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1.0 INTRODUCTION AND GENERAL DESCRIPTION OF B PLANT 

1.1 INTRODUCTION 

A primary waste management goal for high-level radioactive waste from 
nuclear fuel reprocessing is the removal and long-term isolation of this 
waste from the biosphere. This program includes removal of the long-lived 
radionuclides, 90sr and 137cs, from liquid radioactive wastes. Fractiona
tion, concentration, and bulk storage of these isotopes are performed in the 
Waste Fractionation Facility (B Plant). These individual strontium and 
cesium solutions are further processed in the Waste Encapsulation and 
Storage Facility. 

The Hanford Site is a Department of Energy reservation located in 
south-central Washington State (Fig. 1-1). B Plant is located in Hanford's 
200-E Area, and is designated Building 221-8 (Fig. 1-2 and 1-3). B Plant's 
mission is the separation of strontium and cesium, individually, from the 
fission product waste stream following plutonium and uranium recovery from 
irradiated reactor fuels in PUREX. The individual strontium and cesium 
solutions are then transferred to the Waste Encapsulation and Storage 
Facility (WESF) for conversion to solid compounds, encapsulation, and 
interim storage. After strontium and cesium removal, the remaining fission 
product stream is transferred from B Plant to the tank farms. 

1.2 GENERAL FACILITY DESCRIPTION 

The 200-E Area contains 8 Plant, WESF, PUREX; three tank farm 
complexes, facilities for liquid and solid waste disposal, office buildings, 
the power plant, laboratories, shops, and the main administration building 
for Rockwell Hanford Operations (Rockwell). The Plant shares its local site · 
with the WESF complex; a retired facility (Building 224-8), and an office 
building (222-8) (Fig. 1-4). 

The B Plant complex contains five principal structures as follows: 

• Building 221-8 contains all processing equipment. All waste 
fractionation processing is done here, as well as short-term 
storage of radioactive material before transfer to WESF, tank 
farms, or waste disposal 

• Building 271-8 Annex contains offices, shops, and tanks for 
chemical makeup solutions 

• Building 211-8 contains bulk storage for liquid chemicals used for 
processing 

• Building 212-8 Cask Station is a facility equipped for shipping 
liquid radioactive product and receiving wastes in special casks 
designed for overland shipment 

1-1 
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• Building 291-8 Ventilation Exhaust System consists of buried air 
tunnels, HEPA filters, backup sand filter, exhaust fans, and a 
200 ft stack. 

B Plant•s main and supporting structures are shown in Figure 1-3. 
Table 1-1 lists all B Plant structures and their functions. 

1.2.1 Principal Design Criteria 

The B Plant operation is designed to operate 24 hours/day, but is 
dependent on PUREX for feed stock. The facility is not designed to 
withstand current standard design criteria seismic loadings, but it is 
designed to withstand maximum wind and snow loading, missiles, and volcanic 
ashfall. Four kinds of functional areas are included: canyon processing, 
process service, process operating, and personnel service. Principal design 
criteria are discussed in detail in Chapter 4. 

1.2.2 Engineered Safety Systems and Emergency Features 

Act i ve processing areas are operated remotely, and are designed to 
safely confine radiation sources. Ventilation flow is from areas of lower 
radiation and contamination levels to those of higher levels. The air is 
exhausted to the outside after multiple filtration. To detect release of 
contamination to occupied areas, continuous air monitors (CAMS) are 
installed throµghout occupied areas in the facility. Emergency power, 
water, and air' supplies are available. These services are discussed in 
Chapters 5 and 8. 

1.2.3 Instrumentation, Control, Electrical, and Auxiliary Systems 

Water, steam, and electricity are supplied to B Plant. These systems 
are designed to be operated and maintained remotely when placed in high
radiation areas. Appropriate protective measures are used if low-level 
radioactive material, such as contaminated tools or samples, ar~ ir. the 
process sarvice areas. These aspects are discussed in Chapters 5 and 8. 

1.2.4 Management Systems for B Plant--Generated Radioactive Waste 

Radioactive Wastes are received from WESF; these are combined with 
those from B Plant and disposed of to the tank farms according to 
established guidelines. After processing to re~ove specific isotopes, 
liquid radioactive wastes are sent to the tank farm. Process area solid 
radioactive waste is properly druITDTied and sent to the appropriate, managed, 
burial ground. Waste Management is discussed in Chapter 7. 

1-6 
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TABLE 1-1. B Plant Structures and Their Functions. 
(Sheet 1 of 2) 

Facility Function 

207-B Retention Basin Receives cooling water discharge from 
B Plant in 

211-B Chemical Tank Farm Bulk storage area for liquid chemicals used 
for processing 

212-B Cask Transfer Facility 

216-8-55 Steam Condensate 
Crib 

216-8-59 Retention Basin 

216-8-62 Process Condensate 
Crib 

216-8-63 Emergency Ditch 

216-8-64 Retention Basin 

217-8 Watei Demineralizer 

221-B Waste Fractionation 
Pl ant 

Receive/ship batch quantities of feed or 
product 

Covered trench for the disposal of con
densates from heating coils in procesi 
tanks 

Emergency receiver of 15-in. cooling water 
1 i ne discharge 

Covered trench for the disposal of con
densates from process concentrators 

Receives chemical sewer effluent or 207-8 
emergency diversion 

Receives condensates i,Jhich exceed the 
environmental release guideljnes 

Demineralized process water supply 

Canyon facility for processing waste 
to isolate selected fission products 

0' 221-BB Condensate Building Provides housing for process and steam 

221-8C Change House 

221-BD Laundry Shed 

221-8F Effluent Control 
Building 

' condensate receiving tanks 

Provides clot~es-change area for personnel 

Provides interim storage area for all used 
laundry 

Provides diversion capability for liquid 
waste stream to tank farm or retention 
basin 

1-7 
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TABLE 1-1. B Plant Structures and Their Functions. 
(Sheet 2 of 2) 

Facility 

222-B Office Building 

224-8 Retired Facility 

225-8 Waste Encapsulation 
and Storage Facility 
(WESF) 

241-ER-151 Diversion Boxes 

241-8-154 Diversion Boxes 

241-BX-154 Diversion Boxes 

271-B Support 
Building 

272-8 Electrical Shop 

272-BA Maintenance Shop 

272-88 Insulation Shop 

276-8 Organic Makeup and 
and Storage 

282-B Pump Houses 

282-BA Pump Houses 

291-8 Fans, Stack and 
Filters 

292-8 Instrument Building 

29O2-B Water Tank 

Function 

Retired facility used for administrative 
offices 

Storage 

Processing, encapsulation and interim 
storage of strontium and cesium 

Route waste and other streams to and from 
221-B 

Retired (boxes sealed and lines blanked) 

Retired (boxes sealed and lines blanked) 

Annex to 221-B containing shops, offices, 
and aqueous makeup facilities for waste 
processjng 

Provides area for electrical maintenance 

Provides area for maintenance and material 
storage 

Provides area for insulation work 

Provides area for makeup and storage of 
organic solvent 

Provide pumping for emergency raw water 
supply 

Provide pu~ping for emergency raw water 
supply 

Provides ventilation and filtration for 
221-B 

Provides the stack monitoring station 

Provides emergency sanitary water supply 

1-8 
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1.2.5 General Layout of Major Structures 

This layout is shown ·in Figure 1-4. 

1.2.6 Process Description 

The feed materials to B Plant usually come from PUREX via the 
244-AR Vault or the tank farms. Auxiliary feed materials may originate 
elsewhere if they are of appropriate composition to be assimilated into the 
B Plant feed stream. 

B Plant is designed to separate strontium and cesium, individually, 
from high level wastes utilizing various precipitation, ion exchange, and 
solvent extraction processes. The resulting strontium and cesium solutions 
are then kept in storage for future utilization by WESF. These solutions 
may occasionally be shipped to the 300 Area. The simplified flow schemes 
are referenced in Figure 1-5. Process systems are discussed in Chapter 6. 

1.3 SCOPE 

This safety analysis addresses relevant aspects of radiation and indus
trial safety related to the structures, systems, and operations of B Plant 

, (other than WESF" and 212-8, which have their own respective SARs): 

1 Structural integrity 

t Operational interfaces with B Plant 

t Processing operations 

1 Building ventilation 

1 Radiation protection of personnel, public, and environment 

, Operational interfaces with waste disposal. 

1.4 LIMIT OF APPLICABILITY 

This document is a report on the safety analysis of B Plant; it is 
assumed that current acid waste (CAW} is processed, using equipment and 
processes as described here, to produce feed for WESF. This safety analysis 
has been conducted in compliance with DOE Orders 5480.lA and 5481.lA and 
OOE-RL Orders 5480.l and 5481.1. Any future significant changes in the 
B Plant facility configuration, processes, or operating parameters will be 
evaluated and documented appropriately as possible revisions or addenda to 
this document. 

1-9 
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2.0 SUMMARY SAFETY ANALYSIS 

The impacts of natural phenomena and those of normal and accident condi
tions during the operation of B Plant for current acid waste {CAW) processing 
have been reviewed, analyzed, and evaluated. This evaluation concludes that 
normal operations for CAW processing in B Plant are conducted without undue 
risk to the health and safety of employees, the general public, or the 
environment. 

2.1 RADIOLOGICAL IMPACT OF NORMAL OPERATIONS 

The primary radionuclides handled in B Plant are 90sr and 137cs in 
solution and as various precipitated solids. Other radionuclides are 
considered to be very minor by comparison to 90sr and 137cs. The strontium 
and cesium, as well as the other radionuclides, are received in B Plant as 
CAW from the PUREX operation. This waste is processed to isolate, purify, 
concentrate, and store, as solution, the strontium and the cesium in 
B Plant. 

Radioactive liquid wastes are combined with those from WESF, processed 
as required, and disposed of to the appropriate crib, pond, ditch, or 
underground storage. Radioactive solid waste is packaged, handled, stored, 
and disposed of in accordance with established procedures (Ref. 2-1). 

Exhaust air from the cell void areas, 212-B Cask Facility, the canyon, 
and 224-B is filtered through two or three stages of high-efficiency .. 
particulate air (HEPA) filters, and is continuously sampled and monitored to 
ensure that radioactive releases are below established concentration 
requirements (Ref. 2-2). Exhaust air from non-ammonia-containing vessels is 
filtered through two stages of HEPA filters before feeding into the canyon
exhaust air stream, where it receives two additional stages of HEPA 
filtration, as indicated above. Exhaust air from ammonia-containing vessels 
is filtered through four stages of HEPA filtration before it is exhausted to 
the 24 in. sewer. Exhaust air from the operating, electrical, and pipe 
galleries (non-contaminated areas) is exhausted through the men's change 
room, laundry room, storage room, and pipe gallery (also non-contaminated 
areas) to the atmosphere via HEPA filters. 

Radionuclides in ambient air are sampled by a network of 22 continuous 
air samplers in the 200 Areas and vicinity. During 1982, these 
radionuclides were well below Table II concentration guides. The offsite 
~adiation dose to the maximum individual from the entire Hanford Site during 
1982 has been estimated at 0.5 mrem/yr. The incremental contribution to 
this offsite radiation dose resulting from operations at B Plant was an 
insignificant fraction of this total (Ref. 2-3). 

2-1 
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2.2 RADIOLOGICAL IMPACT OF NATURAL EVENTS 

a Plant was constructed in 1943, and was not subject to present design 
basis criteria for withstanding natural-forces events (Ref. 2-4). Several 
structural analyses have been conducted on various portions of the 8 Plant 
facility, but none has been comprehensive or quantitatively conclusive. It 
is estimated from these studies that B Plant will probably withstand a 
0.125 g earthquake [1/2 safe shutdown earthquake (SSE)] sufficiently to pre
clude undue consequences to the general public. 

8 Plant is served by dual overhead power lines from a single 
substation, but does not have backup power generation, except for operating 
the exhaust fan on the canyon exhaust system, in case of primary power loss. 
The primary ventilation/filtration system may thereby not be operable during 
power loss, and such loss might lead to undesirable consequences if B Plant 
is not made operable in sufficient time. 

Loss of electrical power for an extended period of time or a seismic 
event could cause any or all of the 11 worst case 11 accidents described in 

r-,... detail in Chapter 9. These accidents are summarized in the following 
section. 

2. 3 RAD.IOLOGI CAL IMPACT FROM ACCIDENTS AND ABNORMAL OPERATIONS 

Postulated accidents, not containable by the plant, which could result 
in loss of confinement, personnel contamination, personnel exposure, or 
industrial injuries have been analyzed. First year dose commitments and 
risks of these accidents can be seen in Table 2-1. For the 11 seismic 11 

scenario, accident probability is the one-half SSE probability. For all the 
remaining scenarios, accident probabilities are operational probabilities. 
Every radiological accident is one of low hazard with acceptable r isk 

M (Ref. 2-5). 

0--

2.3.1 Natural Forces Considerations 

A seismic event can be the initiating cause of several accidents, but 
unavailability of detailed seismic infonnation precludes a quantitative 
assessment of the seismic-caused likelihood of these events relative to each 
other. It appears that 8 Plant has an overall survival probability of about 
50 to 75% for a 1/2 SSE (0.125 g). The chemical storage tank farm and the 
stack monitoring system are assumed to have a lower survival expectancy. 
Hazard analysis in Chapter 9.0 concludes that the accident is rated low 
hazard. 
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. TABLE 2-1. First-Year Commitments and Risks (worst case) to Onsite/Offsite 
Individuals (Accidents Affecting B Plant). (Sheet 1 of 2) 

-
Bone dose (relll/yr) Rtsk (rem/yr) 

Accident Release to freque~y Hax11lUII Hax. 1nd1v1dual offstte Hax111Jm Hax. 1nd1vtdual offstte atmosrere (yr- ) 1ndtvtdual tndtvtdual (Cl onstte Hwy. 240 Rtngold onstte Hwy. 240 Ringold 
farmer farmer 

1. Se1s11tc 335 Ct 90~r 3.3 X l0-3 4.1 1.4 1.3 1.4 X l0-2 4.6 X l0-3 4.3 x 10-l event 1.4 Ct 13 Cs 

2. Loss of See 4.9 X l0-2 See tndtvtdual accidents for spectftc data electrical tndlvtdual 
power ace 1dent 

3. ln-hnk 6.3 X 10-5 2.3 X l0-7 <15 <3 <3 <3.5 X l0-7 <6,9 X l0-7 <6,9 X l0-7 hydrogen 
explosion 

4. ~ull-cell ydrogen 
3.2 X l0-2 9.2 X l0-16 1. 3 X l0-3 2.5 X l0-4 2.2 X l0-4 1.2 X lo-18 2.3 X l0-19 2.0 X 10-19 

explosion 

5. In-tank 3.0 X 10-6 5.3 X 10-7 <15 <3 <3 <8.0 X l0-6 <1.6 X 10-6 <1.6 X l0-6 AIIIDOn1 a 
explosion 

6. Full-cell 1.1 X lO-J 9,2 X l0-12 <15 <3 <3 <1.4 x 10-lO <2.8 x 10-ll <2.8 x 10-ll an1nonta 
explosion 

1. fire 35.2 90~r 
35.1 13 Cs 

3.0 X 10-6 1.5 X 100 2.9 x 10-l 2.9 x 10-l 4.5 x 10-6 8,7 X l0-7 8.7 X l0-7 

8. Vessel coll 4.6 x 10-4 Sr 5.4 X l0-9 5.8 X l0-4 1.1 X l0-5 9.5 x 10-6 3.1 X lo-12 5.9 x 10-14 5.1 X 10-14 failure 1.1 x 10-lcs 

9. Loss of 5.0 x 10-4 Sr 2.6 X 10-8 NIL NIL NIL NIL NIL NIL coo ling 1.0 x 10-14 Cs 
water 
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TABLE 2-1. First Year Commitments and Risks (worst case) to 0nsite/0ffsite 
Individuals (Accidents Affectinq 8 Plant). (Sheet 2 of 2) 

Bone dose (rem/yr) Risk (re11/yr) 

Accident Release to frequency Mallimu• Max. Individual offslte Maxi mu• Max. individual offslte 
at1110sphere (yr-1) Individual individual 

(Cl) ons lte llwy. 240 Ringold onslte Hwy. 240 Ringold 
far11er finner 

JO. loss of Nil 2,6 X lQ-4 NIL Nil Nil Nil Nil Nil 

VI 
C> 
I 
::c 

compressed N 
~ 

I 
I 

air +:> 
VI 

11. Teaiperature 1.1 X IQ-10 1.9 X lQ-3 
excursion Mixed fission 

Products 

12. Cell drain Nil 3.5 X 10-4 
11 ne fa llure 

ll. Nitric actd Nil 1.0 K 100 
11lsrouted to 
IX column 

Nil Nil Nil , 

NIL NIL NIL 

NIL Nil Nil 

Nil Nil 

Nil Nil 

Nil Nil 

Nil 

NIL 

NIL 
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2.3.2 Total Loss of Electrical Power 

Total loss of electrical power will effectively remove all processing 
and ventilation capability at B Plant, except as provided by the automati
cally started steam-turbine-driven exhaust fans upon power failure, but it 
is expected that all processing can be safely terminated. Approved emer
gency plans will be implemented. No undue effects on operations personnel 
are directly attributable to total power loss, per se. The- longer the power 
loss, the greater can be expected the quantity and magnitude of secondary 
effects. Duration of loss can also affect environmental releases after 
restart, depending on internal releases in the meantime. For risk of loss
of-power-initiated accidents, refer to Table 2-1. 

2.3.3 Hydrogen or Arrmonia Accumulation and Explosion 

Hydrogen or arrmonia can accumulate and explode in the air space of a 
cell or in the air space of a partially filled processing vessel. Of these 
four possibilities, the most serious to offsite people is that of a full-

r,.... cell hydrogen explosion. Doses and risks are those summarized in Table 2-1. 

2.3.3.l In-Tank H~drogen Ex~losion. "Worst case" atmospheric releases are 
63.0 µCi 90sr or 6 .0 µCi 1 Cs. These values do not result in exceeding 
Table II guidelines (Ref. 2-2) and the risk is considered to be acceptable 
(Ref. 2-5). See Table 2-1. 

... 2.3.3.2 Full-Cell Hydroqen Explosion. "Worst case" atmospheric releases 
are 3.2 x 104 µCi 90sr or 2.3 x 104 µCi 137cs. These activity levels exceed 

....,, Table II (Ref. 2-2) guidelines, but resulting dose commitments to "maximum 
individuals 11 classify this scenario as iow hazard with acceptable risk 
(Ref. 2-5). Refer to Table 2-1 for numerical values. 

2.3.3.3 In-Tank Arrmonia Explosion. "Worst case" atmospheric release is 
3.0 x 10-0 Ci 13Zcs. This value does not result in exceeding Table II 

0'- guidelines (Ref. 2-1), and the risk is considered to be acceptable 
(Ref. 2-5). Refer to Table 2-1 for numerical values. 

2.3.3.4 Full-Cell Ammonia Explosion. "Worst case" atmospheric release is 
1.1 x 10-3 Ci l37cs. This value results in exceeding Table II guidelines 
(Ref. 2-2), but this scenario is classed as low hazard, and the risk is 
considered to be acceptable (Ref. 2-5). Refer to Table 2-1 for numerical 
values. 
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2.3.4 Fire 

This scenario describes a fire occurring as a result of dropping a cover 
block into Cell 27, spontaneously rupturing a tank containing organic liquid 
with complexed 90sr. The resulting fire is treated in two respects: 
(1) with only smoke and particulate matter impacting the HEPA filters, and 
(2) with flaming debris igniting the HEPA filters. 

2.3.4.1 High-Efficiency Particulate Air Impact from Smoke and Particulates. 
Atmospheric release from this scenario is 1.55 Ci 90sr and 1.55 Ci 137cs, 
which results in Table II guidelines (Ref. 2-2) being exceeded. However, 
"maximum individual" dose commitments indicate a low hazard classification 
and acceptable risk (Ref. 2-5). Refer to Table 2-1 for numerical values. 

2.3.4.2 High-Efficiency Particulate Air Impact from Flaming Debris. Atmos
pheric release from this scenario is 35 2 Ci 90sr and 35.l Ci 13/cs, which 
results in Table II guidelines(Ref. 2-2} being exceeded. However, "maximum 
individual" dose commitments indicate a low hazard classification and accep
table risk (Ref. 2-5). Refer to Table 2-1 for numerical values. 

2.3.5 Vessel Coil Failure 

This scenario describes failure of a vessel heating/cooling coil/bundle 
~nd_p?tential_resulting consequences •. "Worst case" results in "maximum 
individual" f1rst-year bone-dose comnntment from 90Sr of 3.1 x 10-12 rem. 
Tne dose commitments classify this scenario as low hazard with aoceptable 
risk (Ref. 2-5). Refer to Table 2-1 for numerical values. 

2.3.6 Loss of Cooling Water 

Many B Plant processes require cooling water. This scenario describes 
consequences resulting from its loss. "Worst case" consequences result in 
release to the atmosohere of 5 x 10-4 Ci of 90sr and 1.0 x 10-14 Ci 
of 137cs. These quantities are well below Table II guidelines (Ref. 2-2), 
resulting in a low hazard classification with acceptable risk (Ref. 2-5). 
Refer to Table 2-1. 

2.3.7 Loss of Instrument or Process Compressed Air 

Compressed air is necessary in 8 Plant for various instr ument opera
tions and controlsi as well as various processing applications. This scen
ario describes the effects from loss of compressed air in B Plant. There is 
no effect to onsite/offsite personnel, because such a loss does not directly 
affect the confinement system. This scenario, therefore, is described as 
low hazard with acc·eptable risk (Ref. 2-5). Refer to Table 2-1. 
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2.3.8 Temperature Excursion 

This scenario describes effects from centrifuged solids being permitted 
to dry out for several hours. Activities released to the atmosphere are as 
follows: 

Species Activit:£ (Ci) ·· 

239pu 2.0 X 10-16 
241Am 9.0 X 10-15 
238u 8.0 X 10-22 
237Np 2.0 X 10-18 
90sr 2.0 X 10-32 
141,l44ce 1.0 X 10-ll 
l03,106Ru 1.0 X 10-10 

These values do not result in exceeding Table II guidelines (Ref. 2-2). This 
scenario is thereby classified as low hazard with acceptable risk (Ref. 2-5). 
Refer to Table 2-1. 

2.3.9 Cell Drain Line Failure 

This scenario describes the effects of leakage of a sizeable quantity 
of 90sr solu~ion into the soil beneath the B Plant facility. The accident 
results in a release to the soil 1.2 x 106 Ci of 90sr in solution. Dose 
commitments to "maximum individuals" are significantly below background levels, 
resulting in no effect to such individuals. Undue environmental effects are 
not expected because of the depth of the water table and the fact that the 
strontium becomes trapped in the soil. This scenario is, therefore, classi
fied as low hazard with acceptable risk (Ref. 2-5). Refer to Table 2-1. 

2.3.10 Nitric Acid Misrouted to Ion Exchanae Column 

Nitric acid can react unfavorably with ion exchange resin if various 
physical factors are not adequately controlled. This scenario describes the 
effects if nitric acid is accidentally routed to the cesium ion exchange 
column. No onsite/offsite personnel effects are expected beyond normal oper
ating parameters. Risk is determined to be no higher than that experienced 
in normal operations, and is therefore acceptable (Ref. 2-5). Refer to 
Tab 1 e 2-1. 

2.4 NON-RADIOLOGICAL IMPACT FROM ACCIDENTS ANO 
ABNORMAL OPERATIONS 

Only one non-radiological accident has been analyzed which is not 
containable by the plant and which has potential offsite consequences in 
excess of accepted guidelines. This accident is the collapse of the liqu id 
ammonia bulk storage tank. Air concentration at the site boundary can 
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exceed the Time Weighted Average (TWA) value of 500 ppm (25 to 800 ppm), but 
are expected to be below the TWA. With an accident probability of 
1.0 x 10-5/yr, this accident has been assessed as moderate hazard with 
acceptable risk (Ref. 2-5). 

· 2.5 REFERENCES 
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3.0 SITE CHARACTERISTICS 

3.1 GENERAL 

The information presented in this site description is a summary of data 
pertinent to the 200 Areas, site of the Fission Products Processing Facility 
(B Plant). 

In 1943, the United States Government obtained land in south-central 
Washington State for siting nuclear plant facilities (Hanford Reservation). 
Near the center of the reservation on an upland plateau 20 mi from the 
nearest city (Richland) and 10 mi from the nearest inhabited agricultural 
area, a site (known as the 200 Areas) was selected for construction of a 
radiochemical separations complex. Since the inception of the Hanford 
Operations, exhaustive investigation and analysis of the environment at the 
site has been performed and documented. 

3.2 GEOGRAPHY ANO DEMOGRAPHY OF SITE 

3.2.1 Site Location 

B Plant is located within the U.S. Department of Energy (DOE) Hanford 
Site, a 570-mi2 area; access to this area is controlled for reasons of 
national security and health and safety considerations. The site is located 
in the State of Washington, as shown in Figure 3-1. B Plant is located 
within a fenced area of the 2,000-acre 200 East Area, near the center of the 
Hanford Site. Figures 3-2 and 3-3 are maps of the Hanford Site and 200 East 
Area, respectively. 

• .. 3.2.2 Site Description 

B Plant is located on a terrace, locally referred to as the "200 Areas 
Plateau," near the center of the Hanford Site. The Plant is within the 
200 East Area, which is bounded by a security fence to limit general access. 
Traffic routes are shown in Figure 3-2. State Highway 240, for general 
public use, passes within 5 mi of B Plant. 

All activities conducted within the Hanford Site are controlled by DOE 
through various contractors, the U.S. Nuclear Regulatory Commission (NRC), 
or by lease arrangements. B Plant is operated by Rockwell Hanford 
Operations (Rockwell). The Hanford Site (controlled area) boundaries and 
the distances from B Plant to· the Hanford Site boundary are shown in 
Figure 3-2. Activities near the 200 Areas are further controlled within a 
"200 Areas controlled zone." 
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The vegetation of the Hanford Site consists of eight major kinds of 
shrub-steppe communities identified by the following conspicuous or most 
abundant plant species (Ref. 3-1): 

• Sagebrush/bluebunch wheatgrass 

• Sagebrush/cheatgrass or sagebrush/Sandberg's bluegrass 

• Sagebrush-bitterbrush/cheatgrass 

• Greasewood/cheatgrass-saltgrass 

• Winterfat/Sandberg's bluegrass 

• Thyme buckwheat/Sandberg's bluegrass 

• Cheatgrass-tumble mustard 

• Willow. 

3.2.3 Population Distribution and Trends 

The 1970 population living within a 50-mi radius of the Hanford 
Meteorological Station (HMS) was 246,000 (Ref. 3-1). The 1980 population 
was about 341,000 (Ref. 3-2). (The HMS is used as the population reference 
point for B Plant because of the availability of data and its proximity, 
approximately 3 mi west of the plant.) The distribution of communities 
within a 50-mi radius centered ·on the HMS are shown in Figure 3-4. 
Population estimates were made through the year 1990 (Ref. 3-2) based upon 
1980 census information, current birth rate trends, and estimates of net 
migration into or out of the state, as economic and employment opportunities 
change over the forecast period. Figures were updated by allocating 
increased population on a proportional basis to sectors in the Tri-Cities 
Area (Richland, Kennewick, and Pasco), where the most rapid growth has 
occurred. It is assumed that the Hanford Site will remain under the control 
of DOE and that no persons will reside within the site boundaries . The 
population residing in the unincorporated areas was calculated on the basis 
of uniform population density in the portion of a specific census district · 
which lies within the area. This assumes an even distribution of population 
throughout the unincorporated areas of each census district. It is further 
assumed that the rate of population growth will be the same for both 
incorporated and unincorporated areas on a county-by-county projection 
(Ref. 3-2). The distribution of population within a 50-mi radius of the HMS 
for the year 1981 is shown in Figure 3-5 while the projection for year. 1990 
is shown in Figure 3-6. 
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3.3 NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY FACILITIES 

B Plant is located near the center of the Hanford Site and there are 
no nearby military facilities. Two commercial facilities are located 
nearby; U.S. Ecology is located on land leased from the State of Washington. 
The site is within 5 mi of B Plant and handles low-level radioactive wastes. 
WNP-2, a nuclear powered electricity-generating facility, is located 12 mi 
ESE of B Plant on land near the Columbia River. The nearest military 
facility is the U.S. Army Yakima Firing Range, located just northwest of the 
Hanford Site western boundary. 

Local roads include State Highways 24 and 240 (Fig. 3-2). These 
highways and the site roads are used by a variety of private and commercial 
vehicles. The separation of the highways from B Plant is such that no 
adverse effects from associated accidents are projected for B Plant 
operations. 

There are no private or commercial airports within a distance of 20 mi 
from B Plant. The Richland Airport, nearest to the site, is a small, 
general-utility airport. The Tri-Cities Airport at Pasco, used by "feeder" 
airlines, is 28 mi from the site. Due to the low volume of air traffic and 
distance of airports from the site, the probability of a private or 
commercial aircraft accident affecting the plant is remote. However, a 
heliport, used by the Hanford Patrol, is located approximately two miles 
southwest of B Plant. 

There are no refineries, major oil storage facilities, munitions, or 
explosives storage facilities within 20 mi of the site, other than the 
munitions controlled by the Hanford Patrol onsite. The nearest natural gas 
transmission ·pipeline is approximately 30 mi away. The considerable 
distance of these facilities from B Plant eliminates these potential hazards 
to the plant. 

A tabulation of the active nuclear areas on the Hanford Site is 
presented in Table 3-1. Possible accidents at these facilities and the 
effects of such accidents on the safe operation of B Plant were reviewed. 
The safety analyses for the Washington Public Power Supply System (WPPSS) 
Plants, the Fast Flux Test Facility (FFTF), and N Reactor indicate that the 
radioactive releases as a result of the postulated maximum credible accident 
for each facility will not present an unacceptable risk to B Plant 
operations. The distance of these facilities from B Plant and the 
engineered safeguards built into each plant provide adequate assurance that 
no significant hazard to B Plant or personnel could result from these 
nuclear areas outside the 200 Areas. 

The Plutonium Finishing Plant (PFP), located in the 200 West Area, is 
about 5 mi from B Plant. This is sufficiently close to B Plant to have an 
impact on its operations should a major release of plutonium occur from PFP. 
An analysis of the PFP plutonium handling operations has been made with the 
conclusions that undue risk does not exist (Ref. 3-3, 3-4). The PUREX 
?1ant, located in the 200 East Area, about 1 mi from S Plant, is also 
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TABLE 3-1. Active Hanford Nuclear Areas. 

Facilities 

100 N Reactor, irradiated and nonirradiated 
fuel storage, laboratory, test loop, 
Hanford Generating Project. 

PUREX, B Plant, critical mass laboratory, 
laboratories, waste retention and 
treatment 

Plutonium processing, storage, and reclama
tion, waste storage and disposal, 
laboratories 

Fuel and fissile material storage, metal 
fabrication development, plutonium 
laboratory, fuels manufacture, radio
chemistry, radiometallurgy, waste 
vitrification, subcritical facility 

FFTF 

U.S. Ecology 

WPPSS-2, Reactor (operating) 

WPPSS-1, -4 Reactors (construction halted) 

Distance 
from 8 Plant 

(mi) 

8 

0.5 to 1.5 

1 to 5 

17 

12 

. 2-

12 

12 

sufficiently close to 8 Plant to have an impact on its operations for the 
same reason. An analysis of PUREX operations has concluded that undue risk 
does not exist (Ref. 3-6). 

Toxic gas (chlorine) is stored in 1-ton cylinders at the water 
treatment plant located about 0.5 mi away. A _gross leakage would not result 
in safety problems at 8 Plant (Ref. 3-7). 

3.4 REGIONAL CLIMATOLOGY AND METEOROLOGY (Ref. 3-1) 

The Cascade Range to the west greatly affects the climate of the 
Hanford area. Storm tracks generally move from the Pacific Ocean across the 
Cascades and then across the Hanford Site. The physical geographic effect 
of this range helps create the moderate winters, hot summers, and the 
relative dryness of the Hanford area. 
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Average annual precipitation is 6.25 in.; 10% of the annual 
precipitation occurs during November, December, and January; whereas, only 
11% occurs in July, August, and September. The driest month is July with 
0.18 in. and the wettest month is January with 0.98 in. 

A maximum annual rainfall of 15 in. has only 0.2% chance of occurring. 
Precipitation in excess of 0.5 in. during a 24-h period occurs on an average 
of twice a year. Rainfall of 1 in. has occurred only 3 din the last 30 yr 
of recorded data (1946 through 1975). One of these was the record storm of 
October 1 through 2, 1957. During this storm, a total rainfall of 1.91 in. 
was recorded in 24 h. Of this total, 1.08 in. were recorded in 3 h, 
1.68 in. in 6 h, and 1.88 in. in 12 h. At the other extreme, there have 
been 81 consecutive days without measurable precipitation (June 22 to 
September 10, 1967) and 172 d with only 0.32 in. (February 24 
to August 13, 1968). 

About 39% of all precipitation from December through February is in the 
form of snow. However, an accumulation of as much as 6 in. on the ground 
can be expected only one winter in eight. The average seasonal number of 
such days of reported precipitation in the form of snow is 4; although the 
1964-65 winter had 35, 32 of which were consecutive. 

The Cascade Range serves as a source of cool air, especially during the J 

summer months, and has a considerable effect on the Hanford Site wind 
regime~ ·The drainage (gravity) wind, plus topographic channeling, causes a ~ 
considerable diurnal range of speeds during the summer. In July, average 
speeds r~nge from a low of 5.2 mi/h, from 0900 to 1000 h, to a high of 
13.0 mi/h from 2,100 to 2,200 h. In contrast, the corresponding speeds for 
January are 5.5 and 6.3 mi/h. 

While gravity winds occur with regularity in the summer, these are 
seldom strong unless reinforced by frontal activity. In June, the month of 
highest average speed, there are fewer instances of hourly averages 
exceeding 31 mi/h than in December, the month of lowest average speed. It 
is also notable that, although channeling results in a prevailing west
northwest or northwest wind the year around, the greatest wi nd speeds are 
from the southwesterly direction. 

Light winds at Hanford in the winter cause considerable atmospheric 
stagnation. December, for example, has an average of 10 d with a peak gust 
under 13 mi/h. •By contrast, only once in 7 yr does June have even one such 
day. 

The average maximum temperatures in January and July are 37°F and 92°F, 
respectively. The average minimum temperatures for the same months are 22°F 
and 61°F, respectively. The average monthly relative humidity varies from a 
low of 31.8% in July to a high of 80.4% in December. The mi nimum diurnal 
temperature in winter seasons ranges from -27°F to 22°F; the maximum diurnal 
temperature in summer seasons vary from l00°F to 115°F. 
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3.5 GEOLOGY ANO HYDRqLOGY (Ref. 3-1) 

The Hanford Site lies in a portion of the geologic formation known as 
the Columbia Plateau Physiographic Province. It is part of a smaller 
subdivision called the Pasco Basin, which is composed of thick layers of 
basalt interspersed with thick layers of sedimentary material. These 
sedimentary layers are water bearing, and collectively constitute a 
vertica1ly stratified series of confined aquifers beneath the Hanford Site. 

Above the uppermost layer of basalt lies the unconsolidated sand and 
gravel of the Ringold Formation, which ranges up to 305 m (1,000 ft) in 
depth. Above this, and extending to the surface, is the Hanford Formation, 
covered by a thin layer of windblown silts and sands. Over 1,500 wells have 
been drilled to provide data for evaluating the chemical and physical 
properties of the underlying materials and to study movement of radioactive 
materials in soils. 

Neither the maximum expected rainfall over the next 1,000 yr nor the 
effect of the 100-yr probable flood of the Columbia River would pose any 
added hazards to operations in the 200 Areas. As discussed previously, the 
climate at the Hanford Site is arid to semiarid with an average rainfall of 
6.25 in. 

A calculation of the effect of a Columbia River flood, which might 
occur in the next 1,000 yr, on waste management operations has been 
performed. This dam-regulated "probable maximum flood" (PMF) is one 
previously predicted by the U.S. Army Corps of Engineers. This projection 
was derived using extensive data and computer modeling techniques and 
incorporating assumptions for a combination of conditions which are the most 
severe and are considered "reasonably possible" for the Columbia River 
Basin. Contributing factors of winter snow accumulation, spring melt ing, 
and runoff-season rainstorms were maximized. 

The basic cause of the PMF would be spring snowmelt runoff in the 
mountains of the Columbia River watershed following exceptionally cold and 
wet weather during the October to April snow accumulation season. It was 
assumed that, over the Columbia River Basin as a whole, the October to April 
precipitation equaled 1.3 times the normal annual precipitation. Unusually 
rapid melting due to meteorologic conditions was predicted as a result af 
the assumption of extreme seasonal values for air temperatures, de•11point, 
solar radiation albedo, and wind speed. In addition, two hydrologically 
significant (the most severe considered "reasonably possible") . basin-wide 
rainstorms were assumed. It was also assumed that rain contributions to the 
PMF fell entirely during two 5-d periods during the snowmelt season. Mid
May was arbitrarily chosen for the first storm; the second was timed to 
maximize the natural peak discharge of the lower Columbia River. The 
calculation shows that, even under these circumstances, there would be no 
effect on B Plant and other operat ions in the 200 Areas. The maximum 
recorded 24-h precipitation has been 1.91 in. Even an 11-in., 24-h down
pour would not cause flooding in the 200 Areas. 
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A worst-case flood would result from a postulated 50% breach of Grand 
Coulee Dam. The ensuing flood of 8,000,000 ft3/s would crest at about 
460 ft above MSL in the channel between 200 East Area and Gable Mountain. 
B Plant would be well above the crest of the flood, but normal operations 
could not be continued. (The export water line and certain electrical 
transmission lines would be affected by the flood, necessitating the use of 
backup services at B Plant). Aside from the hypothetical breach of Grand 
Coulee Dam, surge- or seiche-type flooding cannot occur there. 

3.6 VOLCANIC ASHFALL 

The Hanford Site has experienced mild ash fallout as a resu l t of the 
eruption of Mt. St. Helens. No problems were experienced from such fallout, 
but the event did require the evacuation of nonessential personnel and 
shutdown of operations. Although a heavy deposition could present health 
hazards due to respiration of ash and water supply contamination , it is not 
expected that such an event will cause a hazard to the public or the 
environment by B Plant operations. Nevertheless, if such an event develops, 
two to six hours warning is expected, and appropriate shutdown procedures 
will be initiated. 

3. 7 SEJS.MOLOGY . (Ref. 3-1) 

Hanford facilit ies are exposed to the possibility of moderate 
earthquake damage from two sources: (1) the active seismic zones of western 
Washington, and (2) closer shocks originating in the seismic zone that 
includes Walla Walla. 

A safe shutdown earthquake (SSE) of 0.25 g for the Hanford Site allows 
for an earthquake of an intensity of MM-VIII on the Modified Mercalli scale, 
epicentered at the same site. This is considered conservative, since no 
earthquake of this magnitude ever has been recorded in eastern Washington or 
Oregon. The greatest earthquake intensity registered in the Pasco Basin is 
a MM-V or VI (~0.05 g) on November 1, 1918, near Corfu, 21 mi north of the 
center of the site. The largest recorded earthquake in the Columbia Plateau 
was of MM-VII on July 15, 1936, near Milton-Freewater, Oregon, 60 mi 
southeast of Hanford (Ref. 3-1). 

The December 14, 1872 earthquake in the North Cascades, as reported in 
Reference 3-5, is estimated to have resulted in an intensity of MM VI at the 
Hanford Site. All .other reported events attenuated to intensities of MM IV 
or less. The largest local earthquake, mentioned above, of historical 
record occurred at Corfu. Various damage estimates have been reported 
resulting in a classification of MM IV or V. Estimates of the peak ground 
acceleration made for the Corfu event range from 0.01 to 0.03 g. Data 
indicate that no events larger than MM V to VI have occurred in the vicinity 
of the 200 Areas. 
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4.0 PRINCIPAL DESIGN CRITERIA 

This chapter presents the design criteria applicable to safety class 
components, systems, and structures. In accordance with DOE Order 5480.lA 
(Ref. 4-1), the current functional criteria and applicable standards are 
enumerated. Survivability and other assessments of the plant are presented 
in the following chapters. 

B Plant, one of Hanford 1 s original fuel separations "old" facilities 
with a beneficial use date prior to October 3, 1977 (Ref. 4-2), was 
constructed between August 1943 and February 1945 and was operated, using 
the Bismuth Phosphate Process, until 1952 (Ref. 4-3). B Plant was converted 
in 1968 to a waste fractionization plant as a result of a program to develop 
methods for the solidification of high-level waste. Its present function 
has been to remove 137cs and 90sr from PUREX current acid waste, 137cs from 
high-level supernatant liquids, and 90sr from self-boiling liquid waste 
sludges. 

4.1 CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS 

When B Plant was designed and constructed, structures, components, and 
systems were not specifically classified as to safety function, seismic 
considerations, or quality assurance level (Ref. 4-4). However, all process 
vessels were grouped into three classifications, according to location and 
use; descriptions follow: · 

• Class I Vessels. Class I vessels are essentially of all welded 
stainless steel construction with carbon steel used only for 
necessary external attachments. 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 specialized 
techniques depending on the location of the weld. 

All piping in the hot pipe trench (HPT) for inter-cell intra
section transfer of radioactive solutions is made of stainless 
steel. 

Class I vessels are the vessels normally located in the process 
cells, handle radioactive materials, and are designed for remote 
maintenance and handling. 

• Class II Vessels. Class II vessels, like Class I vessels, are of 
all-welded stainless steel construction with carbon steel used 
only for supports and attachments not in contact with a process 
solution. 

4-1 



SD-WM-SAR-013 

For the design and fabrication of Class II vessels as pressure 
vessels, the general requirements of the ASME Boiler Construction 
Code were followed. Basic design pressures were taken -to be an 
internal pressure of 15 psig or 110% 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 
general requirements of the American Petroleum Institute Standard 
12C were followed. Designs were for the maximum internal pressure 
imposed by a liquid of 1.8 sp. gr. with loads due to wind pressure 
and earthquake forces also considered. 

Class II vessels are the aqueous makeup unit (AMU) tanks, the head 
tanks and weight tanks in the operating gallery, and certain 
chemical storage tanks in the 211-B Chemical Tank Farm. As the 
vessels do not contain radioactive solutions, contact maintenance 
is performed and the design tolerances are less stringent than 
with Class I vessels. 

• Class III Vessels. Specifications for Class III vessels are 
similar to Class II vessels except for the materials of 
construction. Examples of Class III vessels are the ammonia 
storage tank, the carbon dioxide storage tank, the caustic storage 
tanks, and the diluent storage tanks. These are designed for 
contact maintenance, and can be constructed of any material 
appropriate for the intended use. 

4.1.1 Quality Assurance Levels. 

Although not applicable in 1944, the current Quality Assurance 
Procedure (Ref. 4-5) establishes the requirements for assigning Quality 
Levels to new projects, engineered equipment and maintenance modification or 
repair to existing facilities to identify the level of qual i ty assurance 
effort necessary to objectively verify and assure compliance to design 
requirements. 

• Impact Level I: Physical systems, or portions of systems, 
structures or components whose failure might cause, or increase 
the severity of a release of radioactivity, or a release of 
hazardous or toxic materials to the environment and those 
structures and components vital to isolation of the process or 
system, are classified as Level I. 

Level I includes highly complex or complicated items that can 
directly· affect operability, performance or safety of the 
faci 1 ity. 

Examples .of Level I items are: primary containment systems for 
radioactive service, final exhaust systems up to and including the 
high-efficiency particulate air (HEPA) filter package, nuclear 
safety instrumentation, effluent monitors, shipping containers, 
and process piping. 
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• Impact Level II: Physical systems, or portions of systems, 
structures or components that are important to the operation of 
the process or system but are not essential to safe shutdown and 
isolation are classified as Level II. Level II items are 
generally moderately complicated and failure may· create a serious 
impact on the operation, performance or safety of the facility and 
often create an impact on cost, schedule, or programmatic results. 

Examples of Level II items are: process vessels, jumpers, in-cell 
piping and process equipment, fire detection systems, and control 
instrumentation. 

• Impact Level III: Those structures and equipment that are related 
to the process or system operation, are not essential to safe 
shutdown, but do provide a function or service to the facility, 
are classified as Level III. 

Level III also applies to those items that are commercial, off
the-shelf items for which existing commercial quality control 
practices are adequate. (Level III commercial items may be used 
in Level I and Level II systems with appropriate testing of the 
system.) 

Examples of Level III items are: heating and air conditioning 
systems, potable water systems, sewage systems, cold drain 
systems, low pressure steam systems, lighting systems, 
transportation systems, and brick and mortar facilities. 

4.1.2 Guidelines for Assignment of Facility Ooeratina Conditions to 
an Accident 

The design criteria for radiation exposures to the occupational worker 
from normal, emergency, and accidental conditions shall be limited to 
radiation levels as low as reasonably achievable (ALARA) within the 
standards prescribed in Ref. 4-40. 

