Water used in B-Plant processes is prepared from the 200 East
Area Tiltered water supply. As received, this water contains relatively
large quantities of dissclved ionic impurities. Before being used in
the process, the ionic impurities must be reduced. Purification is
achieved by means of a two-state ilon exchange water demineralization
unit. The unit has a capacity of 50 gpm and is regenerated every 8
to 10 days or 240.000 gallons. Regeneration of the units takes about
twe hours. Impurities present Iin filtered and process water are shown
in Teble I~6. A more complete description of the demineralizer may
be found in Chapter VI.

The location and layout of weter mains which supply the B-Plant area
are shovn in Figure IX-6.

8.6 Blectricel Power Distribution

Electricsl power is furnished to B-Plapt faciiities by two nor-
mal power incoming lines, E8-I53 and EB-158, and one emergency line,
EB-166. These lines feed 2300 volt switchgear equipment in the 221-B
Building electrical gallery. From the 2300 volt switchgears, power is
fed to 2300 V/440 V transformers and to 2300 V/110-220 V transformers
for pover and lighting, respectively. These transformers are located
on the north and adjacent to the 221-B Building. The LU0 V power from
the transformers is distributed to cubicles in the electrical gallery
where switchgear equipment and distribution ecircuits for individual
pieces of equipment sre located. The lower voltage transformers feed
lighting circuits and verious small loads. If either one of the nommal
power incoming lines fail, its load can be switched at the 40 volt
level to the other normal line.
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A limited amount of emergency power is available to B~FPlant in the
event both normal electric power supplies fail. At the time this
chapter was written only the regulated voltage circuit for instru-
ments and the canyon door latch circuit switched automatically to the
emergency line E8-166 when normal power failed. An emergency air
compressor, a limited number of ventilation air supply fans, and some
emergency lighting circuits will be sdded to the emergency power sup-
ply as power is made available. Emergency power for the 200 Bast Ares
is provided by = steam turbine-generstor set located in the 28L-E
power house. Some battery-powered emergency lights, sparsely placed

throughout the building, come on automatically in the event of a power
failure.

TABLE IX-6
IMPURITIES IN FILTERED AND PROCESS WATER

Filtered Process Water
Constituent Water Specifications
Total Hardness (as CaCO3) 55-80 ppm 2 ppm
Caleium 20-40 0.2
Magnesium k5.5 0.01
Strontium 0.13* 0.01
Sodium - 0.1
Chloride (as NaCl) 1-5 0.6
sulfetes (as NapS0y) 14-30 1.5
Dissolved Solids 85-110%% b, 5%
silica {as 5iC5) 3-7.5 7.5
PH 7.6-8.1 5-8

* Raw Water Concentration
*¥% Tncludes Silicetes
%% Excluding Silicates
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c. WASTE STORAGE TANK FARMS

The complex of waste storage tanks at Henford include 149 tanks
ranging in capacity from 50,000 to 1,000,000 gallons. These tanks are
grouped in twelve tank farms located in the 200 East and 200 Weat Areas
up to ten miles apart. Some general information about these tanks is

tabulated in Teble IX-T.

TABLE TX-7
WASTE STORAGE TANKS AT BANFORD
Tanks  Capacity Capacity
per per Tank, per Farm, Year
Farm Farm Gallons Gallons Congtructed Type
A 6 1,000,000 6,000,000 1954 -55 Boiling
AX ¥ 1,000,000 4,000,000 1963-64 Boiling
B 16 54,500 (4) 6,578,000 1943-4k Non-Boiling
530,000 (12)
EBX 12 530,000 6,360,000 1946 47 Non-Boiling
BY 12 758,000 9,096,000 1948 -49 Non~Boiling
o 16 54,500 (&) 6,578,000 1943-44 Non-Boiling
530,000 (12)
5 12 758,000 0,096,000 1950-51 Non-Boiling
SX 15 1,000,000 15,000,000 195354 Boiling
T 16 54,500 (4} 6,578,000 19434k Non-Boiling
530,000 (12)
™ 18 758,000 13,644,000 1947-48 Non-Boiling
Y 6 758,000 4,548,000 1951-52 Non-Boiling
U 16 54,500 (4) 6,578,000 1943-bh Non-Boiling
530,000 (12)
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1. Non~Bciling Tank Farms

1.1 General Description of Non-Boiling Tank Farms

The tanks in the nine non-boiling tenk farms are of three sizes,
54,500 gallions; 530,000 gsllons; and 758,000 gallons as indicated in
Table IX-7. The 530,000-gallon and the 758,000-gallon tanks are
srranged in three, four, or six tank cascades. That is, the tanks are
arranged in such & manner that when the first tank in & cascade is
filled it overflows to the second tank and so on. Througn the years
as various programs have been instigeted, many of the overflows be-
tween tanks in the various cascades have been removed, modified, or
blanked off. In 1952 as part of the Uranium Recovery Program, sluice
pits, diversion hoxes, and transfer lines were installed in the tank
farms. GSection D of this chepter will discuss the transfer facilities
in greater detail.

1.2 Layout of the Non-Boiling Tank Farms

Flot plans of the non-boiling tank farms are shown in Figures
IX-13 through TX-19.

1.3 Construction of Non~Boiling Waste Tanks

The non-boiling waste tenks are constructed of reinforced con-
crete with a mild steel liner on the bottom and side walls. The tanks
are placed with the top of the dome about seven feet below the surface
of the ground. The earth serves both as shielding and as a sink for
dissipation of the heat from radlioactive decey. A number of the tanks
are equipped with air-cooled reflux condensers. Dry wells located
within the tank farms are used to monitor the soil for radicactivity
thus serving as a leak detection system.

1.3.1 530,000-Gallon Waste Tank

The 530,000-gazllon waste tanks, located in the B, B, C, T, and
U tank farms, are the oldest or first generaticn waste storage tanks.
The tanks are of the type shown in Figure IX-20. They are 75 feet in
diameter and store liquid to & depth of 16 feet.

1.3.2 758,000-Gallon Waste Tanks

The 758,000-gallon waste storage tanks, located in the BY, TX,
TY and 8 tank farms, are second generation waste storage tanks. The
tanks are similar to the 530,000-gallon tanks in that they are 75 feet
in diameter; however, they are designed 1o hold wastes to & level of
22 feet.

UNCLASSIFIED




UNCLASSIFIED

933 I50~100

: 7
NG /-“w»‘-m

. [
- L\ \\
TR EA
A
\’\ hizar B
N E‘

| 8 - N
L\ :
j_ .7___';"! N B * \‘\ o
| %F N Sni
; rd

2 , N
: ::L;:;' ﬂf / j JILE WELD
) f
- g{(\& RE¥ 23023

1 1{ \/)
= Dl \\
CONTRIOL BLDG. N
\‘( )..‘_HZ-B "}p }/ \/
i
i SEPTIC TAMK,
s U - -~
SRR REF. H-2:2073
REFW-2-2073 A wWTH,
\ LRNEZ901B
A

/ B2 2O T

- / O oS 0
; mw-nﬂﬁ"s
[~ —9 '
Ow-E-A YO

]._Fu'nmg‘m-\-um J"T“—.\ ﬂ By e cusucron )

FIGURE IX-13

Layout of B Tank Farm
(Based on H-2-44501)
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FIGURE IX-14
Layout of BX and BY Tank Farms
(Based on H~2-44501)
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FIGURE IX-15

Layout of C Tank Farm
(Based on H-2-61962)
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FIGURE IX-16

Layout of S Tank Farm
(Based on H-2-44511)
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FIGURE IX-17

Layout of T Tank Farm
{Based on H-2-44511)
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Layout of U Tank Farm
(Based on H-2-44511) UNGLASSTFIED




UNCLASSTFIED

AIR COOLED
CONDENSER \

8" DRY WELL
N\

/4 ST. PL.—

%ie ST. PL. —

T

Sho I50-100

LIQUID
LEVEL
[TEMF]
7 GRADE
-
; - \ -
=T —12'-|~ \\\ N
i’_—’- - L __ ’;”ﬂ
(= = \\E
N \ »
6 ‘ |t
I/4 ST, PL
75' Dio. x 18"

FIGURE IX-20

Storage Tank for Non-Boiling Waste

1.3.3 54,500-Gallon Weste Tanks

Four smaller tanks are located in each of the B, C, T, and U
tank farms. These tanks are 20 feet in diameter and are filled to a
depth of 2k feet. The tanks were originally designed to hold = highly
radicactive cake from a scavenging-precipiteation process on Bismuth
Phosphate wastes. However, the tanks were never used for this purpose.
Instead, general high-level non-boiling waste solutions are stored in

them.
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2. Boiling Tank Farms

2.1 General Description of the Bolling Tank Farms

There are three boiling waste tank farms - A, AX, and SX, con-
taining 6, b, and 15 waste storage tanks, respectively. The SX tank
farm was the first tank farm designed specifically to handle boiling
waste solutions. The A tank farm was built to handle Purex plant
vastes and inccorporated a number of new features developed during
the operation of the SX tank farm. The AX tank farm, the latest one
built, also handles Purex wastes and ipeludes ijmprovements not found
in the A farm. Thege additional features are discussed in the fol-
lowing sections. As with non-boiling tanks, the waste tanks are
constructed of reinforced concrete with carbon steel liners cn the
bottom and side walls. The tanks have a diameter of 75 feet and s
height of 44 feet 4 inches from the top of the dome to the bottom of
the tank. The working height of the tank, that is the height to which
solutions can be stored, is 32.5 Teet. The nominel capecity of the
tank is one million gellens. The boiling waste tanks are designed to
permit self-concentration of the wastes. The vapors are routed through
headers to condensers which are vented to the atmosphere +through fil~
ters. Condensate is either discarded to ground or returned to the
waste tank. The contents of the waste tanks are agitated by means of
ajr-lift circulators. ILeak detection in the boiling waste tenk farms
is provided by a system of dry wells or drainage grids. A sketch of
a boiling waste tank is shown in Figure TX-21.
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7/ TANK LEVEL

5"

¥gsTPL

24" CiRCU-~ a‘
LATORS

i ety

u /"""" "

L«;" LATERALS
10’ BELOW TANK 75' Dia. x 32 %'

FIGURE IX-21
Storage Tank for Boiling Waste UNCLASSTFIED




UNCIASSIFIED o2 IS0-~100

2.2 241-A and AX Tank Farms

Because of their close proximity to one another, the A and AX
tank farms have many common facilities such as the air supply, vent
headers and condensers, normel and emergency electrical supply, and
a pumber of miscellaneous services and buildings. The layout of the
A and AX tank farmms is shown in Figure IX-22. Common facilities
include the following:

Process Air -~ used for the air-1ift circulators is supplied by three
50-horasepower, vertical, single cylinder, piston-type units built by
the Joy Manufacturing Company. Each compressor hes & nominal capacity
of 360 cfm with @ &ischarge pressure of 40 psig. The compressors are
located in the compressor building, 241-A-701.

Instrument Air - is supplied by two 25 cfm, 35 psig compressors.

Electrical Power - for the A and AX tank farms is supplied from a
300 KVA 2400/480 volt three-phase transformer., Emergency power for
the air compressors and other auxiliary equipment is supplied by a
125 KVA diesel-driven generator lccated in the compresscr building.
A 35 KVA gasoline-driven generastor supplies emergency power ¢ the
control. bullding and the emergency cocling water system. Beth
emergency electrical systems start and switch automatically in the
event of & primery power failure.

Vent Header and Condensers - All of the tanks in the & and AX tank
farms are connected to & common vent hezder, scmetimes referred to

as the vacuum header. Water seals are used to isolate non-boiling
tanks from the vent system. Air and water vapor from the waste tanks
are routed through the vent system to three surface and two contact
condensers located in the condenser building - 241-A-~401. Individual
condensers can be isolated from the vent system by means of water
seals.

Tne water seals to the contact condensers will automatically blew and
activate these condensers when the differentiasl pressure exceeds 30
and 3% inches of water. Other water seals will blow by-passing the
condensers should the differential pressure exceed 66 inches of water.
Non-condensible gases pass [rom the condensers, through a deentrain-
ment vessel and are exhausted through filters tc the atmosphere. Three
exhaust blowers, two in operation and one on stand-by, of 600 cfm keep
the vent system under a vacuum. Cooling water for the condensers is
supplied by gravity flow from the 201 tank just east of the 202-4
(Purex) building. The 750,000-gallon 201 tenk is automatically kept
filled with used cooling water from 202-A. Condensed vepors are col-
lected in the 14,000-gallon 417 tank. The condensate can either be
pumped back to a waste tank, or sllcowed to overflow to the A-24 crib.
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Miscellsneous Service Buildings - Service buildings located in the A
and AX tank farm area include a Change House (2707-EB), and a Control
House (2711).

\

A comparison between the A and the AX tank farm 18 given in Table IX-8,
and pertinent features of each tank farm are discussed in the following
sections.

TABLE TIX-8
A AND AX TANK FARM CCMPARISON

AX Tank Farm A Tank Farm
Number of tanks 4 6
Meximum volume of concentrated waste 1,000,000 840,000 at
that can be stored per tank (gal.) at 1.8 sSpG 1.37 SpG
Vapor Pressure Allowed 2.24 psi 2.25 psi
Tank Dome Live Ioad 4O psi plus 28-ton con-

a 50 T concentrated centrated

load load
Earth Cover 6.5 to 7.5 £t 7 ft
Number of Air-lift Circulators 22 b
ILeak Detection Internal External
Vapor Handling Facilities - Commonn ===
Number of Risers in Tenk Dome 54 13
Temperature Elements 59 9

2.2.1 A Tank Farm

A crose-section of a waste storage tank in the 241-A tank farm
is shown in Figure IX-23., Each tank is equipped with four air-cperated
circulators, except tank 101-A, which has 5, The lower end of the
circulators are positioned 18 inches from the bottom of the tank. Two
circulators are designed for agitation of liquid greater than 19 feet
from the bottom. The circulators can "turn over" 1ligquid at up to 4000
gpm with maximum ajir flow at 10 cfm. Instrumentation on the A farm
tanks include electrode type liquid level measurement, weight factor

UNCLASSTFTLD
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Layout of A and AX Tank Farms
(Based on H-2- 61963 and H-2-61964)
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Cross Section of A Farm Waste Storage Tank
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bubbler tubes, pressure-vecuum instruments, and approximately 9 tempera-
ture measuring elements. For lesk detection, a system of i vertical

dry wells plus three laterals under each fank hes been installed to
permit taking radiation detection probe readings. The three laterals
utilize air pressure to force a probe through the horizontal distance.

2.2.2 AX Tank Farm

The waste storage tapnks in the 241-AX Tank Farm are basically
similar to those in the 241-A Tank Farm. A composite cross-section of
an AX Farm tank is shown in Figure IX-24. There are 22 eair-lift circu-
lators in the AX Faruw tanks, 17 being 22 feet long, and 5 being 17 feet
long. The taller circulators require & tank volume of 800,000 gallons
to operate, and the shorter ones require a volume of about 600,000 gal-
lens. All of the circulators are located 30 inches from the dottom of
the tank. Normally, each circulator requires about 5 cim of air.
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FIGURE IX-24
Cross Section of AX Farm Waste Storage Tank

A totsl of 59 iron-constantan thermocouples is installed in each of the
AX Farm waste storage tanks. Each of the sir-1ift circulators has a

temperature element below 1t that extends to within three inches of the
tank bottom, and is used to help determine malfunction of a circulator.
Twenty-one thermocouples are installed within each storage tank's con-
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crete structure. Twelve thermoccuples are in thermowells within the
storage tanks and are used to measure temperature gradients in the
stored waste at four different locations. The remaining thermocouples
are located at various places in the tank to record sensitive areas,

Other instrumentation on thé AX storage tanks include Float-sctuated
liquid level measuring devices, air-purged dip tubes to sense tank
pressure and liquid level in excess of 30.5 feet, sludge level meters,
and radiation probes. Each storage tapk in the AX Farm has its own
internal leak detection system. This consists of 2 network of drain
slots in the concrete base immedistely below the carbon steel tank
liner. The drain network ig connected to a leak detection well from
vhich any leakage can hbe pumped.

2.3 P41 -8X Tank Farm

The 241-SX Tank Farm consists of fifteen, 75-foot diameter
tenks arranged in five cascades of three tanks each. The layout of
the 241-SX Tank Farm is shown in Figure IX-25. The criginal design
provided for four 12-inch risers, four L-inch risers end one L2-inch
riser on each tank; however, modifications to the tenk farms have
made it necessary to use some of these risers for other purposes.
Waste can be routed directly itc each tank in the tank faxm, or the
filling can be done by cascading. Vapor generated by the heat of
radioactive vaste in the 8% Tank Form is condensed in water-cocled
condensers located in the 401 Condenser Building adjacent to tank
106-8X. Vapors from each tenk are carried via headers to tank
106 -5% where some condensation takes place and entrained liquids
drop out. From tank 106-SX, the vapors are routed to the condensers,
and uncondensible gases sre then exhausted to the atmosphere.

Emergency cooling water for the condensers is provided by twe, 150,000~
gallen water storage tenks located near the 401 condenser house. Conden-
sate may be routed to a crib, or it may be returned to tank 106-3X or to
any of the cother tanks.

4 special sir-purge tank cooler has been installed on tank 108-3X meking
it necessary to remove that tank {rom the tank farm vent system. The
special equipnent consists of & 7000 cfm exhauster, a heater to keep the
temperature of the exiting air above the dew point, and & bank of high
efficiency Iiiters tc remove particulaste matter. The zir is exhausted
to atmosphere through a 15-fool stack in the tank farm.

Alr-1ift circulators were developed to cvercome the bumping phenomenon
first observed in tank 101-8X., Tanks 101-3X and 10L-8{ each contain

one air-1ift circulator. Tanks 107 through 115 each contain four circu-
jetors. Two of the circulators are designed to discharge at the 10-foot
level and two discharge at the iS-foot level.
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FIGURE IX-25
Layout of SX Tank Farm
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Process air for the air-lift circulators is supplied by two, Corty-horse-
power Fulley rotary type compressors located io the compressor house.
Instrument air is supplied by two five-horsepower De Vilbiss piston

type compressors alsco located in the compresscr house. The compressors
are slternated in service, and are so arranged that the standby unit
will start should the operating unit stop.

Bach tapk 107 througb 115 has an instrument shack lccated adjacent to
it. The instrument shacks contain instruments for specific gravity,
differential pressure between the inside and outside of the air-lift
circulators, air flow tc the circulators, temperature measurements,
and static pressure.

D. WASTE TRANSFER FACILITIES

1. General Description of Waste Transfer Fzcilities

In 1952, a network of underground lines and transfer stations
was installed to connect many of the underground tanks with the building
used to recover uranium from the stored wastes from the bismuth phosphate
process. These lines are constructed of stainless steel tubing about
three inches in diameter and are contained in concrete trenches. Multi-
ple lines interconnect the clder tank farms in each area with a pumping
station, and the two pumping stations are interconnected by multiple
inter-ares transfer lines.

Facilities for transferring wastes between tanks, and for routing
wastes to the desired tanks were included in the design of the A and
A¥X Tank Farms. A facility for the azccumulation and dissolution of
stored sliudge waste has been built adjacent te the 2 and AX Tank Farm.
This facility is called the 2LL-AR Vault.

2, 2hl AR Vault

The 2hh-AR Vault is designed to accumulate and acidify stored
sludge waste sluiced from the waste storage tanks in the A and AX Tank
Farms. The AR Vault also includes a lag storage itank for currepnt Purex
acid waste (PAW and ZAW) enroute to B-Plant for processing and a lag
storage tank for neutralized high-level waste (NHW) enroute from B-Plant
to the A or AX Tenk Farm.

2.1 layout cf 2U-AR Vault Area

The layout of the 244-AR Vault Area is shown in Figure IX-26.
Facilities ineluded in the AR Vault area include the vault canyon ar
process area, service building, Tilter building (291-AR), change house,
air compressor, emergency electrical generator, two chemical storage
tanks, vessel vent stack (291-AR-B), ventilation stack (291-AR Stack),
and sluieing and routing system.
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2.2 Description of 244-AR Vault Buildings

The 24L~AR Vault process area consists of a reinforced concrete
structure approximately 97 feet iong and 21 feet wide. The process
area is divided intc thryee cells plus a failed equipment storage ares
all located below grade level. Two of the cells are 21 feet square and
32 feet 9 inches deep. The 50,000-galion PAW Transfer Tank (TK-001) is
located in one of these cells, and the 50,000-gallon Slurry Accumulator
Tenk (TK-002) is located in the other. The third cell is 32 feet long,
12 feet wide and 21 feet deep. The 5000-gallon Neutralized High Level
Waste Tank (TK~003), and the 5000-gallon Sludge Acidification Tank
(TK-004) are located in this cell. The process cells are covered by
interlocking concrete cover blocks 5 feet thick. The cover bloecks
over the egquipment storage area are two feet thick.

The area above the cells is enclosed by a reinforced concrete building
approximately 36 feet in height above the cover blocks. A remotely
operated crane with four l-ton hoists and one 20-ton hoist operates
along rails located 30 feet zbove the deck. The crane is operated
from a control room located midway ziong and 7 feet south of the can-
yon building. The reinforced walls of the crane control room provide
additional shielding to the crane operator when the cell cover blocks
are removed. A periscope and & clesed circult television system in
the crane control room provide for remote viewing of operations within
the vault process area. The floor plan of the AR Vault is shown in
Figure IX-27, and an elevation view is shown in Figure IX-28.

2.3 244 -AR Vault Equipment and Facilities

2.3.1 Tanks

Four process tanks, two chemical storage tanks, and an aqueous
make-up tank are included in the AR Vault. The functicn, volume, and
major pieces of equipment instazlled on the tanks are shown in Table

X-9.

2.3.2 Ventilation

Ventilaticn air for the service area and the crane control room
is supplied by a 5700 cfm fan located on the roof of the service area.
The air is Tiltered, water washed, heated and distributed through ducts
to the control room, rest room, sample room and crane control room. The
2ir is exhausted to atmosphere from the service ares through two 1700
efm exhauyst Tans. From the rest room air is exhausted through an 1100
cfm ventilating fan, and from the chemical make-up tank it is exhausted
through a 200 cfm exhaust fan. The crane control room is vented to the
atmosphere through a dampered port. The sample room is vented through
2 dampered opening into the canyon. The damper is controlled so the
air flow is slways into the canyon.
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TABLE IX-9
TANKS IN THE 244-AR VAULT

Volune,

Tank  Function gallons Equipment

001 PAW Storage 50,000 Pump, agitator

002 Siurry Receilving 50,000 Pump, sluice pump, agitator

003 FpP Waste Storage 5,000 Agitator

004  Acidification Tank 5,000 Agitator, Radiaticn Mon.
dry well

A1C  Nitric Acid Storage 8,000 Pump

A20  Caustic Storage 1,300 Pump

430  Aqueous Make-up 800 Agitator

Ventilation air for the canyon and process cells is supplied by a
21,500 efm supply fan which is also located on the roof ci the service
building. The filtered, water-washed, and heated air is delivered to
the canyon at two places through the rocf of the building. The air
passes through the canyon and into the process cells through two ducts
located at the west end of the building. The air sweeps through all
three cells and is exhausted from Cell 1 through #n underground duct
to the filter building. The filter building provides for filtering
the air through two banks of high efficilency filters befcre exhausting
the zir to atmosphere through a 61-foot high concrete stack. Two
24,300 efm exhaust fans ere used, one in cperation and cne on standby,
The Ne. 2 fan is connected tc the emergency electrical supply and will
automatically start should there be a failure of the nomeal electric
power.

2.3.3 Vessel Vent

The four process vessels, TKS-001, 002, 003, and OOL4, in the AR
Vault are vented by means of a vessel vent header. The off-gases are
heated well shove the dew point and filtered through two stages of high
efficiency filters. The heater and filter are located in Cell 3 of the
Vault Canyon. The filtered gases are discharged to atmosphere through
a 150-foct vessel vent stack. The vessel vent exhaust fan is rated to
deliver 525 c¢fmm at 12 inches of water vacuum.
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2.3.4 Pumps

In general the pumps used for process sclutions in the AR Vault
are single stage vertical centrifugal pumps. Except for a brief
description of the Sluice Pump and the Waste Recovery Pump, detailed
information about the pumps is included in Chapter ¥ znd will not be
discussed here.

The Sluice Pump, located in tank C02, is designed to pump the recircu-
lating sluicing sojution under high pressure to the sluicing nozzles
located in the underground storage tanks. The pump is specified to
deliver a solution with a specific gravity of 1.5, a viscosity of 1.02
CPSey 2nd & temperature of 176 F at 500 gpm with a 390-foot head.

The Waste Recovery Pump is used to pump the sludge slurry from the
underground storage tanks to the Slurry Receiving Tenk in the AR Vault.
The pump is a single stage suction, vertical centrifugal pump with
radial discharge from the impeller. The pump is specified to pump =
slurry containing 1 pound per gallon solids having a specific gravity
of 2.2 and 2 maximun dimension of 1.0 inch. The slurry hes a specific
gravity of 1.6, a viscosity of 0.83 cps at a temperature cf 220 F.

The ncrmal capacity of the pump is specified to be 660 gpm with a head
of 116 feet.

2.3.5 Utilities
Utilities available to the 244-AR Veult include the following:

Water - Filtered untreeted water for cooling is supplied from the 200-E
raw water supply system through an 8-inch supply line. Sanitary water
from the area supply is delivered to the AR Vault through a 6-inch
supply line. Emergency cooling water is evallable from the sanitary
water supply by means of an intertie between the sanitary and raw water
supply through a back-flow preventer,

Steam - from the 200 E power house 1s received at 225 psig and reduced
to 100 psig for use in jJjets and the vessel vent off-gas heater. Iow
pressure, 20 psig, steam is used in the tank coils and in the building
heating znd ventilaticon systems.

Electricity - is supplied through a 750 KVA 13,800 volt primary and
L80 end 277 volt secondary transformer. Emergency electrical power
is supplied from a 90 KVA diesel generstor located adjacent tc the
Vault. The emergency power is sufficient to operate cone canyon
ventilation exhaust fan and the vessel vent exhaust fan.

Compregsed Air - Information on the mir compressor that supplies the
process and instrument air for the AR Vault was not available when
this chapter was written.
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2.k Sluilcing Facilities

facilities for sluice mining sludge from the underground waste
storage tanks have been installed in the A Tenk Farm. At the time
this manual was written sluicing facilities for the AX Tank Ferm were
in the design stage and are not included here. However, the sluicing
equipment in the AX Tank Farm will be similar to that in the A Tank
Farm. JFacilities needed to sluice mine the underground storage tanks
are as follows: 1) a sluice pump and waste recovery pump. {Pumps
are discussed in Section D. 2.3.4. and in Chapter X.); 2) pump pits,
sluice pits, and diversion boxes all are discussed in Section D. 3.;
and 3) sluieing nozzles. The sluicing nozzles are discussed in detail
in the references and are described only briefly here. The sluicing
nozzlesg are suspended approximately 31 feet below the support flange
into the storage tank. The nozzles may be rotated 360 degrees in the
horizontal plane and 110 degrees in the vertical plane. The nozzle
has z l-inch opening and is designed to impinge 75 percent of the
stream within a 12-Inch diameter circle at a distance of 50 feet at
a minimum tip pressure of 100 pounds per square inch. The sluicer is
equipped with an electricsl driven oscillating cam designed to swing
the nozzle through a horizontal arc variable from 5 tc 120 degrees at
a frequency of 1 cycle per minute.

In A Tank Farm the Waste Recovery Pump is located in the pump pit near
the center of the tank. The Waste Recovery Pump is used to pump the
slurried sludge loosened by the sluicers from the storage tenk, through
the 153-A Diversiocn Box to TK-00Z2 in the AR Vault. Those transfer lines
used to transpert slurries from the underground tanks to the AR Vault,
and sluicing solution back tc the tanks are all 6-inch, schedule 40
direct buried carbon steel pipe.

3. A and AX Transfer Facilities

Transfer of solutions into, out of, and within the A and AX Tank
Farms is accomplished by means of stainless steel lines contained in
concrete trenches or directly buried carbon steel pipe. The lines
terminate at risers from the underground tanks, pump pits or sluice
pits ebcve the tanks, diversion boxes or diverter stations located in
or near the tank farms. '

3.1 Pump Pits

Each waste storage tank in the A Tank Farm bas a pump pit 12
feet long, 11 feet wide. by 7.5 feet deep with 2,5-foct thick block
covers. The pump pits are centered on top of the underground storage
tanks. The 42-inch flanged pump riser from the tank and two discharge
nozzles sre located in the pump pit. One discharge nczzle is connected
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to the k-inch carbon steel inter-tank transfer line V-032 and the

cther discharge nozzle is for the 6-inch carbon steel line to the 152-A
Diversion Box. This latter line is the line through which the sludge
slurry will be pumped when the tank is sluice mined. A three-inch
drain in the bottom of the pit empties to the tank helow. 3Sprey nozzles
and nozzles to route water to the pump from an adjecent valve pit are
also located in the pump pit. ©See Figure IX-23 for the locetion of the
pump pit ir relation to the rest of the tank.

The pump pits in the AX Tenk Farm are 7.5 feet long by 6 feet wide by
7.5 feet deep with 2.5-foot thick cover blocks. The center line of the
pump pit is located T feet 3 inches from the center of the tank and con-
tains two 12-inch risers for pump mounts. A Y-inch pump pit floor
drain extends to within 5 feet of the bottom of the tank. Easch pump
pit contains two discharge nozzles, one a spare and the other connec-
ted to the 3-inch carbon steel pump-out header line 4026, The location
of the pump pits can be seen in Figure IX-2h.

3.2 Sluice Pits

Each tank in the A Tank Farm has two sluice pits in addition to.
the pump pit. Sluice pits in the AX Tank Farm were not constructed at
the time this manual wes written. The sluice pits sre & feet lomng, &
feet wide, by 8-1/2 feet deep and are covered by a two-foct thick
cover block. Each pit contains a 12-inch Tlanged riser for the Sluicer,
a b-inch nozzle for sluicing solution, four spray nozzles, and a floor
drain back to the waste tank. The sluice pits are located 28 feet from
the center of the tank and on four of the tanks are oriented cn & NW-ZE
axis., The reader is referred to Figure IX-29 and the appropriate
reference drewings for the proper location of the sluice pits. The
sluice pits in the A Tenk Farm receive their sluicing solution ifrom the
AR Vault via Diversion Box 153-A.

3.3 Diverter Stations

A diverter station operates similar to & switch board in that
highiy radioactive waste solutions can be routed to a selected under-
ground waste storage tenk, the AR Vault, or the CR Vault. This is
accomplished by means of diverter tanks within the diverter station.
Transfer lines leading into the stations terminaste in the diverter
tanks. The waste solution overflows the diverter tank through a
moveble spout into a funnel on a transfer line leasving the station.

& routing change is made by moving the spout to the proper funnel.
Positioning the spout is done with a shaft that extends through the
cover block to 2 handle located above the station. Illustrations of
diverter stations are shown in Figures IX-30 and XII-16. Since
diverter tanks rely on gravity flow, the flows are unidirectional and
are limited to less than 150 gallons per minute.
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FIGURE IX-29
Transfer Lines Associated with 244-AR Vault
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FIGURE IX-30

Diverter Station

There are two diverter stations associated with the waste transfer
fecilities in the A and AX Tank Farms. Diverter station 151-AX ig
41 feet 4 inches long, 10 feet wide, and 24 feet 10 inches high. The
station conteins four diverter tanks, C, D, E and F, located in
individual cells. An 11,000-gallon stainless steel lined catch tank
is located below the diverter tanks. Drainsge into the cateh tank
cen be pumped or jetted to diverter tank E or F.

Various high level wastes from the Purex plant are routed to the
diverter tanks in the 151-AX station as indicated in Figuve IX-31.
Depending on the disposition of the waste, it may be routed to en
underground storage tank in the A farm, to Tank 003 in the 244-CR
Vault, to Tank O01 in the 24L-AR Vault, or to one of the two
diverter tanks in Diverter Station 241-AX-152.

Diverter Station 152-AX contains two diverter tanks, A and B, located
in & commcn cell. The dimensions of the station are 25 feet 2 inches
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FIGURE IX-31

Simplified Diverter Station Transfer Routes

long, 9 feet wide, and 29 feet 2 inches high. There is also en 11,000~
gallon stainless steel lined catch tank located beneath the two
diverter tanks in thig station. The diverter tanks in the 152-AX
station are used to route solutions to the existing tanks in the AX
Tank Farm. Stubbed lines exist for four future underground waste
storage tanks in the prcposed AY Tank Farm. The catch tank in the
152-2X station may be pumped or jetted to diverter tanks D or G in
the 151-£X station.
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3.4 Diversion Boxes

Diversicon boxes are esgentially piping "pateh bosrds' vhich
are used to minimize duplication of piping and sllow the changing cf
line routings without the use of valves. Diversion boxes are used
when the line must be under pressure while diverter stations are used
Tor gravity flow only. The diversion boxes are concrete pits with
the pipes passing through the concrete and terminating in remote
connector nozzles inside. Twoc diversion boxes, 151-A located cn
the south side of the Purex plant, and 152+A Jocated at the east
end of the A Tank Farm were originelly used to route 211 high-level
wastes to the various tanks in the A Tank Ferm. Now, however, the
majority of the high-level waste is handled by the diverter stations
discussed in Section D. 3.3 sbove and the 151-A and i52-4 diversion
boxes =re used to route coating wastes Tfrom the Purex plant tc the
C Tank Farm.

Two new diversion boxes heve been built as part of the sludge removal
facilities in the A and AX Tank Farms. These two new boxes are the
153-4 and the 153-5X Diversion Bexes. The new boxes route the high
pressure sclution used fer sluice mining sludge from the 244-AR Veult
to the desired sluice pit con the tank, and route the sludge slurry
pumped From the tank to the 24L-AR Vault. These routings zre shcwm
in Figure IX-29.

An illustrstion of a diversion box is shown in Figure IX-32 and in
Chapter XII, Figure XII-1lh.

L, Other Waste Transfer Facilities

Other waste transfer facilities which are cor may be used in the
Waste Manegement Program are briefly described below., More detailed
information may be found in approprieste prints and references.