4.1.3 Definition of a Safety Function 

A safety function is an essential performance characteristic of a 
component, system, or structure that is required for the protection of the 
environment, safety, and health of personnel against potential radiological 
and chemical hazards. Safety class components, systems or structures shall 
be able to perform some or all of the following functions: 

• Prevent or mitigate the consequences of an uncontrolled release in 
excess of the recommended guidelines or threshold limits 
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- Of radioactivity with potential radiological consequences 

- Of chemicals with potential toxicogenic, carcinogenic, and 
explosive consequences 

t Limit radiation and hazardous chemical exposure to personnel 

t Maintain the facility in a safe shutdown condition 

t Maintain nuclear criticality safety. 

4.1.4 Definition of a Single Failure 

A single failure is an occurrence which results in the loss of 
capability of a component to perform its intended safety function(s). The 
loss of capability of several components resulting from a single initiating 
event, such as an earthquake, is considered to be a single failure. Systems 
are considered to be designed against an assumed single failure i f neither a 
single failure of any active component (assuming passive components function 
properly}, nor a single failure of any passive component (assuming active 
components function properly) results in a loss of the capability of the 
system to perform its safety function(s). 

4.1.5 ~Iriterface Requirements 

Components, systems, or structures, not required to perform safety 
functions, shall not impair the function of a safety class component, 
system, or structure. 

4.2 PROTECTION AGAINST NATURAL PHENOMENON 

The design of components, systems, and structures shall ensure 
protection from the consequences of a spectrum of severe natural phenomenon. 
The design bases for these components, systems, and structures shall 
reflect: 1) consideration of the most severe natural phenomenon based on 
site specific investigations where possible, 2) appropriate combination of 
the effects of normal or accident conditions with the effects of natural 
phenomenon, and 3) the importance of the safety function to be performed. 

APPLICATION: Using the state-of-the-art knowledge and applicable criteria 
prevalent during the period (1943) of the design and construction of B Plant 
and preceding the fnclusion of seismic provisions in the Uniform Building 
Code, natural force resistance required consideration of static, and 
vertical live and dead loads. During this period, Hanford was designated as 
a low intensity, minimum occurrence earthquake zone and the facility was 
designed to withstand lateral wind forces according to the Uniform Building 
Code but the design did not consider a tornado (Ref. 4-6). 
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Current policy and practice impose criteria that the B Plant facility 
shall be able to withstand: 

• Wind and Tornado Loadinqs. The compiled data of. an extensive 
survey of tornadoes in the three northwestern states (Washington, 
Oregon, and Idaho) completed in 1970, was analyzed to determine 
the probability of a tornado striking the facility approximately 
2.5 mi east of Hanford Meteorological Station. The analysis 
indicated the probability of tornado occurrence in the vicinity of 
the site as six chances in a million (6 x 10-6) during any given 
year, or about one chance in four thousand (2.5 x 10-~) during a 
40-yr plant life (Ref. 4-6). 

A tornado having a maximum tangential wind speed of 120 mph with 
an ambient pressure drop of 28 lb/ft2 and an ambient pressure drop 
rate of 12 lb/ft3/sec is defined as a Design Basis Tornado (DBT) 
(Ref. 4-7). 

• Water Level (Flood) Design. The "Probable Maximum Flood" (PMF) is 
the darn-regulated flooding condition predicted by the U.S. Army 
Corps of Engineers (Fig. 4-1). Flooding of the B Plant site has 
been judged to be incredible (Ref. 4-6 and 4-8). A more recent 
evaluation confirms this judgment (Ref. 4-9). 

• Seismic Design. The maximum credible earthquake for the Hanford 
Site is postulated to be a Richter Magnitude of 6.8 (with an 
epicentral distance approximately 10 mi from the Hanford Waste 
Management facilities) which produces a maximum vertical ground 
acceleration two-thirds of the horizontal acceleration 
(Ref. 4-10). The 0.25 g earthquake has an occurrence associated 
with an unlimited time span per occurrence whereas the probability 
of 0.20 g would be once in 16,700 yr, 0.15 g once every 4,000 yr, 
0.10 g once every 1,850 yr and 0.05 g once every 840 yr 
(Ref. 4-6). 

The response defined in the criteria (Ref. 4-11) for the 
evaluation of B Plant are the safe-shutdown earthquake (SSE) 
response spectra, with a peak free field ground surface 
acceleration of 0.25 g that was developed in a study for the Fast 
Flux Test Facility at the Hanford .Site (Ref. 4-12) and the Hanford 
regional historical earthquake (HRHE) response spectra with a peak 
ground acceleration of 0.10 g that was developed for the PUREX 
Plant site (Ref. 4-13). 

• Volcanic Ash Deposits. The last volcanic eruption caused a high 
loading of the inlet filters to the canyon and the galleries. 
However, none of the filters was breached and, as indicated by 
differential pressure measurements, many of the filters were not 
plugged. Renewed volcanic eruptions from Mt. St. Helens, or other 
potentially active peaks, are possible. 
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FIGURE 4-1. Map of Flood Potential. 
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Ory ashfall in combination with snow loading (but not earthquake 
or wind loads) is included in present criteria but was not prevalent 
at the time of the design of the plant. However, early notification 
by the National Attack Warning System (NAWAS) should provide between 
two to six hours for the implementation of protective action. Public 
address, crash alarms, and priority message systems will be utilized 
to effect in-plant notification. 

• Lightning. While severe lightning storms are not common to this 
local area, lightning does occur. Hanford Standard 0-20-9B contains 
the grounding criteria for B Plant. 

• Range Fire. The contaminated land on the Hanford Site has been 
stabilized by covering with clean overburden and herbicide treatment. 
An average of 12 fires per year have occurred. During the past 
10 yr, four fires have burned an area at least as great as the 
B-C crib in the controlled area, approximately 3,000 acres. The 
area is barren and devoid of vegetation in the near vicinity of 
the plant and its auxiliary buildings. The occurrence of a direct 
fire, impacting stored chemicals or releasing and transporting 
airborne contamination, is a low probability. 

The ability of the Waste Fractionization structures to survive the 
forces of natural phenomenon have been evaluated based upon the 
results of stress analysis and engineering judgment. Stress 
analysis results have been tempered with engineering judgment to 
evaluate the varying degree of structural and material degradation 
to factor the process of aging and imposition of continuous opera
tional loadings during the past four decades. Evaluation of 
structural safety and survivability based primarily upon the 
present code requirements was also deemed conservative. To obtain 
a more realistic evaluation of structural safety and 
survivability, refer to Chapter 9.0. 

4.3 MISSILE PROTECTION 

The spectrum of design basis missiles to be considered in the design of 
a particular facility shall be determined on the basis of the severe natural 
phenomenon postulated for the site and the potential consequences of missile 
strikes on safety class components, systems, and structures. 
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APPLICATION: Missiles generated from a design basis tornado (OST) are 
considered most limiting (Ref. 4-7). The following objects, traveling end
on at any height, could result from a 175 mph DBT. 

Horizontal Max. impact 
Object Length Width Thickness velocity height 

(ft/s) (ft} 

Wood Plank 12 ft 12 in. 4 in. 95 200 
Steel Pipe 10 ft 3 in. -- 65 100 

(dia.) 

4.4 ELECTRIC POWER SYSTEMS 

The Class IE (normal or standby) electric power system shal l be 
designed to include suitable redundancy and separation of redundant 
components to ensure adequate availability of capacity and capab i lity for 
the components and systems . to perform their safety function. 

APPLICATION: Existing equipment, wiring to existing motor control centers, 
and partel boards are outmoded. Present plans call for extending the B Plant 
useful life for twenty or more years. To accommodate an upgrade of the 
B Plant electrical emergency system a number of ongoing projects have been 
initiated. 

Project B-428 (Ref. 4-14) provides an intertie between the 13.8 kV 
primary services and a new 480 VAC distribution system which wil l replace 
the existing installation with a new 3-phase, 4 wire, solid grounded neutral 
system. Design includes replacement of outmoded equipment and a short
circuit study. The useful life of the new medium voltage system is at least 
20 yr. Project B-429 will provide a new emergency system and lighting 
distribution system. Project 8-430 will provide a secondary power 
distribution system to motor -control centers and panelboards. 

4.5 INSTRUMENTATION ANO PROTECTION SYSTEM 

The safety class instrumentation and controls shall provide the 
facility with suffic ient information and control capability to: 1) readily 
determine the status of critical facility parameters for operating the 
facility within Operating Safety Requirements (OSR) limits, 2) initiate 
safety related action when necessary, and 3) determine the status of the 
protection system. 

The protection system shall automatically initiate protective actions 
based on the detection of abnormal facility conditions to safely shut down 
the facility and to mitigate the consequences of postulated acci dents. 
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APPLICATION: The Rockwell Hanford Operations Instrument Calibration Manual 
(Ref. 4-18) documents the management system used for calibration and 
instrument control which includes criteria for determining calibration 
requirements, specification guidelines, labeling status, and detailed 
description of the automated calibration tracking systems--the Maintenance 
Instrumentation Calibration Systems (MICS) and Process Instrument 
Surveillance, Calibration and Evaluation System (PISCES). A composite 
listing (Ref. 4-19) of B Plant process instrumentation has been documented 
to provide comprehensive listing of instruments in an organized and 
auditable form. 

There are no sources of energy with sufficiently high concentrations at 
B Plant that require rapid response of safety class systems. The relatively 
long time period generally needed for the development of conditions 
hazardous to health and safety enhances the practicality of manually or 
remote-manually initiated protective actions which are initiated by the 
operator/dispatcher in response to abnormal readings or alarms from safety 
class instrumentation. Instrumentation for the ventilation, process, 
effluents, and radiation monitoring are discussed in Chapters 5 through 8, 
respectively. 

4.6 ·COOlING WATER ANO WATER SUPPLY SYSTEMS 

Safety class cooling water systems shall be designed to incorporate 
sufficient redundancy and independence to ensure that safety class systems 
are adequately cooled and that adequate emergency water supplies shall be 
available during normal operations and accident conditions with the addition 
of a single failure of a component in the cooling water system • 

APPLICATION: Cooling water system is discussed in Chapters 5 and 6. 
Salient features are outlined in the following paragraph. 

Redundant supply (primary and backup) systems ensure availability of 
cooling water to the process tanks. Hydrostatic tests during installation 
and operability tests conducted before placement into service minimize risk 
of containment loss due to coil failure. The positive differential pressure 
between the coil and the process vessel forces leakage into the vessel. 
Radiation monitors, maintained in a mode of maximum sensitivity, assure 
detection of out-leakage of process fluid into the raw water discharge 
system. The process vessels with no cooling water respond sluggishly 
(1 1/2 days) (Ref. 4-20) under adiabatic heat-up conditions to temperature 
excursions resulting in environmental releases. This allows sufficient time 
to restore water supply or implement emergency procedures to minimize 
uncontrolled releases to the environment. 

4.7 FIRE PREVENTION ANO PROTECTION 

The fire protection system in accordance with OOE Order 5480.lA, 
Chapter VII (Ref. 4-21), shall be designed to prevent, detect, suppress, and 
minimize the probability of occurrence and the effects of fires and 
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combustion explosion and to ensure the safety function of components, 
systems, and structures required to mitigate and confine the release of 
radioactivity to the environment. 

APPLICATION: Rockwell Hanford Operations Accident Prevention Standards 
(Ref. 4-22) requires ~ompliance with DOE Order 5480.lA, Chapter VII and 
DOE-RL 5480.7 (Ref. 4-23). 

As a result of fire protection surveys (Ref. 4-24, 4-25), Rockwell fire 
protection engineers determined that the B Plant, and the buildings in its 
vicinity, are in need of fire protection upgrading to bring these buildings 
into compliance with the current National Fire Protection Association 
(NFPA) 101, "Life Safety Code." The primary areas that need upgrading are 
the exit stair enclosures, vertical and horizontal floor and wall 
penetrations, ventilation ducting, and existing doorways. Other buildings 
are in compliance with the Life Safety Code. 

Project 8-472 (Ref. 4-26) will provide the necessary f i re doors, 
ventilation duct fire dampers, wall upgrades, horizontal and vertical 
penetration sealing, door closers, door hold-open devices, and fire alarm 
panels to bring the 271-8 and 221-8 Buildings into compliance with the 
current NFPA 101, "Life Safety Code." 

4.8 NUCLEAR CRITICALITY SAFETY 

• Nuclear criticality safety, generally achievable through a composite of 
design and administrative measures, shall ensure that operations involving 
fissile materials are conducted such.that an adequate margin of 
subcriticality exists during all normal and credible abnormal conditions; 

An assessment shall be made as early as practical in the design or 
modification of a facility to determine if the potential for criticality 
exists. This assessment shall be performed with the assistance of a nuclear 
criticality specialist familiar with operations proposed for the facility. 

Based upon the assessment, the requirements for nuclear criticality 
safety shall be implemented. 

APPLICATION: B Plant is classified as a "limited-control" (Ref. 4-27) 
facility with regard to nuclear criticality safety in Standard IV of 
Reference 4-28 and as such the controls to prevent critical i ty are 
delineated in a letter from the Manager, Criticality Engineering and 
Analysis (CE&A) to· the facility manager. This CE&A letter constitutes a 
promulgation and is included in Reference 4-27 for documentation purposes. 
The possibility and consequences of achjeving criticality are considered to 
be extremely small. However, the processing of high-level waste requires 
processing of large volumes of waste solutions to recover f i ssion products. 
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Plutonium, present in trace quantities of up to a few hundredths of a 
gram per liter in feed streams, creates a possibility for plutonium to 
accumulate. Criticality safety in B Plant is maintained by the following 
mechanisms. 

• Control by Mass Limits. The quantity of fissile material is 
limited to an amount less than half that required to sustain a 
nuclear reaction under any credible condition of .geometry, 
moderation and reflection. A double-batched condition shall not 
result in an effective neutron multiplication factor (Keff) higher 
than the applicable value under the worst foreseeable condition. 
The mass limits are specified in Reference 4-29. 

• Control by Concentration Limits. The concentration of fissile 
material dispersed in another medium is to be limited such that 
neutron absorption in the solution prevents criticality. The 
concentration of plutonium in B Plant or associated facilities 
shall not exceed 23 g/gal of solution. Settled precipitate 
densities in excess of 23 g/gal are not considered a violation of 
this specification (Ref. 4-29). 

• Control by Sampling and Analyses. Sampling and analyses are an 
integral part of the activities required to monitor, control, and 
evaluate B Plant processing and waste disposal operations 
(Ref. 4-30). 

4.9 RADIOACTIVE BY-PRODUCT AND EFFLUENT MANAGEMENT SYSTEMS 

All waste whether in containment (or confinement) configurations 
including ground discharge or burial sites shall be as secure as technically 
and economically practicable considering both the radiological consequences 
of credible system failures and the potential need for later removal for 
reprocessing or relocation. The integrity of each such system shall be 
assessed on a routine basis by the best practicable method. 

The radioactive waste management system shall be designed to permit · 
periodic inspection, maintenance, and testing of subsystems and components 
that have safety functions to assure their continued functioning for the 
life of the facility. 

APPLICATION: The Environmental Protection Manual (Ref. 4-2); the Hanford 
Radioactive Solid Waste Packaging, Storage and Disposal Requirements; 
(Ref. 4-33) and Hazardous Material Packaging, Shipping and Transportation 
Manual (Ref. 4-34) are consistent and compatible with U.S. Department of 
Energy requirements and provide detailed and specific criteria and standards 
that are usable by Rockwell functions and program. 

Waste streams (liquid and gaseous) are routinely sampled and analyzed 
for radionuclide content, and the discharged volumes are measured for the 
concentration of radioactivity released. Liquid waste streams, are routed 
to cribs, ponds, ditches, and the ground water wells associated with active 
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disposal sites are sampled and analyzed routinely to determine compliance 
with applicable limits. Any incident involving release of radioactivity to 
the environment via a route which is normally not monitored is reported to 
the Manager, Waste Fractionization and Encapsulation Process Engineering 
within 24 h. 

The time, location, mechanism (line failure, spill, tank leak), volume 
of liquid or gas escaping and the amounts of all radionuclides released are 
included in the next monthly disposal report. In addition, these events are 
documented as Unusual Occurrences, Off-Normal Events, and/or Radiation 
Occurrences as appropriate. 

Projects have been initiated to upgrade presently outmoded systems. 

• Project 8-432 (Ref. 4-35) has replaced the existing stack effluent 
monitoring system with the Rockwell generic stack sampling and 
monitoring open-rack assembly and instrumentation, with the 
remote-alarm annunication located in the 271-8 Building 
dispatcher's office. 

• Project 8-356 (Ref. 4-36) repaired and replaced sections of the 
chemical sewer system where leakage was occurring. A sampler at 
the flow measurement weir and a radiation monitor system in the 
2904-EA Building have been installed. 

• The upgrades will permit collection of samples which will more 
accurately reflect effluent conditions. This is essential to 
provjde assurance that releases are as low as reasonably 
achievable (ALARA) and within the constraints of the established 
concentration guidelines at the point of discharge. 

Hazard Identification and Evaluation (Ref. 4-37) for the upgrade of 
200 Area Stacks Study concluded that Stacks 296-8-5, 296-8-13, and 296-8-14 
did not meet current design requirements nor were representative samples . 
obtained as required for demonstrating compliance with effluent standards. 
Rockwell Hanford Operations' Low-Level Waste Management Program provided 
funds to upgrade these systems in accordance with the philosophy of ALARA 
(Chapter 2, Ref. 4-31). Stacks 296-8-5 and 296-8-13 have been upgraded 
(Ref. 4-51). 

Liquid effluent samplers and monitors were evaluated (Ref. 4-38) and, 
as a result of the assessment, identified deficiencies are being addressed 
in the upgrade plan (Ref. 4-39) for B Plant in the following areas: 

• Steam condensate (BCS) 

• Cooling Water (CBC) 

• Process Condensate (BCP) 

• Chemical Sewer (BCE). 

See Chapter 8 for additional details. 
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4.10 RADIATION PROTECTION SYSTEM 

The radiation protection system, incorporating administrative 
procedures, facility layout, training, and protective hardware, shall be 
designed to assure that occupational exposure in controlled areas and 
offsite radiation exposure in unrestricted areas due to roOtine releases of 
radioactive material shall be maintained ALARA (Ref. 4-31) in accordance 
with DOE Order 5480.lA, Chapter XI (Ref. 4-40). 

APPLICATION: The Radiological Standards and Operations Controls manual 
(Ref. 4-41) establishes the criteria and standards to be applied by Rockwell 
Hanford Operations to minimize radiation exposure to employees, visitors, 
and members of the general public as a consequence of the operation. These 
standards and criteria are in compliance with DOE Orders 5480. lA (Ref. 4-40) 
and 5481.lA (Ref. 4-1) to maintain all doses ALARA (Ref. 4-42 and 4-43). 

Regulations and Practices (Ref. 4-44) governing the various phases of 
radiation work (e.g., planned entry into a radiation area, handling and 
transportation of radioactive material) and radiation work areas (e.g., 
posting of radiological areas, release radiation status) have been set forth 
to control and minimize radiation exposure. All radiation workers are 
required to become informed and abide by the governing regulations and 
practices. The implementation of these criteria and standards are 

. delineated in Chapter 8. 

4.11 DECONTAMINATION AND DECOMMISSIONING 

Design of facilities, where radioactive and/or other hazardous 
contaminating materials are utilized or result from process operation within 
the facility, shall incorporate measures and confinement features to contain 
and limit dispersion to simplify decontamination and ultimate facility 
decommissioning and disposal or reuse (Ref. 4-45). 

APPLICATION: Specific criteria to facilitate decontamination and 
decommissioning were not formulated during the design of the plant. 
However, decontamination was utilized to eliminate health hazards and to 
avoid complete dependence on remote maintenance (Ref. 4-3). Decontamination 
and decommissioning criteria were instituted as a requirement for federal 
buildings in 1972 and the latest revision is contained in DOE Order 6430 
(Ref. 4-45). 

The inherent design features of 8 Plant incorporate containment of 
process equipment within discrete cells in a singular array. These cells 
are covered by modular 6-ft-thick cover blocks provided with an adjustable 
clearance on the stepped interlocking edges. Piping for intersectional 
transfer of radioactive solutions is located in the hot pipe trench while 
the piping for inter-cell intra-sectional transfer piping is embedded in the 
concrete wall between the cells. The process chemicals transferred from the 
Aqueous Make-up Area are provided with seal pots and the utilities to the 
process tanks and equipment are isolated by gate valves, jet gang valves to 
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the jets, and in some cases by diaphragm operated valves (DOV) or pressure • 
reducing valves (PRV). The valves and the seal pots form the boundary of 
the radio-chemical processing area. I 

To facilitate removal of gross radioactivity, stainless steel 
construction is used nearly exclusively for process equipment. Mild steel 
or reinforced concrete components, as well as the exposed concrete within 
the cell, are coated with suitable washable and strippable paints 
(Ref. 4-4). 

4.12 CONDUCT OF OPERATION 

A program in accordance with DOE Order 5480.l, Chapter 5 (Ref. 4-48), 
shall be established for the selection, training and examination, and 
retraining and reexamination of individuals who operate or supervise 
activities to assure that facilities are operated by personnel qualified to 
carry out their assigned responsibilities. Standards and guides considered 
specifically in the areas of emergency planning, physical protection and 
special nuclear material accountability for the consideration in the conduct 
of facility operations shall be identified. 

APPLICATION: Rockwell Hanford Operations organizational structure and 
management control systems applicable to B Plant are discussed in 
Chapter 10. Provisions for selection, training, and examination of 
personnel, and normal and emergency planning with methods of implementation 
to ensure safe operation are also discussed. 

4.13 OPERATING CONTROL ANO LIMITS 

To meet the requirements of DOE Order 5480.l, Chapter 5 (Ref . 4-47), 
Operations Safety Requirements shall be established to define limitations 
for safe operations commensurate with the potential risks associated with 
each particular nuclear facility. 

APPLICATION: Operational Safety Requirements (Ref. 4-45, 4-46, and 4-47) in 
Chapter 11 delineates the bases for acceptable operating conditions within 
safety limits and outlines administrative controls required to assure a safe 
operation under all operating conditions. 

4.14 QUALITY ASSURANCE 

A quality assurance program in accordance with DOE Orders 5480.1, 
Chapter 2 (Ref. 4-47), and 5700.l (Ref. 4-48) shall identify a definite 
assignment of organizational responsibility and an independent system for 
verifying compliance with adequacy of design and quality requirements. 
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The quality assurance program plan shall also specify the means of 
determining and assuring the level of quality for safety and non-safety 
class components, systems, and structures, as well as the method for 
developing and implementing the procedures and instructions for 
accomplishing the program. 

APPLICATION: Quality assurance levels as such, were not specified for 
design and construction of the original B Plant; however, a high quality 
facility was realized by good design and construction practices. Quality 
assurance was formally instituted by ERDA MC 0820 (Ref. 4-49) superseded by 
DOE Order 5700.1 (Ref. 4-48) and implemented in the chemical processing 
facilities in 1975 by the ARHCO Quality Assurance manual (Ref. 4-5) with an 
objective of establishing a timely and responsive quality verification 
program supportive to 8 Plant activities by identifying the requirements and 
responsibilities imposed upon participating functions as delineated in the 
Quality Assurance Program Plan (Ref. 4-50). The current quality assurance 
program is described and its implementation at 8 Plant outlined in 
Chapter 12. 
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5.0 FACILITY DESCRIPTION 

5.1 SUMMARY DESCRIPTION 

This chapter provides a description of the B Plant buildings and 
related facilities. The design features discussed include those employed 
to: 

• Withstand natural forces 

• Ensure safe operation 

• Provide personnel safety 

• Ensure radiological protection. 

B Plant was designed to chemically process spent nuclear fuels. 
Radiological containment and confinement features were incorporated in the 
various facilities and support systems to prevent exposure of plant 
personnel and the general public to excessive radiation. After plant 
production was terminated, the plant was modified to provide for separation 
and purification of selected fission products. 

~ 5.1.1 Site Location and Facility Layout 

I 

r 
I 

r- The Hanford Site is located in the southeastern part of the State of 
• Washington (Fig. 3-1) about 45 mi north of the Oregon border. The site 

occupies about 570 mi2 (365,000 acres) of arid land. 

In the middle of the Hanford Site, on an arid terrace about 7 mi from 
the Columbia River, are the 200 East and 200 West Areas, where fuel and 
waste processing and waste storage facilities are located. The locations of 

0-. the 200 Areas were chosen to provide the most isolation from the site 
boundaries and are the most remote from both surface and subsurface water. 
The groundwater table varies from 150 to 300 ft below the surface of the 
200 Areas. 

Other occupied portions of the Hanford Site include the 100 Areas along 
the Columbia .River, where the production reactors are located; the 300 Area 
north of Richland, where the research and development laboratories and fuel 
production facilities are located; the 400 Area, or Fast Flux Test Facility 
(FFTF) site, about 7 mi northwest of the 300 Area; and the sites of the 
nuclear power reactors about 2 mi north of the 400 Area. 

The area of the Hanford Site not included as one of the 100, 200, 300, 
or 400 Areas is designated the 600 Area. The support areas are shown in 
Figure 3-2. Each area, except the 600 Area, operates as an individual, 
fenced, and controlled limited access area. 
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The B Plant is a complex of several buildings and support f acilities 
located within the 200 East Area (Table 5-1, Fig. 5-1). Details of the 
roadways, railways, and associated facilities are given in Chapt er 3.0. 

The canyon deck elevation is 711 ft 6 in. above mean sea level (MSL). 
It is 303 ft above the underlying water table at 408 ft MSL, and 253 ft 
above the elevation of the Columbia River at 458 ft MSL. The river makes 
its closest approach 7 mi to the northwest of the plant site. 

Truck transportation to and from B Plant is provided via the Hanford 
Site highway system connecting the state highways at three portals on the 
southeast, south, and west boundaries. 

The Hanford railroad system provides rail transport directly into the 
main processing (canyon) building and connects to other areas within the 
site. Commercial railroad connections are with Burlington Northern and 
Union Pacific through the south portal at North Richland. 

5.1.2 Principal Features 

Site Boundary. The general location of B Plant on the Hanford Site is 
shown in Figure 3-2. The plant is located within the southeastern corner of 
the approximately 2,125 acre fenced 200 East Area. 

The plant site is managed as a limited area within the 200 East Area, 
which itself has limited access as a U.S. Department of Energy (DOE) 
security area. Security guards man the two entrances to the Hanford Site 
(two paved roads, one to the west at the Yakima Barricade and one to the 
south at the Wye Barricade}. Only appropriately cleared personnel, or 
escorted tours with a need to enter either the 200 or the 100 areas, are 
permitted to enter • 

Limited Area. The definition of "limited area" (Ref. 5-3) is a 
security area in which guards or other internal controls can prevent access 
by unauthorized persons to classified material. This includes denial or 
removal of personnel and property from the area. In the above sense, the 
200 East Area (security area) and the Hanford Site (controlled area) are 
each considered a limited area. 

Controlled Area. The plant site is a controlled area. Th i s is 
achieved not only by control of access, but also through personnel training, 
procedures, regulations, management practices, and radiation monitoring 
systems and devices. Since only persons with appropriate clearance are 
passed through the Wye and Yakima Barricades, the greater part of the entire 
Hanford Site is als6 a controlled area. 
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TABLE 5-1. Specific Buildings Covered Within the 
221-B Waste Fractionization Area. 

1. 207 -8 Area· 
2. 211-8 Area 
3. 212-8 Building 
4. 216-8 Area 

5. 217-8 Building 
6. 221-8 Building 

o 7. 221-BA Building 
8. 221-88 Building 
9. 221-8C Building 

c 10. 221-80 Building 
11. 221-8E Btiilding 
12. 221-BF Building 

o,. 13. 271-8 Building 

- · 
•. 14. 271-BA Building 

15. 272-B Building 
-• 16. 272-BA Building 

17. 272-88 Building 
18. 276-B Building 
19. 282-8 Building 

0'- 20. 282-BA Building 
21. 291-B Building 

22. 291-BA Building 
23. 291-88 Building 
24. 291-BC Building 
25. 291-80 Building 
26. 291-8F Building 
27. 292-8 Building 
28. 2711-B Building 
29. 2615-B Building 
30. 2716-B Building 
31. 2904-EA Building 

Retention ponds 
Chemical Makeup Tank Farm 
B Plant Cask Loading Station (in and out) 
Cribs 

• 216-8-2, 216-8-3 cooling water and 
216-8-63 chemical sewer 

• 216-8-62 221-8 process condensate 
• 216-8-55 221-8 steam condensate 

Demineralized Water Facility 
B Plant Canyon 

• Separation, concentration, purification and 
storage of selected FPs 

• Waste handling 
• Solvent extraction 

Sampler and monitoring 
Process and steam condensate 
R-13 SWP Change House and dumbwaiter 
Laundry storage 
Fork Lift storage 
Diversion Facility for SCP condensate 
B Plant services 
Offices 
Aqueous makeup of process chemicals 
Instrument maintenance shops 
Cold side ventilation equipment 
Laundry storage 
Electrical Maintenance Building 
Maintenance Shop 
Insulation Shop 
Organic storage and makeup 
Pump house 
Pump house 
Exhaust fan control house, stack and sand filter 
ventilation and vessel vent exhaust fans for 
process building; emergency steam turbine fan 
Exhaust Air Sample House 
Exhaust Air Instrument House 
Exhaust Air Instrument House 
Exhaust Air Third Filter Cell and Instrument House 
Exhaust Air Fourth Filter Cell and Instrument House 
Stack monitoring 
Breathing Air Compressor House 
Oil storage 
Railroad Cut Change House 
Chemical sewer monitoring 
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5.2 CONFINEMENT SYSTEMS 

This section describes the design of physical containment barriers and 
their associated systems which are referred to herein as confinement 
systems. The confinement systems are designed to prevent or mitigate the 
effects of an uncontrolled release of radioactive material such that onsite 
and offsite doses and effluent concentrations are maintained within 
recommended guidelines (Ref. 5-4) during all facility operations. 

The concept of the B Plant design and operating procedures is to 
combine high-level contamination through the use of multiple confinement 
barriers between the sources of radioactive material and the environment. 
The building layout of B Plant is an important factor for controlling 
personnel dose. The plant layout is effective in reducing casual and 
transient exposure to radiation fields by segregating the areas alloted to 
ncnradiation work from the areas of high radiation. Occupational doses to 
workers is limited to those areas where th~ performance~f an assigned task 
requires radiation exposure. 

A system of sequential zones is delineated to formulate the confinement 
concept of the facility (Ref. 5-5). Two major types of zones that are 
included in any facility processing radioactive material are uncontrolled 
access and controlled access areas. Uncontrolled access areas include any 
area where direct radiation exposure is not necessary for job performance. 
Controlled access areas include various building zones in which individuals 
may be subject to higher radiation than that received by nonradiation 
workers. 

5.3 SECONDARY CONTAINMENT BARRIER 

5.3.1 221-B Canyon Structure and 271-B Services Building 

The design of the waste fractionization process facility provides for 
all of the processing operations to be performed within the 221-8 Building 
(Fig. 5-2). The 271-B Building is an annex attached to the north side of 
the canyon. These buildings form two major zones, namely, the uncontrolled 
access (271-B) and the controlled (221-B) access areas. 

5.3.1.1 Uncontrolled Access Area. The 271-B Building is an area of 
unrestricted access· which includes building services such as conference 
rooms, file rooms, clerical and other support offices, lunchroom, locker 
rooms, showers, and restrooms. The aqueous make up area and the 
dispatcher's office, vital to the support and control of the processing and 
monitoring operation performed in the 221-8 Canyon, are located in the 
271-8 Building. 
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5.3.1.2 Controlled Access Area. The 221-B Canyon is a controlled access 
area which contains the buffer and the radiation areas. 

• Buffer Area--This area consists of the service portion of the 
building which includes the operating, pipe, and _electrical 
galleries and the SWP lobby at the east end of the operating 
gallery. 

• Radiation Area--This is the regulated work area ·which consists of 
areas where limited contact of personnel with radiation and 
radioactive contamination is allowed under carefully prescribed 
and monitored conditions. The canyon, the canyon crane gallery, 
and the railroad tunnel are regulated work areas. 

V 5.3.2 271-8 Services Building Facility Description 

The 271-8 Building (Fig. 5-3), consisting of a basement and three 
floors, is a reinforced concrete and cement block structure 160 ft long, 
48 ft wide, and 60 ft high. This building is attached to the north-center 
gallery side of the canyon. 

The basement contains the building maintenance and instrument shops, 
O"' process air compressor room, filters for the building ventilation air 

supply, and electrical distribution panels for the 271-B Building. 

The first floor provides space for offices, a locker room, and 
restrooms. Also located on the east end of the first floor are sodium 

• bicarbonate and sodium bisulfate makeup tanks. The second floor contains 
administrative and supervisory offices, lunch room, and the dispatcher's 
facilities. · 

The third floor contains the bulk of the chemical make up head tanks, 
::,-. space for dry chemical storage, a simple chemical control laboratory, and 

the portable breathing air compressor. At the east end of the building is 
located an elevator. Approximately at the center of the 271-B Building 
adjacent to the canyon is a stairway to the roof of the 271-8 and 
221-8 Buildings. There are three doors to the outside on the ground level 
and two doors on each of the four floors to the corresponding floor levels 
of the 221-8 Building. 

5.3.3 221-B Canyon Structure Facility Description 

The waste fractionizat i on facility, a predominantly reinforced concrete 
and steel structure, is divided into twenty sections with transverse section 
joints provided at approximately 40 ft intervals with the exception of 
sections one, two, · and twenty. The transverse expansion joints for sections 
one, two, and twenty ~re spaced at 44 ft, 43 ft, and 44 ft 6 in., 
respectively. All expansion joints are keyed and offset to ensure necessary 
shielding requirements. 
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The overall length of the canyon is 810.5 ft, and the building is 
supported on a 6-ft-thick concrete slab. The canyon is 77 ft 2 in. high 
with partial embedments of 22.5 ft and 16 ft on the south and north side, 
respectively. The cross-sectional width of 66 ft 2 in. is constant to a 
height of 59.75 ft and then increases to a maximum of 68 ft 2 in. at the 
roof top. The roof slab is of varying thicknesses from 3 rt at midspan to 
4 ft at the edges where it is supported by the exterior walls. 

As depicted in the transverse cross section of the building (Fig. 5-4, 
5-5, and 5-6), there are two interior longitudinal walls. The north 

.exterior and interior walls support the concrete slabs for the operating, 
pipe, and electrical galleries. The south exterior and interior walls 
support the slab of the air tunnel. The cells between the two interior 
walls and the hot pipe trench are covered with removable concrete blocks. 
There is a 75-ton-capacity overhead bridge crane that spans the total width 
of the building. 

The canyon is comprised of cells, hot pipe trench, air tunnel, the 
crane cab gallery, the service area, and the operating, pipe, and electrical 
galleries. 

5.3.3.1 Cells. The cells provide segregation of the highly contaminated 
process vessels and equipment, and provide controlled access and storage 
space of waste and spare parts. There are forty cells, two cells per 
section, arranged in a single row running the length of the building. The 
canyon air samplers are located at Cells 8, 21, and 37 in the operating 
gallery and will alarm if the contamination level of the canyon air exceeds 
the specified maximum. These cells can be categorized as process and 
nonprocess cells. 

5.3.3.1.1 Process Cells. Cells 5 through 14 and 17 through 39, except 
_.. fer Cell 10, are standard canyon cells 17 ft 8 in. long, 13 ft wide, and 

22 ft deep. Cell 10 is 48 ft deep. Each cell is separated from the 
· adjacent cell by a 7-ft-thick concrete wall. Representative standard cell 
o-- sections are illustrated in Figures 5-7 and 5-8. 

5.3.3.1.2 Nonorocess Cells (Fig. 5-7). Cells 1 through 4, 15, 16, 
and 40 are utilized for controlled access and storage space for radioactive 
waste and failed parts. Cells 1 and 2, with no partition, form a single 
cell 33 ft 6 in. wide, 35 ft 2 in. long, and 26 ft deep with space, for 
spare parts. 

• Cell 3, (Fig. 5-8) 16 ft wide, 56 ft 6 in. long, and 24 ft 10 in. 
deep, is the railroad tunnel cell. There is a 16-ft by 24-ft 
motor-operated rolling steel door at the end of a 174 ft railroad 
tunnel attached to the north end of the cell. The cell has a 
steel sliding cover instead of a cell block. The railroad tunnel 
is used routinely in the transfer of packaged containers from 
221-8 to a railroad cask car for movement to the burial area. The 
tunnel is also used during non-routine transfer of process 
equipment to and from the 221-B Canyon. 
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• Cell 4 (Fig. 5-9) is used for interim storage of contaminated 
waste generated in 225-8. The 55-gal standard drums containing 
contaminated waste are placed in casks and transported to the 
221-8 tunnel on a truck. The cask is lifted from the truck by the 
overhead canyon crane and placed on the Cell 6 deck. The drums 
are set on removable racks made with grating floors. A maximum of 
295 drums can be stored in the cell. 

• Cell 40 (Fig. 5-10) provides a shielded sample cave for obtaining 
high-activity-level samples from the Cell 38 and 39 process 
vessels. Samples from TK-38-1, TK-38-3. TK-38-8, TK-39-4, and 
TK-39-5 can be taken via the sample cave. 

Personnel access from 225-B to the Cell 40 sample cave is provided 
by a 3-ft 6-in.-wide by 7-ft 2-in.-high by 7-ft-deep passageway 
located at the southwest corner of Cell 40 • 

. The Cell 40 cover blocks have been replaced with 1/4-in.-thick 
steel plate. Flooring is provided at an elevation of about 17 ft 
above the original concrete floor of the cell and consists of 
3/8-in.-thick nonskid steel plate over 1 1/2-in. steel grating. 
Elevation of the flooring results in an overall height from floor 
to ceiling of 10 ft 9 in. 

The sample cave is located in the extreme southeast corner of 
· Cell 40. The sample cave is constructeQ of reinforced, high

density concrete with 1 1/2-ft thick walls and a floor 2-ft. 
4 1/2-in.-thick. The cave is provided with a single cover block 
of 2-ft 3-in.-thick reinforced concrete. Overall inside 
dimensions of the sample cave are 5 1/2 ft by 4 1/2 ft by 6 1/4 ft 
from the floor to bottom of the cover block. The inner walls of 
the cave are lined with Type 304 stainless steel. The cave floor 
is sloped to a center 2-in. drain. The north wall of the cave 
contains a lead-glass viewing window approximately 4 ft wide by 
3 ft high. 

The sample cave floor contains a 2-in. stainless steel drain with 
a 6-in. trap just below the drain opening. The drain continues 
into Cell 39 where a jumper connection which has an additional 
18-in. trap is made to the low-level waste tank, TK-39-1. Piping 
in the Cell 40 sample cave was designed to be maintained by remote 
manipulator. Piping in the cave consists of 1/2-in. or smaller 
stainless steel tubing fastened by Swagelok tube fittings. On/off 
control is provided by ball valves either manually or 
pneumatically actuated. Sample jets are air operated. 

5-15 



SD-WM-SAR-013 

i 4tt-01ft. 

_,4tt-Oill. ~ 32 tt-2 In. ---i-1• tt-0 in. ~ 
I 

4 tt.O in. 

!II ft•O in. -! 
- - -

.5 
N 

i: 
I • 
.i 

N 

14 fl•O in. 0 i;-

.DI] 
I l 7 
I II lt•O ifl . I ,. 

t I 
27 fl•I in. 

.s .s 
• c;i 
i: 
• • .. N 

i i 
.i 
0 .. • 0 

0 .. 
--

PSII04-70 

FIGURE 5-9. Nonprocess Cell 4, Waste Encapsu
lation and Storage Facility Solid Waste Drum 
Interim Storage. 

5-16 

4 
I 



ns-a IUILCING - ---- ·-

TO C14ANGI "OOM . . • . 

ftASSAGIWAY 

SD-WM-SAR-013 

VINT 
SU~Yl'AN -------

-~ 
I 
I 

YIIWING 
WINDOW 

t 
'"'·· r 

- TO Sl"VIC! GAW"Y 

r 
I 
I 

EL. 700fttill. 

~ 

PUN 

/ 

221-1 C'-NYON OEClt 

/ STEEL CEIUNG /EL 711 "I iol. 

1 1 . I 
.5 .; 
• .a 
- 0 

~ : -
2 ;.,. OIIAIN 
TO LOW 
LEVl!LWASn 
T1t-l9•1 

STIEL FLOORING 
AftftllOX. EL 613 " I on. 

AIII TUNNEL/ 

El.EVATION i>Sll01•l3 

FIGURE 5-10. Nonprocess Cell 40, Sample Cave. 

5-17 



.. ;. 

SO-WM-SAR-013 

Sampling operations are performed in the sample cave with the aid 
of a master-slave mechanical manipulator. The manipulator with 
load hook accessory is capable of lifting a load of 100 lb. 
Manipulator arms are spaced 2 ft 9 in. apart and are electrically 
extended and positioned in all three directions from a 110 V, 
60 Hz, single-phase power supply. Each manipulator can be removed 
from the cave via a track mounted on the ceiling of Cell 40. The 
manipulator can then be removed from Cell 40 via the passageway to 
the 225-8 Building. 

Ventilafion exhaust for the sample cave (about 100 ft3/min) is 
provided by a 4-in. pipe duct leading from the sample cave to the 
221-8 air tunnel. Air supply is from the 221-8 Canyon via in
leakage around the cover block. Air flow is controlled by a 
manually operated exhaust damper. Ventilation supply for Cell 40 
is provided by a 130-ft3/min fan (5 in. water static pressure) 
located in Cell 40. The supply air enters Cell 40 from the 
221-8 Pipe Gallery through a 12 in. by 12 in. by 12 in. 
HEPA filter and plastic pipe ducts. Cell 40 air exhausts through 
a 24 in. by 24 in. by 11 1/2 in. HEPA filter into the 221-B air 
tunnel. 

5.3.3.1.3 Service Pipe Lines. Original pipe lines serv1c1ng the cells 
(Fig. 5-5 and 5-6) are buried in concrete and terminate in a row of 
connector nozzles on the cell wall 9 ft below canyon deck level. Other 
nozzles have been added at other elevations. The elevation of the canyon 
deck is 711 ft 6 in., and the cell nozzles are located at elevation 702 ft 
2 in. Equipment is placed on the cell floor and held in position by g~ides 
built into the cell, establishing a standard relationship between the wall 
connector nozzles and the vessels. This arrangement makes possible the 
prefabrication of replacement vessels, jumpers, and other equipment for any 
given location in the cell • 

5.3.3.1.4 Cell Cover Block. The cell cover blocks form the movable 
confinement barrier of the cells and the hot pipe trench. During normal 
operation of the plant, the 6-ft-thick concrete cell cover blocks serve as 
shielding barriers from high-intensity radiation emanating from the process 
equipment and provide passage of ventilation air in the direction of the 
cells, thus preventing escape of airborne radioactive contamination from the 
cells to the canyon deck. These blocks are constructed of a proper size and 
uniformity so that the gap on the stepped interlocking edges, horizontal or 
vertical, cannot exceed 1 in. maximum nor be less than 1/8 in. minimum when 
the blocks are placed in any possible position. This clearance provides 
ease of insertion and removal of cell blocks during maintenance and removal 
of equipment. 

Cells 5, 20, and 23 have cover blocks which are 3 ft thick to allow 
adequate clearance for the in-cell equipment. These blocks are structurally 
equivalent to the other blocks and are painted red along the borders to 
allow easy identification. 
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5.3.3.1.5 Safety Considerations Ourinq Cell Work. High dose rates are 
possible in the 221-8 Canyon when cell blocks are removed from active cells 
and highly contaminated air concentrations are feasible during an air flow 
reversal. Potential for spread of contamination exists during movement of 
radioactive equipment. No entry to the canyon deck is permitted until all 
stipulations of pertinent procedures and safety rules are met. 

Cell maintenance work is controlled through a job plan providing 
guidance for removal and installation of equipment, and listing the jumpers 
and equipment by cell identification and storage instructions. 

Deficiencies during operational tests of the crane are promptly 
reported to operations supervision, documented, and filed in the crane 
information file. No more than two cells are normally opened at any time. 
Specific supervision approval is required to exceed the stipulated opening 
of cells. This requires close attention to the operation and control of 
canyon air flows for proper confinement of contamination. Up to eight cover 

..c, blocks may be removed and stored at locations determined by the crane 
operator (Ref. 5-6). If more than eight blocks are stored at the same time, 

· the block storage plan will be in the crane plan. The crane operator will 
notify the shift manager where the blocks are stored. No cell or hot pipe 
trench cover blocks are stacked unless the stacking operation is covered by 
a specific procedure. 

5.3.3.2 Hot Pipe Trench (Fig. 5-11). The hot pipe trench, parallel to the 
process cells from Cell 5 through Cell 40, provides the isolation and 
shielding of contaminated piping for inter-cell solution transfer and vessel 
venting systems. The trench is approximately 8 ft wide and 10 ft 6 ·in. 
deep, measured from the canyon deck, and approximately 707.82 ft long and is 

, accessible for remote maintenance after the removal of the 54-in.-thick 
concrete cover blocks. 

Lead shielding barriers exist in the hot pipe trench between Cells 12 
and 13. Piping stubs extend through the barrier to permit tie-in for future 
process flexibility. 

Lines from the process cells pass through concrete walls and terminate 
in connector nozzles in the trench. The piping is prefabricated and 
attached to the nozzles with connector heads. 

5.3.3.3 Cell Drain Header (Fig. 5-12). The cell drain header, a 24-in.-ID 
vitreous-clay pipe embedded in a minimum of 1 ft of concrete below and on 
either side, is a route for the collection of solutions from the canyon 
deck, as well as from cell flushes and leaks from process systems in cells 
and the pipe trench. The cell drain header starts 33 ft below the deck at 
each end of the canyon. It has a gradient of 1% and drains into Tank 10-1. 
The 6-in.-dia. vertical pipes drain any solution from the process cells or 
pipe trench. The cell drainage waste is routed to either the high- or low
level waste treatment section as dictated by the activity level. 
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Other liquid wastes can be collected by manual valve changes in the 
railroad tunnel. Liquid from the operating gallery floor drains, scale tank 
drains, scale tank overflows in the operating gallery, and floor drains in 
the pipe gallery are collected in a 6-in. stainless-steel header which 
traverses the length of the electrical gallery. This flow normally exits 
the building into the chemical process sewer, but can be rerouted as 
described above. 

5.3.3.4 Canvon Crane Cabwa1 and Crane (Fig. 5-4). The canyon volume is 
approximately 1.56 x 10° ft, enclosed by the exterior walls of the 221-8 
Building above the series of forty cells and the hot pipe trench. The 
canyon provides space for the crane cabway, a flow path for the supply air 
and a containment volume for the confinement of airborne radioactive 
contamination from the cells. 

The crane cabway is located on the north side of the building above the 
operating gallery. The cabway is separated from the canyon by a 5-ft-thick 
and 9-ft 3-in.-high concrete parapet wall. The parapet wall provides 
shielding from direct gamma radiation for the operators in the cab. 
Protection from scattered radiation is afforded by the steel structure of 
the cab. Entry to the cab is through a 3-in.-thick doorway, and HEPA 
filtered ventilation air is provided through a shielded duct from a blower 
mounted on the top. 

5.3.3.5 Galleries (Fig. 5-4). Parallel to the process cells on the north 
side, stacked at progressively higher levels, are the electrical, the pipe, 
and the operating galleries~ The galleries are 14-ft-wide tunnels that 
extend the length of the building from Cell 4 to Cell 40, except for the 
operating gallery which extends the length of the canyon. The galleries are 
shielded by the 9-ft-thick (at the cell level) and 7-ft-thick (above the 
canyon deck level) north interior longitudinal wall. 

• Contamination of Pioe Electrical, or Ooeratinq Galleries--Entry of 
radioactive materials into the pipe. electrical or operating 
galleries is detected automatically by CAM alarms. 

5.3.3.6 Air Tunnel and the Exhaust Ventilation Duct. The air tunnel 
located within the confines of the 221-B Building, and the exhaust 
ventilation duct, 14 ft 6 in. below the deck level and below grade, form the 
last containment for the release of potentially contaminated air through a 
filtration boundary and final dispersal from an elevated stack by the 
exhaust ventilation . system fans. 

5.3.3.6.l Air Tunnel. Located below the hot pipe trench, the air 
tunnel is the exhaust manifold for air from the process cells, the hot pipe 
trench, and the 212~8 Cask Station. The cross sectional area of the air 
tunnel is a square measuring 10.5 ft by 10.5 ft. The air tunnel runs 
parallel to Cells 5 through 40 and is interconnected to the cells by twelve 
14-in.-dia. cylindrical holes through a 7-ft-thick partition wall. Six of 
the holes are located at elevation (-)22 ft 10 in. (relative to canyon deck) 
and the other six holes are located at elevation (-)21 ft 3 in. except for 
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Cell 15, where the two sets of six holes are located at elevations 
(-)14 ft 11 in. and (-)16 ft 6 in. (H-2-32582). Cells 10 and 40 are 
connected to the air tunnel through a single 14-in. dia.-hole. 

Cells 1 through 4 are not connected to the canyon a,r tunnel but, to 
the exhaust ventilation duct (Fig. 5-13) by a 10-in. pipe -outside the canyon 
which enters the duct approximately 18 ft below the deck level and 10 in., 
respectively, away from the wall. There are three exhaust ports, one each 
for Cells 3 and 4 and one for Cells 1 and 2. These ports are all located 
5 ft 6 in. below deck level. The ports for Cells 3 and 4 are located 14 ft 
10 in. and 10 ft 3 in., respectively, from the west end of Section 2. The 
port for Cells 1 and 2 is located 6 ft 9 in. from the west end of Section 1. 

5.3.3.6.2 Exhaust Ventilation Duct (Fig. 5-13). The exhaust 
ventilation duct forms, along with the filter, the final barrier before 
potentially contaminated air is dispersed to the environment by the exhaust 
fa.ns through the stack. 

The main exhaust duct, 194 ft 6 in. long extends perpendicular to the 
end of the 221-B Canyon Building, and is comprised of two sections, one 

~~ 40 ft long and the other 154 ft 6 in. long. Located 17 ft 6 in. below the 
deck level at the interface with the air tunnel and 2 ft 7 in. off center of 
Section 3, the first 40 ft of the duct forms an irregular pyramidal 
trapezoid with a base 6 ft wide and 5 ft deep and merges into the 4-ft wide 

~ and 7-ft-deep apex of a regular rectangular 154-ft 6-in. long pyramidal 
~ trapezoid with a base 4 ft wide and 7 ft 3 in. deep (W-73544). The two 

sections have a gradient of 0.015 in./ft and 0.52 in./ft, respectively, 
extending towards the air tunnel. 

The main exhaust duct splits at 123.5 ft north of the canyon leading 
through the filters and emerges into a 45-ft-long filter exhaust duct, 7 ft 
deep and 5 ft wide, running parallel to the main duct. The main exhaust and 
the filter exhaust duct merge into a variable (W-72731) cross section duct 
that forms the plenum for the inlet to the exhaust fans. 

The adjoining plenum of the main exhaust duct is sealed off by two 
concrete walls. The 48-ft 4-in. long variable cross section duct is 7 ft 
deep and 6-ft 6-in. wide at the entrance and 4 ft 6 in. deep at the other 
end. It has three 6 ft long and 4-ft 3-in. openings at the top for the 
stainless steel exhaust ducts, with automatic adjustable dampers for the two 
electric and one turbine driven fan. 

The 4-ft by 3-ft stainless-steel outlet ducts, outfitted with flexible 
connections and automatic dampers, are connected to a rectangular variable 
cross section reinforced concrete duct by three 45° inclined entry ports. 
Extending from the exhaust end of this duct is a 13-ft-long stainless steel 
duct which converges over the first 9 ft from a cross section of 26.25 ft2 
to a constant cross section of 23.41 ft2 for the last 4 ft. The constant
cross section stainless steel duct, with a centerline 5 ft 11 in. above the 
top of the stack foundation, breeches the stack and the acid-brick lining 
for the passage of the gases for dispersal through the stack. 
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5.3.3.7 Survivability of Canyon Building - 221-8. A seismic analysis of 
the 221-8 Canyon Building has not been previously performed. However, a 
preliminary deadload and seismic analysis of the 221-T reinforced concrete 
canyon building has been performed (Ref. 5-7). The 221-8 and 
221-T Buildings are essentially identical, were both constructed in 1943, 
and are depicted by the same structural design drawings. The 0.25 g Safe 
Shutdown Earthquake (SSE) ground motions were used in the 221-T Building 
analysis (Ref. 5-8). The analysis results show transverse section of the 
building due to the deadload plus SSE bending moments, i.e., linear analysis 
indicates minimal seismic resistance for the building. Soil structure 
interaction effects are not expected to alter these conclusions. Nonlinear 
dynamic analyses would be required to finally assess whether the canyon 
building has sufficient ductility to withstand the SSE and avoid collapse. 

5.3.3.8 Survivability of Exhaust Ventilation Air Tunnels - 291-B 
(Ref. 5-7). The air tunnels are located completely underground and are thus 
protected from tornadoes and tornado-generated missiles. Seismic analysis, 
including the effect of soil-structure interactions for buried structures, 
all straight sections (referring to the long, straight sections away from 

r- connections to large structures), plus bends or discontinuities of the 
tunnel, indicated an adequate resistance to the SSE motions. However, at 
connections to other structures and bends, the bending moments calculated 
due to maximum soil strain during both HRHE and SSE indicate substantial 
cracking and yielding of the reinforcing steel are expected to occur. 
Deformation under the SSE is unlikely to provide a path for radioactive 
particles to escape through the 1-ft-thick tunnel wall. The probability of 
a major structural failure or total blockage .of the tunnel system is small 
due to the fact that the transverse reinforcement is adequately spaced to 

• prevent any major collapse. Also, significant reduction in the str~s~ 
levels are expected to occur upon the development of plastic hinges at high 
stress. 

5.3.4 212-8 Cask Station (Ref. 5-10, Fig. 5-14) 

The building is situated in the 200 East Area at the southwest corner 
of B Plant so that process and utility piping and other supporting services 
in B Plant can be conveniently utilized. 

Highly radioactive materials are shipped in shielded transfer casks 
which provide radionuclide containment and personnel protection from 
ionizing radiation. The 212-8 Cask Station and 221-8 (B Plant) Cell 35 
contain facilities for loading and unloading fission products from casks. 
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5.3.4.l Controlled Access Area. The 212-B Cask Station is a controlled 
access area which contains a buffer and a radiation areas. 

• Buffer Area--This area consists of the operating gallery, heating, 
ventilation, air conditioning, laundry storage, and change room. 

• Radiation Area--This is essentially the regulated work area 
underground concrete cell, a cask storage and surveillance room, 
and an airlock for the cask carrier. 

5.3.4.2 212-8 Cask Station Facility Description. The Cask Station 
facilities include a truck lock, a cask handling and surveillance room, an 
underground operating gallery and cell, and attached laundry storage and 
change rooms. Figure 5-16 shows the general layout of the building. The 
Cask Station Building is a sheet-metal-covered steel-frame structure, 76 ft 
long by 48.7 ft wide. The inside height of the building varies from 22 ft, 
in the cask handling and surveillance room, to 35 ft in the cell area. 
There is one personnel access door on the east side of the building and an 
emergency exit door on the west side of the building. Truck access to the 

· building is provided through a 14-ft-high by 14-ft-wide rolling steel door 
located on the east side of the building. 

5.3.4.2.1 Truck Lock. The truck lock is located at the extreme south 
end of the building and is 21 ft wide by 45 ft long by 26 ft high 
(Fig. 5-14). A 30-ton crane located on an overhead rail system 16 1/2 ft 

~ r above the floor is used to load and unload casks from trucks in the lock. 
, The wall between the truck lock and the cask storage and surveillance room 

is 9-in. thick concrete and contains two doorways. One doorNay located near 
the west end is for personnel access between the two rooms. The second 

~ · doorway located on the north wall, approximately in the middle of the truck 
lock, is for passage of the cask and crane between rooms. This doorway 

- contains a double door, 10 ft wide and 11 ft high, for cask passage, plus a 
third door located across the top of the wall for crane passage between 
rooms. The craneway door is hinged at the top and swings northward and up 
towards the ceiling of the cask handling and surveillance room. This door 
is 24 ft wide and 8 ft high. A third doorway is located in the northeast 
sector of the truck lock for passage between the truck lock and the dirty 
laundry storage room. 

5.3.4.2.2 Cask Storage and Surveillance Room. The cask storage and 
surveillance room is the large area containing almost the entire floor space 
of the building at ground level. The dimensions are 54 ft long by 48.7 ft 
wide by 22 ft high. The 30-ton crane runs on an overhead rail system 
12.6 ft above the floor. Located at the north end of the room is the 
12.5 ft by 12.5 ft by 2-ft-thick cover block for the cell. Adjacent to the 
southwest corner of this cover block is a 3.75 ft by 3.75 ft access hatch, 
which permits personnel entry to the cell through a labyrinth passageway. 
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Three personnel access doors are provided to the room. The main door 
is located near the southeast corner and is connected to an air lock 
containing storage cabinets and a radiation detector. The airlock also 
serves as a personnel monitoring station. The remaining doors are the 
emergency exit on the west side and the entry to the truck lock, which was 
described previously. 

5.3.4.2.3 212-B Cell. The cell is located underground near the north 
end of the building and is 11 ft square by 17 ft deep (measured from the 
bottom of the 2-ft-thick cover block to the top of the concrete floor). The 
south wall of the cell is 4-ft-thick concrete containing a 4-ft-square 
40-in.-deep, lead-glass viewing window (equivalent shielding to 15 in. of 
lead) and passageways for two manipulators. The north and east walls and 
the cell floor are 1-ft-thick concrete. while the west wall is 2-ft-thick 
concrete. The walls and bottom of the cell are lined with 16 gage SST 
Type 304. Along the west. south. and east walls of the cell a 3-ft-high 
steel grating platform extends around a 7-ft-dia. hole provided for casks. 
Piping to and from the cell will be discussed in Section 5.3.4.3. The 
personnel entrance labyrinth is separated from the cell by 2 ft of concrete 
and has a 1 3/4-in. thick door which opens onto the grating platform. The 
cell north wall contains filters and an exhaust air duct to the existing 
221-B Ventilation air tunnel. A sump 8 in. square and 7 in. deep is located 
in the cell northeast corner. Four 1/2-in. SST chemical spray nozzles are 
located -around the top and the middle of the cell. Thermocouples are 
provided to monitor temperatures in casks and in the cask cooling water. An 
intercom system provides communication between the cell and the operating 
gallery. 

5.3.4.2.4 0peratina Gallery or Control Room. The operating gallery is 
located directly south of the cell and is 27 ft long, 12 to 18 ft wide, and 
11-ft high. The room contains the viewing window, manipulator controls, an 
instrument panel, a motor control center, a heating, ventilation, and air 
conditioning (HVAC} panel; and, a sump. The only personnel access to the 
room is from a door on the east wall. All of the walls of the room are 
1-ft-thick concrete, except opposite the cell where the wall is 4 ft thick. 
The ceiling is 16-in.-thick concrete, and the floor is 6 in. thick. 

5.3.4.2.5 Chanae Room. The change room is located north of the main 
entrance door on the east side of the building. The room is 17.5 to 20 ft 
long, 18.5 ft wide, and 12 ft high. It contains SWP clothing storage bins, 
lockers, a sink, a toilet, a shower, a drinking fountain, and a hot water 
heater. The room has two personnel access doors, one on the south side and 
the other near the northeast corner. The load-out and the load-in line 
encasement from the 212-B Cell to 221-8 Cell is located beneath the change 
room floor. During cask loading and unloading operations, radiation dose 
rates inside the change room become elevated from their normal levels. 
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5.3.4.2.6 Laundry Storage Rooms. The clean and dirty laundry for 
212-8 is stored in two small rooms south of the main entrance door on the 
east side of the building. Each of these rooms, 8.5 ft square and 12 ft 
high, is entered through a 3.5-ft-wide sliding steel door. 

5.3 . 4.3 Process Equipment and Piping. The cask station process equipment 
and piping includes the cell piping, the pipe encasements, the aqueous 
makeup facilities (AMU), and the waste tank, TK-CS-3. 

5.3.4.3.1 Cell Piping. All process piping, i.e., radioactively "hot 11 

piping, enters the cell through the cell east wall from the hot pipe 
encasement. The process lines extend through the wall and are joined in a 
series of flushing manifolds, which are installed in a 4-in.-deep water
filled tray designed to hold any line leakage and to provide some process 
line shielding. All the lines and valves in the tray are 1 in. dia. except 
one 1/2-in.-dia. line connecting Process Line T-11-228 and Line T-6-221 • 

..o All service and utility piping enter the cell through the cell west 
wall. 

5.3.4.3.2 Pipe Encasements. The 212-8 Building has three separate 
buried pipe encasements which connect the Cask Station with the 
221-8 Building. One encasement contains the hot process lines while the 
other two encasements contain service lines. 

The hot pipe encasement begins at the east edge of the cell wall 
approximately 2 ft below grade. It travels east for about 71 ft and then 
turns north for 16 ft where it enters the 221-8 Building at Cell 35.· -The 
entire length of the encasement and the lines it contains have a uniform 

• slope toward the 221-8 Building of 1/14 in./ft. The encasement is 
constructed of concrete 6 in. thick on the sides and top, and from 12 to 

- 8 in. thick on the bottom. The top and sides of the encasement are covered 
with a membrane water proofing. The top of the encasement has been covered 

' · with an additional 18 in. of concrete to provide shielding, and below the 
change room, the encasement is covered by an additional 24 in. of concrete. 
The inside dimensions of the encasement are 3 ft wide by 1 1/3 ft high. The 
encasement contains a branch approximately 24 ft from the east wall of 212-8 
which contains two spare lines originally intended for future rail services. 
One line to Wall Nozzle 209 in Cell 35 is used for the small diameter SrC03 
loadout lines (one line in use and two spares). The other line to Wall 
Nozzle 225 is still available as a spare if needed in the future. 

A 2-in. test riser for the encasement is provided 1 1/2 ft from the 
221-8 Building. The encasement drain (Line 224) begins at the low point of 
the pipe encasement, about 2 in. south of 221-B, and drains to TK-35-2. The 
encasement enters Cell 35 through a 14 in. penetration that runs 2 ft 8 in. 
beneath, and perpendicular to, the B Plant hot-pipe trench. 
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The east service line encasement begins at the northeast edge of the 
cell wall approximately 3 ft below grade. The encasement travels east for 
24 ft and then turns north for 13 ft where it enters the 221-8 Building 
between Cells 37 and 38. The encasement consists of a 10-in. earthenware 
pipe that has a constant slope towards the 221-8 Building of 1/16 in./ft. 
After entering 221-8, the pipe becomes level and continues to the electrical 
gallery. 

The north service line encasement begins at the north wall 3 ft 3 in. 
west of the center of the 212-8 Building. The line runs directly north for 
8 ft and then enters 212-8 Building between Cells 39 and 40. The encasement 
consists of a 10-in. earthenware and a 6-in. Schedule-5 pipe that has a 
constant slope towards the 221-B Building of 1/16 in./ft. The 6-in. pipe is 
inserted partly through the side of the 10 in. pipe and parallel to it. 
After entering 221-B, the pipes become level and continue to the electrical 
gallery. 

5.3.4.4 Survivability of 212-B Cask Loading Station (Ref 5-7). The three 
distinct structural components of the 212-B Cask Loading Station were 
analyzed separately. 

5.3.4.4.1 Operating Gallery. The below-grade operating gallery, a 
reinforced concrete structure, was analyzed for the HRHE and SSE as a 
retaining ·wall structure; but being below grade, the effects of tornado 
impact were not considered. 

Stresses calculated for the retaining walls of the below-grade 
operating gallery area during either seismic events are within applicable 
code limitations and are adequate to resist seismic motions. This portion 
of the facility is not exposed to wind loads. Calculated stresses in the 
above-grade cask handling area structural steel are within code limitations 
for both HRHE and SSE. 

5.3.4.4.2 Cask Handling and Surveillance Area. The cask handling and 
surveillance area, above the operating gallery and enclosed by structural 
steel frame with insulated and noninsulated corrugated siding and roofing, 
was analyzed for HRHE and the SSE. The east-west structural bent (support 
member) with the 30-ton crane located at the bent was analyzed for 
earthquake motions and tornado loads. 

The steel structure cannot withstand tornado wind loads. The siding is 
not designed to take the pressure loading induced by a 175 mph wind or a 
0.75 psi pressure drop. The probable failure would be the fastening system. 
If the siding were to remain attached during a tornado, there would be 
unacceptably high stresses in the upper column sections (W8 by 31s), the 
corner framing bolts, and the column anchor bolts. 

The minimum thickness of steel required to stop all of the tornado
generated missiles is 0.3 in., which is substantially greater than the 
18-gage (mean thickness of 0.0516 in.) siding. There is also a high 
probability that the cask station siding may become a tornado-generated 
missile itself. 
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5.3.4.4.3 Other Structures. Only a qualitative appraisal of the 
enclosures on the north and south sides of 212-B was made. These structures 
do not have moment-resistant connections. Therefore, only minimal lateral 
force resistance is expected to be provided by the siding. 

5.3.4.4.4 Internal System. Seismic analysis of the ·212-8 internal 
systems have not been performed, but field inspection indicates that 
equipment, piping, and conduit are not laterally restrained for seismic 
survival. Quantification of the apparent shortcomings and.consequences can 
be established only by analysis. 

5.4 VENTILATION SYSTEM--221-8 CANYON, 212-8 CASK STATION 
ANO 271-8 SERVICE BUILDING 

The ventilation system in association with the physical containment 
comprises the confinement system. There are two essential features of the 
ventilation system; pressure differentials, and high efficiency particulate 

, (HEPA) filtration. A system of pressure differential is used and a gradient 
is established by the supply and the exhaust fans to govern the flow of air 
essential to localization and containment of radioactive aerosols and 
particulate such that the exhaust collection points are located in areas 

~ with potentially dispersable material. . 

By the introduction of indexes of potential hazards and limitations on 
the quantities of materials that can be handled (Ref. 5-11) it is possible 
to establish a basis for ventilation and air cleaning requirements in . 

' various parts of a building. A building or a facility can be divided into 
. confinement zones with respect to the hazard classes and criteria on zoning 
·of facilities based on radiotoxicity of materials handled. Zones are 

- defined with respect to function and permitted occupancy as follows. 

• Zone !--Containment features must prevent the spread of 
radioactive material within and release from the building under 
both normal and upset conditions up to and including the design 
basis accident (OBA) for the facility. Complete isolation 
(physical separation) from neighboring facilities and operating 
areas, independent exhaust air system with at least two stages of 
testable HEPA filters and a high-efficiency inlet filter are 
required. Entry is forbidden until area is cleaned up to Zone II 
classification and entry permitted •.-1ith full protective clothing 
and respiratory protection as specified by the Health Physicist. 
This zone includes process equipment, the process cell, the air 
tunnel, the exhaust ventilation duct, and the high efficiency 
particulate air (HEPA) filters as the boundary. 

5-31 



SD-WM-SAR-013 

1 Zone II--This is generally the restricted area where personnel are 
requ1red to wear full protective clothing and respiratory 
protection as specified by the Health Physicist. This comprises 
the canyon, space above the cell blocks, and the crane cabway. 

1 Zone III--General working areas which are usually 11 cold 11 but which 
are subject to low levels of radiation in the air are considered 
in this zone category. Routine airborne radiation monitoring is 
required. Operating personnel are not required to wear special 
clothing. The operating galleries are classified as Zone III. 

1 Zone IV--This zone does not require specific protective clothing 
although radiation monitoring may be required at exit points. 
Generally this covers office and 11 cold 11 areas (i.e., 271-B Service 
Building). 

There are three independent ventilation systems for the 221-B Canyon 
and the 271-6 Serv,ce Building. - The vessel ventilation systems form a part 
of the primary containment feature discussed later (Section 5.8.2). The 
212-B Cask Station has an independent supply system but interfaces with the 
canyon exhaust ventilation system by exhausting into the air tunnel. 

5.4.l 271-B Service Building Ventilation System 

The fresh air is drawn from the outside through 16 ft by 16 ft 
vertical, rectangular cross-section duct reaching to the roof of the 
building into a central air filtering, washing and conditioning unit. The 
air is fed through the ducts to the four floors of the building by a Buffalo 
Forge Comgany fan with a counterclockwise rotation. The fan delivers 
80,000 ft3/min at 3 in. water static pressure (SP) and 70°F and is driven by 
a motor rated at 52.5 BHP and 554 rpm (Ref. 5-12, 5-13). The static 
pressure is maintained just slightly above that in the operating gallery 
such that air flows from 271-B into the galleries. Air is exhausted from 
the building through exhaust fans on each floor. 

5.4.2 Gallery Ventilation System (Fig. 5-15, Tables 5-2, 5-3A, 5-3B, 
5-4, 5-5) . 

The ten supply fans rated at 5,000 ft3/min in the operating gallery, 
two additional 10,000 ft3/min supply fans in the electrical gallery, and the 
seven exhaust fans with six fans located in the pipe gallery and one in the 
electrica1 gallery constitutes the gallery ventilation system. 
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. TABLE 5-2. 

Est. SP Hc1K. Class 
In MG ov •• (FPH) 

!i.5 2,600 I 

5.5 2,600 I 

5.!i 2,600 II 

5. 5 2,600 II 

5.5 2,600 I 

5.5 2,600 I 

5.5 2,600 II 

3.0 2,415 I 

3.0 2,415 I 
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Gallery Centrifugal Exhaust and Supply Fans. 

Uls- Rota- fan 
charge lion Arrgt. Type RPM HP RPM Volts Phase 

uo cw 9 SWSI 1,381 10 1,750 480 3 

uo ccw 9 SWSI 1,381 10 l,750 480 3 

UB cw 9 SWSI 1,217 20 1,750 480 3 

uo cw 9 SWSI l ,217 20 1,750 480 3 

ue cw 9 SWSI 1,381 10 1,750 480 l 

uo cw 9 SWSI 1,381 10 1,750 480 3 

UB cw 9 SWSI 1,217 20 1,750 480 3 

UB cw OWOI 1,66] 10 1,750 480 l 

UB cw OWOI 1,663 10 1,750 480 l 

Motor 

llertz 

60 

60 

60 

60 

60 

60 

60 

60 

60 

Accessories£ remarks 

lt~lcal -All Fans: 

Radial Inlet damper, 
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TABLE 5-3A. llumidifier Data for Electrical Gallery Supply Fans. 

Sumer W1nter Air rulsl Salurat1on Pump 110tor (1nternally HTO) 

•f DB •r WB 0 f DB •f ~o 1n WG efficiency GPH llead HP RPM Volt Phue 

EN 96 CH 68 CH 68 EN !il Hax O. l!i Min 90l 12 20 1/2 1.750 480 ] 

LV 7l LV 68 LV 57 LV 53 

EN 96 EN 68 EN 90 EN 53 Max 0.15 Hin 90l 12 . 20 l/2 1.750 480 ] 

LV 7l LV 68 LV 57 LV 53 

Table 5-30. Air Monitors for Exhaust Fans. 

Indent Size CFH Hu 11r Systea no. Location 
no. ( 1nches) PD (WG) sect1on no. 

AH-l 24.d6xl2 8,000 0.06 Ef-1 l 
AH-2 24x24xl2 8,000 0.09 Ef-2 4 
AH- ). 1 26ll26xl2 8,000 0.07 · Ef-3 1 
AH- 3.2 26x30xl2 8,000 0.06 Ef-3 6 
AH-4.l 50x24xl2 8,000 0.03 Ef-4 12 
AH -4.2 50x24id2 8,000 0,0] Ef-4 10 
AH-5 24x24xl2 8,000 0.09 Ef-5 14 
AH-6 24x24xl2 8,000 0.09 EF-6 16 
AH-7.l 26x26xl2 8,000 0.07 Ef-7 19 
AH-7.2 26x30xl8 8,000 0.06 H-6 18 
AH-8 24x30xl2 10,000 0.06 -Sf-1 3 
AH-9 24x30xl8 10.000 0.06 Sf-2 19 
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TABLE 5-4. Filter Oox Information for Gallery Supply and E.xhaust Fans. 

55l NOS 49.97% OOP 
Oes1gn Res !stance 1n UG Resistance In WG CFH No. Size M4x rv No. Size HaK fV 

( Inches) (fPH) . (Inches) (f PH) lnlt la I H4X final lnltlal Hu final 
8,000 . . 9 24K24x2 225 0.12 0.25 9 24x24xll-l/2 225 0.85 4.00 

8,000 9 24x24x2 225 0.12 0.25 9 24x24Kll-l/2 225 0.85 4.00 

8,000 9 24x24x2 225 0.12 0.25 9 24x24x 11 - 1/2 225 0.85 4.00 

8,000 9 24x24K2 225 o. 12 0.25 9 24K24xll-l/2 225 0.85 4.00 

8,000 9 24x24x2 225 0.12 0.25 9 24K24x 11 -1 /2 225 0.85 4.00 

8,000 9 24x24x2 225 0.12 0.25 9 24x24xll-l/2 225 0.85 4.00 

8,000 9 24x24K2 225 0.12 0.25 9 24K24Kll-l/2 225 0.85 4.00 

8,000 9 24K24K2 225 0.12 0.25 9 24K24Kll-l/2 225 0.85 4.00 

8,000 9 24x24K2 225 0.12 0.25 9 24x24Kll-l/2 225 0.85 4.00 

8,000 9 24x24K2 225 0. 12 0.25 9 24K24Kll-l/2 225 0,85 4.00 

Design Size Arrangement Hax fV Resistance In WC Test 
CFH ( 1n.) High Wide No. fl Hers (fPH) Initial Hax flnal and Rating location 

10,000 24K24K2 2 l 6 420 0.25 0,50 35lNDS Sf-1 

10,000 24x24xl2 2 3 6 420 0. 25 0.75 50lNDS Sf-I 

10,000 24x24x2 2 l 6 420 0.25 0.50 35%118S SF-2 

10,000 24K24xl2 2 l 6 420 0.25 0,75 50%NDS SF-2 
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Cquljl. Design CAP 
no. CFH MBII 

RIIC1 - l 10.000 360 

RIIC -2 10,000 360 

9 ?. 4 

TABLE 5-5. Reheat. Preheat. and Sump Heater for Gallery Fans. 

Air le111p •f Steillll Min. FA Tube Col 1 Arrangement Coll AP 
ft2 tn WG Additional data 

ENT lVG pslg length lllgh Wide No. 

!i6 . 7 90 l!i 12.6 6 fl 0 In. 1 1 1 0.11 One row COM$ same end 

!i6.7 90 1 !i 12.6 6 ft 0 In. 1 1 1 0.11 One row coons same end 

l/l 
CJ 
I 
~ 
::: 
I 
l/l 

m • I :;o 
f'll ( b - ). l 10.000 !i40 - 10 40 70 12. 7!i !i ft 6 In. 1 1 1 0.16 One row - conns saaie end 8FP1 

W I PIIC - 1. 2 10,000 540 40 90 70 12. 7!i !i ft 6 In. 1 1 1 0.16 One row - conns same end 8FP1 ~ 0 

PIIC-2.1 10,000 540 

PIIC -2.2 10,000 !i40 

s11c- 1. 1 - 10 

SIi - i. 2 - 10 

IRIIC: Rer,t!lt 
lip11( ; Prehedl 

' SH: Sump heater 

- 10 

40 

-

-

40 70 12 . 7!i !i 

90 70 12.75 5 

- 70 -

- 70 -

ft 6 In. 1 1 

ft 6 In. 1 1 

- - -

- - -

1 0. 16 

1 0.16 

- -

- -

One row - conns ume end 8FP1 

One row - conns same end 8FP1 

Fae tory supp 11 ed suinp l1ea ter 
section 

Factory suµplled sump hedler 
section 

In hu111ldlfter 

In hu11ldlfler 

~ 
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The pattern of air flow is intake from the atmosphere to the operating 
gallery and electrical gallery through the pipe gallery to the atmosphere 
except in the first section of the building. This section contains the 
men's change room and section of pipe gallery and electrical gallery 
separated by the railroad tunnel. The flow pattern in this case is from the 
atmosphere to the operating gallery and the electrical gallery and finally 
both the streams are exhausted through the pipe gallery (H-2-38391). 

The operating and pipe galleries are ventilated by passing outside air 
through evaporator-type coolers into the operating gallery. This air, in 
turn, passes through floor grills into the pipe gallery, where it is 
exhausted to the environment through an 8% National Bureau of Standards 
(NBS) filter. These areas are at a positive differential pressure with 
reference to the canyon atmosphere. The operation of all exhaust and supply 
fans to the galleries can be terminated from the dispatcher ' s office. 
However, the fans must be restarted individually from the section fan switch 
locations at the various pipe gallery stairwells. 

The gallery work area is monitored at 15 locations with alarms at the 
panel board and the dispatcher's office. An additional 34 area-radiation 
monitors are installed to detect radiation and alarm at the panel board in 
the event that process solutions enter the galleries. 

5.4.2.1 . Electrical Galler Sue 1 Fans SF-1 and SF-2 (Ref. 5-14, 
Fig. 5-16. Each supply fan is started by a manual push button station 
located in the operating gallery stairway and connected to a master shutdown 
switch located in Room 205 of the 271-B Building. The system is capable of 
operating year round. A winter space temperature of approx imately 68° dry 
bulb at 50% relative humidity can be maintained and during summer a 50% 
relative humidity can be maintained in the electrical gallery. 

The manual switch {MS-1) activates t he system energizing electro
pneumatic switch EP-1 allowing 20 psig control air to pass to the damper 
motor (0-1). The adjustable louver then moves to its full open (45°) 
position. Temperature controller (TC-1) senses the temperature of the 
outside air entering the unit and, if the temperature falls below 40°F, it 
opens the two-position temperature-controlled valve {TCV-1) allowing 70 psig 
steam flow to preheater controller (PHC-1.1) to provide heat for temperature 
control. When the pressure differential across each HEPA filter bank 
attains 4.0 in. WG as indicated by the pressure indicators or when 
radioactivity levels reach a maximum value for contact maintenance, the 
respective fans are stopped and the HEPA filters are replaced with clean 
filters. · 

The humidistat {H-1) and the thermostat (T-1) are located on the 
electrical north wa11 5 ft above the floor. The thermostat (T-1) modulates 
the control valve (CV-3) to maintain a dry bulb temperature of 68°F and the 
humidistat (H-1) modulates the control valve (TCV-2) to maintain a relative 
humidity of 50% in the ·electrical gallery. With an increase in relative 
humidity above 50%, the humidistat (H-1) through the max imum pressure relay 
(HP-1) overrides the thermostat (T-1) and modulates the temperature contro l 
valve (TCV-3) to maintain a 50% relative humidity. 
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The temperature controller (TC-3) (freeze-stat) shuts down the supply 
fans if the air temperature on the outlet of the preheat coil (PHC-1.1) 
falls below 35°F. Manual reset must be repositioned before the unit can be 
restarted. The temperature controller (TC-2) senses the water temperature 
in the humidifier sump on a drop in temperature below 50°F and the 
temperature controller (TC-2) modulates the control valve (TCV-4) to 
maintain a temperature of 50°F. Differential pressure indicators (DPI) 
measure the static pressure drop across the filter sections. Recirculating 
pump motor (P-1) in the humidifier section is electrically interconnected 
with the motor (SF-1) and turns on/off in sequence with the fan motor. 

5.4.2.2 Gallery Exhaust Fans EF-1 through EF-7 (Fig. 5-17). There are 
seven outside mounted exhaust fans of which six fans, Ef-2 through EF-7, 
serve the pipe gallery and one of the fans, EF-1, serves the electrical 
gallery in the first section of the building (H-2-38395). 

These fans are manually started by depressing the fan starter push 
buttons at their respective station and connected to a master shutdown 
switch located in Room 205 (dispatcher's office) of the 271-B Building. 
When the fans are operating, gallery exhaust air is drawn through prefilter 
and HEPA filter banks and discharged to the atmosphere through the fan 
outlet. 

Control of each system is performed manually. Air flow rate of each 
fan (except EF-4) is controlled by adjusting the fan vaned inlet damper or 
volume damper to maintain a positive static pressure in . the pipe gallery 
with respect to the 221-B canyon and negative with respect to the 
271-B Building office and shop area·s. 

5.4.3 Canyon Ventilation System (Fig. 5-18). 

The canyon ventilation system capabilities are based on the reliability 
of the supply and exhaust ventilation fans to maintain a continuous 
controlled airflow pattern utilizing a system of pressure di fferentials to 
govern the flow of radioactive aerosols and/or particulates that can escape 
the structural containment barriers of the canyon. Typical performance of 
the ventilation system is described below: 

• Maximum air flowrate through the canyon of 75,000 ft3/min 

• Maintenance of sufficient air flow through the ce l ls to maintain 
the cell temperature below 125°F for the protection of electrical 
and instrument systems and to minimize thermal gradients between 
the canyon and cell air 

• Provision of sufficient openings and restrictions to provide an 
air flow rate of 37,500 ft3/min (160 fpm) through an open ce l l. 
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5.4.3.1 Canyon Air Flow. A system of pressure differential has been used 
to govern the flow of airborne radioactive materials that escape the 
containment.* Pressure differentials of 0.97 in. WG and 1.07 in. WG between 
the canyon and the cell and the canyon and the air tunnel respectively, can 
be maintained at an air flow of 75,000 ft3/min. Vacuum greater than the 
atmospheric pressure of the outside environment is maintained at all times 
to ensur~ a positive flow of air into the cell. At the estimated design 
flow rate of 75,000 ft3/min, the air change in the canyon occurs every 
20 min; whereas, two air changes per minute occur in the cell. There is an 
inleakage of 25,000 ft3/min including the air from 224-8 vessel vent. 

During normal operation (Fig. 5-19), the confinement capab i lities are 
based on the filtered and washed air being drawn in from the environment by 
the supply units along the crane cabway from where it flows over the parapet 
wall and down onto the canyon deck. The air stream infiltrates through the 
calibrated openings which are 1.045 ft2 minimum and 8.361 ft2 maximum to the 
cells. The air is drawn through the 14 in. holes at 165 fpm in each cell 
leading to the air tunnel. The air at an average velocity of 11 ft per 
second from the air tunnel is filtered and monitored before release. 

Vessel vent 1 (Ref. Section 5.8.2) system consists of a header which 
vents process vessels that do not contain significant quantities of ammonium 
compounds. The header exhausts through steam heater (E-22-3), a pre filter, 
and a HEPA filter in series (F-22-5), one 1,200 ft3/min steam jet (J-22-4) 
which discharge to the air tunnel. Thus gases passing through the vessel 
vent 1 system are subjected to four stages of high efficiency filtration 
before release to the atmosphere. Vessel vent 2 system services tanks which 
contain ammonium compounds. The system exhausts through scrubber (T-22-2) 
for removal of ammonia vapors, steam heater (E-22-7)~ a glass wool prefilter 
(F-22-6), two HEPA filters (F-22-8) in series, two backup high efficiency 
filters in series (F-22-9), a 125 cfm steam jet, and discharges to the 
atmosphere via the 24 in. sewer. All gases exhausted through the vessel 
vent 2 system are therefore subjected to the glass wool prefilter and four 
stages of high efficiency filters prior to atmospheric release. 

5.4.3.2 Canyon Suoply Fans (Ref. 5-35 and 5-36). There are ten canyon 
supply fans, one for each section, rated at 5,000 ft3/min and 2.35 in. 
static pressure and run by a 3.1 BHP motor. These supply fans, along with 
the canyon exhaust fans, establish air flow patterns for contamination 
control. During normal operation, flow rate is maintained by the operation 
of two supply fans. The start/stop switches for the ten units are 
centralized on the dispatcher's panel. The supply fans 1, 5, 9, 13, or 17 
will shut off if the canyon-to-operating-gallery pressure approaches 0.04 
in. and the fans 3, 7, 11, 15, or 19 supply fans will shut down in the event 
of canyon-to-gallery differential pressure of 0.03 in. The supply fans are 
tied into the Emergency shutdown switch on the dispatcher's panel, along 
with the gallery and other miscellaneous 271-B exhaust fans, to shut down 
all at once. The fans are started by pressing the specified supply fan 
"start" button. 

*To be reviewed upon 221-B ventilation system test. 
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During in-cell operation, the air flow patterns are adjusted by 
selective operation of the supply fans and checked by smoke test to avoid 
possible contamination drift out of the open cell. 

The temperature of the incoming air to canyon is maintained in the 
comfort zone for personnel working in the canyon by proper washing and 
humidification or heating, depending upon the environmental air temperature. 
The incoming air is filtered through 35% NBS filter. 

5.4.3.3 212-B Cask Station Ventilation Supply Fans (Fig. 5-20). There are 
two independent ventilation supply fans that service the contingent and the 
radiation zones. The two supply systems are located outside the west wall 
of the 212-B Building and are discussed in the following sections. 

The ventilation systems are designed to prevent or limit contamination 
in the process cell from reaching the operating areas or the surrounding 
atmosphere. The cell is maintained at a negative pressure with respect to 
the-operating areas which are negative with respect to the atmosphere. 

Air is introduced into the cask station by the HVAC equipment located 
on the west side and is exhausted through a duct filter when passing from 
the cells to the B Plant air tunnel. 

Continuous monitoring air samplers are located in the control room, on 
the eas~ and west walls of the cask handling and surveillance room, on the 
north wall of the cell, in the lobby (near entrance door) and in the truck 
lock. Audible alarms in both the control room and the B Plant dispatcher's 
office and a flashing red light on the west wall of the lobb~ are activated 
by the sampler's radiation monitors. Two samplers (lobby and truck lock) 
have no alarms. 

5.4.3.3.1 K2 (Operating Gallery) System (Fig. 5-21). This ventilation 
system supplies air to the operating gallery and the entrance and exhausts 
to the atmosphere. The 2,500 ft3/min inlet fan is an integral part of the 
K2-4-2 evaporation cooler. The cabinet heaters located inside the main door 
and the control rooms are rated for 250 ft3/min and 575 ft3/min fans which 
are an integral part of the heater unit and are manually controlled. The 
operating gallery and the entrance form the contingent zone and are 
maintained at a pressure slightly above atmospheric so that leakage flow is 
maintained in the direction of the radiation zone. 

5.4.3.3.2 Kl (Surveillance, the Cask Handling and the Cell Supply) 
System. This syste~ services the radiation zone consisting of the 
surveillance and the cask handing rooms and the cells. The atmospheric air 
is introduced into the building by HVAC equipment located on the west side 
of the building. The air travels via the surveillance and the cask handling 
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areas to the north end of the building where it is drawn into the cell and 
exits the building through ducts from the cell to the 221-8 air tunnel. 

• Sequence of Operation (Fig. 5-22). Either one or both systems 
operate depending on the season, summer or winter, or the cover 
block removal operation. To operate the system during summer 
(fan Kl-5-1), the switch is moved to "start" from 1 off 1 position 
and held there until the system operation is stabilized closing 
the pressure switch PS-1-1 interlocks. Then thi main switch 
(MS-1-1) is moved to the 11 run" position. 

With the Main Switch (MS-1-1) in either "start" or "run," the 
centrifugal fan (Kl-5-1), the evaporative cooler circulating pump 
and the electro-pneumatic switch (ES-1-1) are energized. With the 
electro-pneumatic switch (ES-1-1) energized, instrument air is 
supplied to flow damper (F0M-1-1) which pneumatically operates the 
flow damper to open or close. The room temperature controller 
(TIC-2-1) signals time proportioning switch (TPS-1-2) through an 
electric relay (IK-1-4) and the electric coil (Kl-3-1) to maintain 
a room temperature setting. The duct temperature controller 
(TC-1-1) signals time proportioning switch (TPS-1-1) through an 
electric relay (IK-1-4) and the electric coil (Kl-3-1) to maintain 
minimum air temperature of 45°F. · A pressure transmitter (PX-1-1) 
senses the duct velocity pressute and modulates the radial damper 
motor FDM-2-1 through, the pressure control (PC-11) switch. The 
temperature switch (TS-2-1) opens to stop the evaporative cooler 
circulating water pump so as to maintain the incoming air -
temperature below 60°F. 

The winter operation is similar to the summer operation but 
without evaporative cooler or static pressure control. 

5.4.4 291-8 Exhaust Ventilation System (Ref. 5-16, 5-17) 

There are two electric-motor-driven fans used during normal operation 
and a steam-turbine-driven fan is on automatic standby. They are ducted for 
parallel operation. 

5. 4.4.l Electric-Motor-Drive Fans (Fig. 5-23). Two centrifugal fans, each 
capable of delivering 37,500 ft3/min at the rated condition of 11.5 in. 
(SP), 1175 rpm and 7O°F, are used in the exhaust ventilation system. The 
maximum operating temperature of the fan is 125°F. The fans are directly 
driven by 440 V, 100 hp motors. 

Each fan is provided with an inlet and outlet seal damper requiring a 
minimum of 65 psi process air to open. These fans are also provided with a 
radial throttling or modulating damper that takes a mechanical spring-loaded 
action to adjust .the damper for the required exhaust flow. This damper is 
actuated through process air by the canyon-to-atmosphere differentia 1 
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transmitter in the automatic operation mode. These dampers can be adjusted 
manually. The controls for the fans are located in the 291-8 turbine house 
with the exception of the damper controls, which can be operated remotely 
from the dispatcher's office. 

5.4.4.2 Steam-Turbine-Drive Fan (Fig. 5-24). The steam-turbine fan is the 
emergency fan maintained on automatic standby. This unit consists of an 
exhaust fan with a steam turbine drive complete with control equipment. 