4,3 4L CR Vault

The 24L-CR Vault located in the C Tank Farm contains two
40,000-gallon tanks {001-CR and Ol1-CR) and two 15,000-gallon tanks
{002~CR and O03-CR). The two 15,000-gallon tanks have cooling coils,
but the two 40,000-gallon tanks do nct. All of the tanks are equipped
with agitators, pumps, samplers, and appropriate instrumentation.

Tank 003-CR is used as a lag storage tank for acidified sludge weste
(PAS) between the AR Vault and B-Plant. The 002-CR tank is used to
store miscellaneous special fission product fractions. The two larger
tanks, 001-CR and 011-CR, are used to collect and transfer a variety
of waste solutions in an out of the C Tank Farm.
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4.2 244 -BXR, 2LL-TXR, 2h4-UR Vaults

There are three other vaults similar in construction to the 2LkL-
CR Vault. These are 24h-BXR, 244-TXR, and 24k-UR Vaults. However, the
244 .TXR and 244-UR Vaults do not contain a 0Ll Tank. At the time this
manuel was written these vaults were not being used.

4.3 241-WR Diversion Station

The 241-WR Diversion Station is another vault-like structure
located adjacent to the 221-U Building. This vault contains nine
50,000-gallon tanks. At the time this sectlion of the manual was being
written the 2L1-WR Vault was not being used.

L.y Inter-Area Transfer Lines

A 6-line buried pipe encasement connects Diversion Box 154-UX,
adjacent to the 221-U Building in 200 West Area with Diversion Box
151-ER southwest of B-Plant in 200 East Ares. The 151-ER and the 15&-
UX Diversion Boxes are each connected to other diversion boxes in their
respective areas. Virtually all of the waste storage tanks in all of
the tank farms may be connected together through diversion boxes and
the inter- and intras-area transfer lines.

4.5 Other Diversion Boxes

Practically all of the lines used to transfer high level waste
within or between facilities in the chemical separstions complex
originate or terminate in Diversion Boxes. The Diversion Boxes serve
as "Patch Boards" by which the varicus facilities may be interconnec-
ted. Very likely, all of the many diversion boxes in the 200 Areas
will be used in the Waste Manesgement Program &t one time or another.

Four diversion boxes, not previously menticned in other sections of
this chapter, have a special use and are listed below.

151-CR

Used to route coating wastes into and out
of C Tank Farm.

151-C - Used to route PSN and PSS from the AR Vault
and from the pump pit on 101-A Tank to the
105-C Tank.

152-C - Used to route PSN from 105-C to B-Plant.

154-B -~ B-Plant Diversion Box. PSN from 105-C
passes thw ugh 154-B enroute to B-Plant
as well as 152-L. Non-boiling high-level
salt waste from the waste concentrator in
Cell 24 is routed to the ITS units in the
BY Pank Farm via 154-B.
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Diversion Box

FIGURE IX-32
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DRAWING IRDEX

A drawing index for the entire Waste Management complex would include
a number of indexes for separate facilities and projects. A complete
index would be quite long:; therefore, the index included in this
section of the Waste Menagement Technical Manual includes only a

list of the other indexes, a list of the Engineering Flow Diagrams,
and s few other pertinent, often-used drawings. The reader should
refer to the other drawing lists to find additional information.

Indexes
Building Title Draving No.
216-4 Drawing Index, CGC-12L H-2-59800
241-AR Drawing Index H-2-61960
241 -AX Tank Farm Drawing Index H-2-4L550
2h1-AX Purex Waste Routing Drawing Index H-2-kU4750
211-B Plot Plan and Drawing Index H-2-60301
221-B Master Drawing List, Cell 5 to 12,
Phase I H-2-43600
221-B Drawing Index, Phase II H-2-LL8kK1
221-B Drawing Index, Phase III H-2-60300
221-B Drawing Index Waste Management
Integrated Facility, Phase 1V H-2-603L0
242-B Drawing Index First Cycle Evaporator H-2-2020
271-B Drawing Index, Phase III H~-2-L48h1
291-B Drawing Index, Phase III H-2-LL8L1
2L1~BR Architectural Drawing Key Plan H-2-42315
2Ll1-BY Drawing Index (ITS No. 2) H-2-62400
241-BYR Drewing Index (ITS No. 1) H-2-32262
201-C Drawing Index for Hot Semiworks H-2-14108
201-C General Plot Plan Hot Semiworks H-2-4408
2kl1-CR Architectural Drawing Key Plan H-2-h16L3
2b1-FW List of Drawings, Waste Metal Recovery
Facilities, Fast West Transfer System  H-2-43002
200-G Z-Plant Key Drawing List H-2-25000
2L1-TR Architectural Drawing Key Plan H-2-L42628
241 -TXR Architectural Drawing Key Plan H~2-L260L
241-7 241 Building Sump Ares, Drawing List Key H-2-25050
2ho-T Engineering Flow Diagram and Drawing IndexH~2-34128

Engineering Flow Diagrams

B-Plant
Engineering Diagram, Phase I, Part 1 H-2-43756
Engineering Diagram, Phase I, Part 2 H-2-43757
Engineering Diagram, Phase I, Part 3 H-2-43758
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Piping and Equipment

Fngineering Flow Diagram Cell 13 & 1b H-2-4h843
Fngineering Flow Diagram Cell 15 & 16 H-2-bh8LY
Engineering Flow Diagram in Cells 13, 1k, 15 & 16 H-2-44845
Engineering Flow Diagram Cell 5 (C & A) H-2-60800
Engineering Flow Dimgram Cell 7 H-2-60801
Engineering Flow Disgram Cell 17 (ION-EX) H-2-60802
Engineering Flow Disgram Cell 18 (ION-EX) H-2-60803
Engineering Flow Disgram Cell 19 H-2-6080h4
Engineering Flow Diagram Cell 20 (ION-EX) H-2-60805
Fngineering Flow Diagram Cell 21 (ION-EX) H-2-60806
Fngineering Flow Diagram Cell 22 {VENT) H-2-60807
Engineering Flow Diagram Cell 23 H-2-60808
Engineering Flow Disgram Cell 2k H-2-60809
Engineering Flow Disgrem Cell 25 (WH) H-2-60810
Frngineering Flow Disgram Cell 26 (SE) H-2-60811
Engineering Flow Diagram Cell 28 (SE) H-2-60813
Fngineering Flow Diagram Cell 29 (SE) H-2-6081L
Engineering Flow Diagram Cell 30 (SE) H-2-60815
Engineering Flow Diagram Cell 31 {PRECIP) H-2-60818
Engineering Flow Diagram Cell 32 (PRECIP& CENTRI) H-2-60819
Engineering Flow Diagram Cell 33 (FEED STR) H-2-60820
Engineering Flow Diegram Cell 36 ' H-2-60830
Engineering Flow Diagram Cell 37 H-2-60831
Engineering Flow Diagram Cell 38 H-2-60832
Engineering Flow Diagram Cell 39 H-2-60833
Engineering Flow Diagram-HPT Cells 17, 18, 10 & 20 H~2-60821
Engineering Flow Diagram-HPT Cells 21, 22, 23, 24 H-2-60822
Engineering Flow Diagram-HPT Cells 25, 26, 27, 28 E-2-60823
Engineering Flow Diagram-HPT Cells 29, 30, 31, 32 H-2-6082)4
Fngineering Flow Disgram-HPT Cells 33, 3k, 35, 36 H-2-60825
Ingineering Flow Diagram-HPT Cells 37, 38, 39, k0 H-2-60835
Engineering Flow Diegram Cell 13 (CENTRI) H-2-60826
Engineering Flow Diagram Cells 6 - 16 H-2-60827
Engineering Flow Diagram Agueous Make-Up H-2-61050
Engineering Flow Disgram Aquecus Make-Up H-2-62051
Engineering Flow Diagram Organic Make-Up - 276B

and Storage H-2-61053
Flow Diagram 211-B Tank Farm Additions and

Modificetions H-2-61055
Flow Disgram 211-B Tank Farm Additions and

Modifications H-2-61056

2hh AR Vault, A and AX Tank Farms

Engineering Flow Disgram Sludge Removal and
Waste Transfer H-2-58745
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2k AR Vault, A and AX Tank Farms (Cont.)

Fngineering Flow Diesgram - Sludge Removal 241 A

and AX Tank Farms H-2-56T7L6
Engineering Flow Diagram 241 AX Tank Farm H-2-hk612
ITS No. 1 Instrumentation Engineering Diagram H-2-32300
ITS No. 2 Engineering Flow Diagrem H-2-6242]
242-T Evaporator Engineering Flow Diagram H-2-L43756
Flow Diagram Waste Transfer and Storage Facilities H-2-4L4502
Maps and Schematic Diegrams
Key Plan Area Map - 200 E H-2-44500
Area Map - 200-E H-2-Lh501
Key Plan Area Map - 200 W H-2-1L4510
Area Map - 200-W H-2-4h511
Schematic Piping Disgram 2Ll-A Waste Disposal
Facility H-2-kL505
Jumper Connections Diagrams for Diversion Boxes H-2-k4506
Waste Metal Recovery Schematic Layout SK-2-T50
Cell Arrangements in B-Plant
Cell 5 Arrangement H~-2-60905
Cell 6 Arrangement H~2-43651
Cell 7 Arrangement H-2-60007
Cell 8 Arrangement H-2-60908
Cell 9 Arrangement H-2-609090
Cell 10 Arrangement H-2-6091C
Ceil 11 Arrangement H-2-60911
Cell 12 Arrangement H-2-60912
Cell 13 Arrangement H-2-60613
Cell 14 Arrangement H-2.60914
Cell 16 Arrangement H-2-60916
Cell 17 Arrangement H-2-60917
Cell 18 Arrangement H-2-60918
Cell 19 Arrangement H-2-60910
Cell 20 Arrangement H-2-60020
Cell 21 Arrangement H-2-60921
Cell 22 Arrangement H-2-60922
Cell 23 Arrangement He2-60923
Cell 24 Arrangement H-2-6092)
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Cell Arrangements in B-Plant (Cont.)

Cell 25
Cell 26
Cell 28
Cell 29
Cell 30
Cell 31
Cell 32
Cell 33
Cell 34
Cell 35
Cell 36
Cell 37
Cell 38
Cell 39
Cell kLo

2Lk AR Vault, Cell Arrangement

Arrangement
Arrangement
Arrangement
Arrangement
Arrangement
Arrangement
Arrangement
Arrengement
Arrangement
Arrangement
Arrangement
Arrangement
Arrangement
Arrangement
Arrangement

1l Line Diasgram

967

I80-100

H-2-60925
H-2-60926
K-2-60928
H-2-60929
H-2-60930
H-2-60931
H-2-60932
H-2-60933
Ho2-6093L
H-2-60935
H-2-6093¢
H-2-60937
H-2-60038
H-2~60939
H-2-609%0

H-2-58T750
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CHAPTER X
PROCESSING EQUIPMENT

A. INTRODUCTION

The Waste Management facilities invelve the operation of a wide
variety of process equipment such as tanks, concentrators, condensers,
centrifuges, pulse columns, an ion exchange column, an adsorber, and s
scrubber. Some of the equipment is new, but a large porticn hes been
relocated from the Uranium Recovery Plant (221-U), T-Plant (221-T),
and within B-Plant (221-B) itself.

1. Equipment Notations
The following notations are used in identifying the process equip-

ment:

A - Agitator

E - Heat Transfer Equipment

F - PFilter

G Centrifuge

J - Jet

P - Pump

PA - Pump Agitator

T - Tower

TK - Tank

The process equipment is referenced t¢ a particular cell by an assigned
plece mumber, For example, TK-13-1 denotes Tank (TK), Cell 13 (13),
and piece 1 (1). Accordingly, the equipment in the AR and CR Veults is
identified by an AR or CR.

2. Procesas Equipment Classificetion

The term "vessel" designetes all non-mechanical equipment pieces
containing a liquid or gasecus stream. In the Waste Management facili-
ties the following three types of vessels are used:

1) Class I vessels are made of stainless steel and are
designed to contain radicactive materials. They are
designed for remote maintenance and handling.

2) Class II vessels are also made of stainless steel but
are not intended for radiocactive materials. They are
designed for contact maintenance.

3) Class III vessels are those which are fabricated from
meteriels other than stajnless steel end are not
designed to contain radioactive materials. They are
designed for contact meintenance.
UNCLASSIFIED
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2.1 Clags I Vessels

Class I vessels are egsentielly of all-welded steinless steel
construction with carbon steel used only for necessary external attach-
ments. The carbon steel attachments are protected with a coating of
Amercoat* and are not in contact with process solutions. Double butt
welds are used for pressure-holding seams where possible. The quality
of the welds is controlled by radiographic testing or by other special-
ized techniques depending on the location of the weld.

Special construction features which allow installation or removal of
the equipment with & crane are necesgary for remote maintenance of
the equipment. Thus, the equipment plece must be provided with remote
connector nozzles for lines up to 4 inches in diameter and with remote
flanges for larger size lines. The equipment must be provided with
lifting bails so placed that when suspenced it will be belanced and
will hang essentially in its installed position. Dowels and aligning
holes or trunnions and trunnion guides are provided to position the
equipment in its designated location. The equipment is fabricated to
unusually close tolerances in order that replacement equipment or parts
may be reedily installed.

2.2 Clags IT Vessels

Class II vessels, like Class T vegsgels, are of all-welded stain-
less steel construction with carbon steel used only for supports and
attachments not in contact with a process solution. Examples of Class
II vessels are the AMU tanks, the head tanke and welgh tanke in the
operating gallery, and certain chemical storege tanks in the 211-B
Chemical Tenk Ferm. As the vessels do not contain radiocactive solu-
tions it is possible to perform contact maintenance on them and the
design tolerances are less stringent than with Class I vessels.

For the design and fabrication of Class IT vessels as pressure vesgels,
the general requirements of the A.S.M.E. Boiler Construction Code were
followed. Basic design pressures were taken to be an internal pressure
of 15 psig or 110 percent of the operating pressure, whichever is
greater, and an external pressure of 5 psig.

For the design and construction of Class II atmospheric tanks, the
generel requirements of the American Petroleum Institute Standard 12C
were followed. Designs were for the maximum internal pressure imposed
by a liquid of 1.8 specific gravity with loads due to wind pressure
and earthquake forces also considered.

* Trade name of Amerccat Corporation
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2.3 Class ITI Vessels

Specifications for Class III vessels are similar to Class II
vessels except the Class III vessels esre constructed of materisls
other than stainless steel. Examples of Class III vessels are the
ammonie storage tank, the carbon dioxide storage tank, the caustic
storage tanks, and the diluent storage tanke.

B. CANYON AND VAULT TANKS

1. Canyon Tanks

Most of the process tanks in the B-Plant canyon have been re-
located from the Uranium Recovery Plant, T-Plant, or other cells in
B-Plant. All tanks, except the deep cell tank in Cell 10, are either
cylindrical or oval shaped with vertical sides. The 10,000-gellon
waste collection tank in Cell 10 is rectangular in shape and has no
top. All tanks are equipped with cooling coils except TK-29-4 which
is inside TK-29-2. In addition, meny of the tanks have water jackets;
however, none of these are connected. Table X-1 is a list of the tanks
and pertinent data applicable to the tank.

2. Vault Tanks
Four tanks in the 24L4-AR Vault and tank 003 in the 244-CR Vault
are also used in the Waste Management Program. All of these tanks are

Class I vessels. Pertinent data pertaining to the tanks in the vaults
are listed in Table X-1.

c. SOLVENT EXTRACTION EQUIPMENT

The solvent extraction system, located in Cells 26, 27, 28, 29,
and 30, is composed of four pulse columns and associated pumps, tanks,
and pulsers. There is & pulse column in every cell but 26. The
function of the pulse columns permits the separation of strontium and
rare earths from the bulk salts and other fission products.

1. Columns

A pulse column is a type of solvent extraction contactor con-
taining a series of horizontal, perforated plates. In 2 pulse column
an up-and-down pulsing motion is superimposed on the net countercurrent
flow of the liquid phases through the column.

The upward and downward pulsing movement of the column contents through
the plate perforations provides agitation resulting in intimate mixing
of the two countercurrently flowing phases. The pulsing also provides
the means for countercurrent flow of the agueous and organic rhasesg
through the columns. Experience indicates that the specific gravity
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TABLE X-1
CANYON AND VAULT TANKS
Coil Range(l)
Dimensions Capacity No. of No.of No.?é‘ Coil Area Design Duty(a) {gal.)
Tank No. Name (fect) {gal) agitators(®) Pumps(®) Jets\?) (sq, 1) _(Btu/nr) From 7o
TK-5-1 Strontium Concentrate
Receiver 3-1/bx Tk 100 1 o 3 240 LB0,000 cogl 65 118
TE-6-1  Strontium Storage 8 x 14 4100 1 o] 1 L2 840,000 cool 227# 1649
TK-6-2  Strontium Storage 8¢ x 1b 4100 1 0 2 b2o 840,000 cool 238% 1698
TK-7-1 Strontium Storege 8¢ x 14 4100 1 0 2 157 314,000 cool Lok bos1
TK-7-2 Strontium Storage 8¢ x 1k Y00 1 0 2 157 314,000 cool  500% LoD
TK-8-1 Strontium Storage 8¢ x 1b Lico 1 0 1 157 314,000 cool 499 hopz
TK-8-2  Strontium Storage 8¢ x 1k 4100 1 0 1 157 314,000 cool 516 Lo26
TK-9-1 Waste Receiver 8F x 14 [Males] 1 [ 1 157 314,000 cool L3R Lo3s
TK-%-2 Supermatant Storage 8% x 1k b10o 1 [ 1 157 314,000 cool 505 Loss
TK-10-1 Weste Collection 18x11x7 8000 o} [+] 1 908 1,816,000 cool 70O 7200
TK-11-1 Slurry Tenk 4-1/2@x7 650 1 0 2 78 156,000 cool 122 662
TK-11-2 Decant and Metathesis %9 3400 1 0 3 300 600,000 cool  100% 1500
TK-12-1 Supernatant Receiver 9 x5 3400 1 0 1 118 236,000 copl 551 2964
TK-13-1 Centrifuge Supernatant
Receiver wxo 3400 1 1 N 30 60,000 cool 318 53R
TK-14-1 Undesigneted ye1/exT 595 1 a 2 8 166,000 cool o8 687
TK-14-2 Cesium Storage 9x9 3180 1 118 236,000 cool 491 2939
TK-16-1 Undesignated 6-1/2¢x1k 2585 1 0 70 140,000 cool 305 2007
TK-17-1 Cesium Storage 86 x 14 3950 1 0 1 228 456,000 cool 173 1476
TK-17-2 Cesium Supernatant
Receiver 8¢ x 1k BOO0 1 1 1 160 197,000 cool  110% G50%
TK-18-1 IXW Recelver 9-1/2¢x12 1480 1 1 1 52 104,000 copl  100% 507
TK-18-3 IXF Pump Tank -1 /2¢xT7 590 1 1 1 50 80,000 ccol  25% 32k
TK-19-1 TXP Receiver Tank 10:16x14 11,260 2 1 0 160 320,000 cocl  60O% 2670
TK=-20-1 IXP Concentrate
Receiver 3-1/8¢xTxh 356 1 0 2 2k0 480,000 eocl 62 k12
TK-21-1 Cesium Eluent Storege  10x16x14 11,260 2 2 0 160 320,000 cool  500% 2520
TK-22-1 Condensate Receiver 3-1/bxTxk 375 1 1 0 4o 2,160,000 heat 68 b7
480,000 cool
TK-23-1 Non-beiling Wasie
Concentrate 3-1/haTxb 63k 1 1 1 128 256,000 cool 53 502
TK-24-1 Low-Level Waste
Recelver 10x16x14 13,000 2 1 0 290 580,000 copl  SO0% o9
TK-25-1 Cerium Waste Receiver 8§ x Lb 3900 1 1 2 435 870,000 cool 150% 2045
TK-25-2 High-level Waste
Recelver 8¢ x 1k 3500 b 1 2 435 870,000 cocl 150 2096
TK-26-1 Crganic Contactor W x9 3146 b3 1 3 68 136,000 cool 302 3358
TK-26-2 1CP Contactor 5x7x12-1/2 2110 1 1 3 ] 96,000 cool  150% 610%
TK-26-3 1CW Recelver 5x7Tx12-1/2 2095 1 1 2 L3 96,000 cool  125% 569
TK-27-2 1CP Recelver 5=1/2@x12 1600 1 o 1 52 104,000 cool 6O* LEO*
TK-27-3 1CW Contactor 7% x 1k 3030 1 1 3 200 400,000 cool  200% 2074
TK-27-4% 1CF Pump Tank 2-3/4x5x3-1/2 224 1 1 1 55 110,000 cool 30% 205
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TABLE X-1, continued

t2) Coil Mge(l)
Dimensions Ca 1ty(1) No. of Ro.of 5 No.of Coll Area Design Duty 3 (gal.)
Tank No. Name {feet) E&l A;gitnwrs(a)_P_u_gm( ) Jetal®) (sq. fr.) _(Btufbr) From To
TK-26-2 1EF Receiver 5-1/2¢ x 12 1584 1 1 1 52 104,000 cool 64 561
TK-28-3 LAX Make-up x 1 3012 1 1 3 200 400,000 cool 189 1934
TK=28-% 1BF Pump Tank 2-3/hx5x3-1/2 228 1 1 1 55 495,000 heat 30% 202
110,000 cool
TK-29-2 1AF Make-up g-1/2x5x1h 3204 1 ¢ 3 200 400,000 esol 237 1636
TK-29-3 1AF Pump Tenk 9-1/2x5x1k 3319 1 1 2 200 400,000 cool 240 1651
TR-29-4 1SF Pump Tank 1-2/3x8-2/3 66 0 1 o} - - - - -
TK-30-2 1AW Receiver 9-1/2x5x14% 3300 1 o 3 200 400,000 cool  1ho®  1500%
TK-30-3 1AM Pump Tank 9-1/2x5x1k 3300 1 1 o 200 1,800,000 heat 209 1634
400,000 cool
TK-31-1 PAS Metathesis Tank 5-1/2¢x5 1200 1 0 2 52 468,000 heat 61 533
104,000 cool
TK-31-2 Dissolved Cake Storage L-1/2¢ x 7 572 1 0 1 4o 80,000 cool 111 4os
TK-31-3 PAS Precipitator Tank 6.1/2¢h3 2561 1 0 2 115 1,030,000 heat 3370 263
230,000 cool
TK-32-1 Weste Receiver 9-1/2¢ x 9 TS 1 0 3 115 230,000 cool Bg2 3011
TK-33-1 Treated PAS Storage 10x16x14 11,246 2 0 1 160 320,000 cool 562 2555
AR-001 PAW Storege 20@x19-3/4 36,000 1 1 1 1324 2,650,000 cool 1750 31,500
AR-CO3  Neutralized High-Level
Weste Storsge 9-1/2¢x9 4000 1 0 2 219 438,000 cool LSO 3570
AR-004  Sludge Weste
Aciditicetion 9-1/2¢x9 5000 1 4] 2 219 438,000 cool 480 3570
CR-003 PAS Storage g x 12 15,000 1 1 o} 586 1,172,000 cool 877 523y
Footnotes:

1 The working capecities and coil ranges were obtained from
calibration data. Those marked with =n asterisk were estimated.

2 The pumber of agitetors, pumps, and jets on each tank, as well
as the coll ares, were obteined from Engineering Flow Diagrams.

3 The design cooling duty was computed using the following assumptions:

Btu
(a) U = 40 Br.sq.Tt.0F

(b) Cooling water inlet temp. = 70 F; outlet temp. = 90 F
(e) Bulk solution temp. = 130 F; therefore average AT = 50 F

For heating, the following assumptions are made:
- Btu
() U 150 br.sq.Tt.9F

(v) Average AT = 60 F UNCLASSIFIED
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difference between the two phases is usually not sufficient to cauvse &
significant countercurrent flow through the small holes in the perfor-
ated plates. Consequently, the net flow of the light phase up and the
heavy phase down the column is caused almost entirely by the actions of
the pulse generator and the stream pumps.

1.1 Column Dimensions and Capacities

The 1A and the 1B Columns are identical. Both have an over-all
height of 18.5 feet with a 4 ft by 5 £t by 2 ft high bottom disengaging
section. The column proper is 20 inches in diameter. The plate sec~
tion is 14.5 feet high. The dimensions of the top disengaging section
are 4 £t by & £t by 2 £t high.

The disengaging sections on the 1S and the 1C Columns have the same
dimensions as the 1A and the 1B Columns. However, the 20-inch diameter
plate section of the 1S5 Column is only 10.5 feet in height. The plate
section of the 1C Column is 14.5 feet in height, but has an inside diam-
eter of 15.25 inches. Table X-2 lists the pertinent date for the pulse
columns. Simplified sketches of the columns ere shown in Figures X-1
through X-b.

TABLE X-2
PULSE COLUMNS

Volume  Volume

Plate  Plate Volumntl)  Plate Bottom
Overall Column - Section Holes Hole Perforationa {e} Column Tap Dis, Contact Dis,
Height LD Height Dia, Centers Nozzle Louver Volume Section Section  Section Dispersed  Cent,
Column Feet Inch Feet Inch Inch Direction Plate Gal. Gal. Gal. Gal, Phase Phase

T-30-1 LA 18.5 20 14,0(2) 01875 3/8 Tri, Down Yes T3 218 263 250 Aq. Org.
T-29-1 18 14.5 20 10,0 0,125  3f8 Tri. Up Yes 603 156 185 252 Aq.
T-28-1 1B 18,5 20 14,00 0,125 5/8 Tri. Dawn Yes 731 218 263 450 Aq. Org.

T-27-1 1C¢ 185 15,25 14,349 0125 3/8 Tri Up No 500 185 158 257 Org. Aq.
{a) Two 6,5 sections at 2" plate spacing,
{b) Two 4.5 sections at 2" plate spacing,
{c) Two 6,5' sections at 2" plate spacing.

{d) One 10, 33' section at 4" plate spacing,
One 4, 0! section at 2" plate spacing.

{e) The louver plate is 6" below the upper section
and 8" above the lower section,

() To overflow nozzle,

Pilot plant studies indicate that satisfactory operation can be obtained
for throughput rates of up to 2300 gallons per hour (total of both
phases) in the 1A Column; 1200 gallons per hour in the 1S and 1B Col-
umne; and 1700 gallons per hour in the 1C Column. However, the through-
put rates vary with the stream being processed and are usually at least
a factor of two under the above rates.
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1.2 sieve Plates

The countercurrent flow sections of the four pulse columns are
Fitted with horizontal stainless steel sieve pletes., The plates in the
1S, 1B, and 1C Columns have 1/8-inch diameter holes spaced 3/8-inch
apart, center to center, in an equilateral trianguler arrangement. The
free perforated area of the plate is about 10 percent. The holes in
the 1A Column plates are 0.1875 inch in dismeter and are spaced in the
same array. The free perforated area of the 1A Column plate is about
22 percent. The holes are formed in such & way they act as nozzles
which point downwerd in the 1A and 1B Columns and upward in the 1S and
1C Columns.

All plates are spaced 2 inches apart except for the upper section of
the 1C Column which has & four-inch plate specing.

1.3 Iouver Plates

Each of the columns except the 1C Column is equipped with a
louver plate located midway up the column six inches above the bottom
section of plates and six inches below the upper section of plates,
The purpose of the louver plates is to impart a swirling motion to the
column contents and to bresk up channeling. Vertical baffles are
placed in front of the louvers to provide additiopal agitation.

1.4 Cartridge Construction

The stainless steel sieve and louver plates are assembled in a
cartridge which can be inserted in the column as & unit., In the 1A, 15,
and 1B Columne, the plates are supported by thirteen, 3/L-inch tie rods
connected at the top and bottom of the cartridge to support "spiders".
Sections of 3/k-inch schedule 4O pipe slipped over the rods are used to
hold the plates apart. For the 1C Column the plates are supported by
nine, 1/2-inch diameter tie rods with 1/2-inch schedule 40 pipe used
for specers.

1.5 Distributors

The influent stream distributors are designed to provide reason-
ably uniform phase distribution across the column cross-section aree
without unnecessary complexity of design. Each column has a four-nozzle
organic distributor located 21-3/16 inches above the bottom of the lower
disengaging section which is 3-7/8 inches below the bottom sieve plate.
The aqueous distributor in each column is located 7-1/4 inches above the
top sieve plaste. This aqueous distributor is attached to and is part
of the remotable cartridge. 1In addition to these two distributors, the
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14 and 1B Columns have a second agueous distributor located 30 inches
below the top of the upper disengaging section which would place it
1-1/16 inches below the top sieve plate. This distributor consists of
eight nozzles equally spaced around the column and directed radially
towards the center of the column. The 1C Column has an additional
organic distributor 77 inches sbove the bottom of the lower disengag-
ing section which would place it 55-3/16 inches above the lower organic
distributor. The design of the intermediate 1C Column distiributor is
similar to the lower aquecus distributors on the 1A and 1B Columns.

2. Pulse Generators

The aqueous and organic liquid phases in the pulse columns are
forced alternately upwards and downwards through the perforated plates
in the columns to cause intimate mixing of the phases and, hence, good
extraction. The pulsing of the liquid contents of the colummns is done
by means of reciprocating piston devices celled pulse generators. A
diagram of the pulse generators is shown in Figure X-5.

The pulse is generated by means of a 16-inch diameter piston. The
amplitude of the pulse is preset at two inches in the 1A, 1S, and 1B
Columns, and one inch in the 1C Column. However, the frequency of
the pulse may be varied from 25 to 90 cycles per minute during column
operation. The pulse is transmitted hydraulically to the liquid con-
tents of the solvent extraction column through a pulse leg at the
bottom of the column.

2.1 Piston and Cylinder Assembly

The 16-inch piston operates in & cylinder 27 inches long and
flenged et the lower end to a reducer which adapts the eylinder to
the 8-inch diameter pulse leg. The cylinder head contains & bushing
of Graphitar 41 centered concentrically with the bore of the cylinder.
The bushing, with a nominal bore of three inches, provides a 0.00L
inch diametrical clearance with the piston rod and restricts leakage
of vepor and mist from the cylinder. A two-inch overflow line in the
cylinder wall just above the piston allows solutions which leak past
the piston to flow by gravity to & tank coptaining a solution of the
same phase as is present at the bottom of the column. A 3/ 32-inch
weep hole originally present in each plston has been plugged to re-
duce the pulse leskage rates to less than 0.2 gpm.

2.2 Pulse leg

The pulse is transmitted from the pulse generator to the lower
disengaging section of the solvent extraction column through an eight-
inch diameter pulse leg approximately six feet long. The pulse leg
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is equipped with an air or water purge. The air purge is used when
the column is shut down to prevent excessive leakage of liquid past
the piston. However, before operating the pulse generator the pulse
leg must be filled with liquid to provide proper lubrication for the
piston. The pulse leg is filled with organic phase for the ]A Col-
umn, and with an agueous phase in the 1S, 1B, and the 1C Columns.

2.3 Motion Box

The motion box reduces the speed of the variable speed elec-
tric motor, and converts the rotary motion of the motor to recipro-
cating motion. The varisble speed electric motor is a vertically
mounted, 15-horsepower, 4h0-volt, 3-phase, totally enclosed-fan
cooled, 55 C-rise, induction motor having Class B insulation and
constant torque loading the motor cperates over a speed range of
approximately 1800 to 497 rpm from a variable-frequency motor-
generator set power supply. The power supply is described in 2.4
below.

The driving motor is directly connected to a worm shaft by means of
& spline joint. The worm threads engage a 20~inch diameter worm gear
vhich provides a reduction ratio of 18-1/2 to 1. The womm gear is
keyed to & L4-1/b-inch worm gear shaft. The worm gear shaft is pro-
vided with an overhanging stub, 3 inches in diameter, which is
eccentric 1o the shaft.

A slide block is fixed to the eccentric shaft of the worm gear by
means of lock nuis. The slide block supports a cast iron yoke which
ig free to move vertically up and down, but is otherwise fixed in
position on guide rods. Thus, eccentric movement of the worm gear
shaft is transmitted into vertical reciprocating motion. The piston
rod is attached to the yoke through the top of the box by means of
yoke arms and tie rods. Connections through the top of the box this
way reduces the chance of oil leakage through seals.

All moving perts in the motion box are lubricated by oil directed
through nozzles to the gear set and moving parts. The motion box
contains 20 gallons of oil which is recirculated by means of a gear
pump driven from the worm gear shaft. O0il is changed at regular
intervals by introducing fresh oil through a remote connector. An
overflow line in the motion box allows the waste oil to be flushed
to a waste oil container mounted on the side of the unit.

2.4 Electric Power Supply

The electric power supply delivers variasble frequency pover
to the variable speed induction motor that drives the pulse genera-
tor. The variable freguency alternating current is generated by
means of a General Electric Company Type AT1-92L, 9.0/2.75-IVA,
1800/497-rpm, alternator. The alternator is driven by an Eeston,
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Yale, and Towne type GCA, 15-hp, 1755-rpm, 220/L40O-volt, 3-phase
induction motor, connected through an eddy current coupling adjust-
able speed drive. The eddy current coupling ies an Easton, Yale, and
Towne Company model MO-100001-0905 cepable of speed variations from
1680 to 100-rpm. The de current used to excite the field of the
alternator is provided by General Electric Company Type B-254, 3-Kw,
1750-rpm, 125-volt, generators directly connected to a standard
induction motor. The five alternators (one for each pulser plus a
spare) along with the other power supply equipment, are located in
the electrical gallery adjacent to Celis 28, 29, and 30.

D. CENTRIFUGES
1. General Description

Cells 12, 13, and 32 each have a centrifuge and 2 supernatant
receiver. The principal components of a centrifuge include: a) =
801id cylindricel bowl; b) & vertical spindle from which the bowl is
axially suspended; c)} an electric motor directly connected to the
gepindle; and d) an outer cylindrical case which encloses the rotating
bown. These components are mounted on & raised concrete foundation
so that the bowl effluent will drain by gravity through an opening
near the bottom of the outer cylinder to the supernatant receiver.
The entlire agsembly is designed for remote operation and maintenance.
All parts in contact with process solutions or fumes are stainless
steel. A sketch of a centrifuge is shown in Figure X-6.