The exhaust fan has a capacity of 37,500 scfm at 15.4 in. (SP). The 
non-condensing steam turbine is designed to operate at 175 psig saturated 
steam exhausting at 5 psig back pressure and delivers 113 HP at 1908 rpm. 
The turbine speed is manually adjustable over a 12% range during operation 
and is capable of attaining the set speed within 20 s from standby. The 
turbine has an overspeed trip mechanism to protect it from damage due to 
high rotational speed. The turbine is set in the 11 auto 11 mode for automatic 

_ operation. In the event of an overspeed trip, the overspeed mechanism on 
the turbine must be manually reset for the turbine to operate normally. A 
blue light on the instrument panel in the dispatcher's office identifies 
this condition as "turbine overspeed tripped - warning - no emergency canyon 
ventilation until manually reset. 11 There is no automatic canyon-to
atmosphere differential pressure control when only the steam-turbine-driven 

- fan is on. 
a,. 

~ 
5.4.4.3 Canyon Ventilation Instrumentation and Control System. This 
section discusses the instrumentation and control required to maintain 
canyon air pressure at a vacuum for contamination control through 

· ventilation. 

the 

• Canyon to Atmosphere Differential Pressure (Fig. 5-25). This 
canyon pressure is the control point used to maintain a system of 
pressure differential to direct the contaminated air through the 
291-8 filter to the atmosphere. To assure this, the canyon-to
atmosphere pressure is maintained at a negative pressure of 
0.2 in. of water. 

During normal operation, the canyon-to-atmosphere differential 
pressure transmitter, with a range of Oto 0.4 in., constantly 
senses the canyon pressure and compares it to the atmosphere 
reference tip located above the 271-8 and 221-8 Buildings. The 
transmitter converts the canyon pressure to a proportional 3 to 
15 psi signal which is received by a two pen recorder controller 
as a pen record, as well as transmitted by the controller section 
as a damper position signal to adjust air flow to maintain the 
canyon at a negative pressure of 0.2 in. WG. When the electric 
fan damper opening exceeds 95% in order to maintain canyon-to
atmosphere differential pressure exceeding -0.2 in. WG, the steam 
turbine will start automatically if it is in the "auto" mode. The 
steam turbine will automatically stop when the dampers on the 
electric driven fans decrease to 80% to 90% of the opening. 
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• Oil Pressur~ ·Switches- OP~l and OPP2--If the pressure on the 
lubricating oi l to the electric fans drop below 2.6 psi, these 
switches will trip their respective motor or prevent them from 
starting. 

o Dampers FD-Kl and FO-K2--These dampers will open on zero pressure. 
This is a 11 failsafe 11 control and should the air supply fail for 
any reason, the turbine will automatically pick up the 
ventilation. 

• Overspeed Trip--The overspeed trip (OST) mechanism protects the 
turbine from overspeeding. A manual reset button will shut off 
the steam to the turbine. The turbine will not start or run when 
the valve is in a tripped position. The switch (OST) indicates 
the position of the butterfly valve. When this valve is closed, 
the switch causes an alarm to sound and light to flash on the 
dispatcher's board indicating that the turbine operated fan is 
unavailable for ventilation. 

• Canyon to Operating Gallery Differential Pressure--Another feature 
of the control system is canyon-to-operating gallery t ransmitter 
which senses and converts the differential pressure to a 3 to 
15 psi signal. This signal is transmitted to a two pen recorder 
and the pressure switches which drop the supply fans of the canyon 
in two groups. Low signal at -0.05 in. WG takes out one set of 
supply fans and low low signal at -0.01 in. WG takes out the other 
set. These signals also initiate audible warning alarm sounds in 
the dispatcher's office. The fans cannot be restarted until the 
gallery to canyon differential pressure is -0.06 in. WG. 

• Differential Pressure Across Fan--The differential pressure across 
the electric fan is also available as a control mechanism. A 
signal is transmitted by a differential transmitter, calibrated 
zero to 10 i n. to the motor switches. The fans will trip if the 
differentia l pressure should drop below 2 in. WG. The steam
turbine-drive fan, if set in the "auto" mode, will pick up the 
load if the electric-motor-drive fans trip either due to the fan 
damper failure caused by instrument air pressure drop below 65 psi 
or the air supply to the control panel instrument decreases to 
less than 15 psi. 

• Exhaust Air Temoerature--Each filter is equipped with a 
thermocouple located near the filters. In addition, there are 
thermocouples located in the filter ducts and two installed in the 
wind tunnel manhole near R-3 canyon entrance. The temperatures of 
these thermocouples are recorded on a 12 point Foxboro range zero 
to 300°F chart recorder located in the bottom r iaht hand panel in 
the dispatcher's office. 

A temperature rise on any of these points gives a blink i ng light 
alarm on 11 hi temperature filter and tunnel" located at top of 
right hand panel in the dispatcher's office. 
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An unusually high temperature on these thermocouples could be an 
indication of a fire in the duct or the filters. In fact, a 
temperature rise probably is the most reliable warning of a fire, 
prior to an actual filter breach, that is observable. 

• Fan Bearing Temperatures--The two electric fans have inner and 
outer motor bearings; whereas, the steam turbine has a fan end and 
turbine end fan bearings. 

These 10 bearings and the ambient temperature are monitored by the 
thermocouples. The difference which is an estimate of the 
temperature caused by the bearing friction heat, is recorded on a 
multipoint recorder in the 291-8 Building. 

The recorder il a zero to 200°F range with a scale reading of zero 
to 100 divisions. The operator observes the recorder in 
291-B each shift, dates the chart, and initials it. Only those 
bearings giving a reading above 40 -scale divisions are identified 
and recorded on the daily check sheet. A reading of 50 on the 
scale (100°F) is the temperature at which the recorder alarms in 
the dispatcher's office. The alarm requires an investigation into 
the situation. 

• Relative Humidity--The mixture of air which has passed the filters 
is monitored by a Dew cell probe located in the inlet duct to the 
exhaust fans. The percentage relative humidity is read on a 
recorder located in the top of the Cell 22 A operating panel in 
221-8. The recorder reads directly negative percent relative 
humidity. 

Readings greater than 85% relative humidity are called to the 
attention of supervision to allow location of the source of excess 
moisture. 

5.4.5 291-8 Fan House 

The south . wall has two 440 V disconnect switches for fans 1 and 2 and 
to the right of this is the motor starting panel with 11 stop/start 11 switches 
for the oil pumps and the electric fan motor only. Underneath this panel 
are the disconnect switches for the oil pumps. On the west wall is a fan 
and motor-bearing-temperature recorder with Oto 100 scale with a 
temperature range of zero to 200°F. 

• Main Instrument Panel--The main instrument panel contains the 
following instruments and warning lights: 

Four warning lights reading le.ft to right 

Canyon exhaust duct static pressure rise from 221-8 

Steam turbine valve open. 
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Instrument air failure. 

Exhaust dampers closed--Number 2 electric. 

Exhaust dampers closed--Number 1 electric. 

• Fan Output Pressure--There are three manometers for measuring the 
differential pressure across the fans. 

• Electric Fan Modulating Damper Control--A sub panel painted green 
contains instruments to place the modulating radial damper 
controls in either manual or auto modes of operation. The panel 
contains Oto 30 psi air gage with an arrow indicator for the 
position of the dampers between the open and closed position. 

• Steam Turbine Fan Control--The turbine-driven fan on standby in 
the automatic mode will start on the loss of the electric fans 
and/or the duct pressure rises above -4 in. WG. 

The turbine-driven fan will continue to operate even after the 
duct pressure is reduced below -4 in. WG until the holding relay 
is reset. Reset is accomplished by moving the turbine mode switch 
back to "Auto" position. This will not restart the turbine 
providing electric fans No. 1 and 2 are operating properly and the 
duct pressure is below -4 in. WG. 

5.4.6 Safety Consideration and Control 

5.4.6.1 Routine Testina of Automatic Ooerational Features of the System. 
Certain functional tests are performed bi-weekly on the day shift to 
ascertain and assure the proper functioning of the automatic operational 
feature of the ventilation system. These functional tests include the 
following simulation. 

• Steam Turbine--On automatic startup of the steam turbine fan on a 
simulated loss of electric power or air pressure, the fan speed is 
adjusted, if needed, and proper operation of the overspeed is 
verified. The electric fans are started while the steam turbine 
fan is running to determine the proper shutdown of the steam 
turbine. 

5.4.6.2 Routine Sur.veillance of the B Plant Ventilation System. The daily 
check sheet is filled once each shift and collected data is reviewed by the 
shift supervision for any deviation from the normal. The following 
information is required on the check list. 

• Exhaust Fans--The fan differential pressure, dew point temperature 
at inlet to the fans, the damper control air pressure, oil flow to 
number 1 and number 2 electric fans, and the bear i ng temperatures 
of the fans, motor and the turbine are recorded. 
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• Filter Cells--Thi liquid levels of the inlet, intermediate and 
exhaust sumps and the inlet and outlet seals, the differential 
pressure across prefilters, first bank, second bank, and the inlet 
and exhaust duct to atmosphere differential pressure, as well as 
the air temperature between the filters are recorded. 

• General--The relative humidity of the air stream, the canyon to 
atmosphere differential pressure (inches of water), the operating
gallery-to-canyon (inches of water) differential pressure, and the 
total number of fans operating are also reported on the check 
sheet. 

5.4.6.3 Loss of Instrument Air to 291-8 Exhaust Ventilation System. 
Instrument air is used in the 291-8 exhaust ventilation system for a variety 
of pneumatic instrumentation including pressure indicators, recorders, 
recorder controllers, transducer, operation of inlet modulating dampers on 
the two electrically driven exhaust blowers, and closure of the inlet and 

~ outlet seal dampers of the standby steam turbine driven fans during normal 
operation of the two electrically driven fans. Loss of air to the 
291-8 ventilation system would result in the closure of the modulating 
dampers on the electrically driven fans since these dampers are spring 
loaded requiring air to open and effectively modulate to maintain the 
desired negative pressure within the 221-8 Canyon. The seal dampers on the · 

o-- turbine driven blower are spring loaded to open but require a minimum of 
65 psig air pressure to effect closure. Upon loss of air the seal dampers 

~ open and the turbine-driven fan starts, thus maintaining continuity of 
canyon ventilation exhaust capability. The canyon ventilation control 
system automatically, upon loss of canyon negative pressure, shuts down the 
supply system fans maintaining sufficient canyon negative pressure with 

~ · respect to atmosphere and the operating galleries to avoid spread of 
contamination. 

5.4.6.4 Loss of Air Supply to the Canyon Differential Pressure 
Control System. The canyon differential pressure control system is located 
in 221-8 Building and is operated from the instrument air system. If the 
air to this system is lost without a simultaneous loss of compressed air to 
the 291-8 exhaust ventilation system, the modulating dampers on the 
electrically driven fans will open fully and the steam-turbine-driven fan 
will be activated. The normal exhaust air plenum vacuum is less than 
8 in. WG with the operation of two electric-motor-driven fans. In the event 
that all the fans are operated simultaneously, the exhaust air plenum vacuum 
could exceed 10.5 in. WG. The consequences of such an event could result in 
a higher pressure drop across the filter because of the higher flowrate 
created by three fans operating. 

The increased pressure drop can be detrimental to filter efficiency if 
sufficient deterioration of the filter media has already occurred due to 
moisture or radiation damage. Loss of filter efficiency can readily be 
detected by the stack radiation monitor. The loss of air supply to the 
canyon differential pressure controller is not considered to create a 
significant hazard. 
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5.4.6.5 Losz of Exhaust Ventilation Function. Loss of exhaust ventilation 
function can be caused by: loss of all three exhaust fans, simultaneous 
loss of steam and electrical power to the three exhaust fans, collapse of 
the brick liner of the stack plugging the exhaust, loss of the 
221-8 Building exhaust plenum, or breaching of the sand filter inlet and fan 
inlet plenum. 

The postulated effect of loss of the ventilation function on the 
221-8 Building will most likely be reversal of air flow from the process 
cells to the canyon due to convection. The areas in the canyon over the 
process concentration cells will be most susceptible to contamination spread 
due to thermal gradient between the cell and the canyon. Based on past 
experience and present conditions in the cells, it is estimated the canyon 
can be contaminated under normal operating conditions to levels of 
20,000 cpm with many spots at 20 to 50 mrads/h and a few spots as high as 
20 to 50 rads/h should the ventilation outage extend in excess of one hour. 

O Should a ventilation outage occur during a process shutdown mode, some 
contamination spread could occur in the canyon; however, the magnitude wi l l 
be much lower. 

5.5 HIGH-EFFICIENCY PARTICULATE AIR FILTER SYSTEM 

The B Plant (Ref. 5-21) fourth filter cell (in use) and fifth filter 
cell (ready to be made operable) currently in use each have a capacity of 
75,000 ft3/min of air, and are constructed to operate in parallel with 
the A, B, and C filter cells. The cell structure is constructed of 
reinforced concrete and the concrete and structural steel exposed to the 
exhaust air stream are painted with corrosion resistant paint. 

The filter cells are equipped with two banks of 85% NBS prefilters and 
three banks of HEPA filters. The two prefilter banks and the first HEPA 
filter bank incorporate design features permitting the upper one quarter of 
the filter bank to be lowered. The remaining three quarters of the filter 
banks remain fixed. This feature permits bypassing of a filter bank or 
banks should excess pressure drop occur due to filter loading. The final 
two HEPA filter banks are permanently mounted. 

A stainless steel 12-by-12 mesh fire screen is installed approximately 
4 ft upstream of the first prefilter bank. Each prefilter and HEPA filter 
unit is equipped with a stainless steel 12-by-12 mesh fire screen downstream 
of each unit. 

Each individual prefilter (bag type) of both the prefilter banks is 
equipped with sheet metal separators coated with (Ref. 5-22) intumescent 
paint to retard propagation of any potential filter fire to other filters in 
the same bank. The intumescent .paint is one which absorbs heat through the 
mechanism of forming air bubbles, providing an insulating barrier on the 
surfaces of the metal separators, and thus insulating one filter from the 
other (Ref. 5-23, 5-24). 
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Temperature elements are installed in the filter inlet air stream, 
between each bank of filters, and in the outlet air stream. Temperatures 
are recorded in the new filter instrument building 291-BF with a preset high 
temperature alarm signal located in the B Plant dispatcher's office. Liquid 
level indicating instruments housed in the 291-BF Building are provided for 
each filter sump and the filter outlet seal. A high level sump and seal 
alarm signal are provided in the dispatcher's office. Differential 
pressures across individual filter banks and across the new filter system 
are recorded in 291-BF Building with a preset high alarm signal transmitted 
to the dispatcher's office. · 

Access ports and sample ports are provided for: 

• Testing of the filter in accordance with ANSI Standard N 101.1 

• Obtaining representative air samples after each filter bank 

• Insertion of radiation instrumentation for assessing radionuclide 
accumulation on filters. 

The seal water is supplied from a heat-traced and insulated storage 
tank with 3,700-gal capacity. The filter seal is filled by gravity 
di'scharge of the storage tank contents through a motorized butterfly valve, 
which is activated at the B Plant fire alarm relay panel. 

5.5.1 Standby Filter Cells (A, B, C, and Sand) (Fig. 5-26 and 5-27) 

Ventilation air from the 221-8 Building canyon, Vessel Vent 1 and 212-B 
is exhausted through filters before being discharged ta the atmosphere. 
There are five existing high efficiency particulate air {HEPA) filter cells 
and a sand filter. The sand filter, which was built in 1948 to serve the 
lant when it was operated as a plutonium separation plant, is on emergency 

standby and the air flow is automatically diverted to it in the event of a 
ire in the process cells. When the plant was converted to high-level waste 

fractionization in 1964, the increased exhaust ventilation air requirements 
exceeded the capacity of the sand filter. As a part of the plant 
conversion, two new filter cells, each having the required increased air 
capacity, were constructed in parallel with the sand filter. 

The first (A) HEPA filter cell, placed in service in December 6, 1966, 
consists of a 60% prefilter and two stages of HEPA filters. It was removed 
from service on December 19, 1974, when radionuclide concentration in the 
exhaust air stream increased significantly indicating filter failure. The 
second (8) HEPA filter cell was identical to the design of the first filter 
and was placed in service on November 15, 1968 and has ben removed from 
service since December 19, 1974. The B filter, after operation for the same 
duration of time (100 mo) as the A filter, was shut down due to a hole in 
the filter, suspected "wetting" of the filter, and a suspected degradation 
of the glue and gasket material from sustained radiation exposure 
(Ref. 5-18, 5-19). The long filling time (30 to 45 min) of the water seai 
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as a probable factor in the accidental release was also considered. The 
C filter operated for 80 mo (through 1977) and the last 33 mo without a 
prefilter, thus altering the dose reported in Section 5.5.4. 

The source terms reported in Ref. 5-20, especially for filter Cells 8 
and C, may be well below the realistic numbers. The third (C) filter cell, 
placed in service on February 15, 1972, consists of a 90% prefilter which 
was designed to be replaceable and two stages of HEPA filters. The roughing 
prefilter screen is divided into three sections. Each section is housed in 
a metal frame containing 25 units of Cambridge Filter Company HIFLOW 
AEROSOLVE glass fiber bag filter (a 24 in. x 24 in. x 23 in. filter with a 
93-97% ASHRAE atmospheric dust rating) preceded by a 24 in. x 24 in. 
x 2 in. glass fiber pad (8% ASHRAE atmospheric dust rating). Each roughing 
filter is housed in an individual metal frame. The prefilter was never 
replaced because of a large accumulation of radioactive particulates and the 
resultant high radiation exposure. Eventually due to excessive pressure 
drop across the prefilter, it failed in February 1975. The fourth (D) HEPA 
filter cell completed in December 1975 is currently on line. Filters 
four (0) and five (E) are identical cells constructed of reinforced concrete 
as an extension to three existing A, 8, and C below grade concrete cells 
equipped with prefilters and HEPA filters. 

5.5.2 Water Seals on Inlet and Outlet of Filter Cells 

The B and C Filters· are the only filters with in 1 et seals, but every 
filter has an outlet seal. The inlet seals provided isolation of the future 
filter system, but currently this isolation is provided by a concrete plug. 
The outlet seals are the only seals that can be filled and still keep any 
contiguous filter bays in service. Filter Cell 11 011 is in service and thus 
all outlet seals are filled except the outlet seal of the filter 11 011

• 

The water for filling the inlet and outlet seals on the filter cells is 
supplied to concrete valve pits. In each pit there is a valve on the water 
supply line and a valve to . the respective seal fill line. A rubber hose 
line with quick disconnect fittings is provided for connecting the supply to 
the fill line, and is always disconnected when not in use to prevent 
inadvertent addition to the wrong seal or potential flooding through leaking 
valve. During freezing weather, electric space heaters are installed in 
each pit to keep the water lines from freezing. The valves in the fill line 
are locked in a closed position. 

The inlet and outlet seal pits also contain the steam supply and 
discharge lines for the seal empty-out jets. Control valves for the steam 
to the jets are located outside the pits with a combination blank and 
orifice plate installed on the upstream end of the valve '"'hich is normally 
blanked when the jet is not in use. The discharge line from each jet has a 
downstr.eam ball valve, which is locked out when not in use. 
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5.5.3 Ooeration of Jets for Seals and Sumps 

Jet controls are located in a concrete pit identified as filter sump 
and instrument pit with valves for manually controlling the steam jet 
located inside the pit and blanked when not in use. The discharge line from 
each jet has a check valve which is also kept blanked when not in use. An 
exception to this is made on the intermediate sump jet on the number one 
system which has been used more frequently. (It is located in the middle 
position on the west side of the pit.) Instead of install~ng blanks, the 
steam valve to the jet and the ball valve in the discharge line are kept 
closed and locked when the jet is not in use. When operating any of the 
jets in this system, the sump and seal weight factors are observed for 
possible backflow through the discharge interties. Also, care is exercised 
in operating the jet so that the jet is not sparging rather than jetting. 
One method of determining this is to watch for any condensate buildup in the 
sump weight factor reading. The increasingly higher buildup of radiation 

t() through the concrete floor from radioactive material buildup on the filters 
makes removal and reinstallation of these blanks undesirable. The existing 

r,..... blanks are not replaced after use. A backup, portable sump jet is 
available, if the installed jet fails; it can be installed through an 
existing riser. 

There are 75 gal/min jets located at 291-8 for the filter inlet and 
o,. outlet seals, and inlet, intermediate, and outlet sumps. The discharge from 

• all the jets drain through a common 2 in. header system to the 221-8 wind 
~ .~ tunnel via the manhole near R-3 canyon entrance and finally to TK-10-1. 

Because of limited drain capacity, one jet is operated at a time. However, 
the valves in the pit are kept locked in a closed position as is the main 

• steam supply valve. The depths of the sumps are approximately 16 in. and 
liquid l evels are measured by magnehelic gages 0-20 in. located in the 
instrument house. However, the valves in the pit as well as the main steam 
supply valve, are kept locked in a closed position. The increasingly higher 

·r buildup of radiation under the concrete floor from radioactive material 
accumulated on the filters makes removal and reinstallation of these blanks 

O"undesirable. The existing blanks after use are not replaced. 

5.5.4 Estimate of Radionuclide Inventorv on the Exhaust 
Ventilation System (Ref. 5-20, Tables 5-6, 5-7) 

In 1967, an evaluation (Ref. 5-22) of B Plant operations estimated that 
radionuclide loading on the B Plant ventilation exhaust filter system would 
be in the order of 100 Ci of 137cs and 200 c, of 90sr. Several other 
radionuclides were also included at that time, but their contribution to 
radiation dose measurements was considered inconsequential because of the ir 
relatively short half life, and future process feed would not include these 
radionuclides. 

Radiation measurements obtained on the exhaust fiiter in July 1973 
indicated filter loadings significantly higher than the predictions made in 
1967. Additional radiation measurements and further analysis of the data 
indicated that the loading on the 8 Plant exhaust filter system was on the 
order of 10,000 Ci of 137cs and up to 68,000 ·ci of 90sr. 
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iABLE 5-6. -Radionuclide Inventory on .. 291-B Filter Cells. 
(Ratio Prefilter: First HEPA Filter Units-Curies). 

137cs 90%:10% Total 137cs 75%:25% 
90sr 90sr 

2,730 29,600 32,330 3,640 39,500 
2,730 630 3,360 3,640 840 

1,750 19,000 20,750 2,330 25,300 
1,750 400 2,150 2,330 540 

3,490 9,900 13,390 3,950 3,040 
3,490 a 3,490 3,950 0 

66,000 
9,000 

TABLE 5-7. 137cs Radionuclide Inventory on 291-B Filter 
Cells (Ratio Prefilter: First HEPA Filter Units-Cur ies) • 

90%:10% 75%:25% 
Prefilter Total Prefilter 

HEPA HEPA 

2,460 270 2,730 2,730 910 
1,575 175 1,750 1,750 580 
3,140 350 3,490 2,960 990 

Total 

43,140 
4,480 

27,630 
2,870 

6,990 
3,950 

78,000 
11,000 

Total 

3,640 
2,330 
3,950 

From these radiation measurements taken at specific locat ions, with 
relation to the filter banks in each of the three filter cells (designated 
A, B, and C Cells) estimates were made of the probable ra9ionuclide loading 
on the prefilters and the firs: bank of HEPA filters in each cell. The 
loading of radionuclides on the second bank of HEPA filters was assumed to 
be insignificant and not considered a contributor to the radiation dose 
measurements used to estimate the exhaust system inventory. It was also 
assumed that the prefilter system can remove up to 75% of the particulate 
material and the first HEPA bank the remaining 25% of the radioactive 
material. A breakdown of the amount of 90sr and 137cs estimated in each 
filter cell is as shown in Table 5-6 and 5-7. 

The material processed in B Plant was well aged and the last acid waste 
processed had significant aging before processing. In addition, the rare 
earth fraction in 8 Plant processing had normally been discarded so there 
has not been a large inventory other than 90sr and 137cs in the plant. 
Therefore, due to the nature of the processes and the aging time involved, 
the filters did not contain any significant invento~y of radionuclides other 
than 90sr and 137cs. · 
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To confirm this assumption, analyses of sump samples taken from the 
filter cells sumps exhibited no detectable amounts of plutonium or gamma 
emitters other than cesium. The approximate detection limit for other gamma 
emitters was approximately one curie percent (two orders of magnitude) less 
than that for cesium. A lithium drifted germanium, Ge(Li); detector was 
used at the filter cells to determine the presence of gamma emitting 
isotopes other than 137cs. There were no indications of gamma emitters 
other than 137cs within the detection limits of the detector. Stated in 
terms of 137cs ratios, activities six orders of magnitude less for 95zr, 
95Nb, 60co, and 154Eu would have been observable. Activities two orders of 
magnitude less for 144cePr, 14lce, and 125sb and the activity of isotopes of 
ruthenium at four orders of magnitude less than cesium would have been 
observed. 

The sump samples from filter Cells A and C indicated strontium to 
cesium ratio of 1.86 and 1.48 to 1, respectively. The Ge(Li) detector 
indicated gross differences in 90sr and 137cs content between different 
filter areas. The maximum bremsstrahlung emissions which characterizes 90sr 
to the net gannna peak height of 137cs was used. 

The relative abundance of 90sr and 137cs between the prefilter and HEPA 
filter areas of A Cell and the HEPA filter area of C Cell were essentially 
the same. The ratios of the bremsstrahlung emission to net gamnta peak 

c,.. height for A and C Cells were about 2 to 1, but the ratio of B Cell was 26 
to 1. Although this does not represent a direct difference in the 90sr to 
137sr activity ratio, it does indicate that the 90sr to 137cs ratio for 
B Cell could be significantly {about one order of magnitude) higher than 
that for A and C Cells. Tables 5-6 and 5-7 shows 90sr quantities on the 

c-· filters based on the above analyses (Ref. 5-20). 

During previous evaluations estimated quantities of radionuclides were 
based on B Plant process and a dust loading of 5 lb per filter for the first 
filter bank and radionuclide concentration in the dust as follows: 

1 Oust concentrations were based on an analysis of salts collected 
in the primary PUREX (Ref. 5-25) exhaust filter over a period of 
9 yr 

• Corrections were made for differences in inert dust sources and 
radionuclide process inventory of B Plant versus PUREX. 

5.5.5 Safety Consideration and Control 

5.5.5.1 Radiation Damage (Ref. 5-26). The highest dose rates measured from 
the face of the prefilter and first HEPA filter banks with a high range TP 
instrument were 150 R/h (shielded .25 in. Pb) and 1,800 R/h (unshielded 
probe). From measurements obtained in all three cells the total inventory 
of radionuclides as stated previously was calculated. The maximum absorbed 
dose received by the first bank of HEPA filters for total length of service 
is shown in Table 5-8. 
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TABLE 5-8. Estimated Absorbed Dose (rads) 
High-Efficiency Particulate Air Filters 

in 291-B Filter Cells. 

Filter Months in Present annual Total 
rate of ab- absorbed 

unit service sorbed dose . dose 

A 88 1.3 X 108 9.2 X 108 
8 65 a.ax 107 4.3 X 108 
C 14 1.1 X 107 1.2 X 107 

Essentially, all of the absorbed dose is contributed by the .beta 
radiation sources with less than 4% being contributed by gamma emitters, 
primarily 137sa. At that time these filters and their components maintained 
their integrity and continued to function; however, processing history in 
B Plant indicates that major runs for 90sr, the primary contributor to 
absorbed dose of the filters, were made several years ago. More recent 
processing runs have been for 137cs. The ratio of 90sr and 137cs deposits 
in all three filter cells with relation to their length of service also 
indicates this sequence; therefore, the estimate of total absorbed doses is 
based on _current filter loadings and length of service. 

Deterioration of· the vessel vent systems occurred due to rapid loading 
of the HEPA filters when some exhausts from vessels were switched to the 
No. 2 vessel vent system from the number one system. The sparging of 
dilution air through process·solution storage tank and the pressurization of 
centrifuges during operation are additional means of producing radioactive 
aerosols. The exhaust ventilation filters represent the final containment 
of radioactive material processed and, as such, compromising their integrity 
will compromise the integrity of the entire B Plant containment system. 

5.5.5.2 Decay Heat Oamaae of Exhaust Filters (Ref 5-22). A preliminary 
examination was made of the potential for decay heat damage to the filters 
and the potential for the decay heat generated by radionuc l ide 
concentration, result i ng in temperatures sufficient to ign i te filters should 
a filter cell be isolated from the exhaust air stream. Filter Cell 11 A11 was 
examined since it has been estimated to contain the largest inventory of 
137cs and 90sr, 3,640 Ci and 39,500 Ci respectively (Ref. 5-27). These 
inventories could result in 48 W from l37cs and 455 W from 90sr. Several 
simplifying, conservative assumptions were made. 

• Strontium-90 produces about 0.0232 Btu/h/Ci and an average of 
0.057 Btu/h/ft2 of filter media with uniform distribution of the 
strontium inventory. 

• Heat transfer is limited to conduction and radiation through the 
media and ai r with convection considered to be negligible. 

5-71 



SO-WM-SAR-013 

• The large volume of air surrounding the filter banks and the large 
area of concrete walls were considered to provide an infinite heat 
sink. 

• Concentration factors of 1, 10, 100, 1,000, 10,000 for 90sr ft2 
were used. 

Filter media temperatures in the filter media, associated with various 
concentration factors, were computed and are indicated on .Table 5-9. 

TABLE 5-9. Radionuclide Concentration 
versus Temperature on Filter Media. 

Concentration factor 
x (0.057 Btu/h/ft2) 

1 
10 

100 
1,000 

10,000 

Temperature °Fon 
filter media 

70.03 
70.3 
73.2 

101.l 
293.6 

The data in Table 5-9 coupled with the degree of conservatism used in 
the assumptions indicate that the potential for ignition of filter media due 
to temperatures generated by decay heat of the estimated 90sr i nvento·ry 
would be highly unlikely. 

~• 5.5.5.3 Fire In Filter Cells (Ref. 5-22, 5-28, 5-29, Table 5-10). The 
exhaust filter system, which is the last barrier of the confinement system, 
presents a potential safety hazard due to a large build-up of radionuclide 
inventory on the filters. Fire has the potential to destroy and release 
radioactive materials to the environment if it is not contained. Based upon 
operational history, no fire or explosion has been reported due to an 
electrical malfunction or the spontaneous combustion of acid-impregnated 
flammable material, which would have destroyed the final filters in the 
ventilation exhaust systems of the shielded cells. Thus, the creation and 
transport of a smoldering fragment by an airstream flowing at a nominal 
velocity of 150 ft/min and depositing on any one of the filters is a low
probability event but, because filters have been destroyed in glove box 
fires and test results indicate the potential for similar accidents in 
shielded cells exists, it needs to be considered in the protection of 
filters from credible fires. · 

The probability of a fire occurring in the B Plant exhaust filter has 
been estimated based on Hanford experience (Ref. 5-1). Three fires in the 
ventilation and filter system of processing facilities at Hanford have been 
recorded over the past 30 yr. In all cases, no filter failures or resulting 
environmental impacts resulted from these fires. Conservatively estimating 
that an annual average of 100 process ventilation systems were operative 
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TABLE 5-10. Information on Filter Fire. 

F11ters 
Confinement barriers 

A B C D Sand 

Pre-filter 
No. I A(P) A(L) A(F) A(P) X 
Ho. Z X X X A(P) X 

HEPA Filter 
No. I A A A A X 
No. Z A A A A X 
No. 3 X X X A X 

Seals 
-i'.oss probab111ty P(E) P(E) P(E) u P(E) 

Recovery time (N) 1 1 1 1/6 1 
Filter contll.lllinatfon sources& 

Cesium (Cl) 
Possible 291 437 582 B X 
Probable 109 163 ZlS B X 

Strontium (Ci) 
Possible 3,160 4,740 6,320 B X 
Probable 1,185 1,778 2,370 B X 

Fin soark orobab111t P(l) (P(2) P(J) P(4) X 
ran c&Dac1t es ft= min . ,ectr1c 45,ooob 

z. Electric 45,000 
3. Steam 26,QQOC 

NOTE: The following key explains the notations in the A, 8, C, D, and 
sand filter columns. 

A 
B 

p 
X 
u 

(E) 
(F) 
(L) 
(H) 

(P) 

Key 

Available 
Filter currently in use--inventory to be determined when 
necessary. 
Probable Event. 
Hot Applicable. 
This filter is currently online. The time taken is the time for 
aut01114t1c switchover to sand filter. 
Equal 
Failed 
This filter was shutdown because of leakage. 
N is 1 to 4. The probability of a spark reaching filter •A• is 
1110re than reaching f11ter•o• due to barriers existent between 
the.duct and the path through the dry seals to •e•. •c,• and •o• 
filters. 
Pref11ter lowered. 

aEst1mated values. These values should· be modified to reflect 
actual data from the current readings of the filters. 

bThese two electric fans cannot be operated separately. 
CRec311111ended operating flow to prevent fluidization of sand 

26,000 ft /min). 
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during the 30 yr, the probability of a fire in a filter system is estimated 
at 10-3/plant year. However, assessing the magnitude and preventive 
controls imposed during the span of years, a probability of less than 
10-4/yr can be assigned to postulated B Plant fires. 

Table 5-10 presents the condition of the filters. The catastrophic 
event of the loss of all seals along with a simultaneous fire in all filters 
and the operation of the electrical fans is not deemed possible. Thus, the 
design basis fire should include the following: 

• Filter with the maximum radionuclide inventory available for 
release 

1 Loss of the exit seal of the filter with the fire 

• Maximum delay to fill the exit seal 

• Maximum delay to divert the airstream to the emergency sand 
filters. 

5.5.5.3.1 Factors Affecting Availability and Transport of 
Radionuclides. The fire resistant HEPA filter, in both steel-and wood-cased 
construction, is designed to withstand air temperatures of 700 to 750°F for 
at least 10 to 15 min without serious degradation of function so long as air 
flow is maintained (Ref. 5-11). However, a rapid decrease in the tensile 

- ~ strength of the medium occurs at 450°F and extended exposure to temperatures 
' above 800°F will cause destruction of wood-cased filters and warping 9f the 

steel-cased filters. A degradation of the filter fiber occurs leaving 
, pinholes in the medium. Rapid deterioration occurs at temperatures above 

l,2C0°F. These assumptions are consistent at the beginning-of-life (SOL) 
and the impact of aging and the usage must be factored to provide realistic 
values. 

Metallic cesium boils at 678°C and the nitrate and the carbonate 
0-- compounds decompose in the range of 4l4°C to 6l0°C (Ref. 5-29). Local 

temperature excursion in the vicinity of the burning combustible material 
may occur but the temperature of the exhaust gases is expected to be lower 
due to mixing with cooler air. At least a fraction of cesium vapor would 
condense after leaving the extreme temperature region. Thus 137cs would be 
deposited on the first bank of HEPA filters. The potential penetration of a 
filter is a function of the gas temperature and reduction of gas temperature 
i s effective in reducing the quantity of cesium that can be released. 

5.5.5.4 Preventive and Mitigative Features. 

5.5.5.4.l Procedures. Procedures are used to periodically evaluate 
the inventory of radionuclides on the filters and reevaluate the potent i al 
hazards in light of anticipated further increases in inventory resulting 
from continued operations. These evaluations permit prudent decisions 
regarding deactivation of filter cells and scheduling of replacements i n the 
event of a fire. 
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5.5.5.4.2 Cell Fire Detection System. Process cells containing 
organic liquids (Cells 26 through 30) and the cell drain tank (Cell 10) are 
equipped with dual fire detectors and a "Light Water" fire retardant foam 
spray system. Activation of one of the two detectors will alert operating 
personnel and the Fire Department of a fire. Activation of both detectors 
in a cell will initiate operation of the "Light Water" foam sys t em to that 
cell. A fire detection system is provided in other cells to warn personnel 
of a cell fire. Cell sprays can be manually activated to extinguish the 
fire. 

5.5.5.4.3 Airflow Diversion System. The 291-8 exhaust filtration 
facilities include installed capability for automatic diversion of the 
exhaust air flow from the HEPA filter system to the sandfilter within 
approximately five minutes, installation of dual fire detectors in the 
exhaust air duct before and after the HEPA filter system, installation of a 
five gpm and 50 gpm water spray system in the exhaust air duct before the 
filter system and improved accessibility of water for use with f ilter water 
spray systems. The system is fully integrated with the organic cell fire 
protection system for automatic operation with exception of the 50 gal/min 
exhaust duct spray and f i lter cell sprays, which require manual system 
coupling and operation. 

5.5.5.4.4 Ignition Source. Sources of ignit,on are minimized in the 
canyon and the filter ce l ls. All electrical installations are compatible 
with applicable codes for the types of materials being handled. 

5.5.5.4.5 Housekeeping Practices. Good housekeeping practices are 
emphasized in the canyon area to prevent the collection of combustible · 
debris on the deck or in the cells, exhaust air ducts, or the filter 

'! building. 

5.5.5.4.6 Fourth and Fifth Filter Cell (Ref. 5-21, 5-30). 

• Design Features--Fire screens are provided upstream of the first 
prefilter .and immediately following each bank of prefilters and 
HEPA filters. Fire screens do not preclude fire but provide a 
barrier to reduce the penetration probability of a spark to the 
HEPA filter. 

• Isolation of individual deep bed-bag type filters--Each bag type 
filter unit in the two prefilter banks are isolated by metal 
separators coated with intumescent paint. 

, Soacing Comoartmentalization and Sections--The spacing between the 
second prefilter bank and the first HEPA filter bank is 
approximately five ft, an increase of two ft over comparable 
spacing in C f i lter. The filters are divided into thr ee sections 
and compartmentalized in each cell. The prefilters do not 
preclude fire but provide a sacrificial barrier. 
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1 Insoection--Minimum quarterly inspections of all canyon cells are 
conducted. Inspections are also made an all cell entries. Check 
sheet records are maintained with a tickler system for inspection 
schedules. Management inspections are conducted approximately 
monthly, to minimize the presence of loose combustible materials 
on the canyon deck. 

1 Sampling--All drainage to deep cell tank is sampled for organic 
content. 

5.5.5.5 Instrument Air Failure--Instrument air use in the new filter 
facility is limited to liquid level detection in filter sumps, including the 
exit water seal sump and for determination of differential pressure across 
each filter bank. The loss of instrument air to the new filter is not 
critical to the operation. 

5.5.5.6 Electrical Power Failure. Electrical power in the filter facility 
M is required for instrumentation and services. 

C 
,.,.., 

Instrument electrical power is supplied from the emergency electrical 
panel in 221-8 Building for: 

• Operation of instrument recorders in the filter instrument 
building, 291-BF, for filter temperatures, sump liquid levels, 
filter differential pressures and alarm signal transmission to the 
Dispatcher's Office, Building 271-B 

1 Liquid level instrumentation for the seal water addition tank 

1 Instrument power receptacles. 

Service power is provided for: 

1 Electrical heat trace system on the seal water addition tank 

1 Instrument building exhausters. 

Both the normal power and emergency electrical power systems have a 
history of high reliability (Ref. Table 5-28). 

5.5.5.7 Loss of Water. The use of water for the fi}ter cell is limited to 
the initial filling of the filter-seal-water-add i tion tank and any makeup 
resulting from evaporation. No hazards to the filter will be incurred due 
to loss of water. 

5.5.5.8 Radiation Exoosure to Personnel. The shielding design cf the new 
filter was based on measured radiation dose levels as a function of 
radionuclide inventory bui1d-up experienced in the C Filter. Since 
recommendation for installation of a 11 real-time 11 monitor for measurement 
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of radionuclide emissions to the filter has not been implemented, there is 
no reliable source term to use in evaluating radiation levels or shielding 
adequacy over the life of the filter. If it is assumed that the build-up of 
the radionuclide inventory in the operating filter will not differ 
significantly from the C Filter experience, the shielding should be adequate 
with the following exception. The filter design does not provide shielded 
plugs for the 24, 10-in. inspection ports. However, sand-filled plugs are 
used on C Cell. 

5.5.5.9 Bypassinq of Filter Banks. Sumps provided after the f i lter inlet 
fire screen and after each of the five filter banks and the filter exit seal 
sump are equipped with steam jets for removal of liquids. Each individual 
sump jet is valved and subsequently connected to a common manifold which is 
routed to the exhaust ventilation tunnel upstream of the filters. Improper 
valve operation can result in bypassing one or all of the filters and thus 
negating to some degree filter system efficiency. 

5.5.5.10 Freezing of Filter Seal Water Addition Valve - The fi l ter seal 
water addition valves are located in a pit adjacent to the seal water supply 
tank. No provisions are made to prevent the piping and valve in the pit 
from freezing and the system becoming inoperable; however, this has never 
caused a problem. 

5.5.5.11 Flooding. The location of the filter structure with respect to 
water service _ piping, process piping systems, and cooling water drain piping 
creates no significant hazard to the structure should failure of one of 
these systems occur. The filter structure includes a built-up, asphaltic 
roof in compliance with Hanford Plant Standards HPS-548-AC to prevent .in
leakage of precipitation. The addition ~f water to the filter is limited to 
the filling of the filter exit water seal when required to isolate the 
filter from the B Plant filter system. The seal water is supplied from a 
storage tank near the filter, to establish isolation of the filter. 

Although considered remote, the overflowing of the exit water seal into 
the final filter section with wetting of the lower several inches of the 
filter media can occur under the following conditions: 

• The exit seal is full 

• The seal fill tank is refilled 

• The seal water addition valve is inadvertently reactivated. 

5.5.5.12 Filter Cell Flooding. Historically, the diversion of air from 
C filter cell was accomplished by the controlled batch addition of 
approximately 5,000 gal of water to . the filter outlet seal in five minutes. 
The capacity of the seal is approximately 7,500 gal. In the event of 
malfunction of the batch controller, water could continue to be added to the 
filter seal, overflowing into the filte~ cell and wetting the lower level 
filters to a depth of 6 in. This piping system has since been dismantled to 
eliminate this risk. 
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No release of radionuclides should occur as a direct result of such 
malfunction as the flow of air through the cell is prevented by the seal. 

Small quantities of radionuclides can be emitted if the seal water were 
to be removed and air flow reestablished through the cell. Administrative 
controls prevent the removal of water from the seals without a thorough 
review of the hazards. 

5.5.5.13 Mechanical and Flooding Damage to Filtration System Due to 
Equipment Operations. The exhaust air duct linking the filter system and 
the exhaust air tunnel in the canyon is approximately 200 ft in length and 
constructed of reinforced concrete. It is estimated that the duct roof can 
accept live loads of approximately 5,000 lb/ft2 which is in excess of wheel 
loadings for highway rated vehicles. The duct is located over nine direct 
buried process waste lines, a 14-in. carbon-steel cooling-water header and a 
24 in. earthenware cooling-water header. Only three of the nine process 
lines are in use for infrequent transfers of 3,000 to 9,000 gal batches at a 

:.n maximum pressure of 22 psig. The cooling water headers are gravity-flow 
systems located at a depth of 12 ft. 

Above grade ducts, fans and other peripheral equipment are inaccessibie 
to surface vehicles due to the terrain and equipment arrangement. 

5.5.5.14 Explosions (Ref. 5-28). The incidents were, hydrogen and ammonia 
accumulation and explosion, and red oil explosion. Details are discussed in 

~ Chapter 9. 

• Hydrogen Accumulation and Exolosion--The hydrogen generati-0n rate 
and postulated explosion would be no greater than postulated. The 

~ effect on the high efficiency filters is within the tolerance of 
the filters. 

• Ammonia Accumulation and Explosion--The probability of an 
explosion is remote. If the postulated explosion were to occur, 
the high efficiency filter is not damaged. 

There should not be ammonia in the canyon ventilation exhaust 
system which is exhausted through the high efficiency filter; 
however, samples of solids and solutions from the filter cells 
indicates the presence of considerable ammonium nitrate. The rate 
of filter differential pressure buildup indicates certain plant 
operations or conditions may contribute more ammonium nitrate than 
others. The accumulation of ammonium nitrate shortens the filter 
life and contributes to possible problems as outlined in the fire 
section of this report. 
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, Red Oil Explosion--A review of the hazards of a red oil _explosion 
disclosed no new information. The probability of the postulated 
incident is very remote because of operating conditions and 
safeguards. The HEPA filter system is not damaged by the 
postulated explosion. 

5.5.5.15 Moisture Damage of The Filter Media--The prefilters and the HEPA 
filters installed in the filter cells are moisture resistant. Prior 
prefilter failures in the A and 8 cell filters have been attributed to use 
of pr~filters lacking moisture resistance. Past practices of deliberately 
moistening filters to reduce pressure drop across them have been eliminated 
and operating procedures modified to prohibit this action. 

The steam-actuated jets for removal of liquid from filter sumps pose a 
potential hazard of moisture damage to filter media. Improper valve 
operation or inattention during jetting operations could result in steam 
being introduced into the filter system. 

5.5.5.16 Interaction of Filter with Existing Filter System. The design and 
construction are similar in configuration to the existing filter cells. The 
method of isolation of the filter from the system is by filling the water 
seal, which is similar to seals associated with other filte rs in the system. 