2. Centrifuge Bowl

The bowl of the centrifuge is solid and measures 4O inches in
diameter and 24 inches in height. The capecity of the bowf when not
spinning is 120 gallons; however, during coperation the maximum hold-
up is 60 gellons. The hold-up may be reduced by adjusting
hydraulically-operated skimmers with which each centrifuge is equipped.
Three horizontal baffle plates with weep holes are equally speced around
the inside of the bowl. The bowls and the cases are eguipped with sprays
supplied by 230-foot head pumps from scale tanks located in the cperating
gellery.

3. Electrical Feastures and Instrumentation

A 4i0-volt, LO-hp electric motor rotates the bowl at 1740 rpm
or 870 rpm with a corresponding centrifugal force of 1720 G's (1720
times the force of gravity) and 430 G's. It is possible to obtain
other centrifuge speeds by intermittent operation of the drive motor.

A centrifuge is slowed or braked by applying a direct current to the
motor windings after the ac power has been removed.

Each centrifuge is equipped with a tachometer, a weight factor mano-

meter, & vibration meter, and & temperature element in the bottom of
the bowl.
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E. TON EXCEANGE COLUMN

The ion exchange column, T-18-2, is a Class I vessel & feet in
diameter and 15 feet high. For down-flow operation, solutions enter
the column at the top through a cage three feet in diameter made of 80
mesh stainless steel screen attached to the inside top of the column.
The screen cage covers the outlets to nozzles B, ¢, F, and H. Sclu-
tions are collected near the bottom of the column in a 1C-arm "spider"
64 inches in diameter. The arms of the spider are covered with a 50~
mesh stainless steel sereen. The lower 13 feet of the column are
filled with an ion exchange medium which is added to the column as &
slurry through a nozzle which by-passes the top screen. The ion ex-
change media may be removed by jetting it through a drain line located
below the bottom collection spider. Instrumentation on the ion exchange
column includes an ion exchenge medium level indicator, top and bottom
pressure indicators, and a temperature indicator., Figure X-7 is a
gchematic sketch of the ion exchange column.
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F. CONCENTRATORS AND CONDENSERS

Concentrators are located in Cells 5, 20, and 23. The concen-
trators are of the vertical-tube, thermal-recirculation, steam-heated
variety. The concentrators in Cell 5 and Cell 20 are used to concen-
trate strontium and cesium product solutions, respectively. The Cell
5 concentrator may alsoc he used to concentrate rare earth solutions
if required. Both of these concentrators have been modified from
equipment in the Uranium Recovery Plant. The Cell 23 concentrator is
of the Purex type. It is used tc concentrate liquid wastes with the
condensate going to an underground cril, and the ccncentrated bottoms
to an In-Tank Solidification unit via non-boiling waste storage.
Pertinent data for the concentrators are listed in Table X-3.

No. Name Capacity Duty Area Bundle
BTU/Hr, r12 Description
E-5-2 SR Concentrator 300 Gal. 4, 500, C00 896 307 Vert, Tubes
1" x 12 BWG x
1412-7/8"
E-20-2 CS Concentrator 300 Gal, 9, 000, 000 896 307 Vert. Tubes
1" x 12 BWG x
1412-7/8"

E-23-3 Waste Concentrator 3,000 Gal. 30,000,000 1,850 West-887 Vert. Tubes
1-1/4" x 12 BWG x
10

East-830 Vert, Tubes
1" x12 BWG x 100

E-5-3 SR Condenser ---- 4,500, 000 895 342 Hor. Tubes
1" x 12 BWG x 10!

E-20-3 CS Condenser -——- g9, 000, 000 895 342 Hor. Tubes
1" x 12 BWG x 10!

F-23-4 Waste Condenser -——- 30, 000,000 1,340 568 Hor. Tubes
1" x12 BWG x 9!

E-22-3 Vessel Vent Heater -——= 200, 000 190 91 Hor. Tubes
"x12 BWG x 8

E-22-4 Vessel Vent Condenser  ---- 2, 000, 000 895 342 Hor. Tubes

' 1" x 12 BWG x 10!
E-22-7 Scrubber Vent Heater _———— 50,000 40 b1 Hor, Tubes

1" x 12 BWG x 3!
TABLE X-3

CONCENTRATORS AND CONDENSERS

1. Product Concentrators

The product concentrators each have one tube bundle containing
307 one-inch No. 12 B.W.G. tubes 1b feet 2-3/4 inches long. The oub-
side gurface area of the tubeg is 1197 square feet. The ccncentrators

UNCLASSIFIED




UNCLASSIFIED 1022 I50-100

are operated with process sclution on the tube side and steam on the
shell side. The over-all dimensions of the tube bundle section are
25-1/2 inches in diemeter and 15 feet high.

Below the tube bundle is an enlarged section 54 inches in diameter and
12 inches high. Above the tube bundle is the vapor section 5k inches

in diameter and 37-1/16 inches high. A reverse~dished impingement

plate which deflects the percolated liguid is located in the vapor shell.
The impingement plate effects a separation of liquid and vapor. The
vapor section end the bottom section are connected with an eight-inch
downcomer which asllows recirculation of the concentrated liquid.

Directly above the vapor section is a deentreinment section 54 inches
in diemeter end 32-3/16 inches high conteining e mist separator and
spray nozzles. The migt separator, consisting of "Z" barrles, re-
moves the entreined droplets of liquid from the vapors and returns
the liquid to the deentrainment section through s seal pot. The seal
pot prevents vapors from by-passing the impingement plete and travel-
ing directly to the mist separator.

Semicircular baffles, acting as tube supports, are loceted in the
steam chest of each evaporator. The baffles prevent channeling of
8 team through the tube bundles. Expansion joints in both the
evaporator shells and downcomers minimize strein due to large tem-
perature changes. A schematic sketch of the concentrator in Cell 5
is shown in Figure X-8 and a sketch of the concentrator in Cell 20
is shown in Figure X-9.

2. Waste Concentrator

The large waste concentrator in Cell 23 has two remotable stain-
lees steel tube bundles located in 55-inch diameter cylinders 1l feet
5 inches high. The two tube bundles are of different deslign with the
west bundle having & surface area of 1850 square feet and the east
bundle having a surface area of 1290 square feet. The west bundle
has 687 tubes, 1-1/4 inches 0,D., No. 12 B.W.G., 10 feet long. The
east bundle contains 630 tubes, l-inch 0.D., No. 12 B,W.G, 10 feet
long.

A 30-inch djemeter draft tower sits between the tube bundles vhich
allows liquid to circulate down the draft tower and beck into the
bottom of the tube bundle sections. The shells contalning the tube
bundles are connected to the draft tower by 21-inch diameter pipes
at the bottom and by b-feet 7-inch by 6-foot rectangular ducts on
top.

The ptripping and deentrainment section is 60 inches in diameter by
7 feet 1-1/8 inches high. It rests on the ducts that join the side
eylinders to the top of the draft tube. The vessel conteins four

sets of spray nozzles located 9 inches, 31 inches, 58 inches and 73
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inches below the top of the vessel. Above and below the second set
of spray nozzles are two entrainment separator pads. These pads are
& inches thick and are mede of 0.006-inch diameter stainless steel
wire. The upper ped has e density of 14 1bs/ft3 and the lower pad
has a density of 6 1bs/ft3. A 16-inch flanged nozzle at the top of
the deentrainment section is the vapor outlet leading to the conden-
ser.

An overflow column for the concentrated solution is located next to
the draft tower. This column, which has a diameter of 18 inches,
contains the weight factor and specific gravity dip tubes. An
elevation sketch of the concentrator is shown in Figure X-10 and a
plan view of the concentrator is shown in Figure X-11.

3. Condensgers

The horizontal, multi-pass, water-tube condensers located in
Cells 5 and 20, have been modified and relocated from 221-U Building.
Each condenser has 342 tubes, 10 feet long. The surface area of the
tubes is 895 square feet, and there are 9 tube passes. Seven segmen-
tal baffles spaced throughout the length of each condenser distribute
the vapor flow through the shell. An expansion joint is provided in
the condenser shell to relieve stresses caused by shell temperature
changes. Condenser 20-3 is equipped with four water sprey nozzles.
A sketch of the condenser in Cell 5 is shown in Figure X-12 and &
sketch of the condenser in Cell 20 is shown in Figure X-13. Table
X-3 lists pertinent data on the condensers.

The condenser on the Waste Evaporator in Cell 23 is also & horizontal,
multiple-pass, water-tube type containing 568 tubes 9 feet long. The
surface area of the tubes is 1340 square feet. Four segmental baffles
serve to channel the vapor flow through the condenser. The cooling
water makes gix passes through the condenser. The design duty of the
condenser 1s 30 million Btu/hr. Figure X-14 1s a sketch of the con-
denser, and Table ¥X-3 contains pertinent data on the condenser,

G. AMMONTUM CARBONATE ABSOREER

The ammonium carbeonate absorber, T-21-2, is used 1o adsorb
ammonia and carbon dicxide gas in water to make a solution of ammon-
ium carbonate and ammonium hydroxide. The absorber which sits on
top of TK-21-1 has an over-all height of & feet 6 inches, and an
outside dismeter of 22 inches. A five-foot section of the column
is packed with 3/b-inch porcelain Intalox* saddles. Liquid is
pumped from TK-21-1 to the top of the tower where it is allowed to
trickle down through the packing back into the tank through & sieve
plate on the bottom. Gases not ebsorbed by the recirculated liquid
exit the top of the tower and enter the No. 2 vessel vent system in
Cell 22, A sketch of the ammonium carbonate absorber is shown in
Figure X-15.

* Trade name of U.S. Stoneware Company
UNCLASSIFIED




UNCLASSIFIED 1024 IS0-100
K] mo ?
T0 CONDENSER
— — —
/7 [ :
1 m E:”E —_— ]
et 0
b I
; U I-_ | .j
0 AIR —
TUNNEL
SEAL POT .
NUZZLE SERVICE ) P
A - SPARE . I
P - CONDENSATE OUTLEY e Iy e = : <
£ - SPARE I = 2wl S
O - WEISNT FACTOR, SPGR L CHEW #DD S| 2 =
£ - SPARE Tl
F - STEAM INLET 2w
8 - SPARE : D
Ho- STEAW INLET =
bo- STEAM IWLET 5 -
K - STEAW IMLET 0 $ .L N |
L - PROCESS QUTLET -
N - CHENIEAL ABDITION L ] Y
N - TENPERATURE
P - WELGHT FACTOR & WATEW A0UITION
0 - PRUCESS 1M
FIGURE X-8

NRIZL

2w ®E K~ ™ - B WM D oo

- COMODENSATE OQUTLET H —1 p-8-5/8"0.0.
- SPARE .
- WEIGAT FACTOR, SPCR I CHEN MDD T
- STEAM VNLET -

- STEAM 1NLEY L 5] -|=1—=
< STEAM INLET

- STEAM IMLET i

- STEAN IMLET

- STEAB IWLET H =
- PROCESS OUT I Y J
- CHEMICAL ADDITION

- TEMPERATURE

E-5-2 Concentrator
Based on H-2-60942

“THTTS

TQ CONDENSER

|
Tt U = J —

JEAL POT

SERVICE i
PROCESS IN

15'-2-18/32

1'-1-1/8

—_—
\.

|

2°-1-3/32%

@/ rr ] o
r}—_‘@ N @EP":'

16*-3-1/18"

16'-8-15/18"
-0

- WEVGHT FRCTOR & WATER AEBITION
- SPARE

FIGURE X-9

E-20-2 Concentrator
Based on H-2-60945

UNCLASS IFIED




UNCLASSIFIED 1025 130-100

137-3-3/4"

E-23-3-1 E-23-3-2

GAS OUTLET
) ,
L [:’I(] -
-
I —
T +H
| - j SEAL #07 e
4 T0 kiR 2| =
& TUNNEL
73
! N J L J
| S —
L J
E-23-3-1 E-23-3 E-23-3-2
REFERENCE DRAWING H-Z-58043 REFEREACE DRAWING #-2-B0851 REFERENCE ORANING H-2-58043
NOZZLE SERVICE NOZILE SERYICE KOZZLE SERYICE
A~ STEAN INLET A- PROCESS 1M A- STEAM INLET
8- STEAN INLE? B-  CHEMICAL RGDITION 8- STEAM INLET
C- STEAN INLET C-  WEIGHT FAGTOR B WATER AQDITICN t- STEAN INLET
0-  STEAM INLET D- LIOQUID RETURN [} STEAM INLET
E-  CONDENSATE DUTLET E-  SPARE £ CUNDENSATE QUTLET
F-  PROCESS OVERFLOW
G- SPARE
H-  PROCESS WY
)- WEIEKT FACTOR & SPECIFIC GBRAW(TY
K- TEMPERATURE
L-  SPARE
E-23-3 Concentrator
REBOILER
REBDILER sy

E-23-2-1

ONCRONO, CRONONO,

® é o ®
-

O10)

FIGURE X-11
E-23-3 Concentrator - Plan View

554 0.0, 55" 0.0,

SEAL POT

18 0.0,

OVERFLON COLUNN

UNCLASSIFIED




UNCLASSIFIED 1026 IS0-100

PP %f

11°-4-3/4" -]

o)
L
-+

0.0

30-3,4
=l
o

. I Ui «
NDZZLE SERVICE
= GAS QUTLET
B- CONGENSATE DUTLET TEMPERATURE
c- CONDENSATE QUTLET
GAS INLET B- WATER GUTLET AND WATER OUTLET TEMPERATURE
E- SPARE
F- SPARE
8- WATER INLET
H- WATER INLET
)- WATER INLET

FIGURE X-12

E-5-3 Condenser
Based on H-2-60948

o L0 77
)*_H\J\_J = rﬂJ_@__

N 117 -4-3/4" |
NOZZLE SERVICE Bl
’- BAS QUTLET
GAS INLET B- CONDENSATE OQUTLET TEMPERATURE

C- CONDENSATE DUTLET
D-  WATER OUTLET TENPERATURE
E- WATER GUTLET
- WATER INLET
G- WATER INLET
- WATER INLET
I- WATER INLET
K- SPRAY WATER INLET

FIGURE X-13

E-20-3 Condenser
Based on H-2-60948

UNCLASSIFIED




UNCLASSIFIED 1027 IS0-100

NOZZLE SERVICE
A- WATER OUTLET
WATER OUTLET
WATER OUTLETY
WATER OQUTLET TEMPERATURE
WATER iNLET
WATER INLET
WATER INLET
GAS OUTLET
CONDENSATE OUTLEY TEMPERATURE

[i] IEI
CONDENSATE QUTLET

GAS INLET GAS INLET

| 1J+L» n T

G

|E| F

(]
—=]
—{=] H-)

P — I g " MmO o
I e e

A
0.0,

-
i

REE.
. ‘ C
| -kIJ ' {x]

g -4

FIGURE X-14

E-23-4 Condenser
Based on H-2-60854

NDZILE SERVICE
BD-  GAS INLET 4
EE-  SCRUBBER WATER INLET
FF-  WATER SPRAY & VENT SANPLERS
6G- TEMPERATYRE
HH-  GAS BUTLET
1)- GAS IWLET GG

REFERENCE DRAWING H-Z-60841 m

-J////////,/’ 22" 0.0
3/4% PORCELAIN INTALOX SADDLES
—

T w ¥
X

FIGURE X-15

T-21-2 Ammonia Carbonate Absorber
Based on H-2-60841

UNCLASSIFIED




UNCLASSIFIED 1028 IS0-100

H. VESSEL VENT SYSTEMS

1. Vessel Vent System No. 1 (Normal)

1.1 Vent Gas Heater

The vent gas heater, E-22-3, is 9 feet, 7-1/2 inches long and
has an outside diemeter of 18 inches. Heet is supplied by 100 psig
steam delivered to 91 tubes, 8 feet long. Three segmented baffles
distribute the vapor flow through the shell. Figure X-16 is a sketch
of the vent gas heater.
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A- STEAN 1NLET
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FIGURE X-16

E-22-3 Vent Gas Heater
Based on H-2-60843

1.2 Filter

Filter, E-22-5, consists of two banks of two CWS high efficiency
fiberglass filters stacked on top of each other. Each filter is 2k
inches square and 11-3/% inches deep. The second bank of filters is
located six inches downstream from the first bank.

1.3 Condenser

Condenser, E-22-4, has been relocated from 221-U Bullding and is
nearly identical to the condensers in Cells 5 and 20. The condenser
contains 342 tubes arranged for 9 tube passes. There are seven segmen-
ted baffles distributed through the length of the condenser. An expan-
sion Jjolnt in the condenser shell is provided to relieve stregges
caused by shell temperature changes. Condenser is shown in Figure X-17,
and pertinent data are given in Table i-3.
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2. Vessel Vent System No. 2 (Ammonia)

2.1 Ammonis Scrubber

The ammonia scrubber tower, T-22-2, which sits on top of TK-22-],
is 16 feet, 8 inches high and has an outside dismeter of 26 inches. A
large vepor to ligquid contact area is provided by 3/b-inch Intalox*
porcelain saddles. The packing is 13 feet, 9 inches high and starts
one foot above the bottom of the tower., Liquid enters the top of the
tower {through one spray nozzle), trickles down through the packing,
and drains into TK-22-1 through a dip leg. A York style moisture en-
trainment separator or demister, located 1l inches above the packing
in the center of the tower, is 4-5/8 inches in diameter and % inches
in height. Figure X-18 is a sketch of the scrubber tower.
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FIGURE X-18

T-22-2 Ammonia Scrubber Tower
Based on H-2-60842

* Trade name of U.S. Stoneware Conpeny UNCLASSIFIED
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2.2 Vent Gas Heater

The vent gas heater, E-22-7, is 56 inches long and has an out-
side diameter of 12-3/4 inches. GSteam at 100 psig is supplied to 51
tubes, 3 feet in length. There are two baffle plates in the heater.
Figure X-19 1s a sketch of the heater and Table X-3 contains pertinent
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FIGURE X-19

E-22-7 Heater
BRased on H-2-60845

2.3 Fllters

A sketeh of the fibergless prefilter, F-22-6, is shown in Fig-
ure X-20. TFilters F-22-8-1 and F-22-8-2 each consist of two CWS high
efficiency fiberglass filters in series. Each CWS filter is 24 inches
square and 11-3/4 inches deep. Filter, F-22.9, is located in a pit
on the south side of the 221-Building adjacent to Cell 22, The F-22-9
filter is identical to F-22-8. Additional discussion of the vessel
vent systems is given in Chepter IX, Section B 6.
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I. AUXTTIARY EQUIPMENT

The following section on auxiliary equipment deals primarily
with the mixing and trensfer of solutions in the process.

L. Pumps

The majority of pumpe used in the Waste Mansgement Facilities
have been relocated from 221-U Bullding. Those pumps which are nevw
have been built to U-Plant design. TPumps loceted within the process
tanks are supported and fixed on the top of the vessel by means of a
mounting flange resting on a nozzle flange. A vertical column, con-
taining the pump stages as an integral part, extends downward the
desired distance. The number of stages in the pump is determined by
the desired head and cespescity required. Sclutions enter the pump
axially at the lower end of the column and pass vertically upward
from stage to stage through the colunm. The pumped solution is dis-
charged redially through z side arm at the top of the column section
Just above the mounting flange. The drive shaft extends concentric-
ally through the column and is guided by sleeve bearings lubricated
by the pumped solution. The drive shaft is directly coupled to the
ghaft of the electric pump motor mounted above the mounting flange.
The weight of the shaft and the thrust developed during cperation
are absorbed by the motor bearings. A throttle bushing is provided
at the point where the drive shaft emerges from the column section.
Ieaksge past the throttle bushing is returned to the vessel. Table
X-4 is a summary of the pumps.

TABLE X-4
PUMP SUMMARY

Capacity Head Motor Dinensions Pump Heel
Pump EFN gpa 't hp Service feet 1
ahly-4R-F 001 100 355 20 PAW Storage 20¢ x 20 Loo*
24l -AR-P-002-1 600 390 150 Slurry Receiver 20¢ x 20 14,000%
ahh -ARP 002 -2 50 38 2 Slurry Receiver 208 x 20 1,200%
244 -(R-F-003 50 190 5 PAS Storage 14 x 12 564
P-13-1 50 50 2 Centrifuge Supernatant Receiver ¥ %9 55%
P-17-2 50 80 z Cesium Supertetant Receliver 8 x 12 3hT
P-18-1 50 90 3 IXW Receiver g-1/2@x12 bow
PA-18-3 50 %0 3 IXF Pump Tank Loy fodxt 25.3
F-19-1 1% 110 2 1CP Receiver Tank 10x16x1h Ta7
P-21-1-1 50 80 2 Cesium Eluent Storege 10x16x1k 818.6
pP-21-1-2 15 70 3 Cesium Eluent Storage 10x16x14 818.6
P-22-1 15 70 2 Condensate Recelver Fud Myl 22.8
P-23-1 10 25 2 Ren-beiling Wrate Receiver 3-1/ b7l 3
Pa2h-1 L5 o0 2 lovw-Level Waste Receiver 1016214 1,244
P-25-1 50 120 5 Cerlum Waste Receiver B x 14 137.7
P-25-2 50 120 5 High-level Weste Recelver 8¢ x 1h 122.3
P61 75 45 3 Oxganic Contactar % x9 1,830
P26-2 5 117 5 1CF Cortactor Sxfx12-1/2 28
P-26-3 75 117 5 1CP Receiver 5x7x12-1/2 3
P-27-3 100 e 5 ICW Contactor ™ x Ly 1,300
P-27-h 5 72 " 1CF Pump Tank 2-3/Lx5x3-1/2 126
P-282 10 w0 5 1EP Receiver 5-3/2¢x312 82.3
P-28-3 106 0 5 1AX Makeup T8 x I 1,621,
PA-28-4 8 72 i 1BF Pump Tenk 2-3/bx5x3-1/2 11.8
P-29-3 5 110 6 1AF Pump Tank 9-1/2x5x14 go%*
P-30-3 10 110 6 14X Pump Tank 9-1/2x5%14 92,1

*Estimated Heel UNCIASSIFIED
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1.1 Pump Agitators

In several B-Plant tanks, limited space has necessitate modify-
ing existing pumps intc pump agitators. The modification counsists of
drilling three holes in the bowl of the bottom pump stage. A portion
of the solution entering the first stage is forced through the holes
back into the tank, and a portion passes on tc the upper pump stages.
Through the use of & diaphragm operated valve on the pump discharge
line & pump agitator may be used for two modes of operation: 1) with
the pump discharge valve closed, solution will recirculate back to
the tank agitating the contente of the tank; 2) with the pump dis-
cherge valve open solution will be pumped and agitated simultaneocusly.
It should be pointed out that pump agitators cannot be used for batch
contactors because it cannot pump without also agitating the soclution.

2. Agitators

Many of the agitators used at B-Plant have been modified and re-
located from U-Plant, T-Plant, and within B-Flant. Several different
types of agitators are in service. These are summarized in Table X-5.

All of the agitators ere of stainlese steel construction. The sgitator
shaft is connected through & flexible coupling to the output shaft of
& speed reducer which is directly connected to the shaft of an electric
notor. The agitetor shaft is fabriceted in two sections; the upper
portion carries hoth thrust and radial besring loads, while the lower
portion carries the agitator blades., The two sections are joined to-
gether with a rigid, flange-type coupling. The upper section is sealed
by a kerosene-lubriceted Durametellic seal at the upper end of a
cylindrical torque tube welded in the mounting flange. The torque
tube also contains a grease-lubricated guide bearing near its lower
end to provide shaft support near the point of load application. Con-
tact of process solutions with the guide bearing is prevented by

means of positive air pressure introduced to the torque tube. Kero-
sene drippings from the Durametallic seal and air escape through the
¢learance between the agitator shaft and the lower end of the torgue
tube.

3. Transfer Jets

Transfer jets are used for transferring many solutions. The
rated water syphoning capacity renges from 3 to 75 gallons per minute
with somewhat smaller jets used in samplers. Solutions transferred
by steam jet are diluted 2 to 3 percent. Although steam is usually
used for the motive fluid, hoth water and air may be used. Solutions
at temperatures greater than sbout 145 F can not be jetted because
suction of the solution is great enough to cause the solution to
vaporize. However, submerged jeie are cepable of jetting solutions
up to about 175 F. When the solution toc be jetted vaporizes, the
Jjet is said to be "gassed'.
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TABLE X-5
AGITATOR SUMMARY

Motor Shaft Impeller Minimum Volume Dimensions

Agitator FPN bhp rym rypm Type Dias., In. Ko. Biades to Agitate (gal) Vessel Service (feet)
2Uh-AR-A-00L S0 1B00 45  turb 48 1 1200% PAW Storage 20¢x19-3/1
2hk AR-A-002 60 1800 45  turd ] 4 1200% Slurry Beceiver 209x19-3/4
24y -AR-A-003 15 1150 6B  turb 20 8 140* Neutralized High Level

Waste Storage 9-1/2¢x9
2hdi AR A ~00% 15 1156 68  turb 20 8 1ho* Sludge Waste Acidification  9-1/2¢x9
2Lh-CR-A-003 10 1750 82 turb 33 70(3) 2019 PA3 Storage 1 x 12
A-5-1 2 1150 1150 prop 8 3 140* Strontium Concentrate

Receiver 3-1/hxTxh
A6-1 7.5 1750 186 turb 17 8 hoh. b Strontium Storage B¢ x ik
A-6-2 7.5 1750 186  turd 17 8 508 Strontium Storage 8¢ x 1k
A-T-1 S 1350 150 turb 18 L 316 Strontium Storage 8¢ x ik
A-T-2 7.5 1750 186  turb 17 8 320 Strontium Storage 8 x 1k
A-B-1 5 1150 100 turb 18 I 32h Strontiuwm Storage 8¢ x 1k
A8 5 1150 100 turb 18 L 333 Strontium Storage 8¢ x 14
A-G-) 5 1150 100 turd 18 L 329 Waste Peceiver 8¢ x 14
A-9-2 5 1150 100 turb 18 4 320 Supernstant Storage a8 x 1k
A-11-1 5 1150 100 turb 1k 4 69 Slurry Tank Y1/ogx7
A-~1)-2 15 1150 68 turd 36 8 368 Decant and Metathesis 9% x 9
A-12-1 15 1156 68  turb 24 4 L37 Supernatant Receiver o x 9
A-13-1 5 175C 150 turb 20 B 753.6 Centrifuge Supernatant

Receiver o x 9
A-1k-1 5 1150 100 turb 1 4 o8.h Undesjgrated b1 fogxT
A-lh-2 15 150 68  turd 24 4 k90,8 Cesium Storage o x ¢
A-16-1 5 1150 100  turb 14 4 348.6 Undesignated 6-1/2¢x14
A-17-1 7.5 1750 186 turd 17 8 ko3 Cesium Storage 8¢ x 1k
A-17-2 5 1750 150 turb 17 8 T Cesium Supernstent Receiver 8¢ x 1k
A-18-1 5 1150 100 prop 9 3 176.2 1XW Receiver 9-1/2¢x12
FA-18-3 3 - ~  pump .- - 25.3 IXF Pump Tank b1 /2gx7
A-19-1-1 7.5 175¢ 186 +turb 17 8 1170.4 1CP Receiver Tank 10x16%14
A-19-1-2 7.5 1750 186 turb 17 8 1170k 1CP Receiver Tank 10x10x%1h
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Agitator EPN

A-20-]

A-21-1-1
A-21-1-2

PA-22-1

PA-23-1

A-eh-1-1
A-2h-1-2

A-25-1
A-25-2

A-26-1
AP6-2
A-26-3

A-2T-2
A=27-3
PA-2T-b

A-28-2
A-28-3
PA-28-4

A-29-2
A-29-3

A-30-2
A-30-3
A-31-1
A-312
A-31-3
A-32-1

A-33-1-1
h-33-1-2

Motor Shaft
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s AR AR \houn i

*
\hian

N =
pS RN | b8, ] wwn o “rwn

—~1-3
A

I
1150

1750
1750

1750
1750

1750
1750

1150
1150
1150

1150
1150

1150
1150

1750
1750

1750
1750

1150
1150
1750
1150

1750
1750

¥Eatimated volume

o
1150

186
186

185
186

186
186

1150
1150
1150

1150
1150

1150
150

186
186

186
186

1150
100
150
150

186
186

Iype
prop

turb
turb

turb
turb

turb
turb

prop
prop
prop

prop
prop

prop
prop

turb
turd

turb
turb

prop
turb
turb
turb

turb
turb

TABLE X-5, Continued

Impeller Minimm Volume Dimensions
Dim., In. No. Hlades to Agitate (gal) Vessel Service (feet)
8 3 13%.9 1¥P Concentrate Receiver 3-1/bxTxh
17 8 1169.3 Cesium Eluent Storage 10x16x1h
17 8 1169.3 Cesium Eluent Storage 10x16x14
- - 22.8 Condensate Receiver 3-1/5xTxk
- - 33 Non-Boiling VWaste
Concentrate 3-1/hxTxb
17 8 12k low-Level Waste Recelver 10x16x14
17 8 124y Low-Ievel Waste Receiver 10x16xik
17 8 Lo8.5 Cerium Waste Receiver 8¢ x 14
17 8 399 High-level Waste Receiver &8 x 14
9 3 1043 Organic Contactor MW x G
9 3 280 1CP Contactor 5x7x12-1/2
9 3 280 1CW Receiver Sx7x12-1/2
9 3 285 1CP Receiver 5-1/2¢x12
9 3 530 1{W Contactor 7% x 1k
- - 2.6 1CF Pump Tenk 2-3/Lx5x3-1/2
g 3 208.8 1EP Receiver s-1/2¢x12
g9 3 547.1 1AX Makeup 7 x 1k
-- - 11.8 1BF Pump Tonk 2-3/hx5%3-1/2
17 8 37T 1AF Makeup 9-1/2x5x14
17 8 385.6 1AF Pump Tank 9-1/2x5x14
17 8 390% 1AW Receiver 9-1/2x5x1%
17 8 355.3 1AX Pump Tank g-1/2x5x14
8 3 212.3 PAS Metathesis Tank 5-1/2@x9
18 4 1549 Dissolved Cake Storage hoy/ogxy
20 8 308.2 PAS Precipitator Tenk 6-1/2@x1h4
24 8 52 Waste Receiver 9-1/2¢x9
17 8 1308.8 Treated PAS Storage 10x10x1b
17 8 1308.8 Treated PAS Storage 10%10x1 %
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L, Gang Valves

Gang valves are used to operate the steam jets in the B-Plant.
A gang valve consists of four spring-closed, globe-type valves with all
working parts constructed of brenze. The four valves control sieam,
air, shut-off, and vent. The use of the gang valves prevent back flow
of radioactive solutions into the partial vacuum created by condensa-
tion of steam in un-purged lines. The following four positions of a
gang valve are used:

Position 1. Normal Closed Position

Valve to cperating gallery closed, valve to jet
is open, steam and air valves are closed.

Position 2. Air Venting of Jet or Sparger

Gallery valve closed, Jjet and sir valve open,
steam valve closed.

Position 3. Steam Being Supplied to Jet or Sparger

Gallery valve closed, jet and steam valve cpen,
air valve closed.

Position k., Jet Vented to Operating Gallery - Maintenance Position

Gallery and jet valves open, steam and air
valves closed.
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PART V, Continued

PLANT AND EQUIPMENT

CHAPTER XI

PACKAGING EQUIPMENT

ISO-100
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PART V, Continued

PLANT AND EQUIPMENT

CHAPTER XII

REMOTE OPERATION AND MAINTENANCE

By
H. C. Martin

HANFORD ENGINEERING SERVICES
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CHAPTER XII

REMOTE OPERATION AND MATNTENANCE

The high radiation levels prevalling in much of the Waste Management
Facilities necessitate interposition of massive shielding between
personnel and processing aress. Routine operation and maintenance

are carried out in many caeses wlth no access to the process equipment.
Instrument control, discussed in Chapter XIII, is extensively used.
Methods of remote sampling of process streams for laboretory checks on
instrument control, are discussed in Chapter XIV. The methods and
equipment used in performing remote operation and maintenance {except
process-control instrumentation and sampling) are the subject of this
chapter.

A. PRINCIPLES COF REMOTE OPERATION AND MAINTENANCE

The Waste Management process equipment has been designed, insofar
as possible, to provide trouble-free service with a minimum of
maintenance and attention. However, during the design of this
equipment, it was recognized that each item would have a finite
life and would require gervice or replacement at the end of life.
For this reason and to provide flexibility to accomocdate future
design changes, most of the equipment has been designed so that it
may be installed or removed remotely.

To avoild exposing personnel to excessive radiation, the equipment
is located in heavy-walled concrete "vaults" or "cells"”, often
underground. These vaults are covered with massive concrete
cover blocks. The cover blocks have stepped interlocking edges

so that an emerging ''radiosctive ray" originating within the vault
must pass through a certaln minimum thickness of shielding. When
it 1s necessary to perform work in a vault, the cover blocks may
be removed with a crane.

All remote maintenance is accomplished from sbove using cranes.
The cranes not only Lift equipment but handle the tools used in
remote maintenance. One of the unique features of the Waste
Management Facilities is that mll equipment is assembled and
disagsembled vertically. Consequently, the equipment is counter-
balanced so that when suspended from a crane hook, it will assume
the correct attitude for vertical assembly.

When a cell or vault is first constructed, the actual or "As-Built"
dimensions of all fixed-locstion (embedded in concrete) points

are recorded. Such location points include mounting pads, trunnions,
dowels, and remote connector nozzles. The "As-Built" dimensions of
each item subsequently installed (dunnages, vessels, pumps, Jumpers,
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B.

PRINCIPLES OF REMOTE OPERATION AND MAINTENANCE (Continued)

et cetera) are similarly recorded. In this manner, all equipment may
be prefabricated in the 277 mock-up building which is radiocactively
"cold", then set into the "hot" cell without exposing personnel to
radiation.