There are no shared critical services which can be over loaded -or 
interrupted. The significant interface between filters of the exhaust 
filter system is the activation of the filter-seal-water-addition motorized 
valve will be activated automatically from the fire alarm panel in the 
271-8 Building as a function of the existing 221-B Building ' process organic 
cells fire protection system and the supervised heat detector system located 
in the filter system inlet and exit air streams. Isolation of the operating 
filter is an integral part of the existing exhaust ventilation air diversion 
system which upon activation, results in the diversion of air from the HEPA 
filter system thru the sand filter. Operability of the motorized valve is 
critical with respect to air diversion when such diversion is required. 

Operating procedures take into account the need for per iodic testing of 
the sea l water motorized valve to ensure operability when required. 

5.5.6 Survivability of Filters Cells (Ref. 5-7). 

5.5.6.l 291-BC-(A & B HEPA Filter Cells). The seismic analysis of the 
concrete cell indicates that the roof and its supports will survive the HRHE 
and SSE. The north wall, however, fails due to soil pressures generated by 
the seismic motion~ The results predict cracking which might cause the loss 
of water seal and air tight integrity. Collapse of the wall would be a 
possibility, which would precipitate total cell collapse. The HEPA filte ~ 
frames will survive HRHE and SSE motions intact~ if the cells do not 
collapse. 
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5.5.6.2 291-80-(C-HEPA Filter Cell). In the third cell, the roof and 
its supporting columns will survive the HRHE and SSE. The south wall panels 
between the pilasters will fail due to soil pressures generated by the 
seismic motions. The pilasters themselves are marginal. This wall failure 
could cause the loss of water seal and air tight integrity, and possibly 
collapse the cell. The filter support frames will survive the HRHE and SSE 
intact, if the cell does not collapse. 

The 20-ft by 40-ft sheet-metal-covered building above- the north end of 
the third ce 11 has a structura 1 stee 1 frame. This frame, however, has no 
significant moment carrying joints. Thus, lateral stability is derived from 
the shear strength of the formed sheet metal skin, the 11 X11 bracing rods, and 
the stability of the column anchorages to the concrete supports. The 
strength of the skin is unknown and is by tradition neglected. This leaves 
the 1/2-in.-dia. rod diagonal fixity to resist lateral forces. 

The structure was analyzed for SSE motions in the east-west and north
south directions. The HRHE effects were determined by linearly scaling down 
the SSE results. A three-dimensional-response spectrum analysis was done 

~ using the ANSYS finite element program. The effects of any loads suspended 
on the overhead crane were neglected. The SSE analysis results indicated 

C") that while the member stresses are low, the column welds to the base plates 
would fail. The same welds would be marginal during an HRHE. The failure 

-- of these welds would mean the loss of column base fixity and building 
0' collapse • . During a tornado, either the metal skin will blow off the 

~ building, or it will collapse due to a failure to the column base welds. 
, · Tornado missile penetrations would be expected. 

5.5.6.3 291-BF (Fourth HEPA Filter Cell). The reinforced concrete can be 
, expected to survive the SSE and HRHE. The steel in the prefilter frame will 
yield due to SSE motions, which could possibly cause the filters to leak. 
There is an unknown amount of support for the frame from the sheet metal 
filter boxes. This would tend to prevent complete collapse of the filters • 

. The final filters will survive the earthquake except that if there is not at 
least 2.3 in. of water differential pressure across the filters at the time 

~ of the seismic event, the anchor bolt for the center support strut might 
pull ou t of the wall. If the strut comes loose, it would pound on the wall 
subjecting both the wall and filters to impact loads. Alternatively, the 
strut might fall away, depriving the frame of its center support. Under 
these conditions, the frames will be overstressed if there is more than 
1.6 in. of water differential pressure. Deformation of the frame under 
these conditions could possibly break the filter seals. 

5.5.6.4 291-BG (Fifth HEPA Filter Cell). The below-grade concrete portions 
will survive the HRHE and SSE intact. This cell uses the same filter 
support frames as the 291-BF Ce 11. Thus, it has the same prob 1 ems with the 
prefilters and the possible strut failure which could lead to the HEPA 
filters leaking around the seals. The 5th cell also has an above-ground 
4-ft by 5-ft by 8-ft-high concrete housing for the duct plug operating 
mechanism. This can withstand the seismic loads and the tornado winds. 
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Heavier tornado missiles might cause some spalling of the concrete, but 
would not impair its functioning. The housing has a sheet metal cap which 
would be subject to damage by missiles. If the cap were penetrated or 
dislodged, the support mechanism for the duct plug could be damaged. Th i s 
could allow the plug to drop out of the position which closes the duct. The 
plug could be put back into the closed position except that it might be 
destroyed when it impacted the bottom of its travel range. This would leave 
only the 1/4-in. steel-plate doors closing the duct. 

The first and second cells are integrated as a single below-ground 
reinforced structure and other cell structures below-ground were not 
analyzed for tornado effects since it was judged to have no significant 
effect on the below-grade cells. 

5.6 SAND FILTER EMERGENCY STANDBY SYSTEM 

The 291-B Sand Filter Building was constructed in 1948 for use in 
conjunction with the operation of the bismuth phosphate (BiP04) process. 
The HEPA filter cells were installed later in parallel with the sand filter. 
In the event that the HEPA filters system become inoperable the 291-8 sand 
filter can be manually activated as an emergency backup by draining and 
filling the appropriate water seals. An intertie also exists to 
automatically activate the sand filter when the in-cell fire detection 
system is activated. 

The sand filter is located 171.2 ft north and 61.5 ft east of the 
canyon building. The filter is connected by 5-ft-wide and 6-ft-deep 
stainless-steel ducts approximately 18-ft long and above grade. The filter, 
110 ft long, 55 ft wide and 21 ft 1 in. high except at the west end where it 
is approximately 26 ft 5 in. high, is a reinforced concrete structure with a 
floor slab 12 in. thick at an elevation of 4 ft below grade. The roof 
consists of 60 precast concrete slabs, 7 in. thick, 15 ft 11 3/4 in. long 
and 4 ft 11 3/4 in. wide, covered with waterproofing membrane composed of 
layers of asphalt and fabric. The roof is supported by 12-in.-thick 
concrete walls and by 12 in. by 18 in. precast concrete beams upheld by two 
rows of 12 1/4 in. by 12 1/4 in. reinforced concrete columns spaced 10 ft 
apart. Figure 5-30 is a cross section of the sand filter. The floor has 
7 3/4-in. by 12-in. by 16-in. hollow concrete blocks laid longitudinal ly and 
separated by 1/2-in. wood dowels for distributing the incoming air. 

The sand filter is a deep (several feet thick) bed of rock, grave l and 
sand, constructed in layer graded with about 2 to 1 variation in granule 
size from layer to layer (Fig. 5-28). The collection mechanism of a sand 
filter is largely gravity settling and Brownian diffusion. Air flow 
direction is upwardr and granules decrease . in size in the direction of the 
airflow. A top layer of moderately coarse sand is added to prevent the 
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fluidization of the finer sand. The superficial velocity is around 
5 ft/min. and the pressure drop across the contiguous layers of sand sized 
from grade I to grade VII (with type "C" 2-Bays at duct end only), is 
7 in. WG at a volumetric air flowrate of 25,000 ft3/min (H-2-1379). 

The sand filter has a greater mass than the other filter types; sand is 
inert to most gases and only gravity is required to assure that bypassing 
does not occur (Ref. 5-11). Sand filters have a formidable reputation for 
dependability having served for 20 yr at the Redox plant and at two 
buildings at the Savannah River Plant. There have been two incidents of 
loss of filter function. Both incidents were caused by acid attack on the 
concrete enclosure and were repaired and returned to service . 

Smoke cannot be practically removed from the exhaust gases, and the 
capacity of the filter to accept smoke can become an important 
consideration. Sand filters are nearly invulnerable to the heat of a fire. 

5.6.l Filter Test (Ref. 5-30) 

The main objectives of the sand filter test was to determine the 
radioactivity release rate of the sand filter under shutdown conditions and 
to determine the flow capacity in terms of the ability of the fans to 
maintain sufficient canyon vacuum. 

However, additional information gained by the test included filtration 
efficiency estim~tes and flow-rate, differential-pressure measurements. The 
sand filter test was divided into four discrete steps to prevent the 
possible release of excessive contamination from the B Plant stack during 
testing. The following four tests were performed: 

• The filter was tested with sodium nuclei and atmospheric air to 
determine if the removal efficiency was sufficiently high to allow 
testing with canyon exhaust air 

• The filter was operated on contaminated air in parallel with the 
A, B, and C HEPA bays and then in parallel with the C bay 

• The filter was placed on line by itself under controlled 
conditions 

• The filter was placed under conditions simulating the automatic 
switchove~ of the fire protection system. 

5.6.1.1 Operating Characteristics (Fig. 5-29) - The sand fi l ter 
differential pressure is shown as a function of the flow rate in Figure 6, 
and is compared to earlier data. The flow characteristics of the filter 
,ave changed as shown in the figure. The differences may easily be due to 
difference in flow and dp measurement instruments and techniques. However, 
a decrease in differential with time may be indicative of improper settling 
sands and void formation. 
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The overall OOP Test of the HEPA filters resulted in an efficiency of 
99.958% and is indicated as a single point. 

5.6.1.2 Radionuclide Release Rate. The sand filter test was conducted 
during a period of extended shutdown to simulate emergency shutdown 
conditions. Based on the release rates experienced during several tests 
lasting 4-8 h the projected total activity released for the sand filter 
during an extendeo shutdown was determined to be about 1 x 10-3 Ci /d. This 
is significantly below the plant daily discharge limits of 0.01 Ci of 90sr 
and 0.2 Ci of all other fission products. The release rate is a variable 
dependent on the activity going to the sand media. This concentration is 
dependent on time, but the conditions present during the test typifies an 
emergency shutdown condition. An emergency situation resulting in the use 
of the sand filter may temporarily increase overall contamination levels. 
However, the activity released through the sand filter can be cont rolled by 
flushing appropriate process areas, sealing off the air supply (such as 
covering fan openings and taping cracks around doors) so that reduced flow 
is required and if necessary, isolation of areas responsible for excessive 
activity. 

5.6.2 Emergency Ooeration of Sand Filter 

Upon disruption of the operating filters, the standby sand filter can 
be activated. The original B Plant filter has a low filtration efficiency, 
around 99%. All processing in the building is shut down while using the 
sand filter. The air flow through the sand filter should be limited to 
26,000 ft3/min to prevent fluidizing the filter bed. The sand filter is 
either activated or taken out of service by the use of an inlet and outlet 
water seal. 

5.6.2.1 Filling Sand Filter Seals. Water is supplied underground to the 
southwest corner of the sand filter. Water is also supplied to a riser 
above grade, through a stop and waste valve. Rubber hoses are connected 
from this riser to the filling inlets. An automatic filling system is 
provided for each seal. The floats are adjusted to keep the water level 
about 2 in. below the overfill drain on each seal. Water to the automatic 
valves is supplied from the above riser through a permanently installed, 
insulated line, containing ball-type block valves. The block valves are 
kept open to keep the seals filled automatically. Alternatively, the seal 
levels can be monitored and/or adjusted manually. 

The inlet and outlet seals are tied together via an 18 in. drain that 
takes off at the bottom of each compartment. Therefore, the water in both 
seals equalize to a common liquid level, and both seals will fill or empty 
simultaneously. 

The HEPA filter seals jet to Tank TK-10-1 and it shou ld be ascertained 
that 10-1 can hold the water before emptying the seal. Emptying the seals 
will result in 4,500 gal increase of the 10-1 contents. 
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To jet a seal, the main 225 psi steam supply to the manifold on the 
east side of 291-B Fan House and the suction valve to the jet are opened to 
supply steam to the jet. When the jets are not in service, all the valves 
are closed. 

While jetting any seal at 291-8 the other water sear and sump 
magnehelic gauges are observed for change in level as it is possible to jet 
water into the seals because all 291-8 jets have a common discharge header. 
However, if the sand filter seals are emptied, it will be -necessary to 
closely monitor a small water seal that was installed in the underground, 
common 18-in. drain from the sand filter seals to the 8-ft-dia. valve pit. 
This small water seal in the 18-in. drain prevents a flow of unfiltered air 
directly from the sand filter inlet air duct to the outlet duct, discharging 
to the stack without filtration. 

The sealing chamber is made of 19 1/4-in.-OD pipe and has a hold-up of 
about 18 gal of water, at a height of 15 in. above the bottom of baffle. 

M The water left in the seal is exposed to the airstream and will gradually 
evaporate. There is an instrument weight factor dip tube installed in the 
water seal 1 in. above the bottom of the baffle, which is monitored in 
291-80 Instrument Building. 

The liquid level of the water seal is monitored each shift. When the 
liquid level recedes to an elevation 2 in. above the bottom of the baffle, 
supervi sion is_ notified. Plans are then made for refilling the water seal. 

The instrument group is notified and the differential pressure 
measuring devices for the sand filter, located in 291-B Fan House, are 

.Placed in service. Differential pressure measurements of the sand filter 
should be monitored shift-wise. 

Emptying the sand filter seals will place the sand filter in parallel 
. operation with the operating filter systems. This is done by jetting water 

in the outlet seals. 
0' 

The sampling and detection instrumentation for the 291-B stack 
monitoring equipment is given close attention by constant monitoring of the 
equipment in 292-8 Building during the initial and early stages of the sand 
filter operation. 

The capability for rapid diversion of the canyon exhaust air to the 
standby sand filter (about 5 or 10 min) can be done by draining the sand 
filter seal water to the outlet seals. 

5.6.2.4 Water Supoly To Filter Outlet Seal and Soray Manifold. The 
8-ft dia. valve pit south of 291-80 contains the valve manifold for 
supplying the sprays in 291-80 and for filling the Filter outlet seal. The 
valves i n the pit are locked in a closed position until the Fire Protection 
System i s activated. 
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5.6.3 Survivability of Sand Filter (Ref. 5-7) 

It is concluded that the sand filter structure would probably fail to 
resist the HRHE or the SSE, because there is minimal lateral restraint on 
the precast concrete beams which support the roof cover slabs. These beams 
could be displaced laterally from their supporting columns on one end by 
earthquake motions. 

The internal reinforced concrete columns, footings, and reinforcement 
details appear adequate to resist HRHE or SSE motions. However, the 
analyses indicate flexural failure in the cell wall due to dynamic soil 
pressure loads from the backfill. 

The sand filter cell analyses showed that stresses nearly exceed code 
limits in the concrete roof slabs due to the . specified 100 lb/ft2 live load 
and the dead load. The slabs do not satisfy code minimum stiffness 
requirement. At 50 lb/ft2 live load, cover slab and beam flexure stresses 
would be within code limits. However, the concrete beams that support the 
cover slabs do not have shear reinforcement and are nearly overstressed 
without any seismic event. Hence, the HRHE load would overstress the slabs 
and beams, causing the building to collapse. 

o-- 5.7 291-B STACK AND 292-B STACK MONITORING BUILDING 

The stack, located 214 ft south and 87 ft west from the east end of the · ~ 
canyon, provides the elevated release path for the dispersion of potentially • 
contaminated canyon air. The 200 ft stack column, constructed of reinforced 
concrete and vertical steel reinforcements, is .a circular tapering hollow 
shaft 13-ft 10-3/8 in. OD and 1 ft thick at the base and 7 ft 6 in. OD and 
6 in. thick at the top. The top is covered with an alloy cap (Ref. 5-30). 

Within the stack is an acid proof brick lining laid in acid proof 
mortar completely separated from the column by a free unobstructed annular 
space. The lining is self supporting, free standing structure of varying 
wall sections and thicknesses at various elevations, and tapers from a 
7-ft ID to a 5-ft ID 6 in. above the top of the concrete column. The acid
proof-brick lining, reinforced with alloy metal bands, is provided with an 
alloy cap anchored to the bricks by means of bolts. 

This system has a catch tank which receives condensate from the stack. 
The catch tank solution ean be jet transferred to the air tunne l which 
drains to the 10-1 tank in 221-B. 

5.7.1 292-B Stack Monitoring Buildina 

The building is a sample house for the B Plant stack. The gaseous and 
particulate emissions are continuously sampled in the building. The 
building has one level on grade with a poured concrete floor covering an 
area of 336 ft2. The exterior and the interior walls are concrete blocks 
with a concrete deck roof covered with tar and gravel. The building has a 
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construction classification of 11 fire resistive" and has an occupancy 
classification of "special purpose industrial 1

' and is equipped with portable 
fire extinguishers. 

The sampling system consists of the Rockwell generic . stack sampling and 
monitoring open-rack assembly and instrumentation described below. Remote 
alarm annunciation is located in the 271-8 Building dispatcher 1 s office. 

5.7.1.1 Samolina System. The flow monitoring and isokin~tic sample 
extraction tubes are housed in the main stack, which is located south of the 
221-8 main processing building. The isokinetic extraction probe transport 
lines and air flow sensing lines between the main stack and the 
292-8 Instrument Building are heated and insulated to prevent moisture 
condensation from the sample air stream. 

The 292-8 Instrument Building west of the main 8 Plant stack houses the 
bulk of the flow monitoring and radiation analysis equipment. Instrument 

L~ controls, alarms, and indicators are located within this structure except 
for the high airborne radiation beacon and system failure bell which are 
mounted on the exterior of the 292-8 Building. Remote alarms and indicators 
are installed in the 271-B Building dispatcher's office. 

5.7.1.2 Main Stack Flow Monitoring. A flowrate sensing element is 
installed in the main stack airstream .to measure air flow. An electrical 
signal, proportional to the stack flow, is transmitted to the 271-8 Building 
dispatcher's office. The flowrate and totalized flow are displayed in this 
office. The flow sensing elements and indicators are sized to handle the 
main stack flowrates, which range from 25,000 ft3/min to 75,000 ft3/min. 
The probes are mounted at 50 ft in elevation in the stack. 

5.7.1.3 isokinetic Sample Extraction Probes (Ref. 5-3, Fig. 5-30). Two 
separate isokinetic air extraction probes are installed to withdraw 
representative air samples from the main stack airstream. The record 
sampling system operates continuously if air is being exhausted from the 
stack. The continuous air monitoring (CAM) system operates continuously 
under all circumstances. The Rockwell generic system has a switched 
receptacle linked to the exhaust fan operation. A flow switch disrupts 
power to the receptacle when stack air flow stops and restores the power 
upon detection of the resumption of flew. 

Sample probes are designed for isokinetic sample extraction based on 
the average stack velocity. The average value is determined from velocity 
profile measurements taken at or near the plane of sample extraction. 

One probe is dedicated to extract an air sample that passes through a 
paper record filter at a minimum flaw rate of 2.2 ft3/min. A flowrate 
exceeding 4.0 ft3/min will damage the record filter and, therefore, cannot 
be exceeded. Air flowrates through the record filter are sensed, regulated, 
indicated, and totalized in the 292-8 Instrument Building. A low sample air 
flowrate activates an alarm switch that initiates local and remote alarm 
indicators. Remote alarms and indicators are located in the 271-8 Bu il ding 
dispatcher 1 s office. 
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The other probe draws a sample through a flow splitter. One side of 
the flow splitter is ported to a backup record filter. The other side of 
the flow splitter is ported to a continuous beta/gamma radiation monitor. 
The air flow through the backup record filter is regulated and equipped with 
a local flowrate indicator. The radiation monitor has a similar regulating 
and indicating device. 

Local, low-sample flowrate alarms are provided by the Rockwell generic 
sample system. Alarms resulting from a radiation analyzer malfunction or a 
low sample flowrate annunciate separately at a local level; but these alarms 
are combined into one general alarm at the remote alarm panel. The Rockwell 
generic sample system has local alarms for high airborne radiation and 
system failure and a high temperature alarm for CAM circuit protection. 

5.7.2 Survivability of Exhaust Ventilation Stack 291-B (Ref. 5-7) 

Analyses conducted to determine the resistance of the 291-B exhaust 
ventilation stack to seismic motions, tornado wind, and missiles concludes 
that, under the HRHE, the stresses in the concrete are within allowable 
limits, but the stress in the vertical steel reinforcement will exceed the 
yield. Overturning moment calculations for the stack using HRHE motion 
indicates stack foundation instability. Furthermore, the stack concrete and 
vertical reinforcement will be overstressed by SSE motions. The 
unreinforced masonry lining in the concrete stack is brittle and offers no 
shear and bending resistance. It will be incapable of resisting lateral 
HRHE and SSE seismic motions. The failure of the masonry lining will plug 
the stack. 

The 175 mph tornado wind will cause about 79 lbs/ft2 pressure on.the 
projected area of the stack and this pressure combined with the dead load 
will overstress the concrete causing the vertical reinforcement to yield. 
The overturning moment applied by 175 mph tornado on the stack equals the 
foundation's capacity to resist overturning. Based upon the analysis it is 
not likely that the stack will be functional after a design basis tornado. 
The 26 in. x 20 ft of 20-gauge (mean thickness of .0396 in.) corrugated 
steel siding impacting the stack at 150 mph will not penetrate but on ly 
result in spalling of the concrete. 

5.7.3 Survivability of 292-B Building (Ref. 5-7) 

Based on an e~tensive history of unreinforced unit masonry structure 
collapse due to earthquake motions, the 292-B Building cannot withstand the 
HRHE or SSE ground motions. The building will not survive the 175 mph 
tornado wind and tornado-generated missile loads. It is concluded that 
probability of surviving HRHE and SSE loads, missile loads, and tornado wind 
loads is low. 
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5.8 PRIMARY CONTAINMENT 

The waste fractionization building is a radiochemical processing plant 
with all the process materials contained within tanks, process equipment 
(ion exchangers, so 1 vent e·xtract ion co 1 umns, pumps, concentrators) and 
piping connecting the vessels and the equipment. The tanks and equipment 
are located in a single array of cells (Fig. 5-31) •11hich are sunk below deck 
level, and with each cell covered by four 6-ft thick concrete blocks. 
Radioactive solutions during intersectional transport are transferred by way 
of the pipe trench running the length of the canyon to the boundary of 
Cell 4. The pipe trench is covered by stepped 4.5-ft-thick concrete covers 
similar to those used for the process cells. 

The process equipment, tanks, and piping provide physical barriers and 
their associated vessel vent systems form the primary confinement of the 
radio-chemical solutions in the process. The vessels and equipment are 
compartmentalized within the cells, and the. intersectional piping for 
transport of radiochemical solutions are ·1ocated within the hot pipe trench 

0-- area to isolate high risk zones and minimize the potential hazardous effects 
of design basis accidents. 

c The piping from the galleries and the AMU area is used for non-
radioactive chemical transfer through seal pots to the equipment and the 
tanks. All chemical additions to wall nozzles go through seal pots except 
at nozzles 2 and 41 for Cell 21 and nozzle 71 for Cell 18. Nozzles 2 and 41 

~ are for anhydrous ammonia and carbon dioxide addition to Tank 21-1. 
, r· Nozzle 71 is for resin addition to the ion-exchange colullll1, T-18-2. The 

valves at the wall serve as an isolation device. The anhydrous ammonia pipe 
in the 221-8 pipe gallery is enclosed in a ventilation duct. The duct 
exhaust is discharged 5 ft above the 221-8 Building by a 200 ft3/min blower. 

~• The cold-chemical and the utility pipes are curved where they pass through 
shielding walls to minimize radiation leakage. Seal pots and valves are 

- 1ocated near the north wall piping penetration, to provide the demarcation 
, boundary for contamination control between the accessible 11 cold-chemical 11

, 

· •' the isolated radioactive areas, and designed to minimize transport of 
o,., radioactive materials into operating areas. 

5.8.l Waste Processing Plant Equipment in Canyon Cells (Ref. 5-35) 

This section covers the major equipment used in the diversified process 
at 8 Plant. Details are available in B Plant Equipment and Facilities 
information manual (Ref. 5-36). Table 5-11 identifies the design and 
operating parameter of the equipment used in B Plant Cell. 

5.8.1.1 Canyon Tanks (Fig. 5-32 and 5-33). The tanks in the canyon are 
cylindrical or oval enclosed cross section tanks except for the open topped 
10,000-gal waste collection tank in Cell 10. Table 5-12 provides pertinent 
data and information applicable to the canyon tanks and Figure 5-31 
i ndicates the cell allocation to these tanks. All tanks are equipped with 
cooling coils except for pump tank TK-29-4 wh;ch is located within make-up 
tank (TK-29-2). 
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TABLE 5-11. Design and Operating Condition of Equipment. 
· • 

Design conditions 

Equipment Pressure (ps lg) . Ten1perature( •F) 

She 11 lube Shell Tube 
-

Tanks 60(1) 1506 250 250 

T-22-2 Tower -2.2 250 

E-22- l Heater 10/5 l00 350 350 

E-22- 7 llealer 5 115 350 350 

F-22-8 (1 & 2) 5 350 
Fl Her 

E-23 -3 Concen- ,!5 ]00 
tralor Boller 

E- 23-4 Condenser 10 150 ]00 300 

T-27- 1, T-28-1 ZO(l)T/108 250 
T-29 -1, T- 30-1 

T-18 -5 70 

T-38-5 100 

E-88-6 
a. Vessel 30/60( I) 
b. lube bundle 

(heating) 
c. Jacket 

E- 38-7 

l . In. H20 Vacuum 
T - Top 
B - Bottom 
•Pipe Coll 

100 
100 

150 

250 

50• 200 200 • 

200 

340 
225 

60(1) 250 250 

Operating cond I tlons 

Pressure (pslg) Temperalure( 0 f) 

Shell Tube Shel 1 Tube 

10(1) 100• 125 85 

-0.4 130 

50(1) 95 75(1n.)/225 (BOT) 335 

60(1) 100 75(1n.)/225(BOT) 328 

60(1) 225 

50( 1) 220 

50(1) 95 220 220 

l0(2)T/68 90 

30 

90 JO 90 100 

20(1) 200 

20( 1) 200 

100 60(1) 185 185 

Reference 

H-2-66157 
11-2-66155 

11- 2-60842 

H-2-60B43 

11 -2-60845 

11 -2-60B46 

11-2-60B51 

H-2-60854 

H-2-60865 
H-2-60998 

11 -2-36584 

11-2-66200 

11 -2-66261 

11 -2-66264 
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Ta 
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1 

l 

Ii 

6 

6 

1 

1 

8 

8 

9 

9 

-1 

-1 

-2 

-1 

-2 

-1 

-2 

-1 

-2 

0-1 

1-1 

1-2 

2- 1 

3-1 

4-1 

function 

Strontium concen-
trate receiver 

Strontium storage 

Stronttu11 storage 

Strontium storage 

Strontium storage 

Strontium storage 

Strontium storage 

Waste receiver 

Supernatant storage 

Waste collection 

Slurry tank 

Decant and metathesis 

Supernatant receiver 

Centrifuge super-
n1t,mt receiver 

CAW cesium product 
receiver 

TABLE 

Dimension 
(ft/dla.) 

3.25 X 7 X 4 

8 X 14 

8 X 14 

8,. 14 

8 X 14 

8 X 14 

8 X 14 

8 X 14 

8 X 14 

18 X 11 X 1 

4.5 X 7 

9 X 9 

9 X 9 

9 X 9 

4.5 X 7 

5-12. Canvon Tanks Information. (Sheet 

Capacity 
Cooling col ls Coll range (gal) 

(gal) Surfaje Duty from To (ft ) Btu/h 

500 240 4,8 X 105 65 416 

5,200 420 8.4 X 105 221• 1,649 

5,200 420 8,4 X 105 238• 1,698 

5,200 l!i1 3,14 X 105 494* 4,051 

5,200 157 3.14 X 105 500• 4,000 

5,200 157 3.14 X 105 499• 4,022 

5,200 157 l.14 x 105 416 4,022 

5,200 157 ].14 X 105 432 4,035 

5,200 157 l.14 x 105 505 4,0~5 

10,000 908 18.16 X 105 100 7,500 

800 18 1.56 X 105 122 662 

3,913 300 6,0 X 105 100 l ,500 

4,200 118 2.36 X 105 551 2,964 

3,972 30 0,6 X (05 318 3,532 

656.7 18 1.56 X 105 98 687 

5 

1 of 5) 

Haxlaua concentration 

Sr(HCI) Cs(HCI) Pu(kg/1) 

3.2** li.62** 1.5 

15.1 21.9 2.5 

15. l 21.9 2.5 

10.8 15.3 2.5 

15.l 21.9 2.5 

10.8 15.3 2.5 

10.8 15.3 2.5 

15.1 21.9 2.5 

12.6 18.2 2.5 

34.5 48.8 4.0 

2.52 3.64 13. l 

15.l 21.9 2.5 

IS.I 21.9 2.5 

10.] 14.6 2.5 

4.21 7.37 l.l 

Agitator 
or pump 

A-5-1 

A-6-l 

A-6-2 

A-7-1 

A-7-2 

A-8-l 

A-B-1 

A-9-l 

Air lift 
Clrcuhto 

None 

A-11-1 

A-11-2 

A- 12-1 

A-13-1 

A-14-1 

r 

V) 
CJ 
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V) 
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c.n 
I ,o 
'° 

Tank 
no. 

14-2 

17-1 

17-2 

18-1 

18 -- 3 

19-1 

20-1 

21-1 

22-1 

23-1 

24- 1 

25-1 

25-2 

Function 

Ceslu11 storage 

Ceslu11. storage 

Cesium supernatant 
receiver 

IXW receiver 

IXF pu11p tank 

IXP receiver tank 

IXP concentrate 
receiver 

Ceslu11 eluent storage 

Condensate receiver 

Honbolllng waste 
concentrate 

Low level waste 
receiver 

Ceslu11 waste receiver 

"lgh level waste 
receiver 

9 9 n 6 

TARLE 5-12. Canyon Tanks Information. (Sheet 2 of 5) 
Cooling coils Coll range (gal) Haxl11U11 concentration Dimension Capacity 

(ft/die.) (gal) Surfa~e Duty frOII To Sr(HCI) Cs(HCI) Pu(kg/1) (ft ) Btu/h 

9 X 9 3,899 118 2.36 x 105 491 2,939 12.6 18.2 2.5 

8 X 14 4,940.3 228 4.56 X 105 173 1,476 15.l 21.9 2.5 
8 X 14 4,995.3 100 l.97 X lQ5 110 950 2.52 3.64 2.5 

9.5 x 12 1,848.3 52 1.04 X 105 100 507 0.52 0.731 1.5 

4.5 X 7 737.6 40 o.eo x 105 25 324 2.52 3.64 1.3 

10 x 16 x 14 11,260 160 3.2 X 105 600 2,670 0.52 0.731 3.0 

3.25 X 7 X 4 492.1 240 4.8 X 105 62 412 2.52 3.6'1 1.5 

·• 

10 X 16 X 14 12,500 160 3.2 X 105 500 2,520 7.55 10.9 3.0 

3.25 IC 7 ll 4 460.9 240 •21.6 X 105 
4.8 X 105 

68 417 3.0 4.88 1.5 

3.25 X 7 X 4 792.2 128 2.56 X 105 53 502 2.52 3.64 1.5 

10 X 16 X 14 ll,090 290 5.8 x 105 500 7,092 2.52 3.64 3.0 

8 X 14 4,873.9 435 8.7 x 105 150 2,045 2.52 l . 64 2.5 

8 X 14 4,862 435 8.7 x 105 150 2,096 2.52 3.64 2.5 

Ag It a tor 
or pump 

A-14-2 

A-17-1 

A-17-2 

A-18-1 

A-18-3 

A-19-1-1 
A-19-1-2 
PA-19-1 

A-20-1 

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

PA-22-1 

PA-23-1 

A-24-1-1 
A-24-1-2 

P-25-1 
A-25-1 

A-25-2 
P-25-2 

V, 
0 
I 
~ 
3: 
I 

V, 
)> 
:;u 
I 

0 ..... 
w 
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TABLE 5-12. Canyon Tanks Information. (Sheet 3 of 5) 

U1 
I 
I-' 
0 
0 

Tank 
no. 

26-l 

26-2 

26-3 

21-2 

27-] 

27-4 

28-2 

28-3 

28-4 

29-2 

29- ] 

29-4 

30-2 

30-3 

31-1 

31 -2 

Function 

Organic contractor 

ICF contractor 

ICP receiver 

ICP receiver 

ICM contractor 

ICF pump tank 

IBP recelvtr 

IAX makeup 

IBF pump tank 

IAf makeup 

IAf pump tank 

ISf pump tank 

IAW receiver 

IAX 11ump tank 

PAS a1etathes ls tank 

Dissolved cake 
storage 

Dimension Capacity 
(ft/dla.) (gal) 

9 X 9 l,932. l 

5 X 7 X 12.5 2,636.3 

5 X 7 X 12.5 2,621,] 

5,5 X 12 2,002.4 

7 X 14 3,790 

2.75 X 5 X 3,5 280.3 

5.5 X 12 1,980 

7 X 14 3,757.4 

2,75 X 5 X 14 284.9 

9.5 X 5 X 14 3,982.7 

9,5 X 5 X 14 4,149.3 

1.66 X 8.66 140 

9,5 X 5 X 14 4,128.9 

9. 5 X 5 X 14 4,135.5 

5,5 XS 1,533 

4,5 X 7 715 

Cooling co11s Cotl range (gal) H1xlmu• concentration 
Surfaie 
(ft ) 

Duty Fr011 Btu/h To Sr(HCI) Cs(HCI) Pu(kg/1) 

68 l,36 X 105 302 3,358 2.52 3.64 2.5 

48 0.96 X 105 150 610 2.52 3.64 1.5 

48 0.96 X 105 125 569 3.45 4.88 1.5 

52 1.04 X 105 60 460 2.52 3.64 1.5 

200 4.0 X 105 200 2,074 2.52 3.64 2.0 

55 1. 1 X 105 30 205 1.79 3.14 1.0 

52 1.04 X 105 64 561 2.52 ].64 2.0 

200 4.0 X 105 189 l",934 2,52 3.64 2.0 

55 64,95 X lt 30 202 3.45 4.88 l.O 
1,1 X 10 

200 4.0 X 105 237 1,636 2.52 3.64 2.0 

200 4,0 X 105 240 1,651 2.52 3.64 0.5 

0.745 1.31 0.5 

200 4.0 X 105 140 1,500 2.52 3.64 2.0 

200 18 X 105 209 1,634 2.52 3,64 2.0 

52 4,68 X lQ5 61 533 4.31 6. 10 1.5 
1,04 X 105 

40 0.80 X 105 111 405 4.58 8.24 l.l 

Agitator 
or pump 

A-26-1 
P-26- 1 

A-26-2 

P-26-3 

A-27-2 

P-27-3 
A-27- 3 

PA-27-4 

P-28-2 
A-28-2 

P-28-3 
A-28-3 

PA-28-4 

A-29-2 

A-29-3 
P-29-3 
P-29-4 

A-30-2 

! A-30-3 
! A-30-3 

A- 31 - 1 

A-31-2 

Vl 
CJ 
I 
:E: :;: 
I 
Vl 
)> 
;o 
I 

0 
I-' 
w 



U'1 
I 
~ 
0 
~ 

Tank 
no, 

32-1 

33-1 

34 -1 

34-2 

34-3 

35 -1 

35-2 

36- l 

36-2 

36-3 

37-1 

37-2 

37-3 

38-1 

Functton 

Waste receiver tank 

Treated acidified 
sludge storage 

Ceslu• product 
storage 

Cestu111 product 
storage 

Ct51u• product 
s orage 

Cask feed loadout 
tank 

Cask waste receiver 
ll:nk 

Strontium product 
storage 

Strontium product 
storage 

Strontlu• product 
storage 

Cesium product 
storage 

Cesium product 
storage 

Cesium emergency 
receiver 

feed tank 

9 

TABlE 5 12 C - - . 
Dl11enslon Capacity 
(ft/dla.) (gal) 

9.5 X 9 3.969.l 

10 X 16 X 14 14.056.9 

5.5 X 9 X 14 4.139.3 

5,5 X 9 X 14 4,100 

5.5 X 9 K 14 4,100 

4,5 X 7 750 

9 X 9,83 3.963 

5,5 IC 9 X 14 4,400 

5,5 X 9 X 14 4,400 

5.5 K 9 X 14 4,400 

5,5 IC 9 X 14 4,400 

5,5 X 9 X 14 4,400 

5,5 IC 9 X 14 4,400 

3 X 4 X 7 500 

9 8 

anvon T k I f an s n orma ti on. ( Sf t 4 f 5) 1ee 0 -· 
Cooltng cons Cotl range (gal) Haxtni• concentratton 

' Surfa~e Duty From To Sr(HCI) Cs(HCI) Pu(kg/1) (ft ) Btu/h 

115 2,30 X )05 852 30 011 5.04 7.28 2.5 

160 3,20 X 105 562 2.55 1.72 2.44 3,0 

382 8.0 X 105 240 1.634 7.57 10.9 2.0 

382 8.0 ·x 105 160 1.660 21.4 30,9 2.0 

382 8.0 X J05 180 I 0 640 21.4 30,9 20.0 

95 2.0 JC 105 50 320 4.68 8.41 0,5 

30 4.26 X 105 303 1.454 25.2 45.4 2.5 

385 8,0 X 105 192.8 1,683.8 15.l 21.9 2.0 

385 8,0 X 105 187,1 1,684.9 15.l 21.9 2.0 

385 8,0 K 105 245.9 1,666.8 IS.I 21.9 2.0 

382 8,0 X 105 225 1,700 IS.I 21.9 2.0 

382 8.0 X 105 214 1,651 15.1 21.9 2.0 

382 8.0 JC 105 --- 1,848 15.l 21.9 2.0 

26 0,32 X }05 
0,3) X )05 

39,3 263 1.14 1.61 0.5 

-

--
Agitator 
or pump 

A-32-1 

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

A-34-1 

A-34-2 

A-34-3 

A-35-1 

A-35-2 

A-36-1 

A-36-2 

A-36-3 

A-37-1 

A-37-2 

P-38-l 

Vl 
CJ 
I 

i 
I 
Vl 
)> 
:;o 
I 

0 
~ 
w 



U1 
I 
I-' 
0 
N 

Tank 
no. 

38-2 

30-] 

]8-4 

38-8 

39- 1 

39-2 

39-3 

39-4 

39-5 

function 

Cask feed loadout 

Recycle tank 

Eluent receiver 

Ceslu• product 
receiver 

Low level waste 
from WESF 

Cesium waste 
to WESf 

Cesium feed 
to W[Sf 

Strontlu11 waste 
from ~IESf 

Strontium feed to 
to WESf 

9 9 

TAOLE 5-12. Canyon Tanks Informal ion. (Sheet 5 of 5) 
Cooling coils Coll range (gal) Haxlau• concentration Dimension Capacity 

(ft/dli.) (gal) SurfJce Duty fro• To Sr(HCI) Cs(HCI) Pu(kg/1) (fl ) Btu/h 

4.5 X 7 500 15 0.08 X 105 41.9 308.6 1.14 l.61 0.5 

2.66 X 4 X 7 500 26 0.]3 X 105 ]9.8 305.9 0.276 0.]90 0.5 

4.5 X 5.5 500 0.25 X 105 46.2 262.8 0.793 1.12 0.5 

2.33 X 2 125 20 0.33 X 105 4.3 24.07 0.196 l.61 0.5 

9.5 X 5 X 12 3,700 200 375 63.4 2,659.9 0.0130 0.018 0.5 

4.75 X 5 X 12.66 1,850 90 3.0 X 105 46.8 749.7 10.3 14 .6 0.5 

3.0 X 9.0 325 115- 2.6 X 105 0. 74 1.05 0.5 

4 X 5 X 12 1,500 26 2.25 X 10~ 36.7 938.3 7.76 11.0 0,5 

5.5 X 5 X 12 2,200 100 4.20 X 105 53.0 1,618.5 ·7 .55 10.9 · 0,5 

Agitator 
or pump 

Air Sparge 

Air Sparge 

Air Sparge 
P-18-4 

Air Spare 

A-39-1 

A-39-2 

Air Sparge 

A-39-4 

A-39-5 

., 

Vl 
CJ 
I 
~ 
3: 
I 
Vl 
)> 
;;o 
I 
0 
I-' 
w 
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Some tanks have integral water jackets but they are not currently used. The 
coils are hydrostatically tested at 150 psig and the tanks are tested by 
filling with water to ensure the integrity of the tank and coils during 
operational transients. These tank volumes are determined as a function of 
liquid level; the information is found in the Tank Calibration Manual 
(Ref. 5-37). 

5.8.1.2 Concentrators and Condensers (Table 5-13). The four concentrators 
in B Plant are designated as: 

• E-5-2 Strontium Product Concentrator 

• E-20-2 Cesium Product Concentrator 

• E-23-3 Low Level Waste Concentrator 

• E-38-6 Purified Cesium Concentrator 

5.8.1.2.1 Product Concentrators (E-5-2 and E-20-3) and Condenser. The 
Cell 5 and Cell 20 concentrators are identical in structure. They have one 
tube bundle containing 307 1-in. stainless steel tubes with an outside 
surface area of 1197 ft2. The process solution is on the inside and the 
steam is on the outside of the tubes. 

A reverse dished impingement plate is located in the upper shell which 
deflects the percolated liquid effecting a separation of liquid and vapor. 
An 8-in. downcomer connects the vapor section with the e~larged bottom 
section to allow recirculation of the concentrated liquid. 

The deentrainment shell, directly above the vapor shell, conta i ns a 
mist separator and spray nozzles. The mist separator consists of 
"Z" baffles which remove the entrained droplets of liquid from the vapors 
returning the liquid to the deentrainment section through a seal pot, which 
prevents vapors from bypassing the impingement plate and traveling directly 
to the mist separator. 

Semicircular baffles, acting as tube bundle supports, prevent 
channeling of the steam through the tube bundle area. Expansion joints in 
both the evaporator shell and the downcomer minimize strain due to large 
temperature changes. 

The horizontal, multipass, water-tube condensers located in Cells 5 
and 20, have been modified and relocated from 221-U Building. Each 
condenser has 10-ft-long tubes (342) with a surface area of 895 ft2, and 
there are 9 tube passes. Seven segmental baffles spaced throughout the 
length of each condenser distribute the vapor flow through t he 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 spray nozzles. A sketch of the concentrator in Cell 5 is shown in 
Figure 5-34 and the condenser in Cell 20 in Figure 5-35. 
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TABLE 5 13 C t t d C - I • r') oncen -ra :~rs ,a~ ~ o~den,sers. 
r 

Number Name 

E-5-2 Strontium concentrator 

E-20-2 Cesium concentrator 

E-23-3 Waste concentrator 

E-5-3 Strontium condenser 

E-20-3 Cesium condenser 

E-23-4 Waste condenser 

E-22-3 Vessel vent heater 

E-22-4 Vessel vent condenser 

E-22-7 Scrubber vent heater 

E-38-6 Purified cesium 
concentrate 

E-38-7 Purified cesium 
condenser 

II = lleat. 
C = Coo 1. 

' •a 
Capacity 

(gal) 

300 

300 

3,000 

---

---

---

---

---

---

100 

. . 

Duty Area Bundle description (Btu/h) (ft2) 

4,500,000 896 307 Vert. tubes 1-12 
BWG x 14 ft 2-7/8 in. 

9,000,000 896 307 Vert. tubes 1-12 
BWG x 14 ft 2 7/8 in. 

21.000.000 1,850 West-687 Vert. tubes 
l 1/4 00-BWG x 10 ft 

24,000,000 1,290 East-630 Vert. tubes 1-12 
1 OD 12 BWG x 10 ft 

4,500,000 895 342 Hor. tubes 1-12 
BWG x 10 ft 

9,000,000 895 342 Hor. tubes 1-12 
BWG x 10 ft 

30,000,000 1,340 568 llor. tubes 1-12 
OWG x 10 ft 

200,000 190 91 llor . . tubes 1-12 
BWG x 9 ft 

2,000,000 895 342 ltor. tubes 1-12 
B~IG x 10 ft 

50,000 40 51 Hor. tubes 1-12 
BWG x 3 ft 

1,000,000 ti 140 53 Vert. tubes 1-12 
·10,500 c. 8\4G X 10 ft 

6,000,000 140 55 Vert. tubes 1-12 
BWG x 10 ft filled with 
pall rings 
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VAPOR TC CONDENSER 
. - . 

I-! 

NOZZLES 

A BLANKED 
8 STEAM CONC·Et-S,:.. 7E O~""'.""-:. 
C BLANKED 
D W.F., S0G, CHEt.~;c,:..L ,:.;:: :T!Ot\ "'.' .•: 5-~ 
:: BLANKED 
G BLANKED 
F SiEAM INLET 
I-! SiEAM IN!..:7 
J STEAM IN LET 
K STEAM INLET 
L CONCENTRA iE iK 5-1 
M CHEMICAL ADDITION TY- :-2F 
N TEMPERATURE PROSE 
Q . FEED TK 28-2 

54 in. 0.0.·==:J 

i 

I 

Cl ; _ , - · Ill 

I 
.5 
0 

= -N 

' t 

307 i -in . TUBES 

PSB!iOl - 14 

FIGURE 5-34. Concentrators (E-5-2, E-20-2). 
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CONO. VENT TO 21-211-2 
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@ 

TO 24 in. SEWER 

1_3-~ 1.. ..I 
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44-1/32 in 

:: 1/16 

?S8504-80 

FIGURE 5-35. Condensers (E-5-3, E-20-3). 
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5.8.1.2.2 Cell 23 Concentrator Assembly. The elevation vi ew of the 
whole concentrator assembly is shown in Figure 5-36 and the plan view of the 
E-23-3 concentrator is shown in Figure 5-37. 

• Concentrator E-23-3 

This 3,000-gal-capacity concentrator is a vertical, si ngle-pass 
shell-tube, thermal-recirculated and steam heated evaporator. It 
has two removable stainless steel tube bundles located in 55-in.
dia. and 14-ft 5-in.-high cylinders. The west bundle has an 
inside area of 1,850 ftZ and design heat duty of 27 million Btu/h. 

The 687 tubes in the west bundle are 1 1/2 in. dia., and the 
630 tubes in the east bundle are 1 in. dia. Both bundles have 
four steam inlets and one steam condensate outlet on top and they 
all have baffles in the shell to ensure that the shell-side fluid 
will flow across the tubes and thus induce higher heat transfer. 
During the periods of sensitive operation, the east bundle is 
used, since it is easier to control, especially at startup. 

A 30-in. draft tower is situated between the tube bundles. The 
liquid, induced by boiling, circulates down the draft tower and 
back into the tube bundle sections. The overflow column, locat:d 
next to the draft tower, contains the outlet for the concentrated 
solution to TK-23-1 as well as the weight factor and specific 
gravity dip tubes. The concentrator has a seal pot venting to the 
air tunnel. If the seal-pot were allowed to become empty, the 
concentrator would loose vacuum, resulting in loss of operating 
efficiency. 

• Deentrainer D-23-2 and Condenser E-23-4: 

The vapors travel up through the D-23-2 deentrainment vessel to 
the E-23-4 condenser. The condensate from the condenser is then 
routed to the SCP (process condensate) tank in 221-BB. The 
60-in. dia. and 7-ft-high deentrainment vessel contains two 
separator pads which are made of knitted wire mesh. The low 
pressure drop across the separators allow the vessel to collect 
most of the liquid that escaped from the concentrator. 

The condenser, 38 in. dia. and 10 ft in length, is situated 
horizontally above the concentrator. It is water cooled and has 
coil surface area of 1,340 ft2 and heat duty of 50 million Btu/h. 

5.8.1.2.3 Cesium Concentrator E-38-6 and Condenser E-38-7. The cesium 
concentrator (Fig. 5~38) is a thermosyphon-type unit 18 ft 3 in. high. The 
concentrator consists of a lower section containing a tube bundle, cooling 
section, and return leg. The upper section contains a packed steam stripper 
and entrainment separator. 
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The tube bundle contains 53 1-in. 00, 0.188-in.-wa11 vertical tubes 
inside a shell 12-in. IO. The tube bundle is 10 ft from tube sheet to tube 
sheet. Both shell and tubes are single pass. The tubes are installed on an 
l 3/8-in. triangular pitch and provide a heat transfer surface area of 
87 ft2 based on the inside surface of the tubes (140 ft2 outside area). 
Process solution flows through the tubes and steam through the shell. 

The lower section of the concentrator below the tube bundle and return 
leg is 4-in. IO. A portion of this section is covered by~ cooling jacket 
consisting of two separate sections. Cooling water circulates through each 
jacket section in an annular space baffled by a continuous spiral running 
the length of the jacket. Each jacket. section contains a single convolution 
bellows-type expansion joint. 

The packed steam stripper is located directly above and between the 
tube bundle and liquid return leg. A distributor plate 11 3/4 in. dia. is 
located above the top of the packing. A removable wire mesh deentrainment 
pad is located inches above the top of the distributor plate. 

The concentrator is equipped with a seal pot designed to relieve 
pressure greater than 25 in. WG or vacuum greater than 60 in. WG. The seal 
pot CQntains approximately 3.3 gal of water. 

The overall capacity of the concentrator is approximately 100 gal. At 
100% submergence of the tube bundle, the concentrator would contain about 
54 gal of liquid. To utilize 100% of the cooling jacket area would require 
about 9.5 gal of water. 

. The condenser (E-38-7) is a vertical shell and tube unit mounted on top 
'of the effluent receiver tank (TK-38-4). The shell is 12-in. IO containing 

_ 55 tubes on a triangular pitch. The tube bundle is 10 ft from tube sheet to 
tube sheet. Stacked end on end in each tube are stainless steel pall rings. 
Heat transfer area based on the inside surface of the tubes (process side) 
is 113 ft2. Both shell and tubes are single pass. The shell contains two 
offset segmental baffles equally spaced in the shell at 40 in. Across all 
tube openings in both tube sheets is a grid of flatbar for packing support. 
The bundle shell contains a single convolution, bellows-type expansion 
joint. 

5.8.1.2.4 Concentrator Interlocks (Ref. 5-33). The concentrators are 
equipped with interlocks (H-2-35305, H-2-35323) designed to automatically 
shut down the system in the event that any of the following conditions occur 
during startup operation or shutdown cf the system. The concentrators 
(E-5-2 and E-20-2) are equipped with one-tube-bundle system but (E-23-3) has 
a two-tube bundle system and thus, the instrumentation is duplicated for the 
second bundle (Fig. 5-39). 

• High pressure steam to the tube bundles--The monitoring pressure 
switch, PS-1 (Hi), dual contacts open, deactivating the system and 
activating a visual and audible annunciation system, PA-1 (Hi). 
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• Low ressure in the tube bundles--The monitoring pressure switch, 
PS-2 Lo , dual contacts open, deactivating the system and 
activating a visual and audible annunciator system, PA-2 {Lo). 
This provides air pressure to the tube bundle to minimize · leaking 
of process solution into the bundle. 

• Low weight factor in concentrator--The monitoring pressure switch 
WFAS-2 (Lo), contact open, deactivating the syst~m. 

• Hi h tem erature in concentrator--The monitoring pressure switch, 
TAS-1 Hi), dual contacts open, deactivating the system and 
activating a visual and audible annunciator system, TA-1 (Hi). 

• Operation--the occurrence of any one of the above events 
deenergizes the relay (K-1) and the solenoid valve (EV-STM) 
causing the diaphragm-operated steam valve (DOV-3) to close. The 
solenoid valve (EV-CON•) is deenergized while the solenoid valve 
(EV-AIR) is energized, closing the steam condensate valve (DOV-3), 
and opening the air valve (DOV-2), thus pressurizing the tube 
bundle with air. 

Raw water addition to the tube bundle requires holding the pushbutton 
(PB-1) in until it is pressurized to 10 psig which will energize the 
solenoid valve (EV-COND), opening the steam condensate valve (DOV-3), and 
the raw header block valve upstream from the raw water pressure-reducing 

,. valve (PRV-3). • 

~ 5.8.1.3 Centrifuge (Fig. 5-40). Cells 12, 13, and 32 each have a 
centrifuge and a supernatant receiver. The principal components of a 

•centrifuge include: a) a solid cylindrical bowl, b) a vertical spindle from 
which the bowl is axially suspended, c) an electric motor directly connected 

- to the spindle, and d) an outer cylindrical case which encloses the rotating 
, bowl. These components are mounted on a raised concrete foundation so that 

· the bowl effluent will drain by gravity through an opening near the bottom 
f the outer cylinder to the supernatant receiver. The entire assembly is 

designed for remote operation and maintenance. All parts in contact with 
process solutions or fumes are stainless steel. 

The bowl of the centrifuge is solid and measures 40 in. in dia. and 
24 in. in height. Overflow diameter of the bowl is 28 in. The capacity of 
the bowl when not spinning is 125 gal static; however, during operation the 
maximum holdup is 60 gal. The holdup may be reduced by adjusting 
hydraulically operated skimmers with which each centrifuge is equipped. 
Three horizontal baffle plates, with weep holes equally spaced around the 
inside of the bowl, will retain 60 gal while skimming; however, the solids 
are generally held to 20 gal or less to maintain high efficiency. ihe bowls 
and the cases are equipped with sprays supplied by 230-ft head pumps from 
scale tanks located in the operating gallery. 
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i----------48 in.---------~ 
i---------40 in.--------i 

i------28 in.------. 

J 

BOWL 
SPRAYS 

1 
~ ...... -.:.:==~ ========= 

-----CENiRIFUGE CASE 

~ 
CHEMICAL ADDITION 
AND FEED LINE 

~ SOLIDS BAFFLES 

====~ 

FIGURE 5-4D. B Plant Centrifuge Bowl. 
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A 440-V, 40-hp electric motor rotates the bowl at 1,740 rpm or 870 rpm 
with a corresponding centrifugal force of 1,720 G (1,720 times the force of 
gravity) and 430 G at the bowl wall. Corresponding forces at the overflow 
point are 300 G at 870 rpm and 1,200 G at 1,740 rpm. 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 monitor, 
a vibration meter, and a temperature element in the bottom of the bowl. 

5.8.1.3.1 Centrifugation Batch Size (Ref. 5-40). The volume of the 
slurry centrifuged per batch is normally calculated so as not to exceed 15 
gal of solids per batch. This limit helps insure adequate solids residence 
time and prevents inadvertent solids transfer to the supernate during bowl 
skimming operations. A laboratory test of a feed sample will provide a 

0 
solids volume percent value from which the optimum number and size of the 
centrifugation batches can be calculated as in the following example. 

Feed volume 
Vol% solids 
Total solids 
Minimum batches 

= 2,000 gal, caustic butt volume= 150 gal 
= 4% 
= (2,000) X {0.04) = 80 gal 
= 80/15 = 5.3 or 6 equal size batches 

2,000 + 150/6 = 350 gal 

A rough estimate of volume percent solids can be obtained from 
Figure 5-41 using the total molar concentration of metallic impurit1i~ 
(excluding Ba, Ca, and Na) as an index. 

5.8.1.3.2 Safety Consideration. The centrifuge should be operating 
_ above 400 rpm to force oil to the upper drive head bearing since it will not 

be reliably lubricated below this speed. 

• Excessive Temperatures 

The large starting current required to bring the centrifuge from a 
stop to 870 rpm and from 870 rpm to 1,740 rpm causes an 
appreciable temperature increase in the motor windings. The 
centrifuge motor windings should be allowed to cool for 
approximately 10 min after either of these operations before 
increasing the centrifuge load; for example, going from 870 to 
1,740 rpm or starting centrifugation. Braking the .centrifuge also 
produces heat in the motor since an electromagnetic field is set 
up in the motor windings to slow the armature. The motor should 
be allowed to cool for a minimum of 10 min after this operation. 
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• Bowl Loading 

Every effort should be made to avoid starting up a loaded bowl 
which may be unbalanced. There are certain critical speeds 
characteristic of the centrifuge which produce excessive 
vibration. Ordinarily these are no problem since the bowl just 
momentarily passes through these speeds while going up to 
operating speed. However, the centrifuge should not be routinely 
operated at these speeds (400 to 500 and 1,200 rpm). 

• Skimming 

Before starting the centrifuge, the skimmers should always be 
checked to be sure they are in the 11 out 11 position. 

5.8.l.4 Ion Exchange Column. 
cesium purification process. 
and another in Cell 38. 

The ion-exchange columns are used in the 
One ion-exchange column is located in Cell 18 

5.8.1.4.l Cell 18, Ion-Exchange Column. The ion exchange column, 
~ ' T-18-2, is a Class I vessel 6 ft in diameter and 15 ft high. For down-flow 

operation, solutions enter the column at the top through a cage 3 ft 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 8, C, F, and 
H. Solutions are collected near the bottom of the column in a 10-arm 
11 spider" 64 in. dia. The arms of the spider are covered with a 50 mesh 
stainless steel screen. The lower 13 ft of the column are filled with an 

" ion exchange medium which is added to the co 1 umn as a slurry through a . 
nozzle which bypasses the top screen. The ion exchange 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 exchange 
~ · resin-level indicator, top and bottom pressure indicators, and a temperature 
- indicator. Figure 5-42 is a schematic of the ion exchange column • 

. ~' 5.8.1.4.2 Cell 38, Ion Exchange Column. The ion exchange column, 
T-38-5 is a vessel 12 1/4 in. ID by 13 ft 8 1/4 in. high. The column is 
filled to a height of 12 1/2 ft with 10 1/2 ft3 of synthetic zeolite ion 
exchange medium. The 20 to 50 mesh zeolite is contained between two 80-mesh 
screens, top and bottom. The zeolite is permanently installed and cannot be 
replaced. Overall height between screens is 12 ft 9 in. The column is 
equipped with a cooling jacket which provides 40 ft2 of heat transfer 
surface area. Cooling water flows through the jacket in a 5/16 in. annular 
space, baffled by a continuous spiral running the length of the jacket. A 
simplified sketch of the ion exchange column is shown in Figure 5-43. 
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5.8.1.5 Solvent Extraction Columns (Table 5-14). The B Plant solvent 
extraction battery is used to recover strontium and rare earths from current 
acid waste and acid sludge, and for purification of strontium. There are 
four pulse columns designated as: 

T-30-1 
T-28-1 
T-27-1 
T-29-1 

lA - Extraction (Fig. 5-44) 
18 - Strontium Strip (Fig. 5-45) 
lC - Rare Earth Strip (Fig. 5-46) 
lS - Scrub (Fig. 5-47) 

The columns have upper and lower disengaging or "tub" sections with 
associated overflow, feed, and jet-out lines. The cartridge assemblies with 
perforated plates and tie rods made of 304L stainless steel are located 
between the two tub sections to increase the contact between the aqueous and 
organic phases within the columns. 

The IA column perforated plates have 0.1875-in.-dia. holes spaced 
3/8 in. apart (center to center) in an equilateral triangle arrangement. 
The perforation nozzles point down. 

The 1S, 18, and IC column plates have 0.125-in.-dia. holes in 
identically spaced arrangements as the lA column. The perforation nozzles 
point down in the 18 column and up in the 1S and lC columns. 

In the lA, lS, and 18 columns louver-plate, phase redistributors are 
used to effect a swirling motion of the column contents .during the upward 
phase of the pulse movement. This breaks up channeling. The louver-plates 
are located 6 in. above the bottom set of perforated plates and 6 in. below 
the top set. 

The columns have either a top interface or a bottom interface. The 
interface location can be changed by changing jumpers. 

Influent streams are introduced through distributors to provide uniform 
phase distribution across the column cross section. The discharge hole 
sizes are such that discharge velocities are high enough to cause some 
mixing, but not so great as to promote flooding due to excessive turbulence. 

5.8.1.5.1 Pulse Generators. There are four pulse generators 
designated as: PS-30-1, PS-29-1, PS-28-1, and PS-27-1. They are 
reciprocating piston mechanisms driven by 15 hp motors with 18.5/1 worm gear 
reducers. 

Pulsing of the liquid in the columns through the perforated plates 
enhances the mixing of the two phases and provides motive force for moving 
one phase through the other. 

The pulse is transmitted from the pulser to the bottom of the column 
through a 4-in.-dia.-pulse leg filled with aqueous phase which is 
essentially stagnant. Leakage past the piston-cylinder assembly is returned 
to the appropriate process tank and must be maintained at a sufficiently l ow 
rate. 
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TABLE 5-14. Solvent Extraction Columns. 

Description Column Column 
T-30-1 T-29-1 

Overall height (ft) 18.5 14.5 

Co 1 umn IO ( i n. ) 20 20 

Plate section height (ft) 14.o(a) lO.o{b) 

Plate hole diameter (in.) 0.1875 0.125 
Hole centers (in.) 3/8 tri 3/8 tri 

Perforations nozzle direction Down Up 
Louver plate (d) Yes Yes 
Column volume (gal) 731 603 
Volume tcp dis. section (gal) 218 156 

Volume plate contact section (gal) 263 195 

Volume bottom dis. section (gal) 250 252 

Dispersed phase Aq Aq 

Cont. phase Org Org 

(a)rwo 6.5 ft sections at 2 in. plate spacing. 

(bhwo 4.5 ft sections at 2 in. plate spacing. 

(c)one 10.33 ft section at 4 in. plate spacing. 

Column 
T-28-1 

18.5 
20 
14.o(a) 

0.125 
3/8 tri 
Down 
Yes 
731 
218 
263 
250 

Aq 
Org · 

Column 
T-27-1 

18.5 
15.25 
14.33(C) 

0.125 
3/8 tri 

Up 
No 

600 
185 
158 
257 
Org 

Aq 

~v the 
(d)The louver plate is 6 in. below the upper section and 6 in. above 

lower section. 
(e)ro overflow nozzle. 
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The pulse amplitude is preset at 2 in. for lA, 1B, and lS and 1 in. for 
the lC column. The frequency may be varied during column operation. The 
pulse volume is 85 in.3, (approximately 0.4 gal) and the frequency range 
obtained is 30 to 890 cycles per min. 

Two direct-current motor-aenerator sets with four exciters supply DC to 
the four normal or, if desired: to three normal and the one standby AC 
alternators. Field rheostats for varying the current of each of the 
exciters are provided. Eddy current couplings to the alternators provide 
the variable speed control for the pulser-motors. 

Start-stop push buttons and a speed control are mounted on the 
operating panel board for each pulser. Selector switches for transfer of 
start-stop and speed controls from normal controller to the standby 
controller are provided for all four pulsers. 

5.8.1.6 Pumps (Table 5-15). Pumps located 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, containing the pump stages 
as an integral part, extends downward to the desired distance. The number 
of stages is determined by the desired head and capacity of the pump. 
Solutions enter the pump axially at the lower end of the column and pass 
vertically upward through contiguous stages in the column. The pumped 
solution is discharged radially through a side arm at the top of the column 
section just above the mounting flange. The drive shaft extends 
concentrically through the column and is guided by sleeve bearings 
lubricated by the pumped solution. The drive shaft is directly coupled to 
the shaft of the electric pump motor mounted above the mounting flange. Th~ 
weight of the shaft and the thrust developed during ope~ation are absorbed 
by the motor bearings. A throttle bushing is provided at the point where 
the drive shaft emerges from the column section. Leakage past the throttle 
bushing is returned to the vessel. 

5.8.1.7 Pump Agitators. In several B Plant tanks, limited space has 
necessitated modifying existing pumps into pump agitators. The modification 
consists 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 to the upper pump stages. 
Through the use of a diaphragm operated valve on the pump discharge line, a 
pump agitator may be used for two modes of operation: with the pump 
discharge valve closed, the solution will recirculate back to the tank 
agitating the contents of the tank and with the pump discharge valve open, 
the solution will be pumped and agitated simultaneously. Pump agitators 
cannot be used for batch contactors because it cannot pump without also 
agitating the solution. 

5.8.1.8 Aaitators (Table 5-16). All agitators in the plant are of 
stainless steel construction. The agitator shaft is connect ed through a 
flexible coupling to the output shaft of a speed reducer which i s directly 
connected to the shaft of an e lectric motor. The agitator shaft is 
fabricated in two sections; the upper portion carries both thrust and radia l 
bearing loads, while the lower portion carries the agitator blades. T~e two 
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Pump 
EPH 

P- 17-2 

P-18-1 

PA-18-3 

P- 19 -1 

P-21 - 1-1 

P-21 - 1-2 

P-22-1 

P-23-1 

P-24 - 1 

P-25- 1 

P-25-2 

P-26-1 

P-26-2 

-, 2 

TABLE 5-15. List of Pumps. (Sheet 1 of 2) 

Service Dimensions Capacity Head 
(dia.) (gal/min) (ft2) 

Cesium supernatant 8 X 12 50 80 
receiver 

lXW receiver 9 1/2 X 12 50 90 

lXF pump tank 4 1/2 X 7 50 90 

lCP receiver tank 10 X 16 X 14 15 110 

Cesium eluent storage 10 X 16 X 14 50 80 

Cesium eluent storage 10 X 16 X 14 15 70 

Condensate receiver 3 1/4 X 7 X 4 15 70 

Nonboil1ng waste 3 1/4 X ] X 4 10 25 
receiver 

Low level waste 10 X 16 X 14 45 90 
receiver 

Cerium waste receiver 8 X 14 50 120 

tl1gh level waste 8 X 14 50 120 
receiver 

Organic contractor 9 X 9 75 45 
' 

ICP contractor 5 X 7 X 12 1/2 75 117 

Motor 
(hp) 

2 

3 

3 

2 

2 

3 

2 

2 

2 

.5 

5 

3 

5 

Pump heel 
(gal) 

347 

45* 

25.3 

787 

818.6 

818.6 

22.8 

43 

1,244 

137.7 

122.3 

1,830 

28 

(./) 

CJ 
I 

:E: 
3: 
I 

(./) 
):> 
;u 
I 

0 
I-' 
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t-• 
N 
c,o 

Pump 
EPH 

P-26-3 

P-27-3 · 

P-27-4 

P-28-2 

P-28-3 

PA-28 -4 

P-29-3 

P-30- 3 

Service 

lCP receiver 

lCW contractor 

lCf pump tank 

lBP receiver 

lAX makeup 

lBf pump tank 

lAF pump tank 

lAX pump tank 

') t) 
• C 9 9 . 3 

TABLE 5-15. list of Pumps. (Sheet 2 of 2) 

Dimensions Capacity Head 
(dia.) (gal/min) (ft2) 

5 X 7 X 12 1/2 75 117 

7 X 14 100 70 

2 3/4 X 5 X 3 1/2 . 5 72 

5 1/2 X 12 10 90 

7 X 14 100 70 

2 3/4 X 5 X 3 1/2 8 72 

9 1/2 X 5 X 14 5 110 

9 1/2 X 5 X 14 10 110 

Motor 
(hp) 

5 

· 5 

4 

5 

5 

4 

6 

6 

Pump heel 
(gal) 

31 

1,300 

126 

82.3 

1,621.1 

11.8 

90* 

92.l 
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N 
lO 

Af ta tor 
EPN) 

A-5-1 

A-6-1 

A-6-2 

A-7-1 

A-7-2 

A-8-l 

A-8-2 

A-9-1 

A-9-2 

A-11-1 

A-11-2 

A-12-1 

A-13-1 

A-14-1 

A-14-2 

9 ·~ 8 9 4 

TABLE 5-16. List of Agitators. (Sheet 1 of 4) 

Dimensions Motor Shift Japeller 

Vessel service (dh. tn Ol111eter NUlllber of Inches) hp rp11 rp11 Type (In.) blades 

Strontlu111 concentrAte 3 1/4 11 7 11 4 5 1,150 1,150 prop 8 3 
receiver 

Strontium storage 8 X 14 7.5 1,750 186 turb 17 8 

Strontium storage 8 X l4 7.5 1,750 186 turb 17 8 

Strontlu~ storage 8 X 14 5 1,150 150 turb 18 4 

Strontl1111 storage 8 11 14 7.5 1,750 186 turb 17 8 

Strontium storage 8 X 14 5 1,150 100 turb 18 4 

StronllUIII storage 8 X 14 5 1,150 100 turb 18 4 

Wu te rece Iver 8 X 14 5 1,150 100 turb 18 4 

Supernatant storige 8 11 14 5 1,150 100 turb 18 4 

Slurry tank 4 1/2 X 7 5 1,150 100 turb 14 4 

Decant and Metathesis 9 X 9 15 1,150 68 turb 36 8 

Supernatant receiver 9 11 9 15 1,150 68 turb 24 4 

Centrifuge supernatant 9 X 9 5 1,750 150 turb 20 8 
receiver 

Undes lgnated 4 1/2 X 7 5 1,150 100 turb 14 4 

Ces lu10 storige 9 11 9 15 1,150 68 turb 24 4 

HlnllllWII 
volume 

to 191t1te 
(911) 

140 

494.4 

508 

316 

320 

324 

333 

329 

320 

69 

368 

437 

753.6 . 

98.4 

490.8 

Vl 
CJ 
I 
~ 
:3: 
I 
Vl 
);,, 
:0 
I 

C.> ...... 
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Ul 
I 

1- • 
<~-> 
0 

Aritator 
EPN) 

A-16.-1 

A-17 -1 

A-17-2 

A-18-1 

PA-18-3 

A-19-1-1 

A-19-1-2 

A-20-1 

A-21-1-1 

PA-22-1 

PA-23-1 

A-24-1-1 

A-24 -1-2 

A-25-1 

A-25-2 

9 5 

TA13l.E 5-16. List of Agitators. (Sheet 2 of 4) 

Dimensions Motor Shaft lqieller 

Vessel service (d la. In Diameter Number of 
Inches) hp rp111 rpm Type (In.) blades 

-
Undeslgnated 6 1/2 • 14 5 1, 150 100 turb 14 4 

Ces lu11 storage 8 X 14 7.5 1,750 186 turb 17 8 

Cesium supernatant 8 X 14 5 1,750 
receiver 

150 turb 17 8 

lXW receiver 9 1/2 X 12 5 1,150 100 prop 9 3 

1 Xf pump tank 4 1/2 X 7 3 -- -- pump -- --
lCP receiver tank 10 X 16 • 14 7.5 1,750 186 turb 17 8 

lCP receiver tank 10 • 16 X 14 7.5 1,750 186 turb 17 8 

lXP concentrate 3 1/4 X 7 X 4 2 1,150 
receiver 

1,150 prop 8 3 

CeslUII eluent storage 10 X 16 X 14 7.5 1,750 186 lurb 17 8 

Condensate receiver 3 1/4 X 7 X 4 2 --- --- pump --- --

Honbolllng waste 3 1/4 • 7 X 4 2 --- --- pump --- --
concentrate 

Low level waste 10 X 16 x14 7.5 1,750 
receiver 

186 turb 17 8 

Low leve 1 waste 10 X 16 X 14 
receiver 

7.5 1,750 186 turb 17 8 

Cerium waste receiver 8 X 14 7.5 1,750 186 turb 17 8 

111!11 level waste 8 X 14 7.5 1,750 106 turb 17 8 

HlnlUIUID 
volume 

to agitate 
(gal) 

348.6 

423 

347 

176.2 

25.3 

1,170.4 

1,170.4 

134.9 

1,169.3 

22.8 

33 

1,244 

1,244 

408.5 

399 

Vl 
CJ 
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Attalor 
EPN) 

A-26-l 

A-26-2 

A-26-3 

A-27-2 

A-27-3 

PA-27-4 

A-26-2 

A-26-3 

PA-28-4 

A-29-2 

A-29-3 

A-30-2 

A- 30-3 

A-31-1 

A-31 -2 

A- 31-3 

A-32-l 

A-33-1-1 

A-33-1-2 

9 7 6 

TABLE 5-16. List of Agitators~ (Sheet 3 of 4) 

Dt111enstons Motor Shaft l11peller 

Vessel servtce (dla. 1n Otauaeter Nualher of Inches) hp rpi1 rpm Type (In.) blades 

Organic contractor 9 II 9 5 1.150 1,150 prop 9 3 

lCP contractor 5 II 7 X 12 1/2 5 1,150 1,150 prop 9 3 

lCW receiver 5 II 7 X 12 1/2 5 1,150 1,150 prop 9 3 

lCP receiver 5 1/2 X 12 5 1,150 1,150 prop 9 3 

lCW contractor 7 II 14 5 1,150 1.150 prop 9 3 

lCF pump tank 2 3/4 X 5 X 3 5 --- --- pump --- --
IBP receiver 5 1/2 X 12 5 1,150 1,150 prop 9 3 

lAX Makeup 7 II 14 5 1,150 1,150 prop 9 3 

l8F pump tank 2 3/4 X 5 II 3 2 --- --- pump --- --
lAF ai.,keup 9 1/2 II 5 X 14 7.5 1,750 186 turb 17 8 

lAF pun111 tank 9 1/2 X 5 X 14 7.5 1.750 . 166 turb 17 8 

lAW receiver 9 1/2 X 5 X 14 7.5 1.750 186 turb 17 8 

lAX pump tank 9 1/2 X 5 X 14 7.5 1,750 186 turb 17 8 

PAS metalhes Is tank 5 1/2 X 9 2 1,150 1,150 prop 8 3 

Dissolved cake storage 4 1/2 X 7 5 1,150 100 turb 18 4 

PAS prectpltator tank 6 1/2 X 14 5 1,750 150 turb 20 8 

Waste receiver 9 1/2 X 9 5 1,150 150 turb 24 8 

Treated PAS storage 10 X 10 X 14 7.5 1,750 186 turb 17 8 

Treated PAS stora9e 10 11 10 II 14 7.5 1,750 166 turb 17 8 

Ntnt111U11 
volwne 

to aglhte 
(gal) 

1,043 

280 

260 

225 

530 

12.6 

208.8 

547.1 

11.8 

377 

385.6 

390 

355.3 

212 . l 

154.9 

308.2 

752 

1,308.8 

1,308.6 
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Af ta tor 
EPN) 

PA-35-1 

A-35-2 

A-36-1 

A-36-2 

A-36-3 

A- 37- 1 

A-37-2 

A-37 -3 

A-39- l 

A-39-2 

A-39 -4 

A- 39-5 

.. 

TABLE 5-16. List of Agitators. 

Otmenstons Motor· 
Vessel service (dla. In 

tnches) hp rp11 

Cask feed 4 1/2 X 7 - 3 

Cuk waste 9 11 8.83 285 10 

Ceslu11 storage 5 1/2 11 9 11 14 68 3 

Ceslu11 storage 5 1/2 II 9 X 14 68 3 

Ceslu• storage 5 1/2 X 9 X 14 68 3 

Cestu• storage 5 1/2 X 9 X 14 186 7.5 

Culu• storage 5 1/2 X 9 l( · 14 186 7.5 

Cestu11 storage 5 1/2 II 9 X 14 84 3 

YESF low level waste 9 1/2 >< 5 11 12 68 3 

Cesh,111 waste 4 3/4 X 5 X 12.67 68 3 

Stronttu• waste 4 K 5 X 12 68 3 

Stronttu11 feed 5 1/2 X 5 X 12 125 7.5 

:, 7 ,,. 

(Sheet 4 of 4) 
Shaft lmpe ller 

rp11 Type Diameter Number of 
(In.) blades 

- - - -

- - - -
- - - -

- - - -

- - - -

- - - -

- - - -
- - - -

- - - -

- - - -
- - - -
- - - -

Mtntmu11 
volu111e 

to agitate 
(gal) 

-
-
543 

537 

502 

330 

317 

397 

1.005 

470 

271 

407 
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sections are joined together with a rigid, flange-type coupling. The upper 
section is sealed by a kerosene-lubricated Ourametallic 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 • . Contact of 
process solutions with the guide bearing is prevented by means of positive 
air pressure introduced to the torque tube. Kerosene drippings from the 
Ourametallic seal and air escape through the clearance between the agitator 
shaft and the lower end of the torque tube. · 

5.8.1.9 Transfer Jets. Transfer jets are used for transferring various 
solutions. The rated water siphoning capacity ranges from 3 to 75 gal/min 
with somewhat smaller jets used in samplers. Solutions transferred by steam 
jet are diluted approximately 5%. Although steam is usually used for the 
motive fluid, both water and air may be used. Solutions at temperatures 
greater th.an about 145°F (62.7°C) cannot be jetted becausesuctton of the 
solution fs great enough to cause the solution to vaporize. However, 
submerged jets are capable of jetting . solutions up to about 175°F (79.4°C). 

5.8.1.10 Gang Valves. Gang valves are used to operate the steam jets in 
B Plant. A gang valve consists of four spring-closed globe-type valves with 
all working parts constructed of bronze. The four valves control steam, 
air, shut-off, and vent. The proper use of the gang valves prevents back 
flow of radioactive solutions into the partial vacuum created by 
condensation of steam in unpurged lines. The following fcur positions of a 
gang valve are used: 

Position- Gallery Jet Air Steam Operation 

1 0 C C C Normal 
Closed 
Position 

2 C a 0 C Air purge 
of Jet or 
Sparger 

3 C a C a Steam Sup-
p 1 i ed to 
Jet or 

! Sparger 

4 a a C C I Maintenance 
i Position -
. Jet Vented to 
! Operating 
: Gallery 

C = Closed. 
a = Open. 
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5.8.1.11 Vessel Vent Eguioment. 

5.8.1.11.1 Ammonia Scrubber Tower, T-22-2. The ammonia scrubber tower 
(Fig. 5-48), set atop TK-22-1, is packed with 3/4 in. Intalox porcelain 
saddles to a bed depth of 13.75 ft with a distributor plate located in the 
upper section for proper distribution of the scrub solution. The present 
tower is equipped with a 12 in. OD by 4-in.-thick deentrainer pad. Present 
flowrates of 250 to 300 ft3/min, the pressure drop across the pad is 
approximately 0.5 in. of water. 

5.8.1.11.2 Off-Gas Heater, E-22-7. The off-gas travels from the 
scrubber tower to the off-gas heater~ E-22-7 (Fig. 5-49), where the heating 
lowers the relative humidity of the off-gas. 

The E-22-7 heater is a shell and tube heat exchanger with a single-tube 
bundle of 51, 1-in. OD, 12 BWG tubes arranged on a 1 1/4 ln.-triangular 
pitch. The total tube bundle surface area is 40 ft2 and the heater has a 
rated heat duty of 17,000 Btu/h using 225 psig steam. The steam is on the 
tube side while the off-gas is on the shell side of the heater. 

5.8.1.11.3 E-22-3 Heater. The E-23-3 304 L stainless steel heater 
(Fig. 5-50) is a counter-current shell and tube heat exchanger with a single 
tube bundle of 91, 1 in. OD, and 12 Birmingham wall gauge tubes arranged in 
a 1 1/4-in.-triangular pitch. The tubes are 8 ft. long and the total tube 
bundle surface area is 190 ft2. The heater has a rated duty of 
200,000 Btu/h using 95 psig steam. 

5.8.1.11.4 E-22-4 Condenser. The E-22-4 condenser (Fig. 5-51) was 
obtained from Cell 11 in 221-U Building. The 221-U condenser (E-6-5) was 
modified for use in the Vessel Vent 1 system. This condenser is a shell and 
tube heat exchanger with a single tube bundle of 342, 1 in. 00, 12 BWG tubes 
arranged in a 1 1/4 in.-triangular pitch. The tubes are 10 ft l ong and the 
total tube bundle surface area is 895 ft2 with a rated cooling capacity of 
2 million Btu/h using raw cooling water at 70°F. 

5.8.2 Vessel Vent Systems (Ref. 5-35) 

The primary function of the vessel vent system is to maintain the 
atmosphere of the canyon vessels, which contain solution of fission products 
of concentrations greater than 100 Ci/gal or solutions with temperatures 
greater than 70°C, at a vacuum with reference to the cell containing the 
ves se 1 • The ves se 1 _ vent systems as soc i a ted with the process ves se 1 s farm 
the pr imary containment and the vacuum with respect to the cell ensures 
preferential inleakage to the vessel rather than out leakage from the vessel 
during normal operation of the vessel vent systems. 
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FIGURE 5-48. Ammonia Scrub Tower (T-22-2). 
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FIGURE 5-50. Heater Assemb1y (E-22-3). 
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There are two separate vent systems and the equipment for both systems 
is located in Cell 22 (Table 5-17). 

• Vessel Vent No. 1: This system is designed to vent and filter the 
gases from those process vessels which do not contain ammonia. 
Vessels served by Vent Header No. 22 are listed on Table 5-18, 
Fig. 5-52. 

• Vessel Vent No. 2: This system is designed to vent, scrub, and 
filter gases from process vessels in which ammonia is present. 
Some vessels vent to the main vent header 146 via two other 
headers 69A and 698 while others vent directly to heater 146 
(Table 5-18, Fig. 5-53). 

5.8.2.1 Vessel Vent System No. 1 (Ref. 5-41). The vessel vent equipment 
for the No. l system (Fig. 5-52) is composed of a steam heater (E-22-3), a 
high efficiency filter assembly (F-22-5), a steam or air-operated jet 
(J-22-4), a condenser (E-22-4), a condensate receiving tank (TK-22-1), and a 

. recycle drain pump (PA-22-1). Vent air from the process vessels enters the 
heater via Header 22 where it is heated above its saturation temperature 
before entering the filter assembly. The F-22-5 filter assembly is a 304L 
stainless steel housing containing one 24-in. by 24-in. by 11 1/2-in. 60% 
prefilter and one HEPA filter assembly with a baffle plate 3 in. away from 
the filter inlet. The process vapor stream enters the filter assembly with 
the entrained particulates impinging upon the baffle plate, thereby reducing 
the velocity of the particulates and lowering the probability of the 

r.- formation of holes in the filter media by entrained particles. The . 
~~ prefilter is designed to remove 0.1 to 50 µm particles from the process 

vapor stream. The HEPA filter is a Flanders 709L separator-less filter (or 
' equivalent) and is efficiency tested to 99.95% using dioctyl phthalate (•OP) 

per Hanford Standard (HPS-151-M) prior to installation. Due to equipment 
size constraints the F-22-5 filter unit contains only one HEPA filter stage 

.~ and it is insufficient to reduce the concentration of radionuclides to meet 
(or remain below) the effluent release limits (Ref. 5-42). The dry gases 
are filtered and pass to the 1,200 ft3/min jet which discharges to the 
condenser. Condensible vapors are removed from the gas stream and the non
condensibles are discharged to the air tunnel. The condensed vapor drains 
into the condensate receiving tank where it is used as recirculating fluid 
for the Vessel Vent No. 2 ammonia scrubber tower. Excess condensate is 
pumped to the 216-8-12 crib. 

5.8.2.2 Vessel Vent S stem No. 2 Ammonia Present (Ref. 5-43). The vessel 
vent equipment for the No. 2 system Fig. 5-53) is composed of an ammonia 
scrubber tower (T-22-2), a condensate receiving tank (TK-22-1), a 
recirculating-drain pump (PA-22-1) ., a steam heater (E-22-7), a prefilter 
(F-22-6), three high efficiency filter assemblies (F-22-8-1, F-22-8-2, and 
F-22-9), and a steam or air operated jet (J-22-9). The condensate receiving 
tank and recirculating-drain pump are common to both vent systems. 
Contaminated gases from ammonia process vessels enter the ammonia scrubber 
tower via Header 146. During normal operation, the process vap0rs from 
vessels listed in Table 5-17 are vented to the (T-22-2) tower via vessel 
vent header 146. The ammonia vapors from the low level waste concentrator, 
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TABLE 5-17. Vessel Vent Systems. 
i 

Vessel vent no. 2 I Vessel vent no. 1 

Header no. 146 69A 698 22 

TK-5-1*, E-5-2, I TK-6-1, TK-6-2* 
E-5-3 I 

I 
TK-17-1*, TK-17-2 

I TK-7-1, Ti<-7-2 

TK-19-1, TK-18-3 
I 

TK-8-1*, TK-8-2 
TK-19-1 TK-9-1*, TK-9-2 

' 
i 

TK-19-1 : TK-25-2* TK-38-1, TK-38-2 TK-11-1*, TK-11-2 
TK-38-3, TK-38-8 TK-12-1, G-12-2 

TK-20-1, E-20-2, TK-13-1*, G-13-2 
TK-21-1, T-21-2 TK-29-2*, TK-29-3: TK-39-1, TK-39-3 TK-14-1*, TK-14-2 

TK-29-4 TK-25-1* 

TK-22-1 TK-30-1, TK-30-2, TK-26-1*, TK-26-2* 
TK-30-3 TK-26-3 

TK-23-1, .E~23-3, TK-27-2, TK-27-3* 
E-23-4 TK-27-4, T-27-1 

TK-24-1* TK-29-1 

TK-34-1, TK-34-2, TK-31-1, TK-31-2*, 
TK-34-3 j TK-31-3 

J TK-32-1, G-32-2 

TK-35-1*, TK-35-2* ! TK-33-1* 

TK-37-2, TK-37-3* I TK-36-1*, TK-36-2*, 
TK-36-3 

TK-38-4, E-38-6, TK-39-1, TK-39-4, 
E-38-7 TK-39-5 

*Vessel Vent System is cross-connected via jumpers. Vesse l Vent No. 1 
drains to TK-23-1 which is on Vessel Vent No. 2. 
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TABLE 5-18. Normal Operating Conditions for Vessel Vent System No. 2. 

Vessel/ Temperature Oiff. press 
equipment (oc) ( in H20) 

TK-22-l 20 - 30 ---
T-22-2 20 - 30 --
E-22-7 100 - 140** 10 - 16 
F-22-6 <120 2 - 6 

F- 22-8 <100 0 - 2 

J- 21-2 170 max ---
J- 22-9 205 max ---
J- 35- 2-6 165 max ---
TK - 35-2 10 - 30 ---

*Supplied by PA-22-1. 
**Vapor outlet temperature. 

Steam Press Vapor fl OW··· Coo 11 ng co 11 L iqu1d flowrate 
(psig) rate (ps1g) press (p~ig) (gal/min.) 

--- --- --- ---
--- --- --- 10 - 12* 
200 200 - 300 --- ---
- ··- 200 - 300 --- ---

0 - 5**k 200 - 300 --- ---
75 - 100 20 - 40 --- ---
90 - 200 200 - 300 --- ---
65 - 90 15 - 30 --- ---

--- --- 25 - 35 ---

**•When F-22-8-2 is in service the DP ts actually that across the filter and the discharge 
line to F-22-9. The operating range ts increased by 5 in. H20. 
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(E-23-3), the cesium initial purification concentrator, E-38-6, and related 
process vessels (E-20-3, E-23-4, E-38-7, and TK-38-4), are routed to the 
ammonium carbonate absorber, T-21-2. These vapor streams potentially 
contain larger concentrations of ammonia than the ammonia scrubber tower, 
T-22-2 can remove. A booster jet (J-21-2) from T-21-2 to T-22-2 maintains a 
vacuum in E-20-2, E-23-3 and E-38-6 by drawing the ammonia scrubbed vapors 
from T-21-2 to T-22-2. 

A booster jet (J-35-2-6) draws the process vapors from the vessels (see 
Table 5-17) through the vessel vent headers 69-A and 69-B to the (E-35-3) 
condenser. The steam condensate and other condensibles drain to TK-35-2, 
while the process vapors are discharged to vessel vent header 146. The 
condensibles collected in tank (TK-35-2) are jetted on a batch basis to tank 
(TK-24-1). The Vessel Vent 2 system originally handled a nominal vapor 
flowrate of approximately 100 ft3/min with an ammonia removal of 
approximately 200 lb (99%) per day. However, modifications to cesium 
processing resulted in an increased demand upon the Vessel Vent 2 system. 
A flowrate of approximately 250 to 300 ft3/min, with an ammonia removal 

· capacity of 99% is required. 

The steam condensate from J-21-2 drains to TK-22-1 and is used as part 
of the scrub solution in T-22-2. Gases from the ammonia scrubber tower pass 

, through the heater which raises the temperature and the gases then enter the 
prefilter. The F-22-6 prefilter, a multilayered filter packed with three 
density layers (1.5, 3.0, 9.0 lb/ft3) of Owens-Corning fiberglass with a 

~ c 1/2-in. mesh 304 l stainless steel screen positioned at the top and bottom 
of each fiberglass layer to provide pa~king suppbrt, removes coarse · 
particles from the gas prior to passage through the high efficiency filters . 

. Two parallel stages of double-banked high-efficiency separatorless filters 
~ (H-2-36136, H-2-61147) Flanders GGF, nuclear grade 7033 NL, 99.95% 

filtration efficiency at 1,000 ft3/min (tested per ANSI N 510-1980) are used 
to ass~re adequate removal of radionuclide particles from the gas. A spare 

' unit installed in parallel, can be placed in service by an operator who must 
enter the F-22-9 filter pit (external to 221-B) and switch the position of 
the lever of the lock handled valves in the filter lines to place the spare 
unit in service. The first stage HEPA filter is located in Cell 22 and the 
second stage high-efficiency filter is located in a oit behind the 
221~8 Building adjacent to Cell 22. From the filters the gases pass through 
a 125 ft3/min jet also located in the pit behind the 221-8 Building. The 
jet discharges to the 24 in. sewer going to the fetention basins. 

Table 5-18 identifies the operating parameters relevant to the system. 

5.8.2.3 Instrument and Control System. The instrument controls for both 
the vent systems are illustrated in Figures 5-54 and 5-55 and the controls 
for both systems are identical except for the additional pressure switch 
?S-22-4-2 in the vessel vent system No. 1. 

5.8.2.3.1 Ooeration. The correct differential pressure between the 
cell and the air tunnel is maintained by the 100 psig steam-motivated 
variable jet (J-22-4, J-22-9). The steam flow to the jet is regulated by 
the diaphragm-operated valve DOV-22-9-2 or DOV-22-4-2 which is controlled by 
the differential pr~ssure recorder control1er (DPRC-22-4, DPRC-22-9). 
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FIGURE 5-5 4. Instrumentation and Control for Vessel Vent No. 1. 