Redicactive process fluids naturally "contaminate” all surfaces which
they contact; therefore, 1t is necegsary to design and construct
equipment that may be contacted by these fluids so it can be removed
and deccntaminated. To this end, crevices, porous materials, and
pockets which will contein liquid pools must be avoided. Process ‘
lines are self-draining without low points to trap solutions. Process
solutions, 1f spilled, may conteaminate equipment which cannot be
decontaminated. Leskage must be minimized if not avoided entirely.
All joints are, therefore, located shove the static liquid level and
are gasketed. Valves are avoided wherever possible and where used
are incorporated in jumpers in order tc be serviceable should leakage
occur. Deep-well type pumps are used where steam Jet syphons cannot
perform the function satisfactorily. Vessels and potentially
radiocactively contaminated aress are maintained at a slight vecuum

g0 that all air leskage will be directed into the most contaminsted
area. The vecuum is maintained by blowers that draw the alr from

the contaminated area through particulate filters to minimize
atmospheric contamination.

Many remotely operated components have been standardized, such as:
remote connectors, dowels, studs, nuts, and steam syphons.

CRANES

In the Waste Management Facllities, all remote operations are
carried out from above using crenes. Bridge cranes are the work
horses of the canyon building end mobile cranes are used to
service the tank farms, diversion boxes, and vault buildings.
The cranes which serve the Waste Management Facilities are
deseribed in the following.

1. ©21-B Building (B Plant) Canyon Cranes

The "B" Plant Canyon has been provided with two electrically-
cperated overhead bridge cranes, sharing the same ralls. The
main crane is used for most remote maintenance operations
since the operator 1s shielded from radiation. The auxiliary
crane is used for other tasks where the radlation levels are
low. Crane maintenance platforms located at each end of the
building provide access to the cranes for servicing.
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B. CRANES (Continued)

1.1 Main Crane (CVI 65106 and H-2-33671)

The main crane is located west of the suxiliary crane on
their common rails which extend the length of the canyon.
The main crane Is illustrated in the building cutaway,
Figure XIT-1. Figure XII-2 is a photogreph showing the
main crane and the east crane maintenance platiorm. The
crane operator is protected from radistion both by the
shielded cab znd the parapet wall behind which it travels.
The crane cab is air conditioned.

The main trolley runs atop the bridge and carries a

T5-ton hoist and a 10-ton heoist. The 10-ton heist is
fitted with an electrically-operated rotary hook. Beneath
each of the two bridge girders is a monorail and trolley.
Eich trolley carries z l-ton and a 1/2-ton hoist from whiech
hang auxiliary hooks, grabbers, or impact wrenches havin:
2 or 3-inch sockets. The bridge, the three trclleys, the
slx hoists, the rotary hook, and the two impact wrenches
are controlled from the crane cab.

The area below the crane is illumin..ted by twenty flood-
lights on the bridge, four 1,000 watt lamps beneath the
trolley, and twe 1,000 watt periscope spotlights. The
crane operator views the operation through two periscorpes
or through a closed-circuit television system.

1.1.) Capabilities

Drawing H-2-44966 shows the crane lifting csprbilitice.

The speeds of the bridge, trolley, 75-ton hoist, and 10-ton
hoist are controlled by a drum controcller which affords six
speeds in either direction (plus = stop position). The
maximum speeds arc: Bridge travel - 160 FPM, trolley travel
25 ¥FPM, 75-ton hoist 1ift - 5 FPM, and 10-ton heoist 1ift -
3% FPM. It is possible to block the higher speeds so they
cannot be used. The trolleys of the monorail hoists trivel
at 25 FPM and the holsts 1ift at &1 FPM (both single sperd).

1.1.2 Shielding

The crane cab is shielded from dirvect gamms redistion by the
concrete parapet behind which it runs. Protection against
scattered radistion is afforded by the steel shielding of
the cab which is 4-1/2 inches thick on the top and upper
part of the sides, 3 inches thick ¢n the lower part of th
sides, and 1-1/2 inches thick on the bottom. The cab is
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B. CRANES (Continued}

1.1.3

entered through steel doors 3 inches thick. Steel is used
in this structure rather than lead because of the danger
that lead might eventuaslly sag and crevices open up through
the shield. The periscopes are brought in through a labyrinth
on the front wall of the cab. The cobjective lens systems of
the periscopes are exposed to moderately severe gamme bom-
bardment while the crane i1s moving contaminated equipment.
As a result, the lens elements gradually become discolored;
but transparency may be restored by heat treatment. Venti-
lating air is supplied through & shielded duct from a blower
mounted on top.

Crane Optical Aids

Becauge the crane cab in the Canyon Building is separated
from the canyon by a S5~foot thick concrete parapet, the
operator cannot directly watch the cperation of the crane
and recourse must be made to optical aids.

Two large periscopes, one on elther side of the crane bridge
permit the operator to view the crane hooks, impact wrenches
and cell equipment with clarity. Although the field of vision
is rather limited (to gain magnification) scanning may be
obtalned at the operator’s discretion by electric motors
which "telescope" the periscope across the canyon, and rotate
it on its axis. The eyepieces are automaticelly synchronized
with the viewing direction of the objective ends of the
periscopes so that the operator is always lcoking in the

true direction.

large negative lenses have been installed on the outboard
side of each periscope objective so that when the cobjective
is rotated in this directicon, a tremendously increased field
of view is obtained. This allows the operator, in one glance,
to get & general view of the canyon, to see whether or not
all cover blocks are in place, and to see 1f anyone is on

the deck.

A television camera also is installed under the crane bridge.
The viewing angle of this instrument is varied by electric
motors under the operator's control which rotate the camera

on both the horizontal and vertical axes. The "picture”
picked up by the camera 1s transmitted by wire to the crane

cab where it appears on the screen of a television monitor.
Although the television lacke the definition of the periscope,
it has a broad fleld of view, is not as tiring to the eye,
permits quicker scanning of the situation, and affords an addi-
tional view from a different angle. Portable, closed-circuit
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B. CRANES (Continued)

television systems may be used with the crane when necessary
to gain edditional viewpoints. The portable television
equipment requires "Kluge" setups and is used only when
absolutely necessary.

1.1.4 Electrical Services

The crane is supplied with 440 volt, three-phase, 60 cycle
power via conductors and collector shoes mounted on the
crane. Similar conductors and collectors supply power to

the trolley. The monoreil trolleys are supplied by festooned
cables. The rotary hook and the impact wrenches and/or
grabbers are supplied through reel-type cord retractors.

A telephone in the cab is connected to the building PAX
system. Cab air-conditioning is provided for operator
comfort.

1.1.5 Rotary Crane Hook {H-2-44970)

The 10-ton rotary hook was designed to allow the crane
greater versatility. A 115 volt DC gear motor drives the
hook through a slip clutch set at 60 ft.lb. meximum torque.
The losd is transmitted from the 10-ton hook to the block
by a tapered roller bearing.

1.2 Auxiliary Crane (CVI 76513)

The suxiliary crane operates on the west side of the main
crane. The crene operator, having little radiation shielding
and no opticel alds, views his work directly. The auxiliary
crane 18 therefore used only for work in low level radiation
zones.

The main trolley runs atop the bridge and carries a 10-ton

hoist. Six-speed drum controllers like those on the msin

crane are also used to control the bridge, trolley, and

hoist movements. The maximum design speeds are: Bridge - 300 FPM,
Trolley - 25 FPM, and Hoist - 35 FPM. The 1ift is TC feet.

The monoreil holsts located beneath the two bridge girders

are identical with those on the main crane except that the

right trolley carries only one cable reel (for supplying

power and control to an impact wrench).

Lighting is provided by four 1,000 watt floodlights beneath
the trolley and a 400 watt searchlight.
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B. CRANES (Continued)

1-3

2-

Holst¥*

Main

Crane Maiptenance Platforms (H-2-2762 and H-2-33125)

Two mobile crane maintenance platforms are provided to service
the cranes. Each i1s mounted on a short section of rails at the
end of the canyon and i& propelled by driving the wheels through
a8 handcrank mechanism. Access Lo each platform is provided by
& fixed ladder mounted on the canyon end walls. A fixed, caged
ladder hangs from the west end platform allowing access at any
poeltion along the rails. The east platform is of split-level
design, which allows maintenance of the crane on the upper level
and of the impect wrenches on the lower. The east piatform has
a8 swing-down ladder which may be lowered from the platform by a
manually-operated winch.

244 AR Building Canyon Cranes (H-2-62046)

A 20-ton bridge crene spans the 244 AR Building and runs the
length of the canyon. Four "l" beams are suspended beneath the
bridge girders, two under each girder, providing runways for
four l-ton monormil hoists. Two of the auxiliary hoists carry
impact wrenches as shown in Figure XII-3. The cranes are all
controlled from the crane control room from which the operator
may observe the crane movements through three closed-circult
television systems and a perlscope. In event of failure, a
manually-operated system is provided to retrleve the bridge to
the east end of the canyon where maintenance masy be performed by
personnel on the crane maintenance platform. The operating
characteristics of the cranes are shown in the following Table.

TABLE XTI-1

Max imum
Trolley Hoist Hook Height
No. Capacity Speed Speed  (Above Canyon Floor, Lift

Hoists (Tons) (FPM)  (FPM) 682) (Ft.) (Ft.)
1 20 20/10/3 15/1.5/3 30 50

Auxiliery b 1 30 31/10 26-1/2 59

* Bridge travel speed 10/20/40 FPM.

2.1

Observation System

A monocular periscope from the crane control room penetrates
the gouth wall of the canyon, 9 feet 4 inches from the floor,
enabling the operator to view the canyon area. The objective
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B. CRANES (Continued)

2.2

3.1

lens can scan through a solid angle of 180°. The eyepiece
provides magnifications of 2X and 10X and is adjustable in
elevation to ensure operator comfort. Each of the three
cloged-circult television systems has a 17-inch monitor
located within the control room; is shielded from ambilent
radistion; is contained in e corrosion-resistant housing that
may be decontaminated and has remotely-controlled pan, tilt,
and zoom mechanisms (pans through 350°, tilts through 90°,
and zooms from a focal length of 25 mm to 150 mm). One
camera 1s mounted on the crane, one may be mounted upon any
of sixteen wall brackets provided, and the other may be
mounted con any of the remaining fifteen wall brackets.

The canyon area is provided with high-intensity lighting
slong the walls. A ten-foot diameter area of the vault

is lighted to an intensity of 100 foot candles by mercury-
vapor floodlights on the crane. The lights are controlled
from Crane Control Room.

Crane Maintenance Flatform (H-2-62003 and H-2-62004)

In order to service the crane and its associated equipment,

g crane maintenance platform is provided at the east end of

the canyon. The platform moves along & sghort section of rail
powered by an electric drive motor. The drive motor may be
controlled either from the platform or the canyon floor. In
crder to reach the platform, persconnel must climb one of twe
open ladders to an intermediate platform on the north wall, then
up & caged ladder, then onto the crane maintenance platform.

Mobile Gentry Crane (CVI 2973)

The gantry crene is used in the Waste Management Facilities for
instelling and removing pumps, sluicing nozzles, and other
equipment; and for making Jjumper changes in the diversion boxesg
and vaults.

Description

The gantry crene is a self-propelled railway crane equipped
with two electric hoists (10~ton and l-ton capacities), and
iz designed to spen diversion boxes and pump, heel, and
gluice pits. The crane may be towed from one location to
another by lowering rubber-tired wheels which 1ift the crane
from its rails. Crane rails ere provided at the 244 CR Vault
and the 241-ER-151 diversion box. Figure XII-k is a
photograph of the gantry crane.
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B. CRANES (Continued)

3.2 Superstructure

The superstructure of the gantry crene is & steel frame,
supported on slde members equipped with railway wheels, to
position the hoist monorall directly over the working area.
The moncrail is an 18 ineh "I" beam, 26 feet 7 inches long,
positioned transversely 12 feet ¢ inches above the crane
rails. One end of the monorail overhangs the railway 8 feet
and the other end overhangs 4 feet 7 inches. The side members
allow a transverse clearance of 12 feet 8 inches. The center-
to-center distance between the 70 pound rails is 14 feet. The
gantry crane is also equipped with pneumetic rubber-tired
auxiliary wheels which are raised and lowered by 10-ton
capacity Porta-Power {No. R-159) hydraulic rams. One pair

of wheelg is fitted with a towing bar and steering links
which permit & minimum turning radius of 19 feet.

3.3 Hooke and Hoists

The crane is equipped with two Yale and Towne Coupiny hoists
of 10-ton and l-ton capacities. Pertinent data concerning
the hoists is tabulated below.

TABLE XII-2
Hoist Data

Model XE-1DC30M12 PC-1C38M15
Maximum Clerance Hook Face T Ft. 9 Ft. 10 Tnches
to Top of Rails
Total Lift 30 Ft. 38 Fu.
Hoist Speeds 12 and 4 Ft./Min. 15 and 7.5 Pt./Min.
Trolley Speeds 15 and 5 Ft./Min. 15 and 5 Ft./Min.

3.4 Electrical Services

The required 480 volt, 3-phase electrical supply is brought to
the crane through a No. 4, four-conductor cable which is carried
on an Appleton cable reel (No. GW-46) mounted at one corner of
the superstructure. The crene is self-propelled on the rails

at speeds of 40 and 3 Ft./Min. through a gear and shaft system
by means of two separate motors mounted on the superstructure.

UNCLASSIFIFD




UNCLASSIFIED 1210 150-100

B. CRANES (Continued)

A portable pushbutton control panel is provided for operating
the crane. The control leeds are of sufficient length to
allow the operator to be at least 30 feet from eilther side

of the crane. A 200 foot cable is also gvailable to decrease
operator proximity.

3.5 Lighting

The crane work area is lighted by six, 750 watt, 110 volt

floodlights (Westinghouse type AH-16, Style No. 891 572),

which are mounted on the crane superstructure in two banks
of three lights each.

3.6 Optical System

A system of mirrors may be employed to assist the crane
operator in carrying oulb remote operation. Binocuwlars are
employed by the operators to aid in viewing the equipment
through the mirrors. The portable television system may bc
used, 1f necessary, to view operations.

3.7 Rotary Hook (H-2-33551)

The gantry cranes are egquipped with an electrically-operated,
10-ton rotary hook. The hook may be rotated either clock-
wise or counter-clockwise at 2-1/4 RPM. Hook rotation mny
be started and stopped by engaging or disengaging & magnetic
clutch. The control station has two pushbuttone and one
selector switch to control the hook. One pushbutton runs
the motor "forward", one "reverse" and the selector "locks”
or "unlocks" the clutch.

3.8 Operstion

The crane and hoists may be cperated from any point within
200 feet of the crane through the use of the portable
control panel.

Jumper changes and the removal and installation of eguipment
are observed with the mirror-type viewing system.

The 10-ton cepecity hoist 1s used for handling cover blocks
and equipment, while the l-ton hoist is used with an impact
wrench for loosening and tightening remote connectors and
equiprent hold-down nuts.
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4, Boom Cranes

Two boom cranes are &ssigned permanently to serve the Waste
Management Facilities and two are avallable on a work order
vasis from "On-Site" services. All are standard industrial
models with extendable booms.

R.l 20-Ton lLorain Crane

A lorein, Series 4O, Model MC-41k, 20-ton, wheel-mounted,
gelf-propelled crane is assigned to the Waste Management
Facilities. Boom sections are available to vary the boom
length from 30 feet to TO feet. This crane is shown
performing work in a diversion box in Figure XII-5. The
H.O. (Hanford Operations) number of this crane is 17T-10797.

L.2 L45.-Ton American Crane

An American Model 599T, wheel-mounted, self-propelled,
L5-ton crane is evailable from J. A. Jones Construction
Company on work order basis. Boom sections are avallabie
to extend the 40 foot (minimum) boom to 110 feet. Its
H.O0. Number is 17T-19959.

4.3  60-Ton Manitowoc Crane

A 60-ton, wheel-mounted, self-propelled, Model 2900,
Manitowoc crane is available on a work order basis from
ITT/FSS Road Maintenance Section. Boom sections are
available to extend the 40 foot (minimum)boom to

110 feet. Its H.Q. Number is 17T-19960.

4.4  100-Ton Manitowoe Crane

A Manitowoc, Model 3900, 3-1/2 yard, 100«ton, track-
mounted crane is assigned to the 200 Areas (Isochem, Inc.),
and 1s normally used for construction. Boom sections are
available to extend its 50 foot (minimum) boom to

140 feet. Its H.O. Number is 17-1066€6.

REMOTE CONNECTORS

The remote connector is a device for connecting process plpes,
auxiliary lines, instrument lines, or eiectrical lines in areas
where radistion levels or redicactive contaminates prohiblt humen
access. The stationary portions of the connectors {always the
lower portions) are usually mounted on the cell wall or upon the

UNCLASSIFIED




UNCLASSIFIED 1212 130-100

c.

REMOTE CONNECTORS (Continued)

process vessels. The movable portions (the "uppers") are nomally
attached to Jumpers or to equipment subject to periodic removal.
This equipment is arranged and belanced so that, when it is dangled
from a crane hook, the "uppers' are properly oriented to engage
simultaneously with their assigned "lowers' as the equipment is
lowered vertically. The connectors are so designed that once they
have been engaged, the eguipment will remain in poeition after
release from the crane. The connectors szre gecured by tightening
the nuts with the remote impact wrench.

There are three bmsic types of connectors - the pipe connector,
the electricel connector, and the wedge connector.

1. Pipe Connectors

Pipe connectors are used to connect pipes and multi-passage
conduits, and to insert and seal thermocouple wells. Two

types of pipe econnectors are employed in the Waste Management
Facilities, the "Hanford connector" which has a 3-inch hexagonel
cperating nut and employs flat msting surfaces, snd the "Purex
connector" which has & 2-inch hexagonal operating nut and
spherical mating surfaces. In all other respects the two types
are similar but they are not interchangeable. In pipe connectors,
the "lowers" are known as "nozzles" while the "uppers" include
everything else and are generally called "the connector'.

Figure XII-6 illustrates the two types of connectors.

Both types of connectors are gvailable in two styles, horizontal
or vertical; the connector skirt determines the style. The
function of the connector sgkirt is to locate the connector upon
the nozzle and hold it in position until the nut is tightened.

In Figure XII-6, the Hanford connector is shown with a horizontal
skirt and the Purex connector with a vertical gkirt. The hori-
zontal skirts are sc shaped that they engage the nozzles and

hang cantilevered from them. The vertical skirts are shaped
‘like an inverted funnel in order to loeate upon nozzles with
vertical asxes.

The nut 1s Jjacked away from the mating surfaces by tightening the
pivoted, operating screw. The nut carries three latches which
catch behind the nozzle flange and draw the mating surfaces
together upon the gasket. The latches pass through openings

in the ycke; and the geometry of these openings, the connector
block, and the latches 1s such that, upon making the connection,
the yoke forces the latches in behind the flange and, when
breaking the connection, the connector block forces the latches
out to clear the flange. Located directly behind the nozzle

UNCLASSIFIED




UNCLASSIFIED 1213 I80-100

C. REMOTE CONNECTORS {(Continued)

1.1

1.2

2.1

flange is a "kickplate" which may be a separate or an integral
part of the equipment upon which the nozzle is mounted. When
loosening the connector, the last few turns of the screw brings
the latches against the kickplate forcing the mating surfaces
apart, thus overcoming any tendency of the gasket to stick.

Hanford Connectors (H-2-32700)

Hanford ccnnectors are available in one size only. A variety of
blocke and nozzleg are avellsble for single 1, 2, and 3-inch

pipe connectors, L-port instrument connections, coaxiasl recirculetion

line connections, thermometer well connections, &nd blank plugs.
A1) connector blocks and nozzles are made of type 304-1L stainless
steel. Gaskets are spiral wound metal with a filler. Metals
available are stainless steel and titanium; fillers are blue
African asbestos, teflon, and linear polyethylene.

Purex Connectors (H-2-32410, H-2-32420, H-2-3243C, H-2-3244()

There are four sizes of Purex comnectors, 1, 2, 3, and 4-inch

IPS5. A multitude of connector blocks and nozzles are availeble
for same size, reducing and increasing pipe connections, three-
port instrument connection, recirculation connecticns, thermometer
installetion, and blank plugs. The connector nozzles are centri-
fugally cast stainless steel, the sphericel mating surface

of one type is faced with Stellite /. The gaskets are teflon

or teflon-impregnated asbestos.

Electrical Connectors

Electrical comnectors are used to connect power, instrumentation,
and communication conductors. Two types are employed - the "Hanford
connector"” which is simply a modification of the Hanford pipe
connector and the "Purex connector" which employs the same size
cperating nut as the Purex pipe connector. Unlike the pipe
connectors, the eiectrical connectors are all "vertical' connectors;
that is, the "Nozzles" have vertical axes. Electrical connections
are formed between silver-plated bronze contacts held under
pressure by a spring. The springs are deformmed as the operating
screw is tightened.

Hanford Electrical Connector (H-2-32710)

The Henford electrical connector, 1llustrated in Figure XII-.7,
is essentislly the same ss the Hanford pipe connector but with
six electrical contacts made to accept No. 6 Awg conductors.
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2.2  Purex Electrical Connector {H-2-32400 and H-2-32401)

The Purex electrical connector is illustrated in Figure XII-T.
The physical configuration bears little resemblance to the
Purex pipe connector except in principle; three latches draw
the "upper" down to the "lower"” as the nut is tightened.

When released, the latches are cammed out to clear the striker
flange. They are guided in behind the flange as the screw is
tightened. The connector halves are gulded together by dowel
pins. The geveral standardized contact arrangements available
for the Purex connectors are seven contacts for No. 6 wire,
thirteen for No. 6, twenty for No. 14, and thirty-three for
No. 16. Also available are arrangcments for magnetic shielded
and coaxigl connections.

3. Wedge Connectors (H-2-3344k4 and H-2-~62081)

Several wedge connectors are utilized in the Waste Management
Facilities. The Wedge Connector was developed to satisfy the
need to remotely couple lines larger than 4 inch IPS. A typical
wedge connector is illustrated in Figure XII-8. The saddle is
attached to the most permanent equipment and the wedge is
sttached to the more mobile equipment. The gasket is lowered
by the crane onto the saddle's sealing surface; the wedge and
the attached equipment are then lowered into the saddle where
they will remsin at rest until the nuts are tightened. Wedge
connectors aere designed to connect pipes with horizontal axes.
The smaller wedge connectors utilize a spiral-wound steinless
steel-asbestos gasket while the larger sizeg require a more
compreesible gasket such as a tubular metzllic "O" ring.
Contact surfacee of the wedge connector should be re-lubricated
with & sultable lubricant prior to esch assembly.

SPECIAL TOOLS

Since a2 crane hook is not sufficiently versatile to perform all
maintenance tagks, special tools are used in conjunctien with it.
Yokes are used to handle equipment which cannot be suspended froum
one peoint for structural, enveleope, or clearance reassons. Such
yokes are generslly stored on racks within reach of the crane.
Since few yokes are used to handle more than one equipment, let

it suffice to say that each yoke is & "special’ designed to

fit only its intended equipment. Impact wrenches and grabbers are
the more universal tools used with the crane to perform maintenance.
A common electrical circuit serves ell "hook-mounted” tooling.

The electrical connectors of the grabber, impact wrench, or any
other tool are the same so they will mate with the crane connector.
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1.

Impact Wrench (H-2-31103 and H-2-32324)

Electrically-driven reversible impact wrenches are employed to
rotate the remote nuts and connector-operating screws. A bail
on the impact wrench is designed so that when suspended on a
crane hook, the wrench may be balanced with the socket axis
either horizontal or vertical. The wrench attitude may be
changed by resting the wrench on the floor and sliding the
crane hook slong the bail to the opposite suspension point.

The electric motor drives an Ingersol Rand impact wrench head
through a gear train. When transmitting low torgues, the rotary
hammer is engaged with the anvil lugs and the torque is trans-
nitted directly through with no relative motion; but when the
torgue exceeds a preset value, the hemmer and spring sre
repeatedly cocked and released each time delivering a sharp
impact to the anvil lugs, thence to the nut via the socket.

The impact wrench is prevented from rotating by a reaction bar
alongside the socket. There are two types of impact wrenches -
one has a 2-inch hexagonel socket and delivers spproximately
500 ft.lb. of torque to the nut and is pletured in Figure
XII-9. The other has a 3-inch hexagonal socket (for special
occasions, 1t may be fitted with & 2-inch socket) and delivers
a torque of about 600 ft.lb. It should be noted that the
impact wrench torque 1s preset to one value and cannot be
varied while in use. Impact wrenches may be scen suspended from
the small crane hooks in Figure XII-Z.

Grapber (CVI 74629)

The grabber is a clam~shell bucket device for handiing small
pieces of equipment that cannot be picked up with the crane
hooks. The tool is powered by a reversible fractional-horsepower
electric motor that rotates a threaded shaft which in turn cpens
or cloges the bucket jaws. The lips of the Jaws are used to
grasp loose nuts and other small items. Pipes may be gripped in
semicircular notehes cut in the sides of the bucket jsws. A
single pair of semicircular Jaws are attached to one side of

the bucket BHr handling vertieal pipe. A grabber is illustrated
in Figure XII-10.

Flushing Wand (H-2-3309k4)

The flushing wand ig & device used for ridding apparatus of
gross contamination prior to remcvel. The wand is a welghted
(approximately 500 pounds) pipe with a remote connector nozzle
at one end, & spray nozzle at the other, and lifting bails
located to allow the crane operator severml choices of wand
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attitude. In Figure XII-1l1 the wand is illustrated in a
horizontal attitude spraying downward (the angle is 23° below
the horizontal). Yoke D-63066-F is used with the crane hook to
support the wand horizontally.

A flat, sharply-defined spray pattern with uniform distrivution,
minlmum stomization, and maximum impsct is characteristic of
the spray nozzle which directs 25 gpm (water at 100 psi}
against the apparatus being flushed. The nozzle forms a

flat spray with a 40° spread. Since the wand is stainless
steel, it may be used with most decontaminating solutions and
may ltself be deconteminated if necessary.

4. Jumper Cutter (CVI-12484 HWS-6335)

The Jumper cutter is 50-ton alligator shear and is pictured
in Plgure XII-12. The primary function of the Jjumper cutter
is to cut up contaminated Jumpers prior to scrapping them;

in this manner the volume of the scrap is reduced and burial
is more efficient. Costly items such as remote connectors,
valves, and instruments may be severed from the bulky Jjumpers,
decontaminated individually, and reused. At times the jumper
cutter is used in the cells to sever tangled jumpers and
other equipment.

The Jumper cutter is capable of cutting a 4 inch schedule 40S
pipe and a structursl 4 inch, 9.2 lbs./ft. tee simultaneously.
The Jaws, which open to 12 inches, are actuated by a four-bar
toggle linkage which i1s powered by a ball screw driven by a
7-1/2 horsepower electric motor. The knives are 1h inches long
with edeges serrated to retain the victim material during
cutting. The knives sre fastened in the Jaws by Z2-inch remote
nuts. Two fixed bails permit suspending the jumper cutter

from a 10-ton crane hook with the Jaws either horizontal or
vertical.

The jumper cutter is powered by a 440 volt, 3-phase, electric
motor supplied through the stendard (impact wrench grabber)
connector. The circuitry is such that only the "forward"
momentary-contact pushbutton controls the cutter. Holding
the button in the depressed position causes the Jjaws to cycle
from open, to closed, to open again which takes about 45
seconds. A fifteen-second time delay following each cycle
allows the operator to release the button before another
eycle is begun. The cutter will continue to cycie as long

as the button is depressed. If the button is released at

any time during the c¢ycle, the cutter will stop immediatcly; the
Jjaws will open when the button is again depressed, regardless
of the point in the c¢cycle at which they were stopped.
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5. Extension Hooks (H-2-57884)

Extension hocks are used t¢o extend the reach of the crane and to
permit hooking smzll balls. The hooks are for use with 10-ton
crane hooks; lengths are 2 feet and 5 feet. The hook section 1s
1-1/4 inches deep by 1 inch wide (7-ton maximum based on a safety
factor of & on ultimate tensile strength) with & throat of

1-1/4 inches.

PORTABLE CLOSED-CIRCUIT TELEVISION SYSTEM

A portable closed-circult television system 18 available from Redox
on a loan basis. This system may be used to view operationes or aspparatus
from vantage points other than those afforded by the fixed opilieal
aids. The television camera unit is a commercial unit (General
Electric Model 4TEQB3) designed to withstand severe environmental
conditions. The basic camera pictured in Figure XII-13 is approxi-
mately 5-1/2 inches in diameter and 11-3/4 inches long. The camera
will accept any "C" mount lens and compensates automatically for
light level varistions. Several television monitors may be used
with the camera, usually, however, a 12 inch (General Electric Model
WTH25BY) or a 14 inch (4TH26F3) 1is used.

Since this is & commercial system, neither radiation shielding nor
remote aiming devices are provided; these jteme must be designed in
accordance with the situation and provided by the user. Purex has
& shielded enclosure with a bail which is rotated by a television
antenna rotor to permit pan control. The camera is aimed downward
at a mirror which "looks"” horizontally; no tilt control is provided
but the camere may be raised or lowered with the crane auxiliary
hook. This enclosure is available on loan to the Waste Management
Facilities.

DIVERSION BOXES

Diversion boxes are essentially piping "patch boards". Their function
is to minimize duplication of piping and to allow the changing of
line routings without the use of valves. The diversion boxes are
concrete pits with pipes passing through the concrete and terminating
in remote connector nozzles inside (see Figure XII-14). The nozzles
are arranged so that all desired connections may be obtained with
several jumper configuretions. Moblle cranes are used to service the
diversion boxes. One type of diversion box, known as a trensfer box,
which connects one common pipe to each of several others, one at a
time, uses only one Jjumper and has the several nozzles arranged in

a cirele about the common nozzle as shown in Figure XII-15. All
dlversion box lines are capable of passiag fluids under pressure;
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~

this feature distinguishes diversion boxes from diverter stations
which can only accomodate gravity flows. Leakage occurring within
the diversion box is collected in a basin until there is sufficient
quantity to returm it to the processing operation.

Although one of the functions of diversion boxes is to eliminate
valves, in some instences it has been necessary to utilize valves.
Where valves are used, they are located In the jumpers sc they may
be removed from the diversion box remotely and either discarded and
replaced or serviced. The valve stem extensions project upward
through the concrete cover blocks and radimtion shielding is
provided around the penetration.

G. DIVERTER STATIONS

Diverter stations are similar to diversion boxes except that gravity
flow is necessary. A typical diverter station is shown in Figure
XII-16. Fluid flows into the diverter tank; when the fluid lievel
reaches the height of the exit piping, it flows out through a
short Jjumper and falls into the spout funnel. From the spout, the
Jiquid flows cut into the selected floor funnel. Selection of
the floor funnel is accomplished manually. The spout is raised
out of the funnel 1t is presently in, rolated until it is above
the desired fumnnel, and lowered, The floor drain allows all
leakage to collect in & sump from which i1t may be returned to the
process coperation.

H. REMOVAL AND REPAIR OF RADIOACTIVELY CONTAMINATED EQUIFPMENT

Occasionally it is necessary to repair, replace, or maintain
contaminated equipment located within a cell or vault. Wherever
possible, the egquipment is flushed or rinsed with decontamlnation
solutions while still in location. On rare occasions, it is
possible to perform the required "contact maintenmnce" after
rinsing without removing the equipment, but usually 1t is necessary
to remove the equipment for maintenance.

Often, due to the length of time an item would be out of service for
decontamination and repair, the item, even though it can be repaired,
must be replaced with new equipment. The nature of the equipment

and the contaminent dictate the disposition of each particular

piece of equipment. Employing chemical and physical decontamination
methods, the rediation level of meny items may be reduced sufficiently
to permit the required maintenance. The remaining items must either
be scrapped or, when the contaminating isotope(s) are relatively
short-lived, allowed to '"cool-off'.
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Items to be screpped are placed on an old, contamineted railroad

flat car, often separated from the engine by several empty cars, and
removed via the Hanford Railroad to & desert burial tunnel where it

is abandoned - flat car and all. Equipment which is to "cool-off" is
removed to & designated area where it will not be a hazard to persocnnel
while the radioactive isotopes decay. At the end of the cooling-cff
period, maintenance may be perfomed and the equipment returned to
gervice when needed.

Bquipment which is to be chemlcally or physically deconteminated is

sent via railroad to & decontamination facility, often the 221-T
Building, where the reguired decontemination and repair may be performed.
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FIGURE XIiI-1

221-B Canyon Building
Sectional View
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FIGURE XII-2

Main Crane and Fast Crane Maintenance Platform
221-B Building
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FIGURE XII-3
244 AR Crane and Crane Maintenance Platform
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FIGURE XII-4
Gantry Crane

FIGURE XII-5

20 Ton Lorain
Performing Work in Diversion Box
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Electrical Connectors
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FIGURE XII-8

Wedge Connector
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FIGURE XII-9

Impact Wrench
(2 inch Socket)

FIGURE XII-10
Grabber
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FIGURE XII-11
Flushing Wand

FIGURE XII-12

Jumper Cutter
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FIGURE XII-13
Portable Television Camera
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FIGURE XII-15
Plan View of Transfer Box
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PART VI

PROCESS CONTROL

CHAPTER XIII

INSTRUMENTATION

By

R. J. Merriman

HANFORD ENGINEERING SERVICES
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CHAPTER XTIII

INSTRUMENTATION

A. INTRODUCTION

Continuous processing employed in the Waste Management Program requires
that autometic instrumentation measure and control a mejority of the process
variables encountered. These variables include flow, pressure, liquid
level, weight factor, specific gravity, liquid-liquid interface position,
speed, vibration, sound, pH, tempersture and radistion.

Generally an instrument measuring and control system consists of
several component elements integrated to function as a system. The
integrated component elements are the primary element which "senses" the
process variable; an element that receives the signal from the primary
element, conditions or modifies this signal, and transmits the modified
signal to a receiver element where it is indicated or recorded; the
controlling element which automatically transmits varying signals to
the final control element to keep the process variable at the desired
operating condition; and the alarm element to warn the process operator
of an abnormal condition.

The purpose of this chapter is to discuss in detail the various
instruments used in the Waste Management Program to measure and control
the many processes.

B. FLOW MEASUREMENT AND CONTROL

The following types of flow measuring and/or control systems are
used in the Waste Management Program: (1) electronic transmitting
rotemeter, (2) pneumatic transmitting rotameter, (3) indicating rotameter,
() magnetic flowmeter, (5) orifice meter, and (6) displacement meter.
The choice of the system depends upon the solution to be measured, whether
it is radiocactive or non-radiocactive, acid or caustic, aqueous or
organic, contains solids or not; upon the accuracy of the measurement
desired; and upon the flow rates and the range of flow likely to be
encountered.

l. Rotameters

Rotameters meke use of a constant differentisl head across a
restriction of variable area to measure the flow rate of a fluld. The
generel flow equation is:

Q = CAv/2gH where Q = flow rate, C = flow
coefficient of discharge, A = area {variable), H = head difference across
the snnuler restriction (constent), and g = acceleration due to gravity.