5- 148 



S0-WM-SAR-013 

SELECTOR SWITCH 1 (SS·22·9l . 
PRESSURE ALARM I 
(PA·22·9) 

1 

SOLE~OIO VALVE 
1EV-22·9·1l · 

OlAPHRAGM OPERATED 
VALVE (OOV•22·9·2l 

10~ ?SIG AIR 

CONTROL CIRCUIT , 
SEE DRAWING ,·, 

H-2-60623 
Cl.AGRAM 'D' i 

PRESSURE . 
SWITCH , 
(PS-22-9) : 

\ 100 PSIG ' 
.\STEAM ! , 

OIFi=ERENTIAL 
PRESSURE 
TRANSMITTER · 

~ I I (OPT-22-9-3) 

J
~ 

REVERSING 
RELAY (PK-22.gi 

DIAPHRAGM 
OPERATED 
VALVE 
(OOV-22-9-1) 

OPERATING 
GALLERY I . 

t l / 
;::1---~--------------..21:._:_I ___ __,"r 

..::: iJ-22-9: ~ I 
. T ,

T I 
iO :~ in . I :I----
SE\VER LJ F-lz.g I 1FILii:R i 

:=1t.TER ?!T 
tLOC;.TE:J OUTSIDE 221-a :U!LDINGJ 

F-22·8·1 , 
(FILTER) 

F-22·8·2 
(FILTER) 

I r 
IS I 
•~ CELL 

OPEN iO 
CELL ATMOSPHERE 

i-22-2 I -vEssa vENi 
HEADER NO. 2 · (AMMONIA~ 

SCRUBBER) I ,_._ ________ ..., F-22-6 
(FILTEe!l 

i ~ 
~ 

TK -22-1 
(CONDENS;. iE 
RECEiVERl 

?SB~01-:Z6 

FIGURE 5-55. ISJ•Strumentation and Control for Vessei Vent No. 2. 

5- 149 



SO-WM-SAR-013 

The selector switch (SS-22-4, SS-22-9) is placed in the automatic mode 
to initiate a startup of the system. The solenoid valve (EV-22-4-1, 
EV-22-9-1) is placed in the automatic mode to initiate a startup of the 
system. The solenoid valve (EV-22-4-1, EV-22-9-1) is de-energized by the 
selector switch in the automatic position, permitting the diaphragm-operated 
valve (DOV-22-4-1, DOV-22-9-1) to open and throttle the 100 psig steam 
supply to the variable jet. The diaphragm-operated valve is controlled by 
the differential pressure recorder controller and operated between the set 
points to maintain the correct differential pressure between the process 
cell and the air tunnel for the desired operating conditions. 

The pressure switch (PS-22-4-1, PS-22-9) contacts close at the preset 
trip setting in the event of loss of steam or at a low steam supply · 
pressure. The solenoid valves (EV-22-4-1, EV-22-9-1, EV-22-4-2, EV-22-9-2) 
are energized initiating a closure of the diaphragm-operated valve 
(DOV-22-4-1) and permitt i ng the differential pressure recorder controller 
(DPRC-22-4, DPRC-22-9) to automatically control the diaphragm-operated valve 
(OOV-22-9-2) and vary the flow of air from 100 psig air supply line to the 
jet (J-22-4, J-22-9). The return of the steam supply to normal pressure 
will return the operation of the jet to steam. The selector switch 
(SS-22-4, SS-22-9) in position 3 is used to motivate the jet (J-22-4, 
J-22-9) by air. 

The pressure switch (PS-22-4-2) is permissive for the vessel vent 
system of Cell 5. Cell 5 vent instrument controls are inoperat i ve until 
Cell 22 jet (J-22-4) is functioning. The operation of the jet (J-22-4) 
permits the Cell 5 vent system to function by closing the contacts of the. 
pressure switch (PS-22-4-2). The Cell 22 vessel vent system can be shut 
down by placing the selector switch (SS-22-4) in the "OFF" position. 

The operation of the booster jet (J-5-3), rated at 100 psig steam for 
25 ft3/min flow, is controlled by the diaphragm-operated valve (OOV-5-3-2). 
If the concentrator (E-5-2) pressure is less than 5 in. of water relative to 
the surrounding cell atmosphere, or the main vessel vent jet (J-22-4) is 
inoperative, or the motive fluid pressure to the jet (J-22-4) is less than 
60 psig, the diaphragm-operated valve (DOV-5-3-2) will close and thus 
prevent the operation of the booster jet (J-5-3). 

When the Cell 5 process vessels are used for cesium solution 
processing, the (J-5-3) booster jet is not operated. The steam and process 
air supply valves are closed and the jet discharge jumper is removed. 

The process vapor stream from header 146 enters the tower via nozzle R. 
The scrub solution, pumped from TK-22-1, via nozzle Sis countercurrently 
contacted with the process vapor stream from booster jet J-21-2 entering via 
nozzle Q. The scrubbed off-gas exits the tower via nozzle P and the scrub 
waste is returned to TK-22-1 via nozzle D. A thermohm probe located in 
nozzle U is used to monitor the off-gas temperature. The temperature 
recorder is located on panel 22-F. 
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The steam supply enters the tube bundle through nozzle Band exits to 
the steam condensate header through nozzle E. The offgas enters through 
nozzle 0, passes around two baffles (not shown) and exits the heater through 
the discharge section to F-22-6. Differential pressure (dp) across the 
heater is obtained from the pressure difference at nozzle . D and the 
discharge section. The dp jumper is connected to nozzle C and transmits to 
a dp gage located on panel 22-B. A thermohm probe placed in nozzle A i s 
used to monitor the offgas temperature from the heater. The temperature 
recorder is located on panel 22-8. 

5.8.2.4 Safety Consideration and Off-Normal Conditions (Table 5-19). The 
scrub solution flowrate to the T-22-2 tower must be maintained above 
2 gal/min to assure adequate removal of ammonia from the process vapor 
stream. Allowing the liquid flowrate to drop below this level, the ammonia 
in the off-gas stream could combine with other off-gas components and form 
blockages on the F-22-8 and/or F-22-9 filters, cause increased resistance to 
airflow, and probable failure of F-22-8 and/or F-22-9, the filtration media. 

'° The maximum allowable dp across the F-22-8-1 filter assembly is 10 in. water 
and across either of the F-22-9 filter assemblies the allowable dp is 4 in. 
Currently, the dp across the filter assembly and the exhaust line (174-B) to 
the F-22-9 filter is monitored. The pressure drop across the line 174-B is 
5 in. of water for a normal flowrate of 250 ft3/min. The maximum allowable 
dp across the F-22-8 filter assembly and line 174-8 is 15 in. WG. 

To prevent droplets of water from reaching the F-22-5 filter unit of 
the No. 1 Vessel Vent System, the dew point of the process vapor stream must 
be sufficiently elevated to vaporize the water droplets. The E-22-3 heater 
is used to heat the process vapor stream to above 120°F, thereby adequately 
elevating the dew point of the vapor stream. Particulates transported by 

' the process vapor stream can also damage the F-22-5 Filters. Simmering of 
process vessels should be kept to a minimum to decrease the generation of 
water vapor and particulates. All storage vessels are routinely maintained 

• below 35°C to minimize particulate loading upon the F-22-5 Filters. The dew 
point of the process vapor stream in the No. 2 Vessel Vent System must be 
sufficiently elevated by the E-22-7 Heater to prevent moisture damage to 
these filters. At filter failure, backup units can be placed in service. 

Blockages in the vessel vent headers (146 and 69) can cause 
pressurization of vessels thereby increasing the spread of radioactive 
contaminants to the cells and canyon atmosphere. To prevent vessel 
pressurization, the (146 and 69) headers are periodically drained of 
condensate and flushed. Also, administrative controls are maintained on the 
jets (J-21-2, J-22-9, and J-35-2-6) to assure that adequate vacuum is 
maintained in process vessels. Whenever any of the three concentrators 
(E-20-2, E-23-3 or E-38-6) are operating, the steam supply to the jet 
(J-21-2) on the panel (24-A) is set at least at 70 psig. Lower jet 
pressures result in reduced vapor flowrates and possible pressurizat ion of 
the concentrators (E-30-2, E-23-3, and E-38-6). The steam pressure of 
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TABLE 5-19. Off-Normal Conditions for Vessel Vent Systems 1 and 2. (Sheet l of 6) 

Off standard condition Polent1a1 cause Suggested corrective action 

I. loss of vaccuum or low vacu1111 I. a. Vessel Vent l header-vacuu• low . I.a . Adjust DPRC-22-4 setpolnt to 
In process vessels. Increase vacuum. 

b. Interruption of process air or b. If J -22-4 ts operating on stea• 
steam supply to J -22-4 Jet. switch J-22-4 to air. Shut down 

E-5-2 until vessel vent vacuum ts 
restored. lnvestl~ate lo detenilne 
source of steam/a r Interruption. 

c . Accumulation of condensate within c. Shut down Vessel Vent I system, 
Header 22 or vessel vent 11ne(s). Drain/flush header and vent lines. 

d. leak(s) In vessel vent 11ne(s) or d. Isolate leaking lines/vessels. Ul 
vesse I (s). C) 

I 
~ 

e . Cross - t le betwee·n vessels which e. Check vessels with connections to 3: 
are vented to Vessel Vent 2 vessels which are vented to Vessel I 

UI Ul I system (Table 5-11), Vent 2 system. Place I waler seal IS )::,, ,~ 
required In these vessels. ::0 UI I N 0 

f. Dl'RC-22-4 • a lfunctlontng f. Contact an Instrument mechanic to ...... 
repair the Instrument. 

w 

g. Differential pressure gage Is g. Refer to l. f. 
ma lfunct Ion Ing. 

2. Differential pressure across 2.a. Vessel Vent l header 22 vacuum Is 2.1. Adjust DPRC-22-4 setpolnt to lower 
F-22-5 prefllter or HEPA set too high:· Check other the header 22 vacuum lo prevent 
exceeds 4 In. of water. d.p. gages, filter breeching. 

b. f-22 -5 fllter(s) Is plugging. b. See 2.a. Shut down E-5-2 con-
centralor to reduce load on 
vessel vent system • . 

c. Different h 1 pressure Jumper or c. Refer to l.f . 
related equipment ts malfunc-
tlonlng. 
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TABLE 5-19. : Off-Normal Cond1t1ons for Vessel Vent Systems 1 and 2. (Sheet 2 of 6) 

Off standard condition 

Differential pressure across 
E-22-3 healer exceeds 8 In. 
of water. 

loss of vacuum or low vacuu• 
In f -5-2 concentrator 
or TK-5- l. 

Potential cause 

l.1. Refer to 2.a. 

b. Refer to 2.c. 

c. Restriction In E-22-l heater 
or associated j11111pers. 

d. Steam leak fr011 heater tube bundle 
Into the vapor ,tream. 

4.a . Malfunction of J-5-l jet. 

b. loss of steam or air supply to 
J-22-4 jet. 

c. Restriction In the vent line frOIII 
TK-5-1. E-5-2. or f-5 - l. 

d. Refer to l .a. 

e. Refi:r to l.d. 

f. Refer to l.g. 

Suggested corrective action 

l.a. Refer to 2.1. 

b. Refer to l.f. 

c. Shut down the Vessel Vent 1 
system. Drain ind flush the heater. 

d. l11111edl1tely shut down the 
·off the steam to the heater. 
Institute repairs to syste•. 

4.a. Check the steam supply to J-5- l 
jet. Verify that supply steam 
pressure ts 1t least 80 pslg. 
Investigate In Cell 5. 

b. Because of the Interlocking 
control 5ystems. J -5-l will shut down 
automatically whenever steam/air 
pressure to J-22-4 decreases ~elow 
60 pslg. Shut down E-5-2 
concentrator until steam/air supply 
to J-22-4 Is restored. 

c. Shut down E-5-2 concentrator. 
flush/drain vent llne(s) or 
head.er 22. 

d. Refer to l.a. 

e. Refer to l .d. . 
t. Refer to l.g. 
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TABLE 5-19. Off-Normal Conditions for Vessel Vent Systems 1 and 2. (Sheet 3 of 6) 

Orf standard condition 

Loss of steam supply to 
E-22-3 huter. 

Decrease In pressure of raw 
water which Is supplied to 
E-22-4 condenser. 

Potential cause 

!i.a. leak In steam supply line to 
E-22-3 heater. 

b. Steam outage. 

6.1. leak In raw water supply to 
E-22-4 condenser. 

b. Raw water leak fr011 condenser 
tube bundle Into v1por stream 
Is suspected. 

c. Interruption of raw water sup
plied from powerhouse. 

Loss of vacuum or low vacuum In 7.a. 
vessels E-2O-2, E-2O- 3, E-23-3, 
E-23-4, E- 38-6, E-38-7, or 

feed rate to concentrator(s) Is 
too high. 

TK - 38-4. 
b. Steam supply rate to concen

centr1tor(s) Is too high causing 
Increased vapor generation. 

c. Coolin~ water flowrate to con
denser(s) Is too low resulting 
In Incomplete condensation of 
condensables. 

Suggested corrective action 

5.a. Check temperature of vapors exiting 
exiting heater (TRC-22-3). If 
vapor temperature Is below 12o•c. 
lnvnedlately shut down Vessel Vent l 
system. Attempt to Isolate steam 
leak(s) 1nd repair as soon as soon as 
possible. 

b. Shut down the Vessel Vent syste• 
No. l. Contact powerhouse to verify 
steam outage. 

6.1. Check ttmperature of vapors 
exiting condenser (TRC-22-3). 
fnnedlately switch the J -22-4 
jet to air operation. Valve out 
raw water supply to condenser If 
necessary. 

b. Refer to 6.a. 

c. Refer to 6.a. Contact powerhouse 
to verify Interruption of raw 
water supply. Also verify that 
emergency well pumps have activated 
(SOP B0-001-003). 

7.1. Reduce feed flowrate to 
appropriate concentrator(s). 

b. Reduce steam su11p ly rate to 
appropriate concentrator(s). 
If necessary, shut down and 
restart concentrator(s). 

c. Increase cooling water flowrate 
to appropriate condenser(s). 
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TABLE 5-19. Off-Normal Conditions for Vessel Vent Systems I and 2. (Sheet 4 of 6) 

Off standard condition Potential uuse Suggested corrective action 

d. The stu• flowrlle to J-21-2 d. Check the ste1a pressure to 
(p1nel 20-D Is too low). Increase the stea• pressure 

but do not exceed the Jet 
jet design pressure of 150 pslg. 

e. Accumulation of condensate or 1 e. Drain and flush the vent llne(s). 
plug1•Je In lhe vessel vent 
ltne s • 

f. Leak tn the vessel vent llne(s) 01· f. Isolate le1klng line or vessel. 
a plug,age In the veuel vent 
llne(s • 

g. Unidentifiable. g. Shut down concentr1tors. llestut U) 

CJ 
E-23-3 tf low level waste must be I 

proceued. :::E 
UI 3: 
I I 

1- • "· Seal pot water In concentr1tor(s) h. FUI seal pot(s) with water to U) 

ln Is low. 24 ! 2 weight factor. ):::a, 

01 
:;:o 
I 

8. Loss of vacuum or low vacuum 8.1. The stea• flowrate to J-35-2-6 8.1. Check the ste·a• preuure to 0 ...... 
In wessels serwlced by (panel 15-E) Is too low. J-35-2-6. Increase the steam w 
hi!ader 69-A or 69 -8. preuure but do not e>1ceed lhe Jd 

design pressure of 150 pslg. 

9 . Loss of va~uum or low vacuu• 9.1 . Malfunction of discharge 9.1. Inspect J -22-9 (located In f-22-9 
ltt vessels serviced by Jet J-22-9. filter pit). Attempt to repair 
hi:ader 146. Jet. 

b, Accunwlatlon of condensate or• b. Drain 1nd flush venl llne(s). 
plu99a9e 111 the vessel vent 
llne(s). 

c. Leak In lhe vessel vent llne(s) c. Isolate leaking line or vessel. 
or vessel(s). 

d. llydrogen gas uploslon In the d. Check vessels serviced by 
vavor svace of a vessel. he1der 146 to determine If an 

explosion has occurred. Refer to 
SOP 80-001-021. 
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TABLE 5-19. Off-Normal Conditions for Vessel Vent Systems 1 and 2. (Sheet 5 of 6) 

JO. 

Off standard condlt Ion 

Loss of scrub solution clrcula
tlon through T-22-2. 

Potent IA 1 cause 

10.a. Flowrate of scrub solution to 
lK-24-l too high. 

b. PA-22-1 pump failure . 

c. Blockage In circulation llne(s). 

II. OP across F-22-6 exceeds 6 In. 11.a. Vessel Vent No. 2 flowrate ts In 
1120, excess of 300 ftl/mln. 

12.a. OP across F-22-8-1 excee~s 
io In. llzO. 

b. The filter Is plugged. 

c. OP Juniper malfunction. 

12.a. Vessel Vent No. 2 f}owr1te Is 
In excess of 300 ft /min. 

Suggested corrective action 

10.a. Adjust WfC -22-l (panel 20-C) to 
reduce the rate of scrub so lutlon 
disposal to TK-24-1. Adjust FRC-22-1 
to Increase circulation rate to 
T-22-2. 

b. Check PA-22-l (panel 20-C) to deter
~lne If It Is pulling amps. Attempt 
to restart pump. If this falls. 
check the contlnu I Ly across the leads 
of pump slynal transmitter to 
determine If the pump has failed. If 
so, replace pump. 

c. Check PA-22- 1 (panel 20-C) to deter
mine If It Is pulling eKcesslve 
(greater than !i) amps. If so, shut 
down the pump and fill TK-22- l with 
demlnerallzed water. Also 
circulation lines to soak and then 
restart the pump. 

11.a. Reduce the steam supply to the dis
charge Jet J-22-9 (panel 22-C, 
OPRC-22-9). 

b. Shut down Vessel Vent Ho. 2 system. 
Flush f-22-6 with demlnerallzed 
water. 

c. Check continuity across the leads of 
the OP signal transmitter. If 
continuity Is not present. replace 
OP jumper, 

12.a. Reduce the steam supply to the 
discharge jet J-22-9 (panel 22-C 
OPRC-22-9). 
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TAllLE 5-19. Off-Normal Conditions for Vessel Vent Systems 1 and 2. (Sheet 6 of 6) 

Off standard condition Potential uuse Suggested corrective action 

b, OP across f-22 -8-2 exceeds b. The filter ts plugged. b. Enter lhe f -22-9 filter pit and 
15 In. llzO. and switch over to the spare untt. 

c . ~p across f -22-2 exceeds c. OP jumper • alfunctlon. c. Check continuity across the leads of 
4 In. llzO. of the OP signal trans• ttter. If 

conlt nu tty Is not present, rep lice OP 
jumper. 

ll.a lllgh radtatton 1hr• on u .• . AcCUIIUIAtlon of fission products ll.a. Dispatch RH to tnvestlgate. Pull 
F-22-9 filter (dispatcher's on F-22-9 filter. filter paper on salllj)ler 678 
off Ice pane I 4). (Vessel Vent Ho. 2 atr sampler) and 

send to lab. Monitor Vessel Vent 
Ho. 2 actlvtty dnd switch to standby 
filter tf dee•~d necessary. 

Ul b. lllgh act Iv tty report by lab CJ 
on Vessel Vent Ho . 2 I 

~ Sila1p ler 678. 3: 
I Ul 

14. Dispatch Instrument mechanic lo Ul I 14. Inaccurate Vessel Vent Ho. 2 14. Pilot lube Is plugged. )> 1- • flowrate (panel 22-C, f-22-9 filler pit to flush pttot :;o ln 
OPRC -22-9) . tube. ,I __ , 

0 , 
~ 

15. Temperature of Vessel Vent 2 15. Inadequate condensation of 15. Enter F-22-9 filter ptt and w 
vapor discharge to 24 In . condensables. increase raw water flowrate by 
Is In excess of 40°C adjusting rotometer. 
(t emperature probe located 
next to f -22-9 filter pit) . 

16 . Temperature of vapor stream 16. [-22-7 heater failure or reduc- 16. Attempt to restore stea• supply to 
entering f -22 -9 filler Is lion of steam flowrate to E-22-7. E-22-7 or repair healer. Shut down 
below 40 "C (temperature Vessel Vent Ho. 2 If temperdlure 
probe located atop f -22 -9 drops below JO•c. 
filler pll) . 

l / . Temperatu re of ofr gas streilm 11. Scrub solution ctrculatton rate 17. Increase flowrate to T-22-2 by 
from T-22-2 tn excess of to T-22-2 ts too low. adjusting FRC-22- 1 and ~FC-22-1 
35°C (panel 22-F) . (pane I 20-C). 
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150 psig will cause the jet to fail. To ensure adequate vacuum in vessels 
serviced by vessel vent headers (69-A and 69-8), the (J-35-2-6) jet panel 
(35-3) working fluid pressure is maintained at a minimum of 20 psig. Also, 
the cooling water pressure to the cask waste receiver tank (TK-35-2) cooling 
coil on the panel (35-0) is set at a minimum of 20 psig to condense the 
condensibles in the vapor stream. 

An air sampler (code 8678) continuously draws a 1 ft3/min sample of the 
process vapors discharged into the 24 in. sewer. The radionuclides in the 
sample stream are collected upon filter paper and analyzed weekly for total 
beta and alpha emitters. Also, a Na! crystal/photomultiplier-tube assembly, 
is suspended in the process vapor stream, transmits a signal to a 
picoammeter and signal booster located in the 221-88 Building; from there 
the signal is transmitted to an ammeter on panel 5 in the dispatcher's 
office. When the set point on the ammeter is exceeded, an alarm and 
indicator light are activated. 

A Beckman HM Radiation Detection Chamber is placed adjacent to each 
F-22-9 Filter Assembly and transmits the sensed radionuclide decay energy to 
a picoammeter connected to a four-point chart recorder with a conversion 
chart to determine the radiation field (mR/h) at the chambers. The recorder 
is located on panel 4 in the dispatcher's office. The leads are switched at 
the junction box in the F-22-9 Filter Pit to activate the radiation 
detection chamber of the filter in use. A warning light, entitled 
"22-9 High Radiation" and an alarm will both be activated if the radiation 
field at the Beckman HM detector exceeds 80% of the preset picoammeter 
scale. 

5.9 AUXILIARY STRUCTURES 

5.9.1 221-BC Building R-13 (SWP Chanoeroom, Canyon Entrance and the 
Dumbwaiter) 

The building is a single-story changeroom built on a concrete slab 
30 ft 7 3/4-in. by 24-ft 8-in. and attached to the south end of Section 7 of 
the 221-8 Building (Fig. 5-56). The walls are constructed of standard 
concrete blocks, reinforced with steel bars and the core filled with 
concrete. The roof is a built-up metal deck. 

5.9.1.1 221-BC SWP Change Room. The primary function of R-13 dumbwaiter is 
to transport sampling equipment in and out of the canyon in order to 
eliminate the hazards of manually handling this material up and down the 
stairs. The dumbwaiter is also used to move waste cartons, impact wrenches, 
and bags of trisodium phosphate for cleaning the deck. 

An airlock between the access door to the canyon and R-13 encloses the 
stair~ay and the landing area in front of the upper dumbwaiter hoistway 
access door. The airlock doors at the bottom of the stairs are locked and 
controlled from the dispatcher 1 s office. Both doors are normal ly kept 
closed and the doors are opened one at a time when in use. The areas within 
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the airlock, the landing in front of the dumbwaiter on the first floor, 
leading to the south double doors and enclosing the sinks, are radiation 
zones. The floor of this entire area is painted yellow. A chain barricade, 
with an opening for a step-off mat exit, is maintained for separating the 
radiation zone and the non-radiation area of R-13. When performing 
maintenance on the dumbwaiter, the electrical switchgear is locked and 
tagged in the standard manner. 

The dumbwaiter is a freight-hauling car with an opening 3 ft wide and 
4 ft high. The maximum working load capacity on the car is 500 lb. With an 
allowance of 40 lb for the sample cart, which will permit 14 of the 32 lb 
sample transport containers (doorstops) or four of the B Plant bulk sample 
pigs; if there is a mixture of pigs, the maximum number of doorstops is 
reduced by three for each bulk sampling pig. A cart is provided for the 
dumbwaiter car as well as for use in transporting sampling equipment, 
doorstops, and pigs to and from the dumbwaiter car. 

The hoistway is provided with a dumbwaiter doorway at both ·floors and 
an access doorway to the machinery space; the hoistway doors are 
electrically interlocked to prevent opening when car is in motion or not 
properly positioned at a landing. 

The dumbwaiter doors remain locked when the access door to machinery 
space is open. All three doors have keyed-alike mechanical locks and the 
keys for the haistway doors at the landing levels are kept in the lock at 
all times un·less authorized otherwise by supervision, bl!cause the keys are 
necessary for opening the doors. 

The car on the open side is equipped with a slide-up safety gate with a 
safety switch which prevents the operation of the dumbwaiter if the gate is 
not fully closed. Limit switches are maintained to stop the car in a 
position suitable for opening and closing the doors and for loading and 
unloading the car. Adjacent to both pushbutton stations is the key for 
operating the "run-by" switch. The run-by switch bypasses the interlock and 
runs the car past the normal landing position permitting access for 
maintenance. The keys are never left in the run-by switch but kept by 
maintenance while one key is retained on a ring in the shift supervisor ' s 
office. Authorization is required for operation of the run-by switch. 

A "Ooor Open Call" buzzer sounds automatically when a pushbutton is 
pressed and a dumbwaiter door or car gate is open. A car arrival light and 
a single stroke bell is activated upon the arrival of the car at the level. 
The light remains li~hted until the door is opened. A red pilot light 
marked "In Use" on both pushbutton stations is illuminated during the 
transit of a car or when the dumbwaiter door and/or car gate is open. A 
green pilot light on . both pushbutton stations illuminates indicating the 
presence of a car. 
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5.9.1.2 Ventilation Kl S stem (Fig. 5-57, Table 5-20). Kl-System 
Sequence of Operation Fig. 5-54, Table 5-16). The system is started by 
moving the manual switch (MS-1-1) from "OFF" to the "START" position until 
the system operation is stabilized, then closing the pressure switch 
(PS-1-1) interlocks, the manual switch (MS-1-1) is moved to the 11 RUN" 
position. With the manual switch (MS-1-1) in either the "START1' OR the 
"RUN" position, the power roof-ventilator (Kl-6-1), the non-overloading 
centrifugal fan (Kl-5-1) and the evaporative cooler recirculation pump 
(Kl-4-1) are energized. The flow damper is opened by the.flow damper motor 
(FDM-2-1) in response to the pressure transmitter (PX-1-1). A drop in the 
duct static pressure will open electrical interlocks on the pressure switch 
(PS-1-1), initiating a shutdown of the entire supply system while the power 
roof ventilator (Kl-6-1) remains in operation. Temperature control element 
(TC-1-1) senses and maintains a maximum duct air temperature of 62°F dry 
bulb through the operation of the temperature switch (TS-1-1), the electric 
relay (Kl-1-1) and the preheat coil (Kl-2-1). The room temperature control 

..o element (TC-2-1) senses and through the operation of the main switch 
(TS-1-2), the electric relay (Kl-1-2) and the reheat coil (Kl-3-1) maintains ,,... 
the desired room temperature. The preheat and the reheat coils are 
protected by thermal overload. 

5.9.2 221~ss Condensate Building 

The building is located immediately south of the 221-8 Building and 
directly above a vault which provides housing for two 400-gal BCS and BCP 
tanks. Instruments for sampling and monitoring the SCP and BCS stream from 
the process are located in the building above. The building is a radiation 

• zone and provisions of General Regulations and Practices for Radiation Work 
are reviewed and followed prior to building entry. 

5.9.2.1 Structure. The building is a prefabricated clear-span shed-roof 
metal structure designed and constructed to be weather tight. The basic 
stabiTity is obtained from the wall and roof combining to form the 
structural support and cover in one unit. The structure is fixed to the 
reinforced concrete vault with anchor bolts and is insulated and designed 
for a wind load of 15 lb/ft2 and roof live load of 20 lb/ft2. The concrete 
vault is situated below grade beneath the structure. 

5.9.2.2 Ventilation (Fig. 5-58). Air from the vault containing the steam 
(BCS) and process (SCP) condensate tanks is exhausted via the 
221-88 Building through a single stage high efficiency particulate air 
(HEPA) filter, exhauster, and stack. The stack air is sampled continuously. 

5.9.3 221-BF Effluent Control Building 

The facility provides interim storage of process condensate in the two 
13,000 gal tanks located beiow grade for sampling before disposal to the 
cribs. The building has a construction classification of "fire resistive" 
and "unprotected non-combustible" and an occupancy classification of special 
purpose industrial. 
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5.9.3.l Structure. The prefabricated, galvanized, weather-tight, single
span, self-framing-type structure encloses the stairwell to a below grade 
single reinforced concrete structure covering an area of 960 ft2. The basic 
stability is obtained from the wall and the roof panels which combine both 
the structural support and cover in one unit. The walls and roof panels are 
24 gage zinc coated flute and flush steel panels respectively. The 
structure has been designed for a dead load and a wind load of 20 lb/ft2. 

5.9.3.2 Ventilation (Fig. 5-59 and 5-60). A negative atmosphere to 
221-BF Building pressure differential is maintained by the exhaust fans. 
Approximately 560 ft3/min of ambient air flows across a heating coil, 
through a 36% NBS filter and backdraft dampers into the sample and monitor 
rooms. The air from the monitor room, sampler boxes, batch tanks, and the 
effluent control pit flow through common exhaust duct with a heating coil, 
two HEPA filters, and opposed blade manual dampers. A pressure (sample room 
to effluent control) differential allows a flow of 260 to 450 ft3/min across 
a HEPA filter. The exhaust flow is recorded and effluents sampled before 

. being release_d to the atmosphere. 

Operation of the exhaust fan by pushing the start button energizes the 
control circuit of the heating coil located upstream of the HEPA filters. 
The controller senses the temperature downstream of the heating coil and 
operates the heating coil to maintain an exhaust temperature of 155°F. The 
inlet air temperature controller senses the ambient air and energizes the 
heating ~oils to maintain a minimum temperature of 35°F. An opposed blade 
damper at the inlet to the exhaust fan is manually regulated to maintain 
flow at the desired value. Butterfly valves at the outlet of sample boxes A 
and Bare adjusted to maintain a -0.10 in. WG in the boxes and a 0.25 in. WG 
velocity pressure reading on the pressure indicators at the outlet with the 
door closed and open respectively. The pressure differential ensures 
30 ft3/min infiltration with door closed and 190 ft3/min across the opening 
with doors open. 

Temperature indicators monitor the temperature of the air entering and 
leaving the exhaust air heating coils. Differential pressure indicators 
measure pressure drop across filters and the pressure indicators provide 
readings on the sample boxes. 

5.9.4 282-8 and 282-BA Emergency Well Pump Houses 

The diesel driven emergency well pumps are located in these buildings. 
Buildings 282-8 and 282-BA contain pumps of capacities 200 gal/min and 
800 gal/min respectively. These buildings have a construction 
classification of "unprotected non-combustible." The buildings are equipped 
with smoke detectors having a direct alarm to the Hanford Fire Department 
and also have portable fire extinguishers. The nearest fire hydrant is 
located 85 ft east of the building. The buildings have an occupancy 
classification of "special purpose material." 
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5.9.4.l Structure. The building is a prefabricated clear span, shed roof 
metal structure designed and constructed to be weather tight. The structure 
is anchored by bolts to the 18-ft by 18-ft by 4-in.-thick concrete floor. 
The basic stability is obtained from the wall and roof panels, which combine 
both the structural support and cover in one unit. The structure was 
designed for a wind load of 15 lb/ft2 and a roof live load cf 20 lb/ft2. 
The fuel tanks are located inside concrete structures 10 ft west of the 
pumphouses and connected to the diesel engines by undergro~nd pipelines. 

5.9~5 211-8 Tank Farm Cold Chemical Facilities (Fig. 5-61) 

This section provides a description of the facilities needed for 
nonradioactive chemical receiving, storage, make-up, and transfer to the in
canyon-cell equipment. These solutions are termed "cold streams" since they 
present "chemical" hazards with potential toxicogenic, carcinogenic, and/or 

...o explosive consequences but are devoid of radiological implications. The 
explosive hazards stem from rapid exothermic reactions of incompatible 

r--.. chemicals, or accidental combustion of dry chemicals, or 
"' deflagration/detonation of mist and vapors due to accidental ignition. 

The facilities needed for the "cold" chemical r-ecei-ving, storage, make
up and transfer to the in-canyon equipment consists of the chemical storage 

. tank facilities in the 211-B Tank Farm Area, the organic make-up and storage 
in the 276-8 Building with provision for underground tank storage of the 

~ diluent NPH, the chemical handling facilities on the third and first floors 
of the 271-8 Building (AMU area), and the scale tanks located in the 
operating gallery. 

· 5.9.5.1 Chemical Storaqe Tanks Facility (211-8 Tank Farm Area). The 
chemical storage tanks facility is located north of the canyon and east of 
the 271-8 service building. Table 5-21 lists the tanks in the farm along 

~·• with the capacity, usage, headers, and tanks served. The information 
"' provided is the current specified usage of these tanks. However, these are 

tanks that can be used for other chemical storage, based upon their 
availability. At present, some tanks are being used as storage for the 
PUREX Plant. 

5.9.5.1.1 Nitric Acid (SA-101, SA-102, and SA-103). Three vertica l 
stainless steel tanks are presently tied into the nitric acid storage 
system. Weight factor indicators are installed on the three nitric acid 
storage tanks. 

5.9.5.1.2 Demineralized Water (SD-111). This tank i s lagged and 
equipped with a steam coil to maintain the water temperature at 70°F. 
A weight factor indicator controller is installed to control the flow of 
water through the demineralizer and into Tank SD-111. A 11 T'1 and valves on 
the line between the demineralizer and TK-SD-111 are provided so that cooler 
demineralized water than that from the storage tank can go to Tank MNB-173. 
Two stainless steel pumps of 50 gal/min capacity and 80-ft head are prov ided 
to pump water from TK-SD-111 to the 221-8 Building Header 111 or to the 
276-8 Building. 
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TABLE 5-21. Chemical Storage Tanks in 211-B Tank Farm. (Sheet I of 2) 

Che1111ca I '4ok Pump 

Volume lle1d flow hnh References Stored Wt.X Number 
(94 I) Nu11ber 

(fl) . (9pm) lleAder served 

llltrlc acid 57 SA-101 8,000 PSA-5 70 50 309. 101 • 11-302. 11-303, 11-304. 11-2-35343, H-2-35354, 
SA-102 8,000 102. 103 H-312. 11-313, 11-314. 11-2-35355. 11-2-35632. 
SA- 103 8,000 501 11-315. H-318, 11-319, 11-2-35632. 11-2- 35633, 

11-321. H-309, 11-501. 11-2-36121 
11-402 

Cullan dioxide S0- 191 24 tons 191 11-2-36122, 11 -2- 36125, 
11-2-36126 

Oenalner•llzed S0-111 18,000 PS0- 18 50 50 Ill 11-301, 11- 302, 11-303, 11-2-35343. 11-2-35353, 
willer PS0-18-2 11-304. 11-305, 11-312. 11-2-35354. 11-2-35355, 

11-313. 11-314, 11-315. 11-2-35632. 11-2-356ll, 
11-316. 11-318, 11-319, 11-2-36112, 11-2-36123, 
11-320. 11-321, 11-401, H-2-36128 
11-402, 11-101, 11-102, 
H0-154 

£OJA SE-125 8,000 PCE-10 50 50 125. 126. 11-403, 11-316, 11-402 11-2-35354, 11-2-1563]. 
SE-126 8,000 PSE-19 90 50 128 11-2-36124 
SE-121 8,000 
SE-138t 8,000 

llyJroxy,acl!llc 70 Sf - 120 8,000 PCF-1 * 30 50 120, 121. 11-301, 11-315, 11-316. 11-2-35354, 11-2-35632, ac IJ Sf - 121 8,000 PSF-3 60 . 50 122, 502 11-502, 11-401, 11-402 11-2-356]], 11-2-36125, 
Sf-122 8,000 PSF -4 60 50 H-2-16126 

Sp,are SK-161 11,500 PSK-9 80 35 11-2-36123 

Anhydrous SN- l /2 12,200 172 Ce 11 21 H-2-36122, tl-2-35347 
All•nonla 

II -Paraffin S0- 151 20,000 PS0-21* 50 50 M0-154 H0- 154, 11-2-36128, 11 -2- 36129 
hydrocarbon S0- 152 11,500 PS0-22 46 50 
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TABLE 5-21. Chemical Storage Tanks in 211-0 Tank Farm. (Sheet 2 of 2) 

Che11lCi1l Tank Pump 

Volume Head Flow Tanks 
Stored Wt.t Number (gal) Nua1ber (ft) (9pm) Header served 

Sodlu11 50 SQ- 141 18,000 PCQ- 1 310, 311 H-301-l, 11-302, hydroxide SQ-142 18,000 PSQ-8 141, 142, H-303, H-305, H- lld, 
SQ- 143 18,000 11-311, H-315, 11 -316, 

217B Oemlnerallzer 
Unit 

IIEOTA 41 ST-131 8,000 PCT-ll* 30 50 127, 131, 11-305, 11-403 
ST-132 B,000 PST-15 60 50 132, 133 

A111nonlum HH0 - 173 18,000 PSHB- 7 30 50 173 Cell 21 
carbonate PSllll-7-A 30 50 173 

References 

II-Z-35141, H-Z-15354, 
11-2-35355, II-Z-15632, 
11-2- 35633, 11-2-36127 

H-2035354, 11 -2-36126 

11-2-6I056, 11-2-36122, 
11-2-37102, 11 -2- 35347 
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5.9.5.1.3 Ethylenediaminetetraacetic Acid - EDTA (SE-125. SE-126). 
A 40% aqueous solution of the sodium salt of ethyienediaminetetraacetic acid 
(EDTA) stored in a 24 ft dia. by 30 ft-high (8,000 gal) ·stainless steel 
tank. This EDTA storage tank is insulated with 2 in. of lagging and 
waterproof covering on sides and top. It has a 250,000 Btu/h steam coil 
with automatic controls and 15 lb steam and raw water services to maintain 
the contents of the tank at 70°F. This tank has both temperature and weight 
factor indicators. Pumps, provided far pumping EDTA to 271-8 Building, are 
made of stainless steel and rated at 50 gal/min with an ao· ft head. 

The south railroad tank car unloading station, used for unloading 
caustic and sulfuric acid, is equipped for unloading EDTA solution with a 
stainless steel pump (PCE-10) rated at 50 gal/min with an 80 ft head. 

5.9.5.1.4 Hydroxyacetic Acid. Hydroxyacetic (glycolic} acid is 
received in railway tank cars as 70 wt% aqueous solution. The solution is 

o stored in three 8000-gal vertical stainless-steel tanks, SF-120, SF-121, 
SF-122, located in the 211-8 chemical tank farm. 

5.9.5.1.5 Carbon Dioxide (Ref. 5-44, Fig. 5-62). Carbon dioxide is 
delivered to 211-8 by tank truck and stored in a 24-t unit equipped with a 
3-h integral refrigeration unit. The tank, designed for a maximum pressure 
of 363 psig at maximum and minimum temperatures of 650°F and -20°F 
respectively, holds bulk carbon dioxide at 3oo ·psig and 0°F. The tank, 
located on a 6-in.-thick reinforced foundation slab 29 ft long and 5 ft 

r+ wide, is insulated with polyurethane foam and covered with a skin made up of 
polyester resin reinforced with a fiberglass material. 

c, A pump-down refrigeration system is used ,,.,ith a thermostatic expansion 
valve and a fully hermetic condensing unit. The valves on the refrigeration 
circuit are opened and the electrical system is energized sequentially to 
start the refrigerator. 

A Barton hydrostatic liquid-level gauge, sensitive to ambient 
temperatures at 0°F or lower and a scale graduated in tenths from empty to 
full is used on this unit. Static pressure lines leading to the gauge are 
lagged and traced with heating tapes to prevent loss of instrument accuracy 
due to condensation at law temperatures. Three pressure relief valves are 
provided. The failure of the refrigeration unit will open the bleeder valve 
at 341 psig and vent . the tank until remedial measures can be taken. The 
main pressure relief valve, set at 375 psig, should not open, but, in the 
event that it does open and does not re-seal, the standby safety valve can 
be used. 

Carbon dioxide is sparged into the contents of Tank MNB-173, used for 
~eight factor and inert blanket purge of SF and ST tanks and sparged into 
221-8 Cell Tank 21-1 via nozzle 12, Cell 21 in the pipe gallery. Automatic 
controls are such that an air purge fallows the shut off of carbon diox ide 
f low to Tanks MNB-173 or Ce l l Tank 21-1. 
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5.9.5.1.6 Ammonia Storage (Fig. 5-63). Anhydrous Ammonia is delivered 
by tank truck and stored in a pressure vessel (SN-172) in the far northeast 
corner of the 211-8 area to allow dispersal of fumes by prevailing winds. 
The storage tank (with dimensions of 7 ft, 1/2 in. dia. and 38 ft, 
11 1/2 in. in length with a 3/4-in. nominal shell thickness), was 
constructed in accordance with the ASME Boiler and Pressure Vessel code for 
a maximum pressure of 265 psig at maximum and minimum temperatures of 650°F 
and -20°F, respectively. The tank is painted with heat-r~flecting white 
paint. The tank is equipped with an 85¾ bleeder to prevent overfilling, two 
pressure relief valves rated at a minimum flow rate of 5.300 scfm of air and 
installed on a four-way manifold to allow valve repair; a liquid level gage 
and a pressure indicator; and facilities for filling from a tank truck. The 
tank has two outlets; one outlet is for ammonia to Tank MNB-173 (Ammonium 
Carbonate make-up tank) and the other outlet is the supply line of ammonia 
to Cell 21 via nozzle 2 in the pipe gallery. Both lines are a minimum of 
30 ft from ground level with a pressure relief valve at the high point. 

5.9.5.1.7 Ethylenediamenetetraacetic (EDTA) Acid. The sodium salt of 
the chelating agent ethylenediaminetetraacetic acid is received in tank cars 
as 40 wt% aqueous solution. The material is stored in four 8,000-gal 
vertical stainless-steel tanks, SE-125, SE-126, SE-127, and SE-128, located 
in the 211-8 chemical tank farm. Tanks SE-125, SE-126, and SE-127 are 
lagged and equipped with"steam coils to keep the material from freezing. 
Tank SE-128 can be used for emergency chelate storage, but is neither lagged 
nor equipped _with a steam coil. 

• 
5.9.5.1.8 Nitric Acid. Nitric acid is received in tank trucks and is 

air blown into one of the three storage tanks from which it is pumped into 
one of the AMU storage tanks. 

5.9.5.1.9 N-Parrafin Hydrocarbon. The organic diluent n-paraffin 
hydrocarbon (NPH) is received in railway tank cars and stored in two mild 

: steel storage tanks buried underground adjacent to the 276-8 (organic make
up) building. Tank S0-151 has a capacity of 20,000 gal and tank S0-152 has 

~ a capacity of 11,500 gal. 

5.9.5.1.10 Sodium Bisulfate. Sodium bisulfate is received as a bulk 
dry chemical and is stored on the first floor of the 271-8 Building. 

5.9.5.1.11 Sodium Carbonate. Sodium carbonate is received as a bulk 
dry chemical and is stored on the first floor of the 271-B Building. 

5.9.5.1.12 Sodium Hydroxide. Caustic solution is received in railway 
tank cars as a 50% aqueous solution. The caustic solution is stored in 
three 16,000-gal mild steel horizontal tanks, SQ-141, SQ-142, and SQ-143, 
located in the 211-B chemical tank farm. The caustic storage tanks are 
lagged and steam-heated. All exterior caustic lines are also lagged and 
steam-traced. 

5.9.5.1.13 Sodium Nitrate. Sodium nitrate is received as a bu~k dry 
chemical and is stored on the third floor of the 271-8 Building. 
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5.9.5.1.14 Hydroxyethylenediaminetetraacetic (HEDTA) Acid. 
Hydroxyethylenediaminetetraacetic (HEOTA) is received in railway tank cars 
as an 80 wt% aqueous solution. The acid is stored in three 8,000-gal 
vertical stainless-steel tanks ST-131, ST-132, and ST-133 located in the 
211-8 chemical tank farm. The three storage tanks are surrounded by a 3-ft 
concrete dike. The storage tanks are lagged and heated, and the piping 
system is team-traced to prevent the acid from freezing. From the chemical 
tank farm, HEDTA is pumped to weight tank WT-503 on the third floor 
mezzanine of the 271-8 Building. 

5.9.5.1.15 Citric Acid. Citric acid is received as a bulk crystalline 
dry chemical and is stored on the third floor of the 271-Building. 

5.9.5.1.16 Oi(2-ethylhexyl)phosphoric Acid. The organic solvent 
di(2-ethylhexyi)phosphoric acid is received as aqueous solution. The acid 
is stored in three 8,000-gal stai•nless-steel storage tanks located in 276-B. 

v 5.9.5.1.17 Tributyl Phosphate (TSP). Tributyl phosphate used in 
solvent make-up is received in 55-gal drums and is stared on the loading 
platform of the 276-8 Building. Care must be taken not to confuse TSP and 
02EHPA drums which are stored in the same location. 