UNCLASSIFIED




UNCLASSIFIED 1309 IS0-100
B.l. Rotameters (Continued)

The stream being measured passes upward through a vertical, trun-
cated conical metering tube having the maximum diameter at the top. A
float inside the tube adjusts its vertical position as required by the
flow rate, and in 8o doing changes the annular area between the tube
and the maximum dlameter of the float.

Rotameters are usually designed for a flow rangeability of 10 to 1,
but up to about 20 to 1 can be obtained. Rotameters have glven
satisfactory operation in flow ranges from a minimum of 6 to 60 ml/min
to & maximum of 10 to 100 gal/min. Rotameters are generally not
recommended for ranges below 0.1 to 1.0 gal/min. For smaller flows,
the magnetic flowmeter should be considered.

Volumetric flow rates are affected by the density and viscosity
of the fluid being measured. A density correction can be applied 1if
the viscosity is less than about 3.0 centipoise for flows up to
2 gal/min., and less than about 20.0 centipoise for flows from 2 to
20 gel/min. :

(Pop= Po) (By)

(Pfl - wl) (Pw2)

F = Correction Factor :
(Multiply original calibration by factor
to obtain new flow rate)

Ppq = Density of original float
Pyp = Density of new float
Pwl = Density of original solution

Denslty of new solution

g

The pressure drop across the rotameter is nominally 3C inches of
water but can vary from about 0.1 inch to 50 inches depending upon
size and service.

1.1 Electronic Transmitting Rotameters

A typical flow measurement and control system for use in &
remotely operated separstions facility is shown schematically in
Figure XIII-1. The process solution line contains an electronic
rotameter-transmitter and an air-operated control velve. An electrical
condult or jumper carries the signal wires from the rotameter through
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B.1.1 Electronic Transmitting Rotameters (Continued)

the shielding wall to the amplifier-converter, located in a non-radioactive
zone. It converts the electronic signal to a 3-15 psig air signal and is
sent to & recorder-controller located on the instrument panelboard. The
recorder-controller, in turn, sends a 3-15 psig air signal back through

the shielding wall to operate the control valve.

l.1.1 Transmitters

A rotameter trensmitter, especially designed for use in measuring the
flow of a radloactive stream, is shown in Figure XIII-2. A float with an

- attached soft iron armature covered with a stainless steel tube assumes

& vertical position in the tapered metering tube for a given flow rate.

The transmitting coll, attached below the metering tube, forms an impedance
bridge with a similaer pair of inductance coils in the smplifier-converter.
The float armature movement causes an impedance change that is detected

by the amplifier-converter.

The stainless steel metering tube and coil housing are Jjolned together
by flanges and sealed with a Teflon "0" ring. The fluid enters at the
bottom of the coil housing and passes through and around the coil housing
(for flows greater than 0.25 gal/min), converges beneath the float, and
then passes through the metering tube which is approximately 50 millimeters
(mm) in active length. The tube has an enlarged section above the active
length to allow purging of foreign matter which may cause the float to
stick. The lower float stop is approximately 10 percent up the metering
tube from the true zero so that the float portion will allow back flushing
of the tube. All parts in contact with process ‘solution are type 347
and 304L stainless steel or Teflon.

1.1.2 Amplifier-Converters

The amplifier-converter has a pair of induction coils and a soft
iron armature (not stainless steel clad) similar to the rotameter. The
armature is driven by a reversible motor controlled by the amplifier.
Linkage attached to the upper part of the amature connects to a Pneumatic
transmitter to produce a 3-15 psig air signal proportional to flow.

The rotameter coils end the amplifier-converter are connected to form
two parasllel circuits. The outer leads are connected via a step~down trans-
former to a source of altermating current and the center lead of each coil
is connected to the amplifier. The amplifier controls the rotation of
the reversible servomotor. When the transmitter and receiver armatures
are In corresponding positions in the coils, the impedance in each of
the two circuits is equal, and no current flows through the center lead.
However, as soon as the transmitter armature moves due to & change in
flow rate, the impedance of the transmitter colls varies and causes &
small current to flow in the center lead. The magnitude and phase
relationship of this current is detected by the amplifier and energizes
the reversing winding of the motor. The other winding (reference) of the
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.1.1.2 Amplifier-Converters (Continued)

motor is energized from a steady source of alternating current supplied
through a capacitor to provide proper phase relatlonship. Depending

on the direction of the error signal, the smplifier output current is
always leading or lagging the current in the line winding by 90°, thus
causing the servomotor to rotate in one direction or the other. Rotation
of the servomotor 1s transmitted through a reduction gear and friction
drive assembly to move the amplifier armsture until it is again in a
position corresponding to the transmitter armature. When this occurs,
the error signal and smplifier output diminish to zero, the servomotor
stops rotating, and the system is balanced.

The upper end of the armature 1in the smplifier-converter is connected
through linkages to a pneumstic transmitter. The transmitter converts
the mechenicel input signal to & proportional 3-15 psig air signal,
which is connected to a recorder-~controller.

1.1.3 Recorder-Controllers

A ministure pneumatic recorder~controller is used for most flow
measurements. It has a 3-15 psig hellows that recelves the air signal
from the emplifier-converter and, through linkages, operates a recording
pen on a h-inch, 0-100 percent, linear strip chart. A controller is
usually attached to the recorder and a switching device is provided to allow
transfer from "manual" to "automatic" control and viece versa without
upsetting the flow control.

See Section B.6 for more information on the recorder and the various
controller functions and see Section B.5 for information on control
valves.

1.2 Pneumatic Transmitting Rotasmeters

The pneumatic transmitting rotameter is used only to measure the
flow rate of certaln "non-radiomsctive" process streams. A common control
system consists of a pneumstic trensmitting rotameter, a recorder-coutroller,
and an alr-operated control valve located in the process line. A 3-15
psig signal from the transmitter is received by the recorder-controller
located on the instrument panelbosrd. The recorder-controller, in turn,
sends & 3-15 psig alr signal back through the shielding wall to operrie
the control valve.

A cascade control system consisting of pneumatic transmitting
rotameters, master and slave recorder-controllers, ratio set point
instrument, cascade subpanel end control valves, is shown schematically
in Figure XIII-3. The function of the system is to maintain the flow
rates of two streems according to a predetermined ratioc.

The operation of the system 1ls as follows: The set point of the
master flow recorder controller (FRC) must be set for the desired
operating conditions. Its 3-15 psig air control signal is directed to
the control valve (DOV) located in the 1BX HpO stream permitting Flow
through the pneumatic transmitting rotameter (FT) to the 1BX column.
The flow transmitter's 3-15 psig output signal is transmitted to the
master controller (see Figure XIII-h§ and the ratio set point unit (3E).
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B.1.2 Pneumatic Transmitting Rotameters (Continued)

The ratio unit contains a ratio relay which receives the linear
input signal and produces an output signal that is a preset ratio of
the input; a large dial for selecting and indicating the desired ratio;
and a transfer station that consists of a transfer velve and a manual
regulator. During normal operation, the transfer valve is placed in
the "ratio set" position which permits the ratio relay to generate the
output signal. When the transfer valve is placed in the "manual set"
position, the manual regulator can be adjusted to generate the output
signal.

The ratio set point output signal is transmitted to the slave flow
recorder-controller (FRC) set point capsule, see Figure XIII-L, via the
controller sub-panel described in Section B.6.3.4. The set point of the
slave FRC is then adjusted automatically or manually by the ratio set
point unit to meintain the proper flow ratic between the 1BX Hs0 and
1BX chemical addition streams. The master flow recorder-controller
transfer switch is described in Section B.6.3.k.

1.2.1 Transmitters

There are two general types of pneumetic transmitting rotameters.
The first contains a glass metering tube which is fluted to guide the
float and armature. The fluld enters horizontally at the bottom of
the glass tube and leaves horizontally at the top. A stainless steel
extension housing for the float armature is mounted on top of the
glass tube with a magnetically-coupled pneumatic flow transmitter
mounted around the extension housing. An ammsture is attached to the
upper part of the float consisting of a stainless steel tube containing
two cylindrical permanent magnets in the upper portion placed so that
the north-seeking poles are adjacent. An additional pair of magnets
1s mounted around the outside of the stainless steel tube with their
south-seeking poles adjacent to the north-seeking poles of the magnets
inside the armatures. One manufacturer uses only one magnet on the
armature and one on the follower. Thus, as the armature moves, the
external magnets follow and, through a mechanical linkage system,
operate a pneumatic transmitter to produce an air signal proportional
to float position. The glass tube is usually calibrated in percent
of maximum flow and the transmitter indicator reads in percent. The
pneumatic 3-15 psig output signal is received by a panel-mounted
recorder, recorder-controller or indicator.

The second type consists of a stainless steel metering tube with
the fluid entering and leaving the bottom and top vertically. It is
called & straight-through flow meter and is very compact. The trans-
mitter is attached at about the middle of the metering tube. The
operation is the same as described in the foregoing.
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B.l.2.2 Recorders and Recorder=-Controllers

A ministure pneumatic recorder-controller is used for most flow
meagurements. It has a 3-15 peig bellows that receives the alr
signal from the transmitter and, through linkages, operstes a recording
Pen on a 4-inch, 0-100 percent, linear strip chart. A controller is
uguslly attached to the recorder and a switching device is provided to
allow transfer from "manual" to "automatic" control and vice verss
without upsetting the flow control.

See Section B-6 for more information on the recorder and the
various controller functions and Section B«5 for Information on control
valves.

1.3 Indicating Rotemeters

1.3.1 Purge Botameters for Dip Tubes

A small compact indicating rotameter, approximately six inches
long,is used to measure the air flow to a dip tube for measuring
welght factor, epecific gravity, et cetera. It consists of a glass
or plastic tapered metering tube and a ball float. The tube is
calibrated in standard cubic feet per hour (SCFH) at 10 psig and 70 F.
The range is usually 0.1 to 1.0 SCFH, 0.2 to 2.0 SCFH or 0.25-2.5 SCFH.
A needle valve at the base of the metering tube is used for setting the
desired flow rate. Accuracy 1s T 3 percent of maximum flow.

1.3.2 Rotameters for Air, Water, and Chemical Flow

An indicating rotameter is located directly in the fluid to be
measured and the flow rate is indicated by the float position opposite
a8 calibration on the side of the glass tube oOr on a metsl scale positioned
vertically along the glass tube. The tubes are usually 130 mm or 250 mm
in length and the calibration is usually in percent of maximum, but
the calibration may be in actual flow units, gal/min, SCFM, et cetera,
or in millimetere of float travel. If it is in mm float travel, a
calibration curve would have to be provided. The body is usually
stainless steel for chemieal flow and brass or steel for water and
air flow.

2. Maggetic Flowmeters

The "magnetic' flowmeter operates on the principle of Farsdsy's
lawv of electro-magnetic induction -« the voltage induced across any
conductor as it moves st right angles through a magnetic field is
proportional to the velocity of the conductor. The "magnetic" flowmeter
is a modified form of an alternating current generator.

Figure XIII-5 illustrates the basic operating principle. Consider
& segment of the moving fluid as a conductor of length "d", which is
equal to meter pipe diameter. As the fluld conductor section moves
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B.2. Magnetic Flowmeters (Continued)

transversely at velocity "V" through a uniform magnetic field "B", the
voltage "E" induced acrvss this section in the plane of the meter electrodes is
proportional to the rate of fiuid flow.

The "magnetie"” flowmeter measures volumetric flow rate and is not
affected by density, viscosity and fluid pressure. As long s the
conductivity of the flowing fluld is above & certain minimum value,
depending on meter gize and cable length, changes in conductivity do
not affect the flow measurement. The nominal minimm value of 80
micromhos per centimeter will be satisfactory for all meters. Some
can go 25 1low as 20 micromhos per centimeter. At 80 micromhos, the
cable length between meter and amplifier can be up to 800 feet.

The "magnetic' flowmeter requires no "strmightening'" devices and may
be connected direectly at plping elbows and valves, or to a reducer from
a larger or smaller diameter pipeline. The flowmeter has to be completely
filled with the solution to be measured for accurate flow measurements.
If the electrodes were covered with liquid but the upper portion of the
pipe were filled with gas, the flow indicated would be the same as a
completely filled pipe. The pressure drop through the meter is equivalent
to an equal length of straight pipe of the same diameter.

The meter can measure flow in either direction by simply reversing
the signal leads at the receiver or, if it is desired, the zero flow point
could be elevated to 50% and flow measured in both directions. By
ad justments at the recelver, a flow range change can be made over a

3,000 to 1 range. ’

The flowmeters are menufactured in the following sizes and are
capable of operating over the range shown. Larger slzes can also be
obtained.

Size Flow Range - Gal/Min
1/10" 0 - 0.03% to 0 - 1.08
3/16" 0 - 0.137 to 0 - 4.1
1/2" 0 - 0.66 to 0 - 20.0
1" 0 - 2.9 to 0 - 80.0

o 0 - 11.0 to O - 400.0

A typical flow sgystem is very similar to an electronic rotameter
system except that it uses a "magnetic" flowmeter instead of a rotameter.
It consists of a process line incorporating the flowmeter and an air-
operated control valve. An electrical condult cerries the signal and
power vie special cable through the shielding wall to an amplifier-
converter located In & non~radicactive zone. It converts the electronic
signal to a 3=15 psig air signel and is sent to a recorder-controller
located on the instrument panelboard. The recorder-controller, in turn,
sends 3~15 psig air signal back through the shielding wall to operste
the control wvalve.
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B.2.1 Flowmeter Transmitters

2.1.] Special Radicactive~Service Flowmeter

A specially designed Fischer and Porter "magnetic" flowmeter is
used to measure the flow of very radioactive streams that would cause
& plugging problem if a "canyon type" rotameter were used.

The meter consists of a straight pipe section, approximately
10 to 20 inches in length, of "Inconel"” coated with a liner of vitreous
enamel 0.003 inches thick with two platinum electrodes fused into the
liner. The liner provides the electrical insulation to prevent short-
circuiting of the generated voltage. This liner should not be exposed
to "caustic" or fluoride solutions. The meter is provided with
either a butt weld fitiing for welding directly into a process line, or
with a standard 150 pound, type 316, stainless steel flange.

Two magnet coils, 180 degrees apart around the pipe, are wired in
peries and are fabricated of wire coated with a polyester film that has
e very good reslistance to gamma radiation. The signal wire and the wire
for 120 volt, 60 Hz current to the magnet colls are insulated with
linear polyethylene and go to a waterproof "Kovar” seel (an assembly of
electrodes through a ceramic dise). From the "Kovar" seal, the signal
and power cables are run together in a speclal shielded cable with linear
pelyetbylene insulation. The coll, electrodes and a portion of the
metering tube are covered with a 6-inch, Schedule 40, 304L stainless
gteel pipe to provide an acid-proof meter. The meter is potted with
gllicone rubber to fill all voids.

The reference calibration components that are normally in the
meter were removed and placed in a box installed in an accesgsible
location next to the amplifier-converter because these components could
be damaged by radiation. However, it must be remembered that the
calibration components are correct with only one meter and must be
changed whenever the meter is changed.

See Figure XIII-6 for a schematic wiring diagram.

2.1.2 BStandard Service Flowmeters

The "magnetic® flowmeter as obtained from the manufacturer is a
standard line instrument and is very similar to the "special" described
in foregoing Section except: (1) it cannot stand very high gamma exposure
(10°R as compared to 109R for the speciel meter, (2) the coll housing
is not as resistant to chemicel corrosion, and (3) it is not es rugged
structurally. Since it is a production line jinstrument, the cost is
about half of the special meter. Therefore, this type should be used
wherever practical.
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B.2.2 Amplifier—Converters

The amplifier-converter is an a-c, self-balancing potentiometer. The
flow signal as developed across the meter electrodes 1s transmitted to the
amplifier by a balanced line and is series-coupled through the dual
secondary windings of a balancing transformer on the servomotor panel.

A reference balancing signal is derived from a current transformer
located in the c¢alibration component block. The reference balancing
signal goes through a servo-driven balancing network before being
applied to the balancing transformer primary winding in phase opposition
to the flow signal. The magnet coils and the reference calibration
components are connected in series, and consequently are excited by the
same current. Therefore, the amplitudes of the signal and reference
voltage will increase or decrease proportionally with variations of line
voltage. Since it is the ratio of signal to reference voltage which
establishes the measurement criterion, no loss of accuracy will be
experienced with a ¥ 10 percent variation of the line voltage or
frequency.

The resultant error signal produced by the comparison of the flow -
and reference signals at the balancing transformer is amplified and
applied to the control winding of a split-phase motor. The servomotor
responds to the error signal by driving the balancing network slidewire
potentiometer to a position which causes the signal output to be equal
and opposite to that of the incoming flow signal. Thus, the servomotor
is positioned by proporticnal feed back. The motor is mechanically
joined to an indicating pointer to show the flow rate.

The motor is also connected through linkages to a pneumatic transmitter.
The transmitter converts the mechanical input signal to a proportional
3-15 psig air signal, which is sent to a recorder-controller.

The output signal from the magnetic flowmeter electrodes is
approximately 0.3 millivolts per ft/sec of fluid velocity. The flow
renge can be adjusted by two dials on the amplifier, from 0-1 ft/sec
to 0-31 ft/sec. One dial increases the range by 10 ft/sec while the other
dial is a ten-turn potentiometer which allows the velocity to be set to
two decimal places. A full zero adjust allows the scale to be expanded
from 1-31 Tt/sec to any value from 1 to 62 ft/sec full scale. This also
allowse bi-directional flow to be measured by adjusting the zeroc to
50 percent for no flow.

2.3 Recorder-Controllers

A miniature pneumatic recorder-controller is used for most flow
meagurements. It has a 3-15 psig bellows that receives the air signal
from the emplifier-converter and through linkages operates a recording
pen on a h-inch, 0-100 percent, linear strip chart. A controller is
usually attached to the recorder, anéd a switching device is provided to
allow transfer from "manual” to "automatic" control and vice versa without
upsetting the flow control.
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B.2.3 Recorder-Controllers (Continued)

See Section B.6 for more information on the recorder and the
various controller functions and Section B.5 for control valves.

Sometimes the amplifier-converter is Just an amplifier with
recording provisione but may also have control functions. Such a
recorder would have a 2k-hour, 12-inch diameter, circular chart
with a 4~5/8 inch calibrated length, 0=100 percent linesr. If it
has control functione, they would be the same as those described
in Section B.6.

3. Qrifice Meters

Orifice meters operate on the principle of a constant area flow
restriction with variable head (pressure) loss. The relationship of
flow rate and head loss is expressed in general form by the equation:

Q= CA-J 2gH vhere Q = flow rate, C = flow coefficient of discharge,
A = area (constant), H = head difference across the restriction
(variable) and g = acceleration due to gravity. The difference

in hydrostatic head created by the orifice is impressed across an
instrument such as a manometer or a differential pressure transmitter.

The orifice system has a useful minimum to meximum flow range
of about 3 to 1. The measurement of flow ratio beyond the range of a
particular installation can be accomplished by either changing the size
of the orifice or allowing a greaster pressure drop across the orifice.

The orifice system is used primarily on air, steam, and water flow
vhere all of the instruments including the orifice can be located in an
accegslble zone for maintenance.

Since air and steam are compressible flulds, the upstream orifice
Pressure should be fairly constant, otherwlse a correction would have
to be applied to the flow reading based on the known upstream pressure.

A typical orifice flow measuring system consists of: (1) an orifice

plate mounted in a special flange on the process line, (2) high and

low pressure taps at the flange, (3) valves in each line and by-pass
valve between the two taps, (4) a differential pressure transmitter
across the two taps below the valves, (5) & 3 - 15 psig air output
signal from the transmitter to a recorder-controller located on a
panelboard, and (6) a 3 - 15 psig signal from the controller to a
control valve located in the process line. See Figure XIII-7.
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B.3.1 Orifice Plates

The device used to produce the veriable head is ususelly & sharp-edge
crifice made from a l/8-inch thick plate. This orifice is usually mounted
in 2 special orifice flange that has pressure taps located one inch up-
stream and downstream from the face of the orifice. If the pressure taps
are not located at the orifice, they are located at 2-1/2 pipe diemeters
upstream and 8 pipe diameters downstream, and it is called & pipe tap
installation.

The thickness of the orifice plate should not exceed 4/8, D/50,
or (D-d)/8, where d is orifice diameter and D is pipe diasmeter. If
thicker plate is used, the outlet face of the orifice should be beveled
so that a straightedge laid across the bevel will form an angle not
less than 45° to the axis of the pipe. The upstream edge should be
square and as sharp as possible. Any rounding should not exceed 0.025
percent of the orifice diameter. The orifice plate should be centered
in the pipe so that its eccentriecity is less than 3 percent of the ripe
diameter.

Valves, pipe fittings, sharp bends, et cetera, set up swirls, eddy
currents, or other irregular velocity distributions in the pipe and may
cause substantial errors in flow measurement. These effects are dissipated
after the fluld flows through a considerasble length of straight pipe.

The length of straight pipe required on the downstream side of a vaelve or
fitting is & function of type of fitting and the ratic of orifice diameter
d to pipe diameter D. The orifice should have five pipe diameters of
straight pipe after a 90° elbow at a d/D of 0.1 and should have twenty pipe
diametersat a ¢/D of 0.8. After a valve there should be fifteen pipe
d?ameters of straight pipe with a d/D of 0.1 and fifty pipe diameters at
d/D of 0.8.

3.2 Transmitters

] Transmitters from several manufacturers are used throughout the Waste
Menagement Program such as Fischer & Porter, Foxboro, Republlc, et cetera.
They all work on the force balance principle — the resultant force caused
by a differential pressure applied to a lever is balanced by an air pressure
vhich amplifies the pressure to a proporticnal 3-15 psig air signal.

See Pigure XII1-8. This type transmitter is also used for weight factor,
gpecific gravity, interface and pressure measurement.

3.2.1 Linear Transmitters

The transmitter is connected across the high and low pressure taps at
the orifice. These pressures are aspplied to opposite sides of a measuring
dlaphragm and the resulting differential pressure exerts a force on z lever.
This lever transmits the force, which is exactly proportional to the
differential pressure on the disphragm, through a range adjustment fulerum
to move the lever towards or away from the flapper nozzle of an air relay.
The air output pressure of the relay is transmitted to a recorder or indi-
cator and to a feedback bellows. The force exerted by the feedback
bellows 1s exactly proportional to the force applied to the force lever
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B.3.2.1 Linear Transmitters (Continued)

(proportional to differentisl pressure). In operation, the movement of
the force lever is continucusly edjusting the flapper=-nozzle to maintain
a balance of forces.

The 3-15 psig output signal is proportional and linear in reletion
to the differential pressure across the orifice. Since the flow through
an orifice is a function of the square root of the pressure drop, the
output signal must be transmitted to a square root indicating or
recording instrument. If the output signal is trensmitted to &n
instrument with linear or uniform scale, a calibration curve must be
provided.

3.2.2 Square Root Extractor

Square root extraction is frequently necessary to linearize flow
neasurements from differential pressure signals developed by a
.differentlal pressure type flow tranamitter. The resulting linearized
signals are proportionsal to the flow. :

The Moore square root extractor, shown in Figure XIII-9, employs
g geometric relationship ss the operating principle — the cosine of
an Included angle is compered with the change in the angle. This
relationship holds true for small engular displecements. Referring
to Figure XIII-9, the signal whese square root 1s to be computed is the
input pressure A. The value of T is the square root of A. That
is:

T = KA, where K is a constant. The device works on a motion-
talarce principle. Increasing input signal A moves the floating link to
the left to restrict the pilot nozzle. The restricted nozzle increases
the output pressure and moves the output feedback bellows upward until
balance is restored. BSince the length of the floating link is fixed,
cos © equals 1 — X/L. A plot of output displacement, Y = &L (for
small values of & , in radiasns) versus input displecement X shows the
relationship to be virtually an exact sguare rocot.

3.3 Recorder-Controllers and Indicators

The 3-15 psig air signel from the differentisl pressure transmitter
is received by either & recorder or g pressure indicator locsted on
the instrument panelboard. If the signel comes from & linear transmitter,
the recorder chart and indicator scale 1s usually calibrated 0-100 or =10
square root sc that they express percentage of meximum flow directly.
If the chert or scale is G=10, it would have to be multiplied by 10 to
get actual percentage., If the gignal is from a square root extractor,
the chart or scale would be 0-100 percent linear and would express the
flow directly as percentage of maximum flow.
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B.3.3 Recorder-Controllers and Indicators (Continued)

A miniature recorder-controller is used for most flow measurements.
It has 3=-15 psig bellows thet receives the air signal from the transmitter
and through linkages operates a recording pen on a Y=inch strip chart.
A controller is usually ettached to the recorder and a switching device
is provided to allow transfer from "manual" to "automatic" control and
vice=versa without upsetting the flow control.

See Section B.6 for more information on the recorder and the various
controller functions and Section B.5 for control valves.

A pressure gauge, callbrated 0-100 percent or 0-100 square root for
3-15 psig, may be used if only indication is required.

4. Displacement Meters

Inexpensive displacement meters are used to measure the volume of
water transferred where rate measurement or control is not necessary.

The meter contains a nuteting piston which is activated by the
passage of a fixed volume of liquid. The nutation of the plston,
through a gear train, actuates a counter and registers total flow.
Usually a six digit counter is used and resets to zerc only after =a
full register.

5. Valves

Control valves are used to regulate the flow of process solutions,
air, water and steam at a given rate by "throttling" or full line
flow by "on-off" operation.

The valve has a plug or trim that is ralsed or lowered within a
seat ring to change the amount of flow area thus regulating the flow.
There are three general types of plugs used: (1) & linear (parabolic)
plug produces a constant change in flow rate for a unit change in valve
plug travel providing the pressure drop across the valve remains constant.
This type of plug is used in those cases where the pressure drop in
the system is largely concentrated across the valve. (2) An equal
percentage (ratio or logarithmic) plug produces an equal percentage
in flow rate for a unit change in +valve plug travel (above 2 percent)
providing the pressure drop acrogs the valve remains constant. At any
position of the plug, when the travel 1s changed 10 percent, ‘the flow
changes approximately 50 percent. This plug is used in those cases
where only a small fraction of the pressure drop is dissipated by the valve.
At low flow rates, however, it is possgible for practically all of the
pressure drop to be concentrated at the valve if necessary. (3) Quick
opening or "on-off" valves are usually the same size as the line. GSome
throttling can be done with this type plug but full flow is obtalned at
25 percent of valve travel. See Figure XITI-10 for curves of valve cher-
acteristics.
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B.5. Valves {Continued)

Control valves have a rangeability of approximately 50:1 based
on the ratio of the meXimum flow coefficlent to the minimum flow
coefficient, which is determined by the clearance between the valve
Plug and ite seat. If this clearance becomes large, the rangeabllity
will drop off. The flow coefficient (Cv)} is the flow rate in gal/min
of water at one psi drop across the valve. A flow range of 50:1 may
seem to be an unnecessary reguirement; however, 1t is necessary for a
system where a decrease in flow greatly increases the pressure drop or
the energy that must be absorbed by the valve. For example, assume
the maximum flow is 10 gal/min at 9 psi pressure drop and the minimum
flow is 0.5 gel/min at 49 psi pressure drop.

Since: C. = sal(min

Then: Cv Max ~9 .
i = = 4751

A valve rangesability of 50:1 would just handle the above flow
condltion even though the actual flow ratlo is only 20:1.

The general flow formulas are:

Liquid: TFlow rate in gal/min = Cy - , AP
G

P14 P2

AP
T&60 + oF)c '\/—“2——

2.1 Cv-\/A,P —\/ P, + P,

Where Cy, = the flow coefficlent of valve defined as the flow
rate in gal/min of water at 1 psi drop across the valve.

Gas: Q@

i1

1360 C,,

Steam: W

i

Py = Inlet pressure in psia
Pp = Outlet pressure in psia
AP = (Pp= Pp) pressure drop, psi
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B.5. Valves (Continued)
Q = SCFH at 14.7 psia and 60 F

G = Specific Gravity

W = Pounds per hour saturated steam

The following plug sizes are available in both linear and equal
percentage types. The listed Cy 1s based on Hammel Dahl dats but other
manufacturer types are spproximately the same.

Nominal

Plug Size Cv For Fully
Inches Open Position
/4 1.6
3/8 2.5
1/2 4.0
3/ 6.3

1 12.0

1-1/% . 18.0

1-1/2 28.0

2 48.0

2-1/2 72.0

3 100.0

b 160.0

6 360.0

For very smell flows a "spline" type plug 1s used and consists of a
1/h-inch diameter rod with & groove of various tapers depending on size.
This rod moves within a seat ring hole which must be a lap fit to give
50 :1 rangeability. If the clearance is 0.001-0.002 inches, the rangeability
is only 25:1. The splines come in sizes 1 through 15 but from s practical
standpoint it is not recommended to use a spline smaller than No. 7.

Cy For Fully
Spline No. Open Position

0.63
0.40
0.25
0.16
0.10
0.063
0.040

-] O\ W o

Splines 1 through 5 come only as equal percentage and splines 6 through
15 come only as linear.
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B.5.1 Digphragm-Operated Valves

5.1.1 Radiocactive Service

Diaphragm, air-operated control valves, especially designed for
use in a radicactive area are shown in Figure XITI~1l and 12, and
are the Hammel Dahl type and the Kieley-Mueller type which are simillar
in construction. The body is designed %o allow complete drainage when
the plug 18 off the seat ring and the valve is installed in a Jumper
to allow the liquid to return by gravity to a vessel. The valve has
8 gingle seat plug for tight shut-off with provision for essy removal
of both the plug and seat. A welded, lesf-type stainless steel bellows
is attached to the plug stem and is installed to permit the process
solution to contact only the outside of the bellows, thus providing a
washing sction to prevent the bellows from fouling. Open constructicn
between the auxiliary Teflion stem seal above the bellows seal and
the dlaphragm chamber allows the process solution to drain to
the floor instead of backing up into s non-radiomctive zone through
the alr line, if both seals should fail. The design of the Hammel Dahl
diaphragm chamber allows the valve sction to be changed from air-to-open
to air-to-close by repositioning the spring adjustment nuts end moving
the air connection from one side of the diaphragm to the other. The
Kieley-Mueller valve 1s designed so thaet the disphragm chamber must
be removed and inverted in order to change the operation of the valve
from normally closed to nomally open. Most valves are the normally
closed type, that 1s, on an air signel failure the valve will close.
The diaphragm 1s fabricated of "Bune N" rubber with "nylon” inserts.
This diaphragm can withstand a total gamma exposure of about
1 x 109R before failure. The life of the diaphragm can be improved
somewhat by placing a lead shield arcund the chamber. If & valve is
regquired to handle a much jarger total exposure, the type described in
Section B.5.2 should be used. Some of the other valves use neoprene
with nylon inserts for the dispnragm and can withstand a total gamma
exposure of about 1 x 108R before failure.

5.1.2 Non-Radioactive Service

Manufacturer's standard disphragm-operated valves supplied by such
companies as Fischer Govermor, Foxboro, Honeywell, Keiley-Mueller, etc.
are used to regulate the flow of non-radloactive streems. They are
single- and double-seated valves designed for only one type of action,
elther gir-to-open or gir-to~close. The plug stem has a standard packing
gland instead of a bellows seal — the packing 1s usually Teflon.

5.2 Piston-Operated Valves

An especially deaigned valve for very high gamme fields has been
fabricated by the Fischer Governor Company and consists of a piston
actuator instead of the diaphragm asctuator. The piston actuator is
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B.5.2 Piston-Operated Valves (Continued)

made without the use of plastics or organic materials and is capable of
withstanding a very high gamma exposure in the magnitude of 1 x 1011
to 1 x 1012R,

The valve body is of the angle type with the inlet vertical and the
discharge horizontal. Two plug stem seals are provided: (1) the primary
geal is a stainless steel convolution type bellows with the process
solution on the cutside of the bellows to provide a washing action, and
(2) an auxiliary Teflon packing seal. The piston uses iron seal rings.
An operating pressure greater than 40 psig is required for full-range
operation of the piston. Since the controller output is a 3-15 psig
aii signel, an air relay must be installed to convert this signel to
9-45 psig.

5.3 Ball Valves

Ball valves are used in certain streams when positive shub-off is
required. It consists of a stainless steel ball that rotates within an
upstream and downstream Teflon seal ring. If used with high radicactive
solutions, the seals are fabricated of linear polyethylene. The opening
through the ball is equivalent to full line size and a ninety degree turn
of the ball opens or closes the valve. It is nomally used for on-off
service and opersted: (1) manuaslly, (2) by an air-operated piston connected
to the ball shaft, or (3) an electric motor connected to the ball shaft.
If electric operated, micro switches operated by cams on the ball shaft
are provided to limit the shaft rotation to ninety degrees each time the
switeh 1s energized. At times the switches get out of synchronization and
then it is not known 1f the valve is open or closed. The ball valve can
also be used for throttling service by the use of a "positioner” attached
to the ball shaft which rotates the shaft proportionally for a 3-15 psig
signal applied to the positioner. The positioner requires an ailr supply
greater than 60 psig.

5.4 Solenoid Valves

Solenold valves are instelled in air signal lines to certain
diephragm or piston-operated control valves sc that the valve can be
opened or closed by en electrlcal signal from an alarm switch or
relay. The elarm switch is operated by pressure, temperature, weight
factor, flow, liquid level, power fallure, etc.

A solencid valve is a combination of two basic functional units, a
solencld (electro-magnet) with its plunger or core, and a valve contalning
a plug which is opened or closed by the magnetic plunger belng drawn into
the solenoid when the coll is energized. Most of the solenoids in
gervice are three-way valves, that 1s, one port is connected to the
diaphragm of an alr-operated valve, the second port is connected to the
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B.5.4 Solenoid Valves (Continued)

alr supply, and the third port is a vent to remove air from the
valve disphragm when the air supply port of the solenoid valve is
closed, thereby returning the contrel valve to its Initial position.
Two-way and four-way solenold valves are alsc commonly used.

Sclenoids must be installed with the direction of air flow through
the valve as indicated by the arrows on the bedy. The process pressure
nmust be on the top of the seat to amssist in closing the valve when
the plunger falls upon de~energizing the coil.

5.5 Pilot-Actuated Pressure Reducing Valves

A pressure reducing valve is used to reduce the pressure of
alr, water, steam, or any cther process fluild to a fixed pressure
lower than the supply pressure.

A pilot-gactuated pressure reducing valve consists of a diaphregue
actuated main valve and & pllot wvalve to control the main valve by
regulating the disphragm pressure. The small pilot valve has a spring-
loaded diephragm. The spring tension can be adjusted by a screw.

The pilot diaphragm is pressurized from the downstream {regulated)
side of the main valve.

The pllot valve i1s normally cpen and is located in a small pilot
line between the upstream (supply) pressure of the main wvalve and
the top of the main valve diaphragm. The other side of this diaphragnm
ig open to the downstream pressure. Ag supply pressure passes through
the pilot, the main valve dlaphragm is depressed, thus opening the
mein valve and allowing the process fluld to flow. When the desired
downstream pressure 1s reached, the pilot vslve closes the pilot line.
A smell bleed in the main valve dlaphregm permits the pressure on both
sides to equalize, restoring the main valve to 1ts normal closed
position. As fluild is drewn from the regulated pressure, the valve will
open and modulaete the flow to meintain a constant pressure. A pressure
drop of at least 20 psl across the main valve 1s required to assure
proper operation.

5.6 Safety Relief Valves

The basic function of the safety relief wvalve is protection of
personnel, plant, and process equipment. In order to perform this
funetion, the velve is desglgned to open autometically at a pre-determined
set pressure, sized to provide full pressure relief of system, and to
close tightly after operation.

. The safety relief valves used are direct, spring-loaded pop type.
The main parts of the valve are the valve body and trim, loading spring,
and disc. The disc is the moving part of valve against which the spring
load is applied. The spring tension can be adjusted by a screw.
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B.5.6 BSafety Relief Valves (Continued)

When the force per unit area on the valve disc overcomes the load
set-up in the spring, the valve will pop open. The pop action of the
valve is caused when the air, steam, or gas medis is first liberated,
resulting in a powerful expansion force. This force, added to the
dynamic force of the media flowlng from the valve orifice, is utilized
to give definite pop valve action. The set pressure of the valve
should not be greater than ten percent above the maximum allowable
working pressure of the system.

6. Receiving and Controlling Instruments

6.1 Indicators

If the indicator is part of the transmitter, it is described in
that Section. If an indicator is used on the panelboard, it is a 0-15
pslg pressure gauge calibrated 0-100 percent for 3«15 peig. It 1s
either the nomal, round, bourdon-type gauge or a drum-type geuge
consisting of a 3-15 psig bellows and a drum dial indicator mounted
on a metal frame. The dial, callbrated 0-100 percent, revolvesg in
response to the pressure signel until the spproximate value on the
diel coincldes with & statlonary index on the window through which
the drum revolves.

6.2 Recorders

The recorder described herein is the standard miniature pneumstic
strip chart recorder. All other recorders are described under the
various operating systems. Fischer & Forter and Foxboro recorders are
used extensively. Bristol and Taylor reccrders are similar. The
Foxboro instrument has a chart that rolls down and, if & controller,
the control set pointer and valve pressure indicators are along the
top. The Fiecher & Porter instrument has a chart that rolls from
right to left and, if a controller, the control set pointer and valve
indicators are on the right side of the case. These recorders come
with one, two or three pens but generally are two-pen recorders.

Each recording pen is operated through linkages from & 3-15 psig
bellows receiver. A 4-inch chart is operated by an electric motor
end the chart speed is either 3/& inch or 3/8 inch per hour.

6.3 Control Functions

The controller is attached to the rear of the recorder and has a
control set pointer, valve pressure indicator end & "manual"” to "suto-
matic" transfer switch within the recorder case - all adjustable from
the front of the recorder.
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B.6.3 Control Functions (Continued)

In the "manusl" position, the control pointer is set at the desired
air pressure to the valve and the process control function assumes some
reading for this valve setting. In the "automatic" position, the control
pointer is set to the deslred value of the process control function and
the controller adjusts the valve output pressure to maintain this
setting. The controller has one or more of three modes of operation,
that is, proportional band, reset, or derivative. See Figure XIII-k.

Some controllers (slave) are reset by another controller (master)
and require a cascade sub-panel or ratio unit (see Section B.6.3.4)
through which a slgnal resets the control point of the slave controller
by means of a 3-15 psig bellows attached to the set point.

6.3.1 Proportional Band

The proportional band setting determines the amount of process pen
novement from the control set point, expressed as percent of chart,
necessary to change the controller output pressure from 3-15 psig.
Thie is usually adjustable from 0.200 or 0-500 percent.

Exsmple: Assume a proportlonal bend setting of 10 percent and the
control pointer set at 50 percent controlling the flow of a system.
The controller output will be 15 psig if the flow pen falls to 45 percent,
and the output will be 3 psig if the flow pen goes to 55 percent.
Whenever the controller set pointer and process pen coincide, the
output 1s G psig regardless of percent of chart reading. The process
pen can stabilize at any point within the proportional band setting, and
not necessarlly at the control point. The smaller the proportionsl band
setting the closer the process pen will stabilize to the control set
point. On any given application, however, the proportional bhand can
be reduced only to a certain point below which the controller will
cycle.

6.3.2 Reset

The reset function is proportional to the deviation of the process
reading from the set point and i1s continuous only as long as any deviation
exists. The reset function can be installed only iIn & controcller that
has the proportional band function. The reset rate is usually expressed
in minutes and is the time it takes for the coniroller output pressure
to stabilize after one upset. It is usually adjustable, 0.01 - 10 or
0.1 to 50 minutes. If the reset setting is too fast, the controller
output will change faster than the process variable and eycling will
result « the action will become more like an on~0ff type controller.

If it is too slow, the controller willl not recover fast enough and will
behave like & straight proportional ecmntroller. If the process 1s
oscillating, it may teke several hours for the controller to gtabilize
dt a 10 minute reset setting.
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B.6.3.3 Rate or Derivative

A rate or derivative function is proportional to the rate of change
of the setpoint and the process variable. 3Such control equipment can be
installed only on controllers that have proportional band functions or
proportional band and reset functions. It provides fast stabilization of
the process after a loed change. This function is usually used whenever
there is a long deed time or transfer lag in a process system. It is
expressed in minutes and is usually adjustable for C.01 — 10 or 0.1 —
50 minutes.

€.3.4 Transfer Station and Cascade Sub-Panel

The transfer station is mounted on the interface of the recorder-
controller air connection manifold. The station consists of a three-
position transfer valve, manually adjustable prneumatic pressure
regulator, and a pressure indicator. The pressure regulator is
furnished when local set point 1s requlred and omitted for remote
set point use. When the recorder-controller is used with remote
set point, an external cascade sub-panel having a transfer valve
and pressure regulator for local set point is usually used.

The shaft of the transfer valve and regulator extend through the
case of the instrument and are accessible from the front of instrument.
The transfer valve permits selection of "automatic" or "manual"
operating mode. The intermediate "seal" position is used when switching
the controller from "automatic' to "manuel" or vice versa. The "manual”
position of the transfer valve directs the output of the pressure
regulator to the final control element and simultaneously isolates
the controller output. When in the "seal" position, the controller
signal is isolated and the final control element pressure is sealed
in. This final control element pressure is indicated on the transfer
station pressure indicator. When transferring from "automatic" to
"manual"”, this sealed-in pressure is used to adjust the pressure
regulator output, as indicated by the recorder-controller recording pen,
to the same value as the final control element pressure. When trans-
ferring from "manual"” to "automatic” the sealed-in pressure 1s used to
adjust the pressure regulator output set pointer to the exact value
indicated by the recording pen. In the "automatic" position, the
controller output is connected to the final control element. The pressure
regulator output then becomes the set point pressure and is disconnected
from the final control element.

The cascade sub-panel is located beneath the "slave" controller and
consists of a three-way, two-position air switch, pressure indicator and
a pressure regulator. The switch positions are called: (1) "Local Set"”
or "Manual", and (2} "Remote Set", "Pneumatic Set", or "Auto”. In
position No. 1 the pressure regulator adjusts the set point of the "slave"
controller. In position No. 2 the signal from the "master" controller adjusts
the set point of the "slave" controller.
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B.6.3.5 Ratio Unit

In order to maintain the flow rates of two streams according to a
predetermined ratio, a flow system consisting of the following is used.
A flow recorder-controller (master) controlling the stream sends a signal
Proportional to the flow through a ratio unit to the. set point of the
second flow recorder-controller (slave).

The ratio unit is a controller with fixed setting except for the
proportional band adjustment. This proportional band adjustment moves
along a dial calibrated 0.3 to 3.0 for linear flows, or 0.6 to 1.7 for
square root functions, from an orifice transmitter. Thus, ratios may
be established from 0.3 to 1 through 3 to 1 by setting the ratio lever
to the desired value. This is a set point air signal adjustment and not
a flow rate ratio; for & true flow ratioc the flow easlibration of the
recorders must be teken into consideration. The 3-15 psig signal
from the flow transmitter is multiplied by the ratic setting Factor and
this new signal goes to the set point of the slave controller. Thus,
the ratio is based on the slave to master reading.

The ratio unit also has a transfer switch as described in Section
B.6.3.L combined in one unit. The selector switch has two positions
called: (1) "Ratio Set", where the "master" signal goes through the
ratio unit and then to the "slave" set point, and (2} "Manual Set",
where the signal from the unit PRV goes to the "slave" set point.
Example: Consider a "master" flow range of O - 10 gal/min for a 3-15
psig air signal. The flow reading 1s 50 percent at 5 gal /min with sn
alr signal of 9 psig. The ratio unit is set at 0.6 so the signal to
the "slave" set point is (9-3)(0.6)=3.6+3=6.6 psig. The "slave"
flow range is O - 5 gal/min for 3 - 15 psig, so the control set point
of the "slave" is 30 percent or 1.5 gal/min. This is & flow ratio of
1.5 to 5.

6.3.6 Reverse Acting Pneumatic Relay

In pneumatic valve control systems it is desirable at times to
operate several valves with one pneumatic signal and to operate valves
in the event of failure of the air supply (which in some instances
will close and in other instances will open). This sometimes
requires the reversal of air pressure from an increasing signal to =
decreasing signal.

The reverse acting pneumatic relay will receive an increasing
(3 to 15 psig) input and transmit a decreasing output (15 to 3 psig).-
It has three air ports; one port receives the 3 to 15 psig input,
the second port receives a 20 psig air supply, and the third port is for
the 15 to 3 psig output. There is a 1 psig change in the output for
each psig change in the iInput.

The relay also functions as an air volume amplifier, receiving
& small volume of air and transmitting a large volume of air for
valve control. A screw adjustment is provided which permits setting
the 15 psig output with a 3 psig input.
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B.6.4% Manual Controllers

Manual controllers are used to provide 3-15 psig pressure to alr-
opereted control valves. The controller is en adjustable pressure regu-
lating valve with a vertjical dial to indicete the output pressure. The
dial is calibrated 3-15 psig or 0-100 percent.

6.5 Integrators
6.5.1 Indicators

The flow indicator integrator consists of & 3«15 psig bellows that
receives the pneumatic output signal from a flow transmitter and converts
this pneumatic input to a mechanical lever position representing the
signal level. The output lever is in turn linked to the input mechanism
of an integrator and to an indicator srm to provide a visual flow rate
indication on the vertical scale of the instrument. The integrator is
a mechanical device employing a synchronous motor to provide the source
of timed power to operate a feeler mechanlam. The feeler detects the
rise of an integrator cam as it is positioned by the receiver bellows.
The integrator shows the cumulative total flow on a six-digit counter.

6.5.2 Indicator-Controller

The flow indicator-controller integrator consists of two separate
units mounted one above the other on the instrument panel. One unit
is that descrived above in Section B.6.5.1 with one exception - the
integrator is equipped with a cam (sometimes referred to ms & star
wheel) and a microswitch to provide electrical pulses which are used
to actuate the second unit, an electronic pre-determining type
counter.

The electronic counter is a six-digit unit consisting of an
electro-magnetically operated rset of geared digit wheels. When the
coil of the magnet is energized, the armature and ratchet advance the
units digit wheel by one-half step. When the coll is de-energized, the
return spring advances the wheel a second half-step, thus completing the
registration of one count. The count is transferred to the next higher
digit wheel by lock teeth and transfer plnionz. The counter is capable
of indicating totalized flow and is equipped with g pre«determining
counter. The set of pre-determining wheels operate a single-pole,
double~throw switch by meens of a trip mechanism. The pre-~determining
wheels can be preset for any desired value by raising the preset cover
on the front of unit. When in operation, the pre-determining counter
counts from zero up to the preset number or desired value at which
point the switch trips and the pre-determining wheels return to zero.
The switech is automatically restored to its untripped position when
the counter is reset elther manually or electrically. The unit
speed is 10 counts per second.
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B.6.6 Alarms

The majority of the visual and audible alarms in the Waste
Manegement Program are activeted electrically by pressure-
actuated switches connected directly to an air-purged dip tube
system, directly to process lines, or to the output signal from a
pneumatic transmitter. The variables monitored are flow, pressure,
welght fector, liquid-level and temperature.

6.6.1 Visual Alarm Units

The visuml alaym unit conelsts of two lamps, plug-in relsy,
flasher and electrical circuitry interconnected with the remote
pressure switch contacts. The components are installed within a
metal enclosure the front of which 1s transparent plastic.
Lettering engraved in the plastic shows the condition of the vari-
able monitored. ©Should an abnommal condition exist, the equipment
or process monitored is identified.

6.6.2 Audible Alsrms

The audible alarm used is a horn. It is usually electrically
paralleled with a number of visusl alerm units.

6.6.3 Pressure Switches

The sensing element of pressure-actuated switches is a bourdon tube.
or diaphragm linked mechanically to a single pole double throw (SPDT) -
snap-acting switch. When the pressure overccomes the setting of the ..
load spring, the swltch contacts are activasted to open or close an .
electrical circuit.

When an abnormal condition exists In the monitored system, the -
visual elam is activated and begins flashing and the audible '
slarm 1s activeted. The gaudible alarm may be silenced by pressing
the "acknowledge" pushbutton. The alarm lights then change from
flzshing to steady-on.

C. WEIGHT FACTOR, SPECIFIC GRAVITY, PRESSURE AND LIQUID LEVEL
MEASUREMENT AND CONTROL

1. Purge Dip Tube Systems

An air-purged dip tube system 18 used for the measurement of
weight factor, specific gravity and pressure of process vessels in
the Waste Management Program. The system utilizes a controlled
stream of air through an copen-ended tube to counterbalance the
presgure or hydrostatic head of another fluid into which it is flowing.
The back pressure in the line is measured by a sensing device such as
g manometer, gauge or differential pressure transmitter. See
Figure XIII-13.
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C.1l., Purge Dip Tube Systems (Continued)

The air purged system produces a reading that is proportional to
liquid height and specific gravity which is called the weight factor;
thus liquid level, in inches of water, equals the weight factor reeding,
in inches of water, divided by specific gravity. Specific gravity
measurements are made across & fixed liquid helght and equal the
differential pressure, in inches of water, divided by the actual
inches of vertical distance between the high and low pressure
dip tubes. A reading of 20 inches of water divided by a 10 inch dip
tube spacing gives a specific gravity reading of 2.0. There must
be liquid covering both dip tubes or the specific gravity reading
will be a weight factor reading. Differentisl pressure measurements,
such as static pressures on columns, is identical to 2 weight faector
installatian.

1.1 Weight Factor

The sensing element consists of two 1/2-inch stalnless steel pipes;
one extends to a point 1/2-inch (approximstely) from the tank bottom
and is known as the high pressure dip tube, and the other, known as
the low pressure dip tube, senses at the extreme top of the tank. A
stream of air flows through each pipe, controlled by a purge rotameter
(see Section B.1.3.1), at approximately one cubic foot per hour. A
differential pressure transmitter, see Section B.3.2.1, is connected
agross the high and low pressure dip tubes. It transmits a 3 - 15 psig
alr signal to a receiving instrument such ss a gauge, manometer or
recorder-controller, see Section EB.3.3. If the receiving instrument is
8 weight factor recorder-controller, its 3 - 15 psig air output signal
1s directed to eilther a control valve or to a slave flow recorder-controller
to control the flow into or out of the vessel and thus maintain a constant
weight factor. A special welght factor control system is shown schematically
in Figure XIII-1lk and described in Section I.h.

Weight factor alarm switches, see Section B.6.6.3, are connected
either across the weight factor dip tubes or to the output of the weight
factor transmitter. They are used to provide visual and sudible alamms
at high and low values and also to sutometically shut down pumps, agitators,
flows, etc. to prevent overflowing a vessel or dmmage to equipment.

1.2 BSpecific Graevity

The sensing element consists of two 1/2-inch stainless steel ripes,
the high pressure tube is commonly the seme as that used for the high
pressure weight factor tube, and the low pressure dip tube is usually
ten inches higher in elevation than the high pressure dip tube. The
low pressure dip tube elevation above the high pressure dip tube can be
less or grester than the ten inches indicated sbove, provided it is
normally covered with the process solution. A stream of air flows through
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C.1.2 Specific Gravity {Continued})

each pipe and is controlled by a purge rotameter, see Section

B.1.3.1, at approximately one cubiec foot per hour. A differentisl
pregsure transmitter, see Section B.3.2.1, is connected across the high
and low pressure dip tubes. It transmits a 3 - 15 psig air signsl to

a receiving instrument such as a gauge, manometer or recorder-controller,
see Sectlon B.3.3. The transmitter is equipped with an sdditicnal

ad justment that allows the zero reading to be suppressed in order

to give greater accuracy and readability.

Example: If the specific gravity range of a solution in =
vessel will normally be from O.7 to 1.2, the zero of the transmitter can
be suppressed so that O percent represents 0.7 and 100 percent represents
1.2 specific gravity. With a 10-inch dip tube spacing the transmitter would
then have a range of T to 12 inches to preduce a 3 to 15 psig output
signal.

If the receiving instrument is g spec¢ific gravity recorder-
controller, its 3 -~ 15 psig air output signal is directed to either a
control valve or to a sleve flow recorder-controller to control flows
into a vessel and thue maintain a constent specific gravity.

1.3 Differential Pressure

Differential pressure 1s measured across an extrsction column and
is called static pressure. The sensing element consists of two 1/2-inch
stainless steel pipes; the high pressure tube senses at a point near
the bottom of the column and the other at a polnt two inches below
the organic overfilow line. The installastion is exactly the
same as the welght factor installation and the static pressure
resding is in inches of water. See Figure XIII-15.

Differential pressure ls als0 measured across various gas flow
restrictions such as fllters, towers, ete. to indicate plugging of the
equipment. The sensing element is two l/2-inch stainless steel
pipes; one at the high presesure side of the restriction end the
other st the low pressure side. A differential pressure transmitfer,
see Section B.3.3, is comnnected to the sensing elements. The
transmitter's 3 - 15 psig output signel is received either by an
indicator, recorder, or a recorder-controller. In some cases, a
transmitter 1s not used and the differentisl pressure sensing elements
are connected directly to a manometer or a differential gauge.

2. Pressure Gauges

2.1 PBourdon Tube Type

Standard bourdon tube-type disl gsuges are used for visual pressure
indication of process steam, air, and water in vessels and pipe lines.
Combinetion presgure-vacuum geuges are uged on the steam jet systems and
gspargers. Thege gauges indicate the steam pressure to the jet and also show
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C.2.1 Bourdon Tube Type {Continued)

8 vacuum in the line in the event of steam condensation after the jet
is turmed off. A vacuum is undeslirable since radicactive solutions
might be drawn to the operating gallery.

The bourdon tube is a curved (essentially circular in form) tube
of elliptical cross section with one end sealed. Pressure applied to
the copen end tends to straighten the tube; conversely, vacuum casuses
the tube to curl up. The movement of the closed, free end of the
bourdon tube is transmitted through a mechanical linksge which, in
the conventional pressure gauge, is multiplied by a rack and pinion
system to activate a pointer. The gauges are callbrated in pounds
per square inch {psi) or inches of water.

2.2 Manometers

A manometer is an instrument for measuring the pressure exerted
by a gas, vapor or liquld. The simplest form consists of a U-shaped
glass tube partiaslly filled with liquid and with provision for
measuring the height of the liquid. When both ends of the tube are
open to atmosphere, or when they are both under the ssme presgure
(greater or less than atmospheric), the liquid is at the same height
in each leg of the tube. When one leg of the tube is connected to s
source of pressure, the liquld in that leg is forced downward and the
liquid in the other leg rises until the difference in height corres-
ponds exactly to the pressure applied. By measurlng this difference
in height of the liquid, the applied pressure can be determined. The
megsurement can be expressed in units of length, such as inches or milli-
meters, making sure the liquid used in the manometer is specified, or
a scale can be provided sc that the reading can be in pounds per square
inch (psi) or any other units desired. Because the U-tube manometer
has one leg at atmospheric pressure, the measurements show gauge
pressure rather than absolute pressure. The measurement is actually
differential pressure = the difference between the pressure applied
to the two legs of the manometer.

Vacuum pressure is measured in the same way as positive pressure.

One leg of the manometer tube is connected to the source of vacuum and
the other leg open to the atmosphere.

The two types of manometers used in the Waste Management Program
are the well type and the inclined type.
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C.2.2.1 Well Type Manometer

The fact that the reading of a manometer does not depend on the
diemeter of the manometer tube, and that the two legs do not have to
be the ssme dismeter makes possible the well type or single-tube
menometer.

The well type manometer is essentially a U-tube manometer that
has one leg of much greater crossg sectlonel area than the other.
In effect, the difference in level of the liguid in the well and the
small tube is still being measured. However, the well is 200 or more
times greater in area then the tube, and accordingly, the liquid in
the tube changes its level 200 or more times as much as the liquid in
the well. The change in the well ligquid helght is very minor and is
corrected by the graduations on the scale. Thus, measurements are
obtained by reading the change in level in the small tube. The
well type manometer is used for weight factor and liquid level
measurements which are usually read in iInches of water.

2.2.2 Inclined Tube Manometers

The ventilation system of the canyon is so designed that the cells
are maintained et a slight vacuum with respect to the operating
gallery or deck level to prevent any resdicactive gases from seeping
into the opersting gallery. The vacuum 1s measured by an inclined
tube mencmeter having a range of O~1 inch.

An inelined tube manometer is similar to the well type mancmeter
except the small tube is inclined instead of vertical. Since
vertical height controls the range of the menometer, the indicating
liquid of an inelined manometer must travel a greater length in
the tube to remch a given difference in vertlcal height. Therefore,
the inclined manometer scale divisions are much farther apart and can
be reed much more easily and asccurately.

3. Resin Column Pressure and Differentis]l Pressure Measurement

The following instruments are used to measure and/or control
the pressure in the resin column and the differential pressure
across the resin bed: (1) pressure traneducers, (2) signal converters,
(3) daifferential pressure amplifier, (&) alarm, and (5) recorder.
See Figure XIII-16.

3.1 Pressure Transducers

The diaphragm=-type pressure transducer cperates on the magnetic
reluctance principle. The transducer 15 shown in simplified form in
Figure XIII-17. A diaphragm of magnetically permeable stainless steel
is clamped between two blocks and deflects when pressure is applied at
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€.3.1 Pressure Transducers {Continued}

the pressure port. An "E" core and coil assembly is embedded in each
block {with a small gap between the diaphragm and the "E" core) in a
symmetrical arrengement, both coils having the seme inductence when the
diaphragm in the undeflected position. Disphragm deflection increases
the gap in the magnetic flux path of one core, and decreases it in the
other. The magnetic reluctance varles with the gap so that the effect
of the disphragm motion is a change in inductance of the two coills, cne
increasing and the other decreasing. The two coils, L3 and Lp, form two
ams of a bridge circult locamted in e carrier-demodulator unit described
in the following section.

3.2 Carrier-Demodulation Converters

The solid-state carrier-demodulator instrument provides excitation
to the bridge circultry within the unit, Including excitation of the two
coils of the pressure transducer, which form two arms of the bridge. An
amplifier and demodulator convert the bridge output to a O - 10 volt &-
signal. :

3.2.1 Converters

The two signal converters in operation on the resin column convert
the ¢ ~ 10 volt d-c output signal from the carrier-demodulator to a
d-c voltage compatible with other instruments of the system. Each
converter utilizes six silicon transistors. Four transistors are connected
a5 a stgble dugl-differentigl amplifier, and the remaining two transistors
provide power amplification and a constant curreht output. One side
cf the differential amplifier is driven by the input signal through
appropriate dividers; the other side is driven by feedback from the
output stage.

The output stage provides a constant current source. It is also
possible to obtain voltage outputs through internal loeds in the
output stage. The instrument is provided with potentiometer-type
"zero" and "gain" adjustments.

3.3 Differential Fressure Amplifier

The function of the differential pressure amplifier is toprovide an
cutput signal proportional to the difference of two input signals. The
signel converters, conditioning the two pressure transducer signels, provide
the input to the differentiel pressure amplifier. The operation of the
differential pressure amplifier is identical to that of the absolute
pressure converters.

3.4 Alamrms
The twe alarms for the resin column monitor the absolute pressure in

the area above the resin bed, and the differential pressure across the
resin bed.
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C.3.4 Alams (Continued)

The alarms are electronic trip devices whose function is to
actuate visual and audible slarms on high pressure/low differential
pressure. Their action is simllar to that of a relay and are used to
sense & voltage level. When that voltage level exceeds the adjustable
trip level, the single-pole, double-throw (SPDT) relay contacts in
the device wlll switch.

The electronic trip recelves s milliamp input signal from the
converters, Section C.3.2.1l. The device consists of a high gain,
three-transistor amplifier and power supplies. The output of this
amplifier is at approximately +12 volts until the input voltage
exceeds that of the reference voltage, at which time the high gain
causes the output to switch to zerc volts. The reference voltage
is set by a precision potentiometer powered by a zener diode reference
supply.

3.5 Recorder

A ministure electronic two-pen recorder is used for recording
absolute pressure and differential pressure measurements in the resin
column system. The recorder is a self-balancing potentiometric instrument
with bullt-in reference d-c¢ power supply, serve-amplifier, and balancing
motor components. The power supply, which furnishes power to the
recorder-amplifier circuits and the balancing motor, and the servo-
ampliflier circuits are on printed circult cards. Each servo-amplifier
{two required) compares the process variable volimge with a local
voltage generated by a slidewire circuit end, by means of an emitter-
coupled difference amplifier, functions to produce sufficlent voltege
emplification to drive a two-phase balancing motor in a compensating
direction. The balencing motor serves two mejor functions: (1) mechani-
cally positions the slidewire to a conditicon of electrical null, and
(2) mechanically positions the process indicator and recording pen.

The recorder h-inch strip chart and indicator scale is calibrated
0-100 linear. The strip chart speed is 7/8~inch per hour.

k. Conductivity Type Liquid Level Instruments

This type of system is used at the Tank Farmm sluice pits for
monitoring high water levels and liquid level in the underground
waste storage tenks. See Figure XIII-18. The instruments of the
system coneist of the following:

(1) Level sensing electrodes and electrode holder.
(2; Indicating meter, and in some cases,
(3) Alarm 1ight and horn.

4,1 Sluice Pit Probe

The sensing electrodes are two s0lid steinless steel rods with
Teflon insulation over their entire length except at the extreme
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C.4.1 Sluice Pit Probe (Continued)

tips. The upper end of the rode are threaded to fit s pressure-tight
electrode holder with electrode plugs. The electrode plugs provide
electrical termination points for the system control wiring.

The sensing electrodes, supported within the electrode holder, are
installed vertically in the sluice pits at g pre-determined elevation
for level monitoring. When the conductive liquid in the slulce pit rises
to the level of the sensing electrodes; an electronic relsy 1s energized
which may sctivate & visual and audible alarm on the Instrument Control
Panel.

L.,2 Underground Waste Tank Probe and Indicating Meters

The probes used to measure the level in the underground wsste tanks
are of two types. '

The first consists of an electric, rubber-insulasted cord which can
be lowered through a nozzle into the tank by & smell winch. The cord -
is connected to a stainless steel electrocde at the lower end which
mekes contact with the solution in the tank. .The cord is marked
with metal markers, one foot apart, starting with zero at the wineh
when the electrode is touching the bottom of the tank.

The second type is similar except that the winch is insulated from
the tank and a stainless steel measuring tape is used in place of the
electric cord to indicate the depth of sclution. An chumeter is
connected across the cord or winch and the tank metal. A charge in
resistance indicates that the probe has contacted the liquid in the
tank. The cord or tepe markings then indlcate the liquid level.

4,3 Alams

The alamm light is one point or drop in ea ten-unit annunciator.
When the level sensing unit end electronic relay detect a high level in
the sluice pilt, the alarm light in the annunciator will begin to flash and
a8 horn will be sudible, indicating the abnormal condition. An acknowledge
button which is part of the annunciator system silences the horn and
changes the alarm light from flashing to steady-on. The alarm light
will remain steady-on until the abnormal condition is corrected.

D. Interface Measurement

Two methods are utllized to obtain interface measurements between
organic and aqueocus phases in the solvent extraction tanks gnd columns:
(1) An electronic float type system, and (2) the purged dip tube systenm.
The electronic float system is used on the pulsed columms, because variation
of pulse frequency would cause pressure variations in a purged dip tube
system.
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D.1 Electronic Float-Type System

A typical interface measurement and control system for use in a
remotely-operated separations facility is shown schematically in
Flgure XIII-15. The vessel or column contains esn electronic-float
type transmitter assembly immersed in the process solution. The
transmitter assembly also houses & resistance-type temperature bulb
for measuring solution tempersture. An electrical conduit or jumper
carries the signal wires from the transmitter and the temperature
bulb through the shlelding wall to thelr respectlve amplifier-
converters, located in a non-radicactive zone. For additional infor-
mation on the temperature amplifier-converter see Section F.1.2.

The converter output is a 3 - 15 psig air signal and is received
by a recorder-controller, which in turn sends a 3 - 15 psig air signal
to a control valve to maintain the interface level constant.

1.1 Electronic Transmitter

The electronic transmitter utilized for interface measurement is
g speclal instrument designed for applications in radilocactive zones and
is shown in Figure AITI-19. The Ltransmitter consists of two separated
chambers; the lower chamber contains the measuring fleat and is immersed
directly in the process solution. The upper chember contains the
transmltting inductance coils. The float in the lower chamber is attached
to & small-diameter, thin-walled, steinless steel tube that extends up
through a larger stainless steel tube in the upper chamber. The larger
dlemeter tube extends through the trengmitting inductance coils.
Contained within the small diameter tube, at its upper end, is a soft
iron armature vhich is held in place by crimping the tube. The float
assembly (float, connecting tube and armature) produces a linear
motlion in the vertical plane with changing interface levels. The
float assembly must be weighted so that it will sink through the organic
phase and flost in the heavier agqueocus phase. The {loat is calibrated
so that it will float about 1/4 inch from the top of the float in an
air-water interface and sink 1/4 inch from the bottom of the float in
a 0.92 specific gravity organic-water interface. The transmitter
inductance coils and similar inductance coils in the amplifier-
converter are interconnected to form an inductance bridge.

1.2 Amplifier-Converter

The amplifier-converter for interface measurement is identical to
that described in Section B.1l.1.2.

1.3 Recorder-Controller - See Section B.6

2. Ultrasonic Detection (Resin Column)

A system utilizing ultrasonic techniques for measuring resin level
in an ion exchange column is shown schematically in Figure XIII-20.
The system consists of four basic components: (1) Transducer, (2) Scope,
{3) Power Supply, and (L) Time Analog Unit.
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D.2.1 Transducer

The transducer is a Branson Instruments, Inc. stainless steel clad probe.
It is placed in the upper part of the resin tank, above the resin level but
below the liquid level., A trensmitted pulse will be reflected from the
resin surface and return to generate an echo pulse 1n the transducer. The
voltage analog of the time between transmitted pulse, plus an adjustable
delay, and the echo pulse is received by the scope, and presents a visual
indication on the cathode ray tube.

2.2 Scoge

The function of the scope is to provide a pulse to the transducer,
amplify the echo, and provide noise-free signals of the main bang and
echos to the time analog converter, The scope also presents a visual
display of the transmitted pulse (main bang)} and the echo pulse. Some
of the controls on the scope unit do not affect the time analog unit
because the pulse helight is not changed, but merely serves to control
the visual display.

2.3 Time Analog Unit

The time enelog unit converte the time between the gate and echo into
a proportional voltage. This voltage is scaled with the materiel cali-
bration dial on the unit and biased with the recorder zero diasl. The
gate can be delayed with respect to the main bang by the gate delay dial.
If set too c¢lose to the main bang, adjustment of the damping or reject
¢controle can cause faulty gating. The display of gating given on the
scope is useful in correcting malfunction. The recorder zero of the time
analog unit is not related to pulse time information but is used to
generate a reference or bias for a recorder-output voltage.

3. Purged Dip Tube System

The purged dip tube system used for interface memgurements ie gimilar
to that used for specific gravity measurements, see Section C.l.2, except
the dip tube spacing for interface is ususelly grester.

This type of system cannot be used for bottom interface measurements on
a pulse column due to the pressure variations created by the pulser.

4, Capacitance Probe

The liguid level of the waste cask 1s determined by the use of an
electrical capitance measurement. The level system consists of a capacitance
probe, a pulse height to d-c converter, and a liquid level indicator.

This method for the conversion of capacltance to a pulse height or amplitude
has been developed at Hanford. In essence, the method involves measuring
the charge stored on an unknown capacitance by shunting the capacitor with
one winding of s pulse transformer and measuring the output of the secondary
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D.4 Capacitance Probe (Continued)

winding. This process is repeated by alternately charging and shunting
the capacitor. The resulting output is & series of pulses whose amplitude
is propertional to the unknown capacitance. The pulses are conditioned to
develop a d-c voltage which 1s iIndicated on a voltmeter calibrated in
liquid level units. A functional diagram is shown in Figure 21.

Measurement of the capacitance of the probe at the end of a long cable
of high characteristic capacltance is accomplished as follows:

A pulse transformer is connected in series with one electrode of the
capacitance probe Cx (see in Figure 21). The capacitor and cable are
charged through resistor Ry by power source E,, the cable is shorted
periodically by the electronic switch S5;, and the charge on the unknown
cepacitor C, discharges through the pulse transformer T-1l. A voltage
proportional to the unknown capescitance is induced in the transformer
secondary. A pulse helght to d-¢ converter is then utilized to develop
an anslog d-¢ voltage for the level reasd-out.

All components of the capacitance measuring probe use radiastione
resistant materials.

E. RADIATION MONITOR SYSTEMS

The Weste Management Program has two generalized applications for
radistion monitoring instrumentation, (1) process control monitoring,
end (2) environmental monitoring.

Procese control monitoring is provided for measuring the radiastion
intensity of process streems and process vessels. This radiation
informetion indicates: (1) the mctivity of the solutions inside a
vessel, (2) permits the operator to "see" the solution enter and leave
the vessel, and (3) indicates the effectiveness of the separation
steps.

Environmental monitoring/health monitoring is provided throughout the
building work areas for personnel protectlon. The rediation levels are
continuously monitored by indicating and recording instruments. Should
high rediation levels be detected, the system will sctivate audible and
vigsual warning devices.

l. Geiger-Mueller Type

Two Gelger-Mueller type radiation detection systems are used to monitor
the radistion level of the steam condensate to crib 216-B~55, and the
process condensate to crib 216-B-12. Each Geiger-Mueller detector is
mounted within & 3=-inch dismeter pipe well which ies closed at the bottom end
and is provided with a removable pipe cap at the upper end. One side of
tHe pipe well at the upper end 1s slotted to accommodate the detector
cables. The wells are approximately 4'-6" in length and are installed in
their respective system condensate tanks.
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E.l Geiger-Mueller Type (Continued)

Fach monitoring system consists of the following instruments: (1) a
Geiger-Mueller counter tube, (2) & d-c power supply, (3) an amplifier-
digcriminator, (4) a count rate meter, and (5) a two-pen recorder which is
used to record the radiation level of the two systems.

1.1 Geiger-Mueller Counter Tube

The Gelger-Mueller detector is a gas«filled, halogen quenched, bete-
gamma counter tube which produces & large, easlly counted, pulse for
each lonizing event that enters and triggers the tube. Within the e¢ylin-
drical metal tube,a fine wire anode is stretched along its axis. When a
high voltage (500 to 2,000 volts) is impressed across the wire and the
grounded metal tube wall, the radiation energies entering the counter
tube will initiate the ionizing process and produce output pulses.

1.2 Power Supply

The high voltage d-c power supply for the system is rated O - 2100 volts
at 30 mi}liamperes. The high voltage is developed by a voltege doubler circuit
using a switched secondary high-voltage transformer, high-voltage silicon
rectifier gtacks, and oil-filled filter capacitors. The ocutput of this
supply is regulated by series pass tubes. The tubegs are in turn controlled
by a solid-state feedback amplifier with greater then 130 decibels of d-c¢
gain. The variable voltage divider sampling string, which is switched to
change output voltage, consists of stable low-temperature coefficient wirewound
resistors. Output of the supply is available at both the front and rear
panel through coaxial type connectors. Output polarity is controlled by & front
panel switch to provide either positive or negative grounded operation. A
zero-center panel meter monitors the output voltage. Callbration accurascy
of the power supply unit is ¥0.25 percent or 100 millivolts (whichever 1s
greater) with vernier at zero. Load regulation is 0.001 percent or 5 milli-
volts {whichever is greater) for a full-load change.

1.3 Amplifier-Discriminator

The function of the linear amplifier and discriminstor is to accept
pulses from the Geiger-Mueller counter tube and to provide amplification
and amplitude discrimination of these pulses. The upit has three integrated
controls that are accessible from the front of the unit: (1) course gain/
fixed sensitivity, (2) fine gain, and (3) discrimination. The output
pulses of the amplifier are delivered directly to the discriminator section
and must have an amplitude exc¢eeding the level for which sensitivity is set
in the discriminator. Any pulse above the dlscrimination level triggers
the discriminator to produce an output pulse with a fixed amplitude and
duration. This pulse is then received by the count rate meter. The
d-c power required for operation of the asmplifier-discriminator is available
at each of the four plug-in module positions in the instrument cabinet.
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E.l.4 Count Rate Meter

The count rate meter receives the positive ocutput pulses from the
discriminstor, converts these pulses to a direct current proportional to
the aversge count rate in counts per minute (CPM). This current,
amplified, operstes a 3-inch meter and records potentiometric cutputs.
This instrument offers the cholce of linear or logaritimic presentation of
the count rate. When the function switch is in the linear mode, a range
switch selects one of elght full scale ranges from 500 to 1,000,000 CPM.
With the function switch in the logarithmic mode, a three decade presentation
between 103 and 10PCPM is obtained. The front panel controls and their
functions are as follows:

1. Background Control ~ Single-turn potentiometer that allows the
zero level of the front panel meter to be set above background
vhich is below the region of interest.

2. Function Control ~ Two-position rotary switch to select the linear or
logarithmic operating modes.

3. Volume Control -« On-off switch and volume control edjusts the audio
output for the bulli-in aural monitoring system.

4., Response Control = Six-position rotary switch which will function
only in the linear mode. Switch selects one of five integrsting time
constants marked in seconds. The sixth position on the rotary switch
is marked "Cal”. When in this position, the count rate meter input is
disconnected while the meter response is checked against an internal
3600 CPM signal. This "Cal" position will function in both linear
and logerithmic modes.

5. BRange Control « Eight-position rotary switch selects cne of eight full-
scale ranges marked in CPM. Range control switch functions in
linear mode of operation only.

6. Potentiometer Expansion Control - Ten-turn precision potentiometer
provides ten-times expansion of the count rate meter recorder outputs.
The output toggle switch at the rear of unit must be in the 10 mv
or 100 mv range to utilize this control.

7. Zero Adjustment Control - Single-turn potentiometer adjustable
from the front of unit with a small screwdriver which sets the
front panel meter or recorder to zero.

1.5 Redigtion Recorder

The instrument is an electronic, self-balencing, potentiometer
type strip chart recorder with two recording pens. The 4-inch strip
chart and indicator scale are calibrated 0-100 linear. The strip
chart is operated at 3/4% inches per hour by & synchronous motor. The
0=100 millivolt signel from the count rate meter 1s received by the recorder
input conversion module, The Ilnput conversion module conditions the count
rate meter signal and, through retransmitting cirecuitry, sends a 0-10 volt
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E.1.5 Radiation Recorder (Continued)

d-¢ signal to the servo amplifier assembly. The components of the servo
amplifier assenmbly consist of an operational amplifier and other clrcuit
components to amplify the difference between the input signal and a d-c
feedback voltage. The operational amplifier also provides power to drive
a torque motor clockwise or counter-clockwise.

The torgue motor has a permanent magnet field stator and a one coll
armature for bi-directional rotation of 1ts output shaft. Also attached
to the output shaft is a potentiometer which provides a servo system
feedback voltage variation of 10 volts d-c. The torque motor drives the
recording pen through linkages.

When the input signal to the operational amplifier increases, a
momentary difference occurs in the ratio of input signal to the feedback
voltage. This error signal is amplified by the operational emplifier
to rotate the torgue motor and the attached potentiometer clockwise. The
increased feedback voltage 1s also applied to a summing Junction. Upscale
motor rotation {clockwise) will bring the motor into a position that
restores the balance between the feedback voltage and the input signal.

2. Gamma Spectrometer System

The gamma spectrometer system is used to measure cesium 137 breskthrough on
the ion-exchange column effluent line. Similar systems monitor additional
process streams, such as 1AP, 1CP, etc.

Fach isotope has a gamma spectrum, and usuvally one or more descriptive

peaks that can be used to identify the radicactive substances carried in
a process stream.
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2. Gamms Spectrometer System (Continued)

By calibrating the spectrometer spread in pulse height, 0 - 1 Mev
for example, a scan can be made to show what isotopes are present.
Then by utilizing the pulse height analyzer in the system, s given peak
can be selected and monitored continuously. The gamma-ray energy peak
of 0.667 Mev is used for cesium 137; with the pulse height set to monitor
between 0.647 and 0.687 Mev.

The gamma spectrometer system consists of the following components:

Monitor probe encasement assembly.
Detector amsembly.

High-voltage power supply.

Linear amplifier.

Pulse height analyZzer.

Baseline sweep.

Count rate meter.

Recorder.

Nuclear instrument modular bin.

O -1 O s o

2.1 Monitor Probe Encasement Assembly

The monitor probe encasement assembly (see Figure XIII-22) is a colli-
meting column that penetrates the concrete wall. separating the radicactive
process cell and a non-radicactive zone. It consists of a 3-inch, schedule
4L0s, steinless steel pipe epproximately 9'6" long, extending from the
non-raediocective zone into the radiocactive zone at an angle of 20 degrees
from the horizontal. The pipe end that pentrates the radioactive zone is
sealed by a l/h-inch thick steel plate welded to the pipe, and is as close
a3 possible to the process line being monitored. A hinged door at the other
end of the plpe is shieided with lead and has provisions for the routing of
the radiastion detector electrical cable. Within the 3-inch pipe is a 2-1/2
inch, Schedule 40, carbon steel pipe whose length depends on the number of
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E.2.1 Monitor Probe Encasement Assembly (Continued)

leed shields or plugs required in the length of 3-inch pipe. Each lead
shield has & hole through its length on the centerline to form a collimating
column. The lead shield closest to the stream to be monitored has the
smaller diemeter hole and,in each plug thereafter, the hole size increases
a fractionsl smount. The detector assembly described in the following
Section is inserted between the shielding door and the final plug.

2.2 Detector Assembly

The detector assembly consists of scintillation erystal, photo-
multiplier tube, and preamplifier. The approximately dimensions of the
essembly are 3 inches in diameter by 10-1/2 inches long.

An smericium doped sodium iodide (thallium-activated) crystel is
used for gamma ray detection of cesium 137. It is approximately l-3/h inches
in diameter by 2 inches thick. The photomultiplier tube is an 11 stage,
head-on, flat-surface type with an S-11 response.

The preamplifier seccepts the output signal from the crystal and
photomultiplier combination and transforms the signal into a pulse that
can be amplified. It has a 3-12 adjustable gain control.

2.3 High-Voltage Power Supply

The high-voltage power supply for the system is & regulated d-c
source delivering from 1 to 2,012 volts at up to 10 milliamperes. It
is posgible to select any voltage over the range of 1 to 2,012 volts
by three, step switches and a unit volts vernier potentiometer. Output
regulation is 0.0025 percent of voltage setting or 2 millivolte (which-
ever is greater) at any setting for a 100 percent load change or a 10
percent a~c line voltage variation. Celibration accuracy of the power
supply is less than 0.25 percent from 250-2,012 volts.

2.4 Linear Amplifier

The double RC clipped linear amplifier accepts the input pulses
from the preamplifier {Section E.2.2), shapes these pulses, and increases
their amplitude. The instrument is equipped with "course" and "fine"
gain controls, adjustable 20 to 1,000. This linear amplifier furnishes
power to the preamplifier.

2.5 Pulse Height Anslyzer

The pulse helght analyzer accepts input pulses from the linear
amplifier. The instrument trigger circult performs two important
functions: (1) it establishes a pulse amplitude threshold level, permitting
discrimination against noise pulses, and (2) 1t produces output pulses of fixed
amplitude and width for reliable operation of the count rate meter, Section
E-2.7. The pulse height analyzer controls are accessible from the front
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E.2.5 Pulse Height Analyzer (Continued})

of unit and coneist of an "E" discriminator {a 10~-turn precision potentiometer)
that may be varied continuously over a range of 300 millivolts to 10 volts;

g "AE" discriminator (a 10-turn precision potentiometer)} continuously variable
over a range of 0-10 volts; an integral-differential toggle switch which
gelecte the pulse height aenalysis mode; and a baseline sweep control to

permit a choice of either front panel baseline control or remote baseline
control.

2.6 Baseline Sweep

The baseline sweep instrument in the gamma spectrometer system permits
a recorder plot of all or part of an energy spectrum by continuocusly sweeping
the window (the acceptance region whose edges are defined by the upper and

lower trigger levels) of the pulse height analyzer through the region of
interest.

The controls for the instrument are accessible from the front end
consist of the following:

1. Upper limlt control - potentiometer to select upper or starting
voltage amcross a 0-10 volt baseline.

2. Lower limit control - potentiometer to select lower or
ending voltage across a 0=10 volt baseline.

3. BSweep time control - four-position selector switch to select
sweep times of 2, 5, 10 or 20 minutes over the full 10-volt
BWeep range.

4. Recycle-manual control - two-position switch to select sutomatic
recycle or manual coperation.

5. Start control -~ pushbutton to initiate sweep cperation.

When the upper and lower limit voltages and the sweep time are selected,
the instrument will continuously drive the threshold setting of the pulse
height analyzer, to which it is electrically connected, from the upper to
lower setting. In the automatic recyecling mede, the sweep voltage, upon
reaching the lower level setting, will return to the starting wvalue. After
a pause the sweep cycle will be repeated. The range of the sweep is from
0 to 10 volts which matches the dynamic renge of the pulse height analyzer.
With the sweep limite set for the full ten-volt range, the sweep time will
be as selected by the sweep time control. The length of the sweep period
is reduced proportionately as the range of the sweep is reduced. The meter
loceted at the front of instrument reads sweep position at all times.
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E.2.7 Count Rate Meter

The linear count rate meter integrates the input pulses from the pulse
height analyzer, Section E.2.5, and shows the integrated count rate in
terms of counts per second (CPS) on the 2-1/2 inch meter of the instrument.
It has thirteen linear ranges with full-scale values from 10 to 100,000 CPS.
The instrument has the following controls:

1. ©Signal selector control - four-position selector switch which
selects polarity of the signal to be counted. It alsc selects
one of two calibration frequencies.

2. Time constant control - selects desired integration time
constant of 0.5, 2, 10 and 40 seconds.

3. Range switches - primary range switch selectsld, 100, 1,000
and 10,000 CPS full-scale reading. The secondary range
switch selects the multiplier factor to which the meter
scale 1s multiplied.

4. Zero suppression control - 10=-turn precision potentiometer
can provide zerc suppression up -to 100 percent of full scale.

5+ Recorder output control - the output voltage level to the
recorder magy be adjusted over a range of plus 20 millivolits.

2.8 Recorder

The recorder is & null-balance, servo-operated potentiometric strip
chart recorder with the following basic functions: (1) display, (2) feed-
back generating, (3) error-detecting, and (4) amplifying.

The voltage to be measured is connected to the recorder in opposition
to an internally generated feedback voltage. The difference between the
. voltage to be measured and the feedback voltage is applied as the input
to the amplifier. The emplifier output drives the servomotor which, in
turn, drives a potentiometer which changes the internally generated voltage
until the difference voltage is very small. The servomotor then stops
and the pen records the value of voltage measured. Very little current
is drawn from the voltage source because it is balanced by the internal
feedback voltage. In addition to these basic functions, the recorder
requires damping. With a sudden change in the input signal, the error
voltage may be sufficient to run the servomotor at full speed. But when
the error voltage reaches zero, the servomotor inertia prevents a sudden
reduction to zero speed. Without damping, the recorder would overshoot the
broper balance point and go into steady oscillation, first overghooting
on one side of the balance point and then the other. The damping system
develops a voltage proportional to the speed and feeds it into the amplifier
s0 that the servomotor torque generator stops exactly when the feedback
voltage equals the voltage to be measured.
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E.2.8 Recorder (Continued)

The recorder reference power supply is a highly accurate d-c voltage
source. The unit consists of a voltage-regulator circuit with a temperature-~
compensated zener diode reference element. The accuracy of the recorder is
+ 0.25 percent full scale or t 5 microvolts - whichever is greater. The
chart speed for spectra analysis can be selected from one of seven basic
speeds: 1, 6, or 10 inches per hour and 1, 6, 10, or 30 inches per minutes
and, by the installation of change gears, the l-inch per hour and l-inch per
minute speeds can be doubled and quedrupled. Normal chart speed is 1 inch
per hour; but, when a scan is run the chart speed is 1 inch per minute. The
response time for full-scale pen travel is 5.0 seconds.

2.9 Nueclear Instrument Modular Bin

The instrument modular bin provides power and mounting space for the
instruments described in Sections E.2.4, 2.5, 2.6 and 2.7. The bin conforms
to the adopted standards of the Atomic Energy Commission Committee on Nuclear
Instrument Modules as degcribed in Report TID-20893(Rev.).

3. JTonization Chambers

There are two types of ionization chambers used: (1) process type and
(2) environmental/health monitoring type. The principle of operation is the
same for both types.

The jonization chamber is simply a c¢ylindricel container housing an
insulated center "collector electrode"” or anode, and a concentric "high-
voltage electrode" near the outer shell. The container is filled with a
gas, such as dry air or argon, at atmospheric pressure. When gamma rays
enter the container, some of their energy is expended in ionizing the gas.
These ions are attracted to the electrode of opposite charge and cause & minute
electric current to flow from one electrode to the other through a sensitive
external readout circuit.

3.1 Process Type Chambers

Process type ionization chembers for monitoring in-cell process vessels
are 5-inch diameter, 27-inch long steel cylinders, filled with argon gas.
The chambers are located in a 6-inch steel pipe embedded in the concrete
cell wall. A "window" covered with a steel plate is provided in the concrete
opposite each chamber so that the chamber '"sees" predominately only the vessel
which it is intended to monitor.

The ionization chember 1s connected electrically to & plcoammeter,
described in Section E.3.3, which provides the chamber with regulated power
as well as the circuitry for measuring the chamber output currents.

3.2 Envirommental/Health Monitoring Chambers

The envirommental type ionization chambers are 5-inch diameter, 19-inch
long, paper-reinforced, phenolic cylinders, filled with dry air. A
deseription of the chamber is as follows: Refer to Figure XITI-23.
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E.3.2 Environmental/Health Monitoring Chambers (Continued)

The chamber ancde consists of a polystyrene tube with a conductive
spray paint coating over its entire surface except for a l/2-inch insulation
barrier at the open end. The anode structure is attached to the head
plate with epoxy cement. Since the head plate is at ground potential, it
provides isolation between the anode current path and the cathode polarizing
potential and, therefore, scts as an anode guard ring.

A 1/h-inch female pipe thread opening is provided in the center of
the head plate for insertion of a low-level radicactive source to obtain
a minimum chamber output current for certain radistion monitoring system
requirements. The insertion or removal of this source does not affect the
chamber seal due to the sealed anode structure. 8ince the source can be
inserted in the center of the chamber volume, providing 477 geometry, a
minimum source intensity can be used to provide any given background
current.

The cathode consists of a conductive spray coating on the inside of
the cylindrical shell. As in the case of the anode structure, s 3/8-inch
insulating barrier is provided at the open end to prevent the polarizing
voltage shorting to ground. Because the shell is constructed of an
insulating material, there is no shock hazard when the assembled chamber
is placed in an active circuit.

A simulated high radiation level monitoring system check circuit is
incorporated in the chamber. The circuit provides a means for checking all
the cables and connections to the ion chamber for proper makeup and to
determine thet the system will function in a high radiation level. The
check circuit is actuated by placing & pemmanent magnet on the ocutside
surface of the chamber near a magnetically-actuated reed switch. The
most effective position of the external magnet is marked on the outside
of the chamber by a painted yellow rectangle. Any magnet that will
produce a magnetic field strength of 80 gauss at a point 1/2 inch inside
the chamber surface will actuate the reed switch.

The chamber has a gamms sensitivity of 3.33 x lO“lO amperes per
Roentgen per hour and has less than 10 percent loss of saturation in a
field of 1,000 R/hr vhen operated at a polarizing voltage of 250 volts d-c.

The environmental ionization chamber is connected electrically to a
picoammeter, described in Section E.3.3, which provides the chamber with
regulated power es well as the circuitry for measuring the chamber currents.

3+3 Picoammeters

Picoammeters are used to measure small electric currents generated in
the ionization chambers described in Sections E.3.1 and E.3.2. The current
produced by a chamber is proportional to the radiation intensity.
Picoammeters discussed below are the Keithley Model 410 and Model 410-C.
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E.3.3 Picoammeters (Continued)

The Kelthley Model 410 is a line-operated, vacuum-tube, electrometer
designed for measuring small currents. The total range is from 1 x 10-3
to 3 x 10733 amperes. This range is divided into twenty overlapping
full-scale current ranges ln amperes as follows:

10 x 1o-t 10 x 10-9
3 x 10- 3 x 10-9
10 x 10=5 10 x 10-10
3 x 10-5 3 x 10-10
10 x 10-6 10 x 10-11
3 x 10-6 3 x 10-11
10 x 107 10 x 10-12
3 x 10~7 3 x 10-12
10 x 10-8 10 x 10-13
3 x 10-8 3 x 10-13

The above renges are selected and read from the fronmt panel. The major
panel controls are the range switch (amperes full scale) and the zero adjust
knob. Minor controls are the zero check, used to short circuit the input to
permit setting the zero point; meter polarity switch for providing up-scale
readings for current flows in either direction; and an on-off power switch.
An illunineted meter, calibrated O to 10 and O to 3 is located on the panel.

An output of up to 5 volts and 5 ma is provided from a connector
located on the back of the chassls for driving recorders. Most ionilzation
chambers require an extremely well regulated polarizing voltage. A
connection on the back of the chassis provides a +216 d-c¢ voltage suitable
for this purpose.

The Keithley Model 410 C is identical to the Model 410, except that the
panel meter is provided with contacts which can be set to close at any
predetermined pointer deflectlon. The delicate meter contacts operated a
relay within the chassls, and the relay contacts (SPDT) ere available for
external switching functions through a connector on the back of the chassis.

3.4 Recorders

3.4.1 Process Cell Radiation Recorder

The process cell radiation recorder is a Leeds & Northrup "micromax"
potentiometric-type, multipoint recorder.

It ie approximately twenty-four years old, but this four-point recorder
has been reconditioned to record the radiation intensity in the process
cells as detected by the ionization chambers described in Section E.3.1.

3.4.2 Environmental Radiation Recorder

The instrument is a potentiometric type, multipoint recorder utilizing an
automatic null-baslance measuring system. The essential partes of the system
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E.3.4.2 Envirommental Radiation Recorder (Continued)

are: (1) the null-balance measuring circuit, (2) the null detector-
amplifier, (3) the balancing motor and linkage, and (4) the display
system.

The measuring circuit consists of an adjustable, calibrated emf connected
to oppose the emf being measured. If the two voltages are not equal, an
"error" or unbalance current flows and is detected by the input circuit
of the amplifier.

After emplification, the error signal is applied to a reversible
balancing motor which adjusts the calibrated emf through a mechanical
linkage. The system is sensitive tc the direction of error current so
that the motor always adjusts the calibrated emf in the proper direction
to reduce the magnitude of the error current. The motor continues to drive
until the error current is so small that the amplified signal will no
longer produce motor rotation, but this occurs when the error is substantizlly
zero and the calibrated emf differs by only a negligible amount from the
emf being measured. A null or balance condition then exists. While:
adjusting the calibrated emf, the motor alsc drives the display system.

The recorder measuring clreuit is supplied by a-c power, rectified and
regulated by a zener diode circuit.

Additional pertinent information is noted below:

Strip Chart 9-7/8 inches width. Calibreted
0-100 linear.

Indicator Scale 9-7/8 inches length. Calibrated
0-10C linear.

Chart Speed 2 inches per hour.

Number of Points Most recorders have 8 points.

Printing Speed 3 seconds per point.

Response Time 1 second full scale.

Accuracy t 0.3 percent of scale span.

F. TEMPERATURE MEASUREMENT AND CONTROL

The following types of temperature measuring and/or control
systems are used in the Waste Management Program.

1. Resistance thermometers

2. Filled-system thermometers

3. Filled=-system temperature indicating alarm switches
4. Thermocouples.

Resigtance type thermometers are used predominately for
temperature measurements, usually to monitor the process vessel
liquids.
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1. Resistance Thermometer Systems

A resistance temperature meesuring system comprises a resistance-type
primary element, an amplifier-converter, and a pneumatic recorder. Some-
times the pneumatic recorder is equipped with a controller to perform
control functions. Other systems consist of the primary element and an
electronic recorder only.

1.1 Resistance Element

The resistence thermometer depends upon the inherent characteristic
of metals to change in electrical resistance when they undergo a change
in temperature. The sensitive element of the thermometer is a nickel or
platinum wire wound on an insulating spool and housed in a metal sheath.
Nickel wire is used for low temperature ranges (32-248F) and platinum wire
is used for high temperature ranges (32-1000F). The sheathed element is
approximately 3/8 inch in diemeter and is inserted in a well which is
immersed in the media whose temperature is to be measured. The temperature-
sensitive nickel or platinum wire forms one arm of a Wheaistone bridge
circuit. The other three arms of the bridge, located within & resistance
to pneumatic converter or recorder instrument, contain resistances which
have an extremely low temperature coefficient of resistance.

An extensive test progrem was performed at Hanford prior to the Waste
Management Program to determine the service life of resistance-type
temperature elements in & high radistion environment. Temperature elements,
as received from several manufacturers, were subjected to an accumulated
gamme. radistion exposure of 8 x 109 Roentgens (R). The results of the
test indicated that & Leeds & Northrup (I&N) temperature element, type 8181,
nickel thermohm with rubber-insulated wire encased within a metallic lead
jacket would function indefinitely. The other elements failed after a
gemma exposure of' 1 X 109 R due to radiolytic decomposition of water vapor
which leaked into the element due to an inadequate waterproof seal around
the electrical wires at the element.

The I&N type 8181, nickel thermohm with a resistance of 100 ohms at
68F has a response time of 20 seconds and a limit of error of I 0.5 F in
the tempersture range 32 to 248F, and is used to measure the temperature
of process vessel liquids. For higher temperature measurements a platinum
thermohm, 25 ohms at 32F, is used. The response time of the platinum
element is approximately 15 seconds end has a limlt of error of *1.5F
in the range of 32 to 248F and % 3F in the range 248 to 100CF.

Standard conversion tables for Ieeds & Northrup nickel and platinum
thermohms are shown in Tables XIII-1, XIII-2, XIII-3 and XIII-4, on the
following pages 1350, 1350(a) and 1350(b).
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TABLE XITI-1

NICKEL THERMOHMS
Degrees PFehrenheit

beg. F | Ohms | Deg. F | Ohms [|Deg. F| Ohms fDeg., F| Ohms Deg. F | Ohms ([Deg. F | Ohms [Deg. F| Ohms
0 87,696 50 | 96.708 100 106. 34 150 | ne.6afl 200 12764 250 |139.39
t 87.872 51 96.896 101 106. 54 151 116.85 201 127.87 251 139.63
2 88.047 52 97.085 102 106.74 152 117.06 202 128,10 252 139,87
3 88.223 53 97.273 103 106.94 153 117.28 203 128.32 253 140.12
4 88.399 54 97.462 104 107.13 154 117,49 204 128,55 254 140, 36
5 88.574 55 | 97.850 105 107.33 155 | 117.70 ] 205 |128.78 255 |140.60
6 B8. 750 56 | 97.839 106 107.53 156 | 11791 206 |129.01 256  |140.85
7 88.926 57 | 98.027 107 107.73 157 | ns.12 || 207 |1es.ea || 257 [141.09
8 89.101 58 | 98.216[ 108 107.93 158 | 118,34 ]| 208 |129.46 || 258 [141.33
) 89.277 59 | 98.404 109 108.13 189 118.56 209 129.69 259 141.57
=40 | B0.8%0 10 89,453 60 | 98.592 110 108.34 160 | 178 210 |129.92 | 280 l1a1.82
32 | 81.057 1 89.628 6t 98,781 111 108.54 161 119.00 211 130,15
38 | B1.224 12 §9.804 62 | 98.969 1z 108.74 | yen 119,21 212 [130.37
37 | 81.392 13 89,980 63 | 99.188 113 108,94 163 119.43 213 130.60
36 | 81.5%8 14 90. 155 64 | 99.346 114 108,14 164 119.85 214 130.84
~35 | 81,726 15 90,335 65 | 99.535 115 109.34 165 | 119.86 215 131.07
34 | B1.894 16 90.514 66 | 99.723 116 109.55 166 120.08 216 [131.30
33 | az.061 17 80,694 67 | 99.211 n7 109.75 167 | 120.30 | 217 [131.54
32 | 82.208 18 90.873 68 |100.10 18 109.95 158 120.52 218 131.77
31 | 82.306 12 91.053 69 | 100.29 e 110.15 169 | 120.73 | 219 |132.01
-30 | 82.563 20 91,232 70 |100.48 120 110.35
29 82730 || 21 | s1lai2 71 100067 121 | 11055 f 5y | 1295 ) 220 |13z.24
28 | 82,808 22 91,59 72 |100.87 122 110.76 172 s | 222 11327
27 | 83.085 23 91.771 73 |101.06 123 110.97 173 | 12160 953 1132.05
26 | 83.232 24 91,950 74 [101.25 124 118 B 72 bymas || 234 [13518
—25 | 83.400 25 92.130 75 101,44 125 111.39
24 | 83.567 26 92.309 76 [101.63 126 111.60 };g }%gg‘é §§§ §§’§jg},
23 | 83.734 27 92. 489 77 |101.83 127 111.81 177 192 47 557|133 88
22 | 83,902 28 92.668 78 102,02 128 112.02 178 |122°69 | 228 113412
21 | 8a.074 29 92.848 79 {10221 129 112,23 173 | 122 92 226 |134.35
~20 | 84.246 a0 - | 93,027 a0 102,40 130 112.44 9
19 |sala1s || a1 93,207 81 |102.60 131 11264 180 izgta 230 1325
18 | 84.589 32 93.386 82 |102.79 132 112.85 182|153 59 53 13507
17 | 84.761 33 93.571 83 [10z.98 133 113,06 183 | 123 .81 233 |135.31
16 | 84.933 34 93.755 84 |103.17 134 113.27 184 | 124.03 234 |135.55
-5 85.104 35 93.940 85 103.36 135 113.48 9
14 | 85.276 36 94.124 86 1103.56 136 113,69 :gg }53'33 532 }32;53
13 | 85.448 37 94,309 87 {103.76 137 113.90 187 | 124.70 237 |138.27
1z | 85.620 38 94.493 88 |103.96 138 114,11 183|124, 93 538 |136.51
11 | 85.791 39 94.678 89 | 104,16 139 114,32 188 | 12518 239 13875
—10 | 85.963 40 94.863 90 | 104.36 140 114.52
o |a6.135 || 4 95.047 91 |:04.55 141 114.73 {190 125314 20 13698
8 | 86.306 a2 95.232 9z | 104.75 142 114,94 oz | 155 82 24z 13746
7 | 86.478 43 95. 416 93 [104.95 143 115.15 193|156 04 53 lir 7o
6 |86.650 a4 95. 601 94 [105.15 144 115.37 194 1136 27 544 113794
-~ 5 | 86.822 45 95.785 95 [105.35 145 115,58
4 | 86.993 46 95.970 96 |105.55 146 115.78 | }gg }gg%’ ggg zgg-‘lg
3 | 87,160 47 96. 154 37 | 105.75 147 ne.oo li - jo2 | 5802 547 113888
2 | 87.345 48 96.339 98 | 105.94 148 116.21 198 |197.18 548 113590
- 1 |87.520 49 96,524 99 |[106.14 149 116.43 199 127 &1 249 13915
0 | B87.596 50 96.708 100 | 106.34 150 116.64 200 127.64 350 139.39 :
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TABLE XITI-2

1355

2% OHM PLATINUM THERMOHMS

Degrees Fahrenheit

150-100

Deg. F| Ohms [ Deg. F| Ohms |Deg. F| Ohms {Deg. F| Ohms

0 23.236 350 42.149 00 59.947
10 23.792 360 42,672 710 60.433
=330 | 4.123 20 24.347 3m 43,195 720 60.930
320 4.734 30 24.91 3an 43.717 730 61.420
310 | 5.344 a0 25.455 399 44.238 740 61.910
-300 5.950 50 26.007 400 44,758 750 $2.398
290 6.553 50 26.558 410 45.277 760 62.885
280 | 7.154 70 27.108 420 45,796 770 63.372
270 | 7.782 80 27.658 430 45.314] 780 €3.859
260 | B.348 90 28.206 440 46.830 790 64.343
~250 |8.941 100 28.753 450 47.346 800 64,827
240 ] 9.533 110 29.299 460 47.862 810 65.310
230 [10.122 120 29.846 470 48.376[ 820 65,793
220 110.709 130 30.391 480 48.889 830 66.274
210 |11.295 140 30,935| 490 49, 401 840 65.754
=200 [11.878 150 31.479 500 49.913 830 67.233
190 [12.458 160 32.020 510 50.423 860 67.712
180 |13.039 170 32.561 520 50.932 870 68.189
170 ]13.618 180 33.101 530 51.440( 880 6B.666
160 [14.194 190 33,641 540 51.948 890 69.142
=150 [14.769 200 34.179 550 52.454] 900 69.617
140 |15.343 210 34.716 560 52,960 910 70.092
130 [15.915% 220 35.253 570 53.465( 920 70.564
120 116.485 230 35.790 580 53.970l 930 71.036
110 [17.054 240 36.325 590 54.473 940 71.507
=100 [17.823 250 36.858 BOO 54.975] 950 71.978
90 |18,189 260 37.391 610 55.476( 960 72.447
80 [18.754 270 37.924 620 55,977 970 72.916
70 }19.319 280 38.455 630 56.476 980 73.383
60 [19.882 290 38.985 640 56.974 90 73.850
~ 50 |20.443 300 39.515 650 57.471| 1000 74.316

40 (21.004 310 40.043 660 57.968

30 |21.564 320 40.571 §70 58.464

20 |22.123 KR 41.098 || &80 58,959

- 10 j22.680 340 41.625] 690 59, 453

9 |23.236 350 42.149 700 %9.947
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TABLE XIII-3

NICKEL THERMCHM
Degrees Centigrade

TABLE XIII-4
25-0HM PLATTINUM THERMOHM
Degrees Centigrade

Ghms

Deg. C Deg. C | Ohms |[Deg. C| Ohms [Deg.C | Ohms
0 93.386( s0 110,76 § 100 130.37
1 93.718| 51 11.14] 10 130.79
2 94,050 | &2 111.51 | 102 131,21
3 %4.3820 53 111.89 | 103 131.63
4 94.714] 54 112,27 4 104 132.05
5 95.047 1 55 112.64 f 105 132.48
6 95.379| =g 113.02 | 106 132,90
7 95. 711l 57 113.38 | 107 133,32
8 96.043| sg 113.77 | 108 133.74
9 96.375( s9 - 1415 109 134. 16
-0 80,890 [ 19 96.708 | g0 114.52 f 110 .59
39 81,191 1 11 97.047| g1 114.90 | 114 1%3.32
38 st. 492 12 97.386 ) &2 115.28 1 112 135.45
37 81,793 ff 13 97.725 | g3 115.66 [ 113 135.88
s Bz.004 || 14 98.064 | g4 116.04 [ 114 136.31
~35 82.39% || 13 98.404 | 5 116.43
34 82.697 || 18 98.743 | 66 116.81 ”g :g—‘}?g
33 82.998 || 17 ga.o8z2| &7 BESEN IRTH, 137.61
32 83.299 | 18 39,421 68 17.57 | 115 138,04
31 83.600| 18 99,760 | &9 117.95 | 449 138, 47
—30 83912 20 100.10 70 118.34 [ 120 138.90
29 sa.z11 [ 2% 100.45 | 71 18.73 || 121 139.34
28 84,520 22 100.79 72 11942 || 122 139,78
27 84.829 )| 23 .14 | 73 119.51 || 123 140,21
26 85.138 24 101,49 74 119.9C0 | 124 140.65
—25 85, 448 25 101.83 75 120,30 125 141,09
24 85.757 26 102.18 76 120.69 126 141.53
23 86.066 || 27 102.52 77 121.08 | 127 141,96
29 B6. 375 28 102.87 78 121.47 128 142.40
21 86.684 || 29 103.22 79 121.86 [| 129 142.84
-20 86.993 | 30 103,56 80 122.25 || 130 143.27
19 87.309 34 103.92 81 122.65 13 143,72
18 87.625 | 32 104,28 82 123.05 132 144.17
17 87.941 || 33 104.63 a3 123.45 | 123 144,62
16 88,257 i 34 104.99 B4 123.85 || 134 145.07
—-15 88.574 || 35 105,35 85 124.26 || 135 145,52
14 88.8% | 36 105.7¢ 86 124.66 || 136 145.97
13 89,206 || 37 106.06 87 125,06 [ 137 146. 42
12 89,522 38 106.42 88 125.46 138 146.87
i1 a9.838 | 39 106.78 8y 125.86 | 139 147.32
-10 90.155 || 40 1067.13 50 126.27 | 140 147.77
9 -38-473 a1 107.49 91 126.68
_5} 9]-?3]1 42 107.85 92 127.09
. 43 108.22 93 127.50
6 | 91.447 aa 108.58 { o3 127.91
-5 91.771 45 108.94 95 128.3
4 92.094 | 45 109.30 | gg 128. =
3 92.417 4 a7 109.67 f§ g7 129,14
2 92.740 || 28 110.03 1 og 129.55
-1 93.063 49 110.39 99 129,96
0 93.386 || =0 110.76 | 100 130.37

Deg. ¢ | Ohms || Deg. C | Ohms {Deg. C | Ohms yDeg. C| Ohms
-200 4,245 0} 25.012 200 44,347 400 | 62.496
195 4,795 5 | 25.510 205 44.810 405 | 62,934
190 5.344 10 | 26.007 210 45.277 410 | 63.372
185 5.889 15 | 26.503 215 45,745 415 | 63.810
180 6.432 20 | 26.998 220 | 46.211 420 | 64,246
=175 6.973 25 | 27.493 225 45,676 425 | 64.682
170 7.512 30 | 27.987 230 {47.140 430 | es.117
165 8.050 35 28.480 235 47.605 435 | 65.551
160 §.585 40 | 28.972 240 | 48,068 440§ 65.98%
155 9.119 a5 | 29.465 245 |48.530 445 | 66.418
- 150 9,651 50 29.956 250 48.991 450 66. 850
145 10.181 55 | 30.446 255 49.452 455 | 67.281
140 10.709 60 | 30.935 260 [49.913 460 | 67.712
135 11,237 65 | 31.424f 265 50.372 4865 | 68.142
130 11.762 70 | 31.912 270 50.830 470 | 68.571
125 12.285 75 | 32.399 275 |51.288 475 | 68.999
120 12.807 80 | 32.885 280 51.746 480 | 69.427
115 13.329 a5  § 33.372 285 52.202 485 | 69.855
110 13.849 90 | 33.857 290 52.657 450 | 70.281
108 14.367 95 | 3a.34 295  |53.112 495 | 70,706
=100 14.884 00 | 34.824 | 300 53,567 500 | 71.130
95 15. 400 105 {35,307 [ 305 54,020 505 | 71.554
a0 15.915 110 | 35.790 310 54.473 5i0 | 71.978
B85 16.428 115 | 36,271 315 54.924 515 | 72.400
80 16.940 120 | 36.751 320 [55.375 s20 | 72.822
- 75, | 17.452 125 | 37.231 325 55,826 525 | 73.243
70 17.982 130 1 37.711 330 56.276 530 | 73.663
65 18,471 135§ 38.189 335  |56.725 §35 | 74.083
60 18,980 140 | 3s.e67 || 340 57.173 540 | 74.502
55 19,488 145 | 39.144 345 57.621
- S0 19,994 150 | 39.621 350 58.068
45 | 20.499 155 {40.096 | 355 58.514
a0 21.004 160 | 40.571% 360 |58.959
35 21.508 165 | 41.045 365 59,403
30 22.011 170 | 41.519 370 59.848
- 25 22.513 175 | 41.991 375 60.251
20 23.014 180 |42.463 | 380 |60.733
15 23.515 185 |[42.934 ] 385 [61.17%
10 24.016 190 |[43.404 f 390 61.616
- &5 24.514 195 |43.874 | 395 62.057
0 25.012 200 | 44.342 | 4cO 62.496
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F.l.2 Amplifier-Converter

The resistance thermometer leads are usually connected to a resistance
to pneumatic converter consisting of a d-c power supply, Wheatstone bridge,
amplifier and & current to air pressure transducer. The final output from
the converter is a 3-15 psig air signal, proportional to the measured
temperature, and is received by a pneumatic recorder or recorder-controller.

1.3 Recorder-Controller

The recorder for temperature measurement is usually a single-pen
recorder, but there are some two-pen recorders in use. The recorder 4-inch
strip charts and indicator scales are calibrated for several ranges (0-100 C,
0=150 C). The strip chart is operated by a synchronous motor at speeds of
3/4 inch or 1 inch per hour. Fach recorder pen is operated through linkages
by a 3-15 pslg receiver bellows.

Some recorders are equipped with controller functions. See Section B.6.3
for description.

l.3.1 Electronic Recorder

The recorder for temperature measurement is a four-pen recorder. The
recorder 7-1/8 inch strip chart and indicator scale are calibrated for a
range of 0-100 C. The strip chart is operated by a synchronous motor at
a speed of 1 inch per hour. The recorder is complete with a Wheatstone
bridge excited by a zener regulated d-c power supply, a slide-wire contact,
photoelectric chopper, amplifier and a two-phase balancing motor.

When the resistance of the sensitive element in one arm of a Wheatstone
bridge changes, the bridge is unbalanced and an error signal is developed
between the slide-wire contact and the sensitive element inputs to the
amplifier. The error signal is converted to an a-c voltage by a photo-
electric chopper and amplified. The amplifier output drives a two-phase
balancing motor whose direction of rotation depends on the polarity of
the error signal. The balancing motor moves the contact on the slide-
wire until the bridge is rebalanced and no error signal exists. The
recorder pen and slide-wire contact are positioned simultaneously to
indicate the temperature.

1.3.2 Existing Leeds & Northrup Recorder

This instrument (approximately twenty-four years old) is a multipoint
strip chart recorder with a single recording pen. The recorder is capsble
of recording the temperature of four, independent, temperature-sensitive
elements through an automatic selector switch. The multipoint instrument
makes use of the Wheatstone bridge method to determine the resistance change
of the temperature-sensitive elements utilizing a galvanometer balancing unit.
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F.1.3.2 Existing Leeds & Northrup Recorder (Continued)

The gelvanometer deflection 1s determined by the balancing unit, which in
turn rotates the slide-wire until the bridge circuit is rebalanced. The
recording pen is moved across a calibrated temperature scale by means of
a mechanical linksage.

1.4 Alarm Switch

The alarm switch 1s a pressure-actuated switch whose primary function
is to trigger visual and audible alarm devices. The pressure-sensltive
element is & Bourdon tube or a diaphragm which is mechanically linked to
the switch contacts. When the pressure sensed by the sensitive element
overcomes the setting of the load spring, a SPDT snap-action switch 1s
activated to open or close an electrical circuit. The temperature alarm
switches in the Waste Management Program are usually connected to the
pneumatic output signal from a transmitter or a controller, and have a
pressure range of 0-15 psig.

2. Filled-System Thermometers

The filled-system thermometer is used for temperature measurement of
process streams and vessels where a record is not required. The system
consists of & sensitive measuring element or bulb containing a gas or
filuid which changes in physical characteristics (elther volumetric or
pressure) with temperature. This change is communicated to a Bourdon
tube, located within the case of a dial indicator, through a capillary
tube. The Bourdon tube responds to the signal from the sensitive
measuring element to provide motion in relation to the temperature which
ig transmitted by mechanical linkages to a dlal indicator pointer to provide
temperature indication.

Some filled-system thermometers, in addition to providing temperature
indication, are equipped to perform an alarm function. They have one or
more SPDT electrical snap-action switches to provide high/low limit
" adjustable trip points. The trip points may be adjusted from the front
of the dial indicator to open or close an electrical circult at a
pre-determined temperature limit.

3. Thermocouple Systems

A tempersture measuring system using a thermocouple for the primary
element usually consists of the element and an electronic multipoint
recorder. Thermocouples are used in the tank farm installations and cther
systems where temperatures exceed the limits of a registance type element.

3.1 Element
The thermocouple temperature sensing element is based on the thermo-
electric effect of dissimilar metallic junctions. The heat liberated or

absorbed by the junctions results in a change of the thermal electromotive
force.
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F.3.1 Element (Continued)

The majority of the thermocouple elements are of the iron-constantan type
and have a usual temperature range of (~=)300 to 1400 F. The upper temperature
limit is dependent upon the size of the themmocouple wire. Two other common
thermocouple types are chromel-alumel, temperature range (-)300 to 2300 F;
and copper-constantan, tempersture range (-)300 to 700 F.

The thermocouple measuring junction is usually formed by twisting
together and welding the ends of the two dissimilar conductors. The
Junctions are formed to provide the required spacing between the wires to
permit easy insertion of ceramic insulators. Protecting tubes of stainless
steel are used for most of the thermocouple installations to prevent contami-
nation of the thermocouple and provide mechanical protection and support.
Thermocouples with megnesium oxide insulation and encased within a stainless
steel sheath are used in high gemme radiation fields. The protecting tube
must be immersed in the process stream to a sufficient depth to minimize
heat transfer along the length of tube. A thermocouple connection head or
a qulck-disconnect plug and Jack are used to provide a positive connection
between the thermocouple and the thermocouple extension wire.

The response time of thermocouples i1s from 0.1 to 10 seconds and is
dependent upon the time constant of the protecting tube. The limits of
error for thermocouples, as recommended by the Instrument Society of America
(ISA), are given in Table XIII-3.

TAELE XTIIT-3

LIMITS OF ERROR FOR THERMOCOUPLES

Limits of Error

Type Temp. Range °F Standard Special

Copper-Constantan =300 to =75 - t 19
=150 to -75 29 19
=75 to +200 t1-1/2F t3/4F
200 to 700 t 3/u% t 3/84%

Iron-Constantan 0 to 530 L4 F *2F
530 to 1400 + 3/hg t 3/8¢

Chromel-Alumel 0 to 530 thp -
530 to 2300 + 3/i4 _-

The millivolt signal generated by the thermocouple is received by =
multipoint potentiometric recorder as described in the following Section.

3.2 Recorder
The instrument employed for recording thermocouple temperature measurements

is & multipoint recorder with an automatically-balanced d-c potentiometer
measuring circuit. The measuring circuit current is supplied from an a-c line,
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F.3.2 Recorder (Continued)

rectified and regulated by a zener-diode circuit. Any unbzlance of the
measuring circult is amplified, and a reversing motor is utilized to
restore the balance.

The instrument is equipped with an automatic reference Jjunction
compensator and five individually adjustable, dual, 3SPDT, alarm contacts.
The recorder 1ls capable of recording the temperature of sixteen independent
thermocouple elements through an auvtomatic selector switch at a speed of
two seconds per point. The recorder strip chart has a calibrated width
of 9-7/8 inches, and a speed of 3/4 inch per hour., The recorder accuracy
iz + 0.3 percent full span.

G. pH MEASUREMENT

The »H measurement system employs special electrodes that develop
an enf proportional to the hydrogen-ion concentration in the solution
into which they are immersed. By definition:

1
hydrogen~ion concentration
in moles/liter

pH = log

The hydrogen-ion concentration of a solution is determined electro-
metrically by measuring the difference in potential between an electrode
which has a fixed voltage (calomel reference electrode) and an electrode
in which the voltage varies with the solution pH (glass electrode). The
pE system consists of the sampling air jet, a flow chamber with pH
electrodes, a pH analyzer, and an electronic recorder. Refer to
Figure XIII-24. '

1. pH Electrodes

The glass electrode consists of a glass tube closed at the bottom by
a membrane of special pH sensitive glass. In contact with the inner wall
- of the glass membrane is & constant pH solution in which is immersed an
internal metallic element. When the glass electrode is immersed in the
sample solution, a surface potential is developed on the pH sensitive
membreane of the electrode which is proportionel to the active hydrogen-ion
concentration of the sample. The potential developed by the glass
electrode is compared with the constant-potential calomel reference
electrode. The calomel electrode is contained within a glass tube and
consists of mercury and mercurous chloride in contact with saturated
potassium chloride as an electrolyte. The electrolyte is permitted to
flow slowly through a porous palladium junction sealed in the immersion
end of the electrode, and into the sample solution. This flow of the
electrolyte from the clectrode to the sample solution completes the
electrical circuit of the pH measurement system. The glgss and reference
electrodes can tolerate a total gamma exposure of 5 x 10 Roentgen; at
this point they will bresk due to pressure build-up by radiolysis.
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G.1 pH Electrodes (Continued)

The thermocompensator is a well-type platinum resistance-temperature
detector that is tip sensitive and has a response time of less than three
seconds. When immersed in the sample solution, the thermocompensator
corrects automatically the pH amplifier circuit for the effects of
temperature variations in the sample solution. The three pH elements
described above are placed side by side in a Hanford-designed, in-line
flow chamber and connected by shielded cable to the pH analyzer.

2. pH Analxzer

The analyzer is an electrocanelytical instrument equipped with an smplifier
circuit board, two power supply circuilt boerds, and a potentiometric
and current output board; all furnished as plug-in units. A special multi-
conductor electrical cable connects the analyzer with the electrodes. The
analyzer measures the electrochemical properties of the process streams
for the degree of acidity or alkalinity, and indicates on a panel meter
the H-ion concentration in pH units. Also, the analyzer provides an
output signal that drives a special potentiometric recorder.

3. Recorder

The recorder is a null-balance, servo-operated potentlometric recorder,
having two independent measuring circuits and pens and a common strip
chert.

The potentiometer circuit is the conventional slide-wire type, but has
continuous standerdization by means of a highly accurate silicon (zener)
diode reference. The unknown input voltage is balanced against a known
voltage from the voltege reference. Balance is achieved when the two
opposing voltages are equal and no current flows in the balancing circuit.

A slide-wire equipped with a moving contact 1s used to vary the knowm
voltage. The unbalanced or error signal 1s amplified sufficiently fo
drive the servo motor (rebelancing motor). Because the motor is mechanically
linked to the slide-wire contact as well as the pen, the position of the
contact is proportional to the measured varisable.

The recorder range is O0-14 pH units. Tt has zero and span adjustment
knobs accessible from the front of instrument. The normal span is 2 pH,
and by using the zero adjustment it can be adjusted from 0-2 pH to 10-12 pl.

The recorder has an accuracy of + 1/4 percent of full secale and &
response time of four seconds full scale. Recorder strip chart calibrated
width is 10-3/4 inches and the chart speed is 2 inches per hour.

}, Buffer and Rinse Tanks

In order to calibrate the pH system periodically, each station has its own
small capacity buffer and rinse tanks. To transfer buffer solution to the
flow chamber, the three-position selector switch (SS) must be manually turned
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G.4t Buffer and Rinse Tanks {Continued)

to position 3. This will energize the time-delay relay coil K-TDR and

the canyon and operating gellery buffer solenoid valves. When the transfer
of buffer solution is completed, the selector switch is returned to the
"off" or No. 2 position which de-energizes the time delay relay coil;
de-energizes the buffer solenoid valve in the operating gallery; the buffer
solenoid valve Iin the canyon area will remain energized until the K-TDR
contacts are timed out (5-180 second delay on de-energization of relay
coil). To rinse the flow chamber with demineralized water, the selector
switch must be placed in the No. 1 position, which will energize solenoid
valve EV-Water in the canyon area.

H. MISCELLANEOUS INSTRUMENTATION

1. Cell Microphones

All process tanks are equipped with contact microphones. The
operator may ascertain, to some degree, conditions within a tank by
listening to loud speeskers comnected to these microphones. Thus, it
is possible to determine the proper operation of agitators and pumps
and to determine whether jets are gassing or pumping ligquids.

The amplifiers are located in the operating gallery opposite the
panelboards. Some amplifiers handle more than one microphone and the
required switches are located on the panelboard. Loudspeskers, one
for each amplifier, are located at the top of the panelboard. The sound
volume 1s controlled by gain controls located on the amplifier and on the
panelboard. :

2. ‘Tachometers

All centrifuges are equipped with electric tachometers to indicate the
speed of rotation. The tachometer consists of: (1) a small a-c generator
mounted on the centrifuge shaft with voltage output proportional tec speed,
and (2) & panel-mounted indicator with control functions.

An automatlc control attached to the centrifuge tachometers prevents
inadvertent reversal of the centrifuge in case of prolonged "plugging'.
When a centrifuge is plugged, the power phases to the motor are reversed
s0 that the motor torgque is applied in the reverse direction. This
causes Tthe speed to decrease rapidly, but if the plug control is held in
too long the centrifuge will reverse its direction of rotation resulting
in serious damage to the centrifuge. To forestall that possiblity, a
panel-mounted indicator with a locking coil d-c meter-relsy device is
used. It has an adjustable control-action pointer, load relays (with d-c
power supply), and rectification components to meke it compatible with
the tachometer a-c generator. In operation, the pointer is set at
approximately zero RPM. Should the speed of the centrifuge motor, during
"plugging", decrease to near zero RPM, the control-action is initiated and
the motor is shut down. The indicating meter is & dual-range unit cali-
brated in revolutions per minute (RPM). The ocuter scale range is 0-2000 RPM
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H.2. Tachometers {Continued)

and the inner scale range is 0-1000 RPM. The indicating accuracy is

¥ 2 percent full scale. A two-position, electrical selector switch is
mounted near the panel-mounted indicator to select the proper indicator
scale range.

3. Amnmeters

Indicating ammeters are used to provide a visual indication at the
instrument panel of the current drawn by electric motors used to drive
pumps, agitators, and centrifuges. The ammeters assist in the detection
of abnormal operating conditions manifested by changing current demand.
The e~c asmmeters used are the iron-vane, repulsion type. It consists of
two vanes or iron pieces placed within a coll. One of the vanes is
stationary and the other is movable and mounted on a shaft with an
ettached pointer. When the alternating current passes through the coil
the venes become magnetized and a force or torque is created which repels
the vanes. This causes the movable vane to rotate and move the pointer
shaft. The ammeter size is approximately 3-1/2 inches square and has a
graduated scale calibrated in amperes. The ammeter accuracy is t 2.0
percent of full scale reading.

L. Selector Switches

4.1 Electric Switches

An electric selector switch is a manuaslly-operated pilot device used
to control {usually by actuating a remote magnetic device) and to indicate
the cnndition of one or more electrical circuits. It is fundementally s
contact "meking" and "breaking'" device with one or more sets of movable
and stationary contacts depending upon the number of selector switch
positions required and the number of electrical circuits to be controlled.

The contact arrangements are referred to as normally open (N.0.) or
normelly closed (N.C.). A normally open position is one where the stationary
and movable contacts are separated pricr to actuation. When the actuator
control shaft is positioned, the contacts Join and close & circuit. Normally
closed refers to the condition where the movable and stationary contacts
are touching prior to asctuation. When the actuator control shaft is
positioned, the contacts separate, breaking the circuit. Cams attached to
the actuator control shaft are used to mske or break electrical circuits
for each selector switch position.

There are two types of selector switch contacts— momentary and maintained.
Momentary contacts return to their original position as soon as the actuator
is released. Maintained contacts remain in the position in which they are
actuated.
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H.4.2 Air Switches

An air switch is basically a plug~type selector valve with a minimum
of three ports. Most switches are of the two-position, three-port type
and are used to open and close a diaphragm-operated valve.

The inlet port is connected to an air supply header, the outlet port
is connected to the controlled device, and a vent port is open to the
atmosphere. The switch selector handle, attached to the valve plug,
contreols flow direction by positioning passes within the valve plug over
the inlet and outlet ports. The nameplate provided shows the internal
function of the switch. Some of the nameplate legends used are:
"On-0Off", "Automatic-Manual", and "Load-Unload". When the selector
handle is placed in the "On" position, the inlet and outlet ports are
connected and the vent port is closed. When the handle is in the "Off"
position, the outlet and vent ports are comnected and the inlet port
is c¢losed.

Alr switches are also available as iwo-position, four-port; three-
position, four-port; and four-position, five-port. They are used in
control systems where more than one device is to be controlled from a
single air switch.

I. BSPECIAL CONTROL SYSTEMS

1. Concentrator Safety Interlocks

Concentrators E-5-2, E-20-2, and E-23-3 located in Building 221-B
process cells 5, 20, and 23 respectively, are equipped with safety devices
and electrical interlocks designed to shut down the steam flow to the
concentrator tube bundles whenever one or more of the following occur:

1. High steam pressure to tube bundles

2. Iow pressure in the tube bundles (for air pressurization)
3. Low weight factor in concentrator, and

L. High temperature in concentrator

The safety devices eliminate the possibility of an explosion, when
red oil is formed in the concentrator, by limiting the solution temperature
and the pressure in the concentrator.

A typical tube bundle control system is shown in Figure XIII-25 and the
tube bundle safety interlocks are on Figure XIII-26.

The concentrators E-5-~2 and E-20-2 are each equipped with one tube
bundie system but the concentrator E-23-3 has a two-tube bundle system.

The operation of a one-tube bundle system is as fellows: System
start-up is initiated by depressing PB-1 which energizes relay K-1, solenoid
valve EV-STM (operating steam valve DOV-1) and solenoid valve EV-COND
(opening condensate valve DOV~3) to permit steam flow to tube bundle. At
the same time, solenoid valve EV-AIR is de-energized {closing air valve
DOV-2). FPB-1 must be held Gepressed until pressure switch PS-2 (Lo)
contact closes to place system in the automatic mode.
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I.1 Concentrator Sefety Interlocks (Continued)

Automatic shutdown of the system will occur in the event any of the
following conditions occur.

1. High pressure steam to the tube bundles - The monitoring pressure
switch, PS-1 (Hi), dual contacts will open, deactivating the
system and activeting a visual and audible annunciestion systen,
Pa-1 (Hi).

2. Low pressure in the tube bundles - The monitoring pressure
switch, PS-2 (1o), dual contacts will open, deactivating the
system and activating a visual and audible annuncistor system,

PA-2 (lo). This also admits air to the tube bundle to prevent
any solution leaking from bundle to condensate header.

3. Low welght factor in concentrator - The monitoring pressure
switch WFAS-2 (Io)}, contact will open, demctivating the
system.

L, High temperature in concentrator - The monitoring pressure
switeh, TAS-1 (Hi), dual contacts will open, deactivating
the system and activating a visual and audible annunciator
system, TA-1 (Hi).

When any one of the above shutdown conditions occur, the following takes
place to deactivate the tube bundle system. Relay K-1 is de-energized,
s8olenold valve EV-5TM is de-energized closing steam valve DOV-1, solenoid
valve EV-COND is de-energized closing steam condensate valve DOV-3, sclenoid
valve EV-AIR ies energized opening alr valve DOV-2, thus pressurizing the
tube bundle with air.

To add raw water to concentrator tube bundle, it wlll be necessary to
hold pushbutton PB-1 in until pressure to tube bundle is approximately
10 psig which will energize sclencid valve EV-COND opening steam condensate
valve DOV-3, and open rew water header block vslve upstream from raw water
pressure reducing valve PRV-3.

To restart the steam flow to tube bundle, pushbutton PB-1 must be
depressed momentarily until pressure to tube bundle is approximastely 10 peig.

2. Ammonis, Carbon Dioxide, apd Nitrogen System

The control system used for the addltion of ammonia or carbon dloxide
to tank TK-21-1 1s shown schemstically in Figure XIII-27.

The measuring components are identical for both systems and consist of
a flow orifice FE-1, differential pressure transmitter FI«l, and a flow
indicating integrator controller FIQC-1.
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I.2 Ammonia, Carbon Dioxide, and Nitrogen System (Continued)

The operation of the ammonia or carbon dioxide addition system is as

follows:

3.

The desired quantity to be added must be preset on the pre-
determining counter which is one unit of the FIQC instrument
(see Section B.6.5.2). Manual switch MS-1 must be in the
operating position. The system is then started by momentarily
depressing pushbutton PB-1 to close the flow alarm switch FAS-1,
which seals in the control circuit. Relay K-1 and time delay relay TDR
are then energized permitting DOV-1 to be positioned vie manual
controller MC-1l, solenoid valve EV-3 is energized opening DOV-3.
When the desired flow quantity, preset on the pre-determining
counter,has been added to the system, the SPDT switch in the
counter opens automatically and will cause the follcwing to
take place.

Relay K-1 is de~energized, flow alarm FA-1 will indicate a
visuzl and audible alarm condition, EV-1 is de-energized closing
DOV-1, time delay relay coil TDR is de-energized but its contact
will remain closed for a preset timed period-(three minute maximum
delay before opening) which will energlze the solenoid valve EV-3
allowing a nitrogen purge of the system. After the timed nitrocgen
purge, all relays and valves in the system will automatically
return to their normal condition.

Vent Systems

The instrument controls for vent systems No. 1 and No. 2 serving

Cell 22, Building 221-B, are shown schematically in Figure XIII-28 and
Figure XIII-29 respectively. The controls for both systems are ldentlcal
except for the additional pressure switch Ps-22-k-2 in vent system No. 1.

The operation of vent system No. 1 is as follows:

The set point of differential pressure recorder controller
DPRC-22-4 must be set for the desired operating conditions to
maintain the correct differential pressure between the process cell
and the air tunnel. The system start-up is initiated by placing
selector switch SS-22-4 in the automstic position. This de-energizes
golenoid valve EV-22-L4-1, permitting diaphragm-operated valve DOV=-22-4-1
to open and respond to the DPRC-22-4 control signals. The opening
of DOV-22-4-1 gllows the 100 psig steam supply to motivate the variable
jet J-22-L. The jet is then varied or throttled automatically via
DPRC-22-4 and DOV-22-4-1 to maintain the correct differential
pressure between the process cell and the air tumnel. If the steam
supply pressure to the Jet is lost or drops to a low value, pressure
switch PS-22-k-1 contacts will close at its preset trip setting
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I.3 Vent Systems (Continued)

1".

energizing EV-22-4-1 and closing DOV-22-4-1, energizing EV-22-4-2 to
permit DPRC-22-4 to automatically control DOV-22-4«2 in the 100 psig
alr supply line. At this time jet J-22-4 is motivated by air and is
varied automaticelly via DPRC-22-% and DOV-22-4-2., Should the steam
supply pressure return to nommal, the system jet J«22-4 will agein be
motivated by steam automatically. When selector switech 8S5-22-4 is placed
in position 3 (the air position), jet J-22-4 is motivated by air. The
pressure switch PS-22-4.2 is usged as a permisslve switch for the vent
system of Cell 5, Building 221-B. Cell 5 vent instrument controls are
inoperative until Cell 22 jet J-22-4 is operating. At this time
P5-22~4-2 contacts close permitting the Cell 5 vent system to function.
The cell 22 vent system may be shut down by placing selector switch
SS-22-k in the "off" position.

Weight Factor Control System - Cell 18

The weight factor control system for tank TK-18-3 is shown schematically

in Figure XIII-1lk and operates as follows:

The setpoint of the weight factor recorder controller WFRC-18-3
must be set for the desired operating conditions. During normal
operation, solenoid valve EV-18-3-2 1s de-energized and the control
signal from WFRC-18-3 is as shown in Figure XIII-1k. When in this
operating mode, it is possible to transfer automatically the process
solutions from tanke TK-13-1, TK-17-2 or TK-21-1 (located in cells
13, 17 and 2] respectively) after first depressing the appropriate
pushbutton at the pushbutton station. Each pushbutton depressed will
open the contacts of the preceding pushbutton operated; therefore, it
1s not peossible to transfer the process solution from two or more
vessels at the same time. To shut down the process solution transfer
operation, the "All Systems Off" pushbutton must be depressed.

The chemical addition line to tank TK-18-3 is made up of three
streams manifolded together. To add ammonium carbonate from one
stream, it is necessary for solenoid valve EV-18~3-2 to remain de-
energized, solenoid valve EV-18-3~5 must be energized via PB-18-3-5 to
allow the WFRC-18-3 to control automatically DOV-18-3-3. The two
remaining streams in the welght factor system utilize a cascade control
system to control automatically their flow rate according to a
Predetermined ratio. The cascade control instruments include the
welght factor recorder controller WFRC-18-3, flow recorder controller
FRC-18-3-3, flow recorder controller FRC-18-3-1, FRC-18-3-~3 cascade
subpanel, and the setpoint or ratioc instrument SP-18-3.

To activate the cascade control system, solencid valve EV-18-3-2
must be energized via PB-18-3-2 at the pushbutton station. The
WFRC-18-3 (master controller) control signal is then directed to the
setpoint capsule in FRC-18-3-3 (slave controller - see Figure XITI-14)
vie the FRC-18-3-3 cascade subpenel. Refer to Section B.6.3.4 for
description of the cascade subpanel. The output signal of the flow
transmitter FT-18-3-2, measuring the deminerslized water stream, is
received by FRC-18-3-3 and the setpoint or ratio instrument SP-18-3.
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T.4 Weight Factor Control System - Cell 18 (Continued)

The function of the FRC-18-3-3 "slave" controller is to record and
control automatically the demineralized water flow rate which is
dependent upon the "master" controller WFRC-18-3. The SP-18-3
instrument contains & ratio relay which receives the linear input
signal and produces an output signal that is a preset ratio of the
input signal, a large dial for selecting and indicating the

desired ratio, and a transfer station consisting of a transfer valve
and a manual regulator. During normal operating conditions the
transfer valve control knob is placed in the "ratio set” position
which permits the ratio relay to generate the output signal. When
the trensfer valve is placed in the "manual set” position, the manual
regulator can be adjusted to generate the output signal. The

output signal of the SP-18-3 is directed to the setpcint capsule

of FRC-18-3-1. The setpoint of FRC-18-3-1 is then adjusted auto-
matically or mamally by the SP-18-3 instrument to maintain the
proper flow ratio in the chemical addition line (from chemical
maeke-up tank TK~-18-3C) and the demineralized water line.

5. Pulser Drive Equipment

Piston-type pulsers are installed in Cells 27, 28, 29, and 30 for
columns T-27-1, T-28-1, T-29-1, and T-30-1. The following is a brief
description of the electrical power and control equipment installed to
drive these pulsers at variable speeds. See Figure XIII-30 for schematic
diagram.

Five complete and separate drive units are installed, one for each
pulser and one standby unit. The standby drive may be used to power any
one of the pulser motors in the event of feilure or during maintenance of
a normal drive. The control system is arranged so that not more than
one pulser can be driven from the standby drive at any perticular time.

Eech individual drive consists of a 15 HP, 440 volt, a-c motor connected
to a 9 KW alternator through a eddy-current coupling (electrically-
controlled clutch) so thet the speed and frequency of the alternator may
be varied. A feedback voltage from a tachometer generator on the output
side of the clutch maintains the speed constant for any control setting.

Two motor generator sets are provided to furnish field excitation for
the alternators. FEach consists of a 7-1/2 HP motor driving two, 2 KW,
120 volt, d-c generators. One motor generator set is capable of supplying
the field current for four altermators. The 15 HP drive motors cannot be
started until either one of the two motor-generator sets are running. The
second motor generator is provided as a spare unit, but it is necessary
to manually switch the d-c output to the exciter bus.

Each of the four 15 HP pulser-drive, induction motors can be fed from
its normal alternator supply or from the standby alternator. The change-~
over is affected by a selector switch on the instrument panel. If any
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I.5 Pulser Drive Equipment (Continued)

one pulser motor is being driven from the standby alternator, no other
pulser can be started with its selector switch in the standby position.
The pulser motors drive the pulsers through a gear reduction unit.

The start-stop pushbuttons and indicator lights for the main drive
motors and exclter motors, the selector switches, the pulser motor
ammeters, the pulse rate controls, and the pulse rate indicators are located
on the instrument panels. The control equipment and contactors are
located in a cabinet adjacent to the main drive motors, alternators, and
the exciter sets in the electrical gallery.

Bach pulse control (PUC) is eimply a 1,000 ohm potentiometer and the
pulse indicator (PUI) is a frequency meter calibrated O to 100 pulses per
minute. The speed control devices are packaged, solid-state, electronic
units (one for each drive) located in the control cabinet, and sensitivity
and maximum speed adjustments are incorporated in each of these units.
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