"" 5.9.5.1.18 Zeolon. The ion exchange medium Zeolon 900 is received as 
bulk dry material and is stored en the third floor of the 271-8 Building. 

~ O' 5.9.5.2 A ueous Makeup and Scale Tanks 271-8 Third Floor and the Ooeratin 
, ~ Gallerv (Tables 5-22 and 5-23, Fig. 5-64. These tanks rest on scales and 

,re located in the operating gallery. They are used to meter chemical 
solutions for the process. The tanks are generally of 400-gal operat i ng 

~ capacity resting on a 6,000-lb capacity scale. The tanks marked (*) and 
(**) are 60 and 75-gal capacity tanks resting on a 1,200- lb capacity scale. 
The tanks marked (+) are lagged and those having numerals marked beside them 
have pumps. These scale tanks have more than one number designated to them 
and, thus all numbers pertaining to a single tank are designated within the 
bracket. 

°' These tanks are used flexibly for the process as required. However, 
t he undernoted are examp les of the scale tank usage: 

• Head End, Sulfate Precipitation, Caustic Strike 

Nitric acid solutions or demineralized water are blended and 
metered via Tanks (12-28, 11-lC, 12-2C, 11-2-E, 11-1-E, and 
12-1-E). Tank (12-28) is equipped with an agitator, steam coils, 
and a pump for pumping solution through either G-12-2 bowl or case 
spray nozzle. Tank (11-1-C) is a l agged, multi-purpose tank 
equipped with an agitator and coils. Tank (11-2-E) is also a 
multi-purpose tank equipped with an air sparger and feeds t he 
canyon tanks by gravity. 
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TABLE 5-22. Aqueous Makeup Tanks (H-2-61127, 
H-2-61126, H-2-61128). (Sheet 1 of 2) 

Coils 
Agitator Capacity cooling Duty Reference 

hp (gal) area (Btu/h) 
(ft2) 

1 75 H-2-61050 

550 1 H-2-61050 

100 H-2-61050 

1 800 22 2.0 X 105 H-2-61050 

1 800 22 2.0 X 105 H-2-61050 

1 600 21 2.Q X 105 H-2-61050 

1/2 600 21 2.0 X 105 H-2-35343 

130 H-2-61051 

130 H-2-61051 

600 H-2-35343 

600 H-2-35343 
I 

600 H-2-35343 

600 12 1.0 X 105 H-2-61051 

1/2 600 
I 

13.5 3.0 X 105 H-2-61051 

105 1/2 600 I 13.5 I 3 .0 x H-2-61051 
I 

I 
105 1/2 600 I 27 2.5 X H-2-61051 

1/2 600 27 2.5 X 105 H-2-61051 

1/2 600 13.5 3.0 X 105 H-2-61050 
I 
I I 
I 

j 3.Q X 105 1/2 600 13.5 I H-2-61050 

I 
H-2-35355 

I I 

105 1/4 I 75 6 !3.0 X jH-2-61050 
I j :H-2-35..,55 
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Tank 

H-321 

H-401 

H-403 

H-101 

'° H-102 

H-317 

H-405 

H-402 

H-402-1 

., H-501 

H-502 

H-503 
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TABLE 5-22. Aqueous Makeup Tanks (H-2-61127, 
H-2-61126, H-2-61128). (Sheet 2 of 2) 

Agitator I Coils 
Capacity cooling Duty ·Reference hp I (gal) area (Btu/h) 

I {ft2) 

1 1/2 1,600 95 5.0 X 104 +-1-2-61050 
H-2-35355 

530 12 1.0 X lQ5 H-2-61051 

1/2 100 H-2-61051 

2 1,000 35 2.5 X 105 H-2-61050 

2 2,500 25 1.0 X 105 H-2-61050 

1/2 100 H-2-61051 

550 6 5.0 X 104 H-2-61051 

30 H-2-61051 

140 H-2-61051 

140 H-2-61051 

140 H-2-61051 
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TABLE 5-23. Chemical Headers to Operating Gallery 
Scale Tanks. (Sheet 1 of 2) 

Scale 
tank 

5-2F 

5-lA, 5-2A 

6-lA, 6-2A 

7-lA, 7-2A 

8-lA, 8-2A 

9-lA, 9-2A 

11-2D 

11-lC-l-lC, 11-2C, 
12-2C 

11-lE, 11_-2E, 12-lE 

12-28 

13-lA, 14-2.~ 

13-2A 

13-20 (disconnected) 

14-lE 

1 5-0 

1 

1 

1 

2 

2 

7-lA 17-2A, 18-lA 

8-3C, A-18-3C 

9-1S 

0-lA, 20-2A, 21-lA 

3-lF, 23-3F, 22-lF 

Chemical Cell Cell 
headers equipment tank 

111,403, 305 5-2 

111, 305, 309, 310 5-3 E-5-2 

111, 305, 309 6-1 6-2 

111, 305, 309 7-1 7-2 

111, 305, 309 8-1 8-2 

111, 305, 309 9-1 9-2 

111 11-2 

111, 305, 309, 310, 102 11-2 12-2 
11-1 

111, 305, 309, 310 11-1 11-2 

111, 305, 309, 310, Bowl Case 
102, HEDTA 

111, 305, 301, 101, 13-1 14-2 
403, 309, 301 I 

I 
111, 305, M0154, 309, I 13-2 Bowl 
403, 310, 303-304 i ' I 

111, 305, 310 

403 1 
Case Bowl 

111, 305, 310, iOl, 14-1 

111, 305, 403, 303, 22-2 23-2 
304, 101 

111, 305, 310 17-1 17-2 

111, 305, 310 18-3 

111, 305 I 19-1 - ! 
111, 305 I 20-1 20-2 

111, 305, 310 
I 

24-1 I I 
I 
I I 

5-182 

Cell 
tank 

Cask pump 

10-1 

12-1 

Pump 

I 
j Case 

I · Pump 

Pump 

18-1 

Pump 

21-1 

I 



Scale 
tank 

26-lA, 26-3A, 

26-2A 

28-3C, 30-3C 

28-lF 

28-2E, 27-2E 

29-lF 

29-2E, 29-3E 

29-28 

29-2A 

30-lC, 30-2C, 

31-lA, 3l-3A 

31-lF, 31-2F 

31-3E 

32-18, 33-1 

32-2C 

34-lA 

35-lA, 35-2A 

Funnel 

SD-WM-SAR-013 

TABLE 5-23. Chemical Headers to Operating Gallery 
Scale Tanks. (Sheet 2 of 2) 

Chemical Cell Ce 11 
headers equipment · tank 

27-3A 111, 305, 310, 302, 102 26-1 26-3 

111, 305, 310, 309, 26-2 
301, 402 

111, 305, 310, 309 38-3 30-3 

111, 310, 312 28-1 

111, 305, 309 28-2 27-2 

111, 305, 402 29-1 

111, 309, 315, 310 29-3 29-2 

111, 309, 310 29-2 

111, 305, 315-316 29-2 

30-3C 111, 305 30-1 30-2 

111, 305, 102, 101 31-1 31-3 

111, 305, 310, 102 31-1 31-2 

111, 309 , 401 31-3 

111, 305, 310 32-1 

111, 305, 309, 310, 101 32-2 Bowl 

111, 305 34-1 

111, 305, 309, 310 35-1 35-2 

37-2 37-3 

Cell 
tank 

27-2 

Pump 

Pump 

. 

30-3 

33-1 

Case pump 

37-1 

NOTE: Tanks with more than one number (i.e., 13-lA, 14-2A) serve as 
chemical addition tanks to more than one cell vessel. 
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• Cell 18 - Ion Exchanae 

Sodium hydroxide, ammonium carbonate, nitric acid, HEOTA, and 
demineralized water for recycling, complexing, and . flushing are 
added to the Canyon Tanks (17-1-A, 18-3-C, 19-1~8, and 20-1-A). 

• Cell 38 - Ion Exchange 

Tank 38-A has an agitator, heating and 
HN03, and demineralized water headers. 
adding water to Cell 38 and 39 vessels 
neutralization with NaOH. 

cooling coils, a pump, and 
It is mainly used for 

and also used for 

Tank 39-A is equipped with an agitator, a pump and nitric acid, 
and demineralized water headers. The pump is used to route 
solution to the concentrator packed section and deentrainer pads 
for cleaning. 

• Solvent Extraction 

Citric Acid, HEOTA, EDTA, and Hydroxyacetic acid are added for 
complexing unwanted polyvalent cations and for buffering the 
solution to maintain the required pH level via Tanks 26-2-A, 
26-lA, 28-lF, 26-lF, 30-lC, 27-2E, 28-3C, 29-3E, 29-2-8, 31-lA, 
31-lF/31-2-F, 32-18, and 32-2C. 

• Waste Concentration 

Sodium hydroxide, nitric acid, and demineralized water for 
adjustment of pH, nitric acid boilups, and flushes are added to 
canyon tanks and concentrator E-23-3 via Tanks 23-1-F, 24-1-8, 
25-1-A, and 26-3-A. 

1 ; S.9.5.3 Survivability of 211-8 Tank Farm (Ref. 5-7). The 9-ft-dia. by 
36 ft long horizontal stainless steel (SS) tank design is deficient in that 

~ the full tank weight alone creates soil pressures that are unacceptably low 
factors of safety about 1.2, where normal design practices dictate 3.0 or 
greater. The seismic ground motions (either HRHE or SSE) will create 
excessive soil bearing pressures and overturning moments, with the probable 
result of the collapse of these tanks. The tornado wind loads will 
similarly affect these tanks but the missiles are not anticipated to affect 
the relatively thick shells of these tanks. 

The seismic analysis of the 10-ft-dia. by 14-ft-high vertical SS tank 
indicates that the horizontal loading will buckle the vertical portions of 
the exterior reinforcing and overload the foundation anchors. Other seismic 
effects include localized buckling of the light gage shell. The tank will 
remain stable, because the tornado wind loads do not create a net 
overturning moment on the tank, but the tornado missiles are expected to 
penetrate the light gage shell. 
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Any significant lateral forces or displacements due to either HRHE or 
SSE will result in piping failure, because no horizontal seismi~ restraints. 
The access platforms, considering the age, deterioration, and lack of 
lateral bracing will co l lapse due to seismic motions and tornado winds. 

5.9.6 217-B Demineralizer Building (Fig. 5-65) 

The sanitary water, containing large quantities of dissolved ionic 
impurities, must be purified before it is suitable for process use in 
B Plant. The demineralizer building is located in the 211-B tank farm area. 

The demineralized water for B Plant process is prepared by use of a 
duplex bed ion exchanger. The cations are removed from the sanitary water 
by a bed containing 100 ft3 of Nalcite HCRW, a strong acid resin. The 
anions are then removed by a mixed bed containing 32 ft3 of Amberlite 
IRA-93, a weak base resin, and 30 ft3 of Amberlite IRA-402, a strong base 
resin. The cations removed include such elements as calcium, sodium and 
magnesium. The anions removed via the weak base resin includes (strong 
acids), sulfates, and chlorides, while the anions removed via the strong 
base resin include (weak acids), carbolic acid, and silica. 

Normally the demineralizer handles approximately 240,000 gal of 
sanitary water at a rate of 50 gpm before it must be regenerated. The 
cation unit is regenerated by passing dilute sulfuric acid through the bed 
(returned to its normal hydrogen .ion state). The anion unit is regenerated 
by passing dilute caustic (NaOH) through its bed (returned to its normal 
hydroxide ion state). 

During normal operation, sanitary water passes through the cation and 
anion columns at 50 gal/min and is either routed directly to B Plant process 
by way of the 111 header or to the demineralized water storage 
tank 50-111. The treated water has the following specifications: 

Total hardness (as CaC03) less than 2 ppm 

Calcium II II 0.2 ppm 

Magnesium II II 0.01 ppm 

Strontium II II 0.01 ppm 

Sodium II " 0.1 ppm 

Chloride (as NaCl) II II 0.1 ppm 

Sulfates (as Na2S04) II II 1.5 ppm 

Dissolved solids II II 4.5 ppm 

Silica (as Si02) II II 7.5 ppm 

pH II " 5 to 8 ppm 
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The building is equipped with portable fire extinguishers and the 
nearest fire hydrant is 60 ft east of the building. 

5.9.6.1 Structure. The building is one level on grade with a 24 ft by 
20 ft concrete floor slab. The walls are corrugated asbestos siding 
supported by four I-beam corner columns with horizontal and vertical 
structural beams, stiffeners, and diagonal braces. The building has a 
single panel door on the south side and a double panel swing door on the 
north side. There are two clear glass windows on the east and west end of 
the building. The building has an occupancy classification of special 
purpose industrial and a construction classification of unprotected 
noncombustible. 

5.9.6.2 Ventilation. There is a 30 in. gravity roof ventilator with an 
adjustable damper and a 9 in. vent. The building is equipped with a heater 
for the winter. 

M 5.9.6.3 Survivability of 217-8 Demineralizer Building. The building, a 
structure with corrugated asbestos siding is cross-braced in all directions. 
It qualifies as a low-mass, high stiffness structure and hence, seismic 
resistant. The building is vulnerable to the 145-mph tornado. 

5.9.7 276-8 Solvent Building 

The solvent building and storage area are attached to Sections 4 and 5, 
north of the 221-8 Building. The building is a 14 ft high single-storied 
construction built upon a concrete platform raised 3 ft above finished 
grade. The operating portion of the building, 35 ft 4 in. by 20 ft, is of 
hollow, load-bearing concrete blocks and reinforced concrete roof slab. 
Along the east end of the building is a 10 ft by 21 ft 6 in. drum unloading 
station with two 3 gal/min pumps powered by 90 psig air supply. Piping is 
provided with quick disconnects so that TBP or .D2EHPA may be pumped from 
drums to their respective head tanks (M0-145, M0-155) equipped with 7.5-hp 
agitators. Weight factor and specific gravity indicators and decant valves 
that drain via stainless steel funnels to the chemical sewer are also 
provided. There are two 400 gal head tanks equipped with weight factors for 
02EHPA, and TBP located on the floor. The tanks are all vented to the 
atmosphere. PM0-23, a SO-gal/min, 61-ft head stainless steel pump, is 
installed on the operating deck to pump organic to Nozzle 49, Cell 28 for 
use in the solvent extraction process. 

The building i~ heated with a steam space heater and cooled with an 
evaporative cooler. Flood lights are provided over dock and storage area. 
Lighting fixtures are vapor-proof and safety-showers are provided inside the 
building storage area. 

5.9.7.1 Diluent Storage Tanks (TK-S0-151, TK-S0-152). The diluent storage 
tanks of capacities 11,500 and 20,000 gal are located 3 ft 6 in. below 
grade, 18 ft 6 in. north of the 276-B Building (H-2-60302). Piping 1s 
provided for pumping the diluent from railroad unloading station car spot 
No~ 2 with pump (P-S0-22) to the two storage tanks. The two outlets, one 
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from each tank, are at the bottom of the tank. There is a check valve and a 
priming tank, which can be attached to the suction of 100 psig air-operated 
jet with a plastic tubing upstream of the diluent transfer pump (P-S0-22, 
H-2-36129). The diluent transfer pumps (PS0-21 and PS0-22) are carbon 
steel, rated at 50 gal/min with a 50 and 46 ft head, respectively. 

Oi(2-ethylhexyl) phosphoric acid-(02EHPA) and tri-n-butyl phosphate 
(TBP) a~e received in drums and stared in the 276-8 Building. 

5.9.7.2 Heating and Ventilation. 

5.9.7.2.1 Unit Heater (KI-1). The horizontal unit heater with finned 
tubes in steel casing and adjustable louvers is sized for 275,000 Btu/h heat 
output with 15 psig steam and 4,000 ft3/min minimum airflow at an ambient 
temperature of 40°F. 

The 115 V, 60 cycle, single-phase fan motor is rated at 1/3 hp, 
1,750 maximum rpm. The motor is an explosion-proof rated for Class I, 
division 2, group" •" service and the entire unit is HMCA spark-resistant 
type 11 8 11 construction. 

5.10 UTILITIES ANO FIRE PROTECTION SYSTEM 

0--

~ 5.10.l Electricity 

The Bonneville Power Administration, through its substations at Vernita 
and White Bluffs, supplies power to the Hanford loop at 251-W substation A8 
by 230-kV overhead equipped lines equipped with static wire protection 
(H-5-102). Two independent sources are available to the loop to allow 
multiple component failure without irredeemable power lass. From the 251-W 

r substation A8, with two 230/13.8 kV transformers, power lines are routed to 
· site facilities via dual independent overhead lines, C8-Ll through C8-L4 ta 

c,-. 200 West Area and C8-L5 through C8-L8 to 200 East Area, respectively 
(H-2-2126). 

5.10.1.2 Main Distribution Feeders. Electric power from the 251-W 
substation A-8 is transmitted by two independent 13.8 kV overhead lines 
C8-L6 and C8-L7 (Fig. 5-66) to two platform mounted substations with one 
13.8-2.4 kV, 1,000 kVA transformer bank on each platform (H-2-2126, 
sheet 2). 2,400 V electrical power from the platform substations is 
delivered to B Plant on two "normal" incoming lines E8-L53 and E8-L58. 
2,400 V "emergency" power is delivered to B Plant from the 284 power house 
vi a line E8-L66. Current 1 y, the "norma 1" 1 i nes enter the bu i1 ding from the 
south side and feed through the main 2,400 V switchgear in the electrical 
gallery (at section 12) to transformers located outside and adjacent to the 
north side of the bui lding (Fig. 5-67). These transformers are rated 2,400-
480 V and 2,400-120/240 V. The 480 V power from the transformers is 
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distributed to motor control centers (MCCs) located in the electrical 
gallery. The lower voltage transformers feed lighting circuits and various 
small loads. Tables 5-24 and 5-25 provide a list of equipment supplied from 
respective MCCs. 

5.10.1.2.1 New Uparades (Ref. 5-45). A substation located immediately 
north of the 271-8 Building (Fig. 5-68) and having two separate sources will 
be supplied by lines from C8-L6 on Baltimore Avenue and from line C8-L7 at 
the west end of the 225-8 Building. Power for the 221-8 Building will be 
taken from the 13~8 kV lines C8-L6 and C8-L7 (H-2-93734, H-2-93736, 
H-2-93737). 

Pole mounted, 3 pole, gang-operated load break switches, used as main 
disconnects from the two normal supply lines, will be mounted on a dead end 
structure, with connections to the unit substation via underground concrete 
encased ducts. 

The substation will be a weatherproof, double-ended unit substation, 
consisting of two 1,500 kVA transformers, metal enclosed medium voltage load 
interrupter switchgear, and metal enclosed low-voltage drawout switchgear. 
The transformers will be separated by a minimum distance of 25 ft. Fused 

-., load interrupter switches will also be used as primary disconnects to the 
· two 1,500 kVA transformers. The unit substation will have the capability of 

being ex'panded from both ends for additional 13.8 kV feeders for future 
loads. The low-voltage switchgear will consist of metal enclosed, 600 V 
switchgear with two 3-phase, 2,500 amp buses, each having a main incoming 
circuit breaker and fed from the respective 1,500 kVA transformers. A bus 
tie circuit breaker between these two sets of main buses will be included. 

, The two main breakers and the bus tie will be electrically operated and 
interlocked. Under normal operation each bus will be fed from its 

- respective 1,500 kVA transformer. If either transformer or its source 
should fail, voltage sensing relays will automatically open the breaker and 

• close the tie breaker so that both busses are fed from the remaining supply. 
An interlock will prevent a closed position for the two main breakers and 
the bus tie at the same time. This will forestall paralleling of the two 
1,500 kVA transformers. The secondaries of the 1,500 kVA transformers will 
be 480Y/277 V, 3 phase, 60 Hz with the neutral solidly grounded. 

The low voltage main, tie breakers and feeder breakers in the unit 
substation will be drawout, insulated case circuit breakers with solid state 
trip devices. All circuit breakers will be equipped with auxiliary contacts 
for use with future position annuniciation system. The unit substation will 
be approximately 40 ft long by 10-ft deep by 10-ft high, mounted on a 44-ft 
by 14-ft concrete pad with an approved ground grid. Suitable drainage and 
collection will be provided around the concrete pad for potential 
transformer ruptures and oil spills. Vehicular barriers will be provided 
for protection of pad-mounted equipment. 
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TABLE 5-24. Equipment Pieces Fed by Feeder L-58 (H-2-60502). 

MCC #3 MCC #4 I MCC #12 I MCC #13A 

Carri er Units P-12-2 Spray Pump Instrument Ai r 211-8 Pumps not 
Refrigerated in 7A 
Dryer 

Vent Fans P-13-2 Spray Pump Carrier Units 
Dumbwaiter A-5-1 Vent Fans 
Shelter Lights P-5-lA 
Supply Fans SF-1 276-8 Equipment 
Extra A-7-2 

Cell 4 Vacuum pump 

MCC #13 MCC #14 MCC #14A I MCC #! SA 

P-BCP-1 (221-88) A-28-3 Pulser 27-1 Pulser 28-1 
Exhaust Fan Vent Fans Pulser 29-1 

(221-88) A-27-3 Pulser 30-1 
A-26-2 P-28-3 P-30-3 
Carrier Units P-27-3 A-27-2 
A-26-1 PA-27-4 
P-26-1 P-28-lF Gallery 
A-25-1 P-29-lF Ga 11 ery 
P-25-1 P-28-2 
A-25-2 A-28-lF Gallery 
P-26-3 A-28-2 
A-26-lA Gallery A-28-3C Gallery 
A-26-2A Gal 1 ery PA-28-4 

Worthington Air 
Compressor 

2300 Volt 
Disconnect: 
#1 Joy 

I Compressor 
: I 
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TABLE 5-25. Equipment Pieces Fed by Feeder L-53 (H-2-60502). 
(Sheet 1 of 2) 

MCC #6 MCC #7A I MCC #7 I MCC #8 I 
Centrifuge A-13-1 Vent Fans A-16-1 

(G-12-2) 
Vent Fans A-8-1 A-14-1 Vent Fans 
A-11-1 A-8-2 A-14-2 A-17-1 
A7-l A-1-6 Centrifuge G-13-2 A-17-2 
A-11-2 A-6-2 A-15-2 

P-13-1 A-13-lA Gallery 
P-12-2C Gallery A-14-2A Ga 11 ery 
A-12-28 Gallery A-16-2A Gallery 
A-12-2C Gallery A-13-2A 
Oemineralizer 

Equipment 
211-8 Pumps: 

PCE-10 
PCNB-7 
PCNB-7A 
PST-15 
PST-16 

A-9-1 
A-9-2 
A-12-1 

MCC 119 MCC no MCC #11 MCC lll3C . 

A-18-1 A-19-1-2 P-24-1 
P-18-1 Vent Fans P-21-1-1 All AMU Equipment 
Vent Fans A-20-lP-19-1 P-21-1-2 Buffalo Unit 
A-18-3C Gallery A-19-1-1 A-21-1-1 
P-18-3C Ga 11 ery A-21-1-2 
Shop Sump Pump A-24-1-1 
PA-18-3 A-24-1-2 

PA-32-1 
P-20-lA Ga 11 ery 

MCC #15 MCC #16 I MCC #17 MCC #18 

P-32-2C Ga 11 ery Centrifuge G-32-2 A-32-1 A-37-1 
A-29-3 Vent Fans Ver.t Equ i pment A-37-2 
Carrier Units A-31-1 A-32-2C Ga 11 ery A-37-3 
A-30-3 A-32-2 A-31-lF Gal lery Vent Equipment 
P-29-3 A-31-3 A-33-1-2 
A-30-2 A-33-1-1 
A-29-2 A-34-1 

A-34-2 
.ll.-34-3 
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TABLE 5-25. Equipment Pieces Fed by Feeder L-53 (H-2-60502). 
(Sheet 2 of 2) 

MCC #18A 

A-36-1 
A-36-2 
PA-36-3 
A-36-lA Gallery 
A-36-3A Gallery 
A-35-1 
A-35-2 
A-35-lA Gal lery 
PCS-1 Gallery 

MCC #19 

A-38-1 
Vent Equipment 
A-38-2 
A-38-3 
P-38-1 
P-38-4 
P-38-A Gallery 
A-38-A Gallery 
A-39-1 
A-39-2 
A-39-4 
A-39-5 
A-39-A Gallery 
P-39-A Ga 11 ery 
2,300 V Disconnect: 

#2 Joy Compressor 

NOTE: (Will update table H-2-92743, 4 Sheets) • 
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The transformers will be non-PCB oil-filled outdoor type, the medium 
voltage switchgear will be housed in a weatherproof outdoor enclosure, and 
the low voltage switchgear will be in a 11walk-in 11 weatherproof housing with 
internal lighting. The low voltage system will be provided with a neutral 
bus throughout the switchgear. The available short-circuit from lines C8-L6 
and C8-L7 is 37.5 MVA at 13.8 kV. 

Electrical power (Ref. 5-46) within the 221-8 Building will be 
distributed at 480Y/277 V, 3-phase, 60 Hz. This system will have a solidly 
grounded neutral. Neutral conductors will be brought into the building with 
the power conductors from the outdoor unit substation. Power will be 
distributed throughout the plant by a radial distribution system. The 
existing motor control center {MCC) will be replaced with new ones 
(Ref. 5-67). Power to these MCCs will be from conductors in conduit along 
the length of the electrical gallery with conveniently located junction 
boxes for connection to the MCCs. Each feeder will be installed in an 

_ individual conduit run servicing no more than two MCCs. All conduits will 
be suitably marked at conveni~nt intervals for identification purposes. All 
conductors will be copper and insulated with crosslinked polyethylene or 
silicone rubber. 

When electrical outages occur it is imperative that corrective actions 
be completed as soon as possible to minimize the impact on processing and 
waste handling activities of B Plant. Clear and rapid status indication and 

• annunciation is required to facilitate appropriate corrective action to 
, t: · e 1 ectri ca 1 system prob 1 ems. 

The annunciation and status (Ref. 5-47) indication system will be 
installed in the B Plant dispatcher's office, (271-8 Building, Room 205) to 
indicate the position of each major circuit breaker, fused disconnect, or 
loadbreak switch in the B Plant electrical system. An alarm will provide 
visible light and audible sound at the annunciation panel to indicate 

. deviation from a normal operating position. The audible alarm may be 
silenced by the dispatcher. The visible alarm will reset itself when the 

0'- breaker or switch is returned to is normal position. 

An annunciator panel capable for future expansion will provide the 
alarm display. Auxiliary {dry) contacts on each circuit breaker or switch 
will provide a position indication signal to the panel. A total of 
66 devices will be annunciated. Table 5-26 shows normal power devices and 
Table 5-27 shows emergency power devices that are to be annunciated. The 
new annunciator panel will operate on 120 V AC circuit. 
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12 
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TABLE 5-26. Normal Power (13.8 kV Source) Devices. 

Description 

Power availability (C8-L6 and C8-L7). 

Primary (H.V.) loadbreak switches (in 13.8 kl/ substation). 

Secondary (L.V.) main breakers (in 13.8 kl/ substation). 

L.V. tie breaker (in 13.8 kV substation). 

L.V. feeder breakers "A" through "L" (in 13.8 kV substation). 

Motor control center (MCC) main breakers (in electrical 
gallery). 

Primary feeders breakers for lighting transformers Tl , T2, T3, 
T4 (in electrical gallery). 

Secondary feeder breakers for lighting transformers Tl, T2, 
T3, T4 (in electrical gallery). 

Automatic transfer switches (in electrical -gallery). 

Air compressors transformer 13.8 kV to 2.4 kV. 

TABLE 5-27. Emergency Power (2,400 V Source) Devices. 

Description 

Power availability. 

Secondary (L.V.) feeder breaker. 

Emergency distribution panel main breaker. 

Secondary (L.V.) feeder breakers (in emergency distr i bution 
panel). 

Existing automatic transfer switches (2 in electrical gallery, 
1 in Section 5 and 1 in Section 15. 
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5.10.1.2.2 Motor Control Center Upgrade (Ref. 5-67). The existing 
MCCs in Buildings 221-8 and 271-8 will be replaced with MCCs that provide 
adequate short circuit ratings, improved overload protection, greater spare 
capacity, and improved maintainability. Whenever possible, new MCCs will be 
located and installed in the same location as the removed unit. 

The new MCCs wi 11 be prefabricated to industry standards with 
individual motor controller or circuit breaker units. MCCs will be NEMA 
12 construction with full gasketing. 

MCCs will be rated 600 Volt ac, three-phase, 4 wire. Buses will be 
braced for 42,000 RMS symmetrical amperes. Horizontal and vertical buses 
will be copper, rated 600 amperes and 300 A respectively. A copper neutral 
bus and copper ground bus will be provided. 

The circuit breakers will have at least the same fault current rating 
• ., s the buses. 

Auxiliary alarm contacts will be provided ,,,dth the ma i n breaker for 
each MCC. 

Power factor capacitors shall be provided for all motor starters for 
25 HP or larger induction motors. 

Motor controllers for use in the new MCCs wi 11 be provided with three 
overload relays. The overload relays will provide protection for each phase 
of the power conductors in conformance with the NEC. 

Circuit breakers will be used for all power circuits; fuses will be 
used for control circuits. Adjustable static trips will be used on all 
ircuit breakers rated over 100 amperes. Any needed test and adjustment 

devices (including calibration curves) shall be provided for these trips. 

The new MCCs will be effectively grounded by using a bonding jumper 
that connects the MCCs to the building ground grid. 

5.10.1.2.3 Liahtina Distribution System (Ref. 5-48). Four singie
phase 480-120/240 V, 100 kVA transformers •,,tiil be provided for lighting. 
These transformers will be dry-type in sealed enclosures fed individually by 
circuit breakers. New 42 circuit lighting panels will be provided and fed 
by automatic transfer switches (H-2-93750) so that, if one of the 100 kl/A 
transfers fails, the assqciated lighting panels will be automaticaily fed 
from another 100 kVA transformers until power is restored to the failed 
circuit upon which the transfer switch will automatically transfer the loads 
back to the normal supply. 

5.10.1.2.4 Circuit Breakers (Ref. 5-48). All load center main c~rc~ it 
breakers, all emergency system circuit breakers (main and branch), and all 
transfer switches wi ll be equipped with auxiliary contacts for use with the 
future position annunciation system. 
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5.10.1.3 750 kVA Generator Emergency Backuo. The emergency 2,400 V line, 
E8-L66, is fed from a breaker at the 284 power house. In the event of a 
power failure on the emergency line, an emergency 750 kVA steam driven 
generator automatically takes over the load on the emergency line. Since 
this line is shared throughout 200 East Area, allocation of the various 
operating equipment which may be automatically switched over to the 
emergency line, E8-L66 has been prearranged and properly authorized. 

This emergency feeder, E8-L66, is involved in an operations test every 
Monday at 0900 when the load is switched to the emergency generator. When 
this happens, the equipment units whose power is being supplied directly 
from E8-L66 on a continuous basis may give an alarm response due to a 
temporary change in the voltage. 

5.10.1.3.l New Emeraency System (Ref. 5-48). A new emergency system 
comp at i b 1 e with the new 480 V grounded wye power system wi 11 be i nsta 11 ed to 
supply B Plant emergency loads. The new system will tap into the existing 
2,400 V overhead emergency line at pole E-181, located on the south side of 
the 221-8 Building. The 2,400 V circuit will run up the south wall of 
221-B, over the roof, and down the north wall to a 300 kVA , 2,400 V-480 Y 
pad-mounted transformer installed at ground level on the north side of the 
221-8 Building. An externally mounted circuit breaker wil l be installed on 
the secondary side of the transformer (H-2-93744). 

A new emergency distribution panel will be installed i n the electrical 
gallery. Feeders from the panel will supply: 

• The existing West End Emergency Cable Bus via an existing 
automatic transfer switch 

• Power for the regulated voltage to the dispatcher 1 s panel board. 
This includes the following units: 

All 16 units on the red colored panel alarm 

Stack activity alarm 

Relay switch to the 15 in. sewer diverter valve motor starter 

• A new East End Emergency MCC (MCC 6A) via an existing automatic 
transfer switch 

e Two new 480-120/240 V single-phase transformers 

• Continuous air monitor (CAM) panel board CAM-8 vi a an existing 
automatic transfer switch and transformer. 

5.10.l.4 Portable Battery-Powered Liohts. There are portable battery
powered lights strategically located throughout the building and plugged 
into the lighting circuits. Upon failure of power, these l ights are 
energized by the battery. They are routinely serviced to retain them in 
operating condition for use during emergency conditions. They are not 
borrowed or removed for any other purpose. 
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5.10.1.5 Safety Consideration and Controls. In the event of a power outage 
on both the normal feeders, the following equipment automatically will 
switch to the emergency feeder, E8-L66: 

• Instrument air compressor 

• Fifteen in. cooling water diverter valve and monitoring system 
(but not the alarm in dispatcher's office) 

• Agitator/pump TK-22-1 

• Emergency lighting circuits, including the canyon and craneway 
exit lights. The 110 V lamps for this lighting are changed 
quarterly and not used except in a power failure. 

It is possible for the crane to operate off the emergency feeder but 
this switch must be made manually. In addition, due to the size of the 

U1 breaker in this installation, the amount of equipment on the crane which can 
be operated at the same time will have to be limited. It should be possible 
to operate the lighting, air supply monitoring instruments, and perhaps the 

c motor for one motion. 

,,.. . ... 

0--

The following units are supplied directly from the E8-L66 emergency 
feeder. 

• Power for the stack activity monitoring system in 292-8 is 
supplied directly and continuously from the E8-L66 emergency 
feeder through a pole transformer nearby. 

C' • Power for the canyon door lock solenoids on the dispatcher's desk 
is supplied directly from the emergency feeder continuously. 

The following equipment is supplied directly from E8-L66 emergency 
feeder continuously only because of manual switching arrangements made in 
the electrical gallery. 

• Power for the regulated voltage to all panel boards. This 
includes the power supply to operating and pipe gallery radiation 
monitors. 

Fifteen-inch sewer monitor and instrumentation 

Twenty-four inch sewer monitor and instrumentation 

The 221-88 condensate pit monitor and instrumentation 

The F-22-9 filter monitor and instrumentation 

The E-20-2 tube bundle monitor and instrumentation 

The E-23-3 tube bundle monitor and instrumentation 

The E-23-3 condensate monitor and instrumentation. 
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5.10.1.5.1 Imcortant Monitoring Systems Without Emergency Power. The 
power for several essential monitoring systems is supplied by the normal 
feeder lines, either L-53 or L-58, and is not backed up by the emergency 
L-66 line. 

These systems and the respective feeder line supplying the power are as 
follows: 

Monitoring System Lines Suoolyino Power 

Cooling Water Subheader Drains L-58 

E-5-2 Steam Condensate (including L-58 
power to diverter valve to TK-24-1) 

Stearn Condensate header (114) L-58 

8CS Sampler and Monitor in 221-88 L-58 

BCP Sampler and Monitor in 221-88 L-58 

Canyon Air Sampling and Monitoring 

Cell 8 L-58 
Cell 21 L-58 
Cell 37 L-53 

et- · Alarms in Dispatcher 1 s Office L-53, L-58 

""· Operating and Pipe Gallery Air L-53, L-58 
Sampling and Monitoring 

Alarms in Dispatcher•s Office L-53 
" ' Monitors in 212-8 L-58 

5.10.1.5.2 Reliability of Main Distributor Feeders (Ref. 5-49). The 
~ potential for a multi-disability of 8 Plant protections systems is 

considered remote with the exception of the potential for a pole line 
structure failure from lightning or other impact. 

Listed in Table 5-28 are the unscheduled outages between 
January 1, 1960, and July 21, 1984, (with duration and cause) on the normal 
2,400 V feeders E8-L53 and E8-L58 to the 221-B Building. 

The average time to restore the power after these outages is 
(292/32) = 9.13 min •. Electrical distribution personnel can always be called 
from their homes to the job within 45 min if switching loads or other work 
is required. 

The "mean time between failures•• (MTBF) for the period of January 1960 
to August 1984 is 

MT8F = (8760 h/yr x 24.0 yr)/32 = 6,570 h 
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TABLE 5-28. Unscheduled · Electrical Outages.* 

Date Time Duration Feeder Cause 

07-12-60 10:13 a.m. 4 minutes E8-L53 Switching error 
03-21-61 12:07 p.m. Momentary E8-L58 Operating error 
05-25-61 6:49 p.m. 44 minutes E8-L53, E8-L58 Lightning 
08-22-61 3:54 p.m. 1 minute E8-L53 Lightning 
08-22-61 3:54 p.m. 17 minutes E8-L58 .Lightning 
02-08-65 1:03 p.m. 8 minutes E8-L53 High wind 
02-08-65 2:01 p.m. 6 minutes E8-L58 High wind 
01-01-66 11 :04 p.m. 20 minutes E8-L58 High wind 
06-10-66 11:27 a.m. Momentary ES-L53, ES-LSS Lightning 
08-17-67 S:41 a.m. 6 minutes E8-LS3, ES-L58 Overload 
08-04-74 10:40 a.m. 1 minutes E8-L58 Unknown 
10-28-74 2:13 a.m. 30 minutes ES-LS Pole fire 
11-05-74 11 :00 p .m. 30 minutes ES-LS Pole fire 
02-07-75 10:51 a.m. 1 minutes ES-LS Arrestor failure 
03-01-74 1:52 a.m. 9 minutes #1 Trans. at A-8 Insulator failure 
06-31-75 11 :00 a.m. 1 minute CS-LS Bird damage 

c- 03-24-76 9:lS a.m. 4 minute CS-53 Personnel 
11-02-76 12:07 p.m. 1 minute 200 E & W Personnel 

{'. 04-01-77 10:38 a.m. 2 minutes C8-L8 Faulty switch 
a-. 07-26-77 4:20 a.m. 1 minute 200 E & W Faulty relay 

01-13-78 8:58 a.m. 1 minute #2 Trans. at A-8 Personnel, insulator 

~ 04-17-79 4:24 a.m. 30 minutes #1 Trans. at A-8 Insulator failure 
02-09-80 10:28 a.m. 1 minute Midway #1 line Carrier fault and 

, .. maloperation · 
12-05-80 3:33 p.m. 7 minutes #1 Trans. at A-8 Unknown ,~· 07-06-83 12:36 p.m. 1 minute #1 Trans. at A-8 Lightning fire 
10-27-83 11:55 a.m. 30 minutes C8-L8 Crane interference 
02-03-84 7:57 a.m. 1 minute C8-L7 Circulating currents 

by single pole switching 
02-08-84 7:45 a.m. 30 minutes C8-L8 Switching 
04-10-84 2:09 p.m. 1 minute C8-L7 Line contractor error due 

to weather 
05-16-84 1:49 p.m. 1 minute C8-L7 Vehicle accident 
06-28-84 11:47 p.m. Momentary C8-L6 Lightning strike 
07-21-84 8:44 a.m. 3 minutes C8-L7 Switch identification at 

2750E 

*Personal communication, September 26, 1984, 1984 Electrical Outages 
Affecting B Plant Complex," R. T. Cochran to S. Singh, Rockwell 
International, Richland, WA. 
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The probability that the system will be available to perform its 
function is estimated to be 

[8760 h/yr x 24.0 yr - (292/60 h)]/(8,760 h/yr x 24 x 100) = 99.998% 

5.10.1.5.3 Power Loss of One of the "Norma1 11 Feeders. In the event of 
a power loss on either of the 2,400-V feeders, L-53 and L-58, provisions 
have been made at the 2,400-V switchgear, section 12 electrical gallery, to 
automatically transfer the load of the failed feeder to the feeder that is 
still energized. This transfer will be accompanied by a 10 to 15 s loss of 
power to the equipment supplied by the failed feeder, and this equipment 
wi 11 have to be restarted. Either 1 i ne shou 1 d be ab 1 e to carry the entire 
B Plant load. 

In addition .to the indica~ors on the breakers, an indicator light 
system in the dispatcher's office monitors the breakers as to their open or 
closed position. There are no provisions for automatic restoration of power 
to the feeder. Restoration is accomplished manually by an electrician. The 
system is returned to normal as indicated by the volt meter on the breaker. 
Some equipment will have to restarted due to momentary loss of power. 

5.1041.5.4 Power Suoply to Exhaust Fans. Power for the electric 
exhaust fans, lighting, and instrumentation at 291-B is supplied directly 
from the C8-L6 feeder through a transformer station in 291-8 area. No 
emergency power supply backup is provided for this line. Other equipment in 
291-88, 291-80, and turbine house •,o1hich will be out of service as a result 
of the C8-L6 feeder outage is as follows: 

• Instrument control panels including: 

Recorder chart drives 

Alarm signals to dispatcher's office 

Turbine running lights in dispatcher 1 s offi~e 

Fan bearing temperature monitor 

Filter dew point indicator, and canyon exhaust relative 
humid.ity recorder located on 221-8 Cell 2 panel board 

• lighting, except for emergency battery lights where provided 

• Space heaters and power for portable heaters in the valve pits. 

5.10.1.5.5 Loss of Power to Emeraency Well Houses and Cask Station. 
Power to 282-8 and 282-8A emergency well pump houses and 212-8 Cask Station 
are supplied directly from the C8-L7 feeder through transformer station 
CS-S6, west of 224-8 Building. No emergency power supply backup is provided 
for this line. 
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~ 5.10.1.5.6 Emergency Well Pumps (282-8 and 282-8A). If the power 
failure is on normal feeder C8-L7 line, there will be no power for the 282-8 
and 282-BA emergency 1.vell houses. The cooling water for both diesel engines 
is kept preheated for ease in starting by auxiliary electrical heaters. 

A power loss on line C8-L7 will not affect the cranking and starting 
circuits of the diesel engines as they use power from 24 V batteries. 

5.10.1.7.7 Cask Station (212-8). All equipment in 212-8 will be 
without power except for emergency battery lights where provided. 

If 212-8 Cask Station is being operated the status of personnel is 
determined and appropriate action is determined by supervision. Radiation 
Monitoring is notified and portable radiation detection instruments are 
substituted. All maintenance and operation work is stopped and continuation 
of work proceeds only under proper planning and authorization by 
supervision. All transfers of liquid between Cell 35 and 212-8 are 

0--terminated. The cask cell will continue to be under a negative pressure 
created by its connection to the 221-8 canyon wind tunnel if the exhaust 
fans are operating. 

· ~ '5.10.2 Steam Sucoly System (Fig. 5-69, 5-70, 5-71) 

~ Steam used in 8 Plant is produced in the 284-E power house by three 
, r -80,000 lb/h and two 90,000 lb/h automatic stoker fired boilers at 

250 lb/in.2. Under maximum steam demand conditions, or.e boiler is available 
on a standby basis. The coal feeder drive is equipped with both electric 
and steam drives. The boiler feed water is monitored and sounds an alarm in 
t he event of low water pressure. A manually operated emergency water supply 
system is available to prevent boiler tube damage. Steam produced in this 
uilding is also available to operate an automatic starting, steam turbine 

• driven, 750 kW generator located in the 284-E power house • 

• 10.2.1 Major Components and Operatina Characteristics. The 284-E power 
house supplies superheated (250 lb/in.2 gage at 450°F) steam to a 12-in. 
over-ground line. The 12 in. line divides into two lines, the 10 in. 
heading west and the 6 in. heading east. The 10 in. line continues around 
the west end of B Plant and is reduced to an 8 in. line which enters 221-8 
in the vicinity of Cell 37 on the electrical gallery level. High pressure 
steam (225 lb/min2 gauge, 450°F) to the process stack area 291-8, the 
222-8 Building, and the 224-8 Building is supplied by branches from the 
10 in. line. · 

There are t,..,o pressure reducing valve (PRV) stations located near 
Cells 29 and 15. High pressure steam is reduced to medium pressure 
(100 ps ig) steam at these pressure reducing valve stations. Steam at 
100 lb/in.2 gage is used for process transfer jets and is supplied to 
271-8 Building and the 211-8 tank farm through an 8 in. line which leaves 
the pipe gallery in the vicinity of Cell 20. 
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Medium pressure steam is reduced to low-pressure steam (29 psig or 
15 psig) by individual pressure reducing valves for the building heating 
system, process vessel heating coils and jackets, and concentrators in 
Cells 5 and 23. 

Isolation valves are installed throuahout the steam distribution header 
system for system isolation with minimum process shut down during periods of 
header maintenance. 

5.10.2.2 Safety Considerations and Controls (Ref. 5-50). · The supply of 
steam by the power house in the 200 East Area is normally very reliable. Two 
or three boilers are routinely in service but during periods of low 
consumption of steam, one boiler is in service while one is on standby. The 
loss of an in-service boiler will require a need for temporary curtailment 
of some process operations. 

5.10.2.2.1 Loss of Steam. A complete loss of steam to B Plant could 
e caused by trouble at the power house or rupture of the steam supply by 

~orrosion, vehicle collision, tornado, or earthquake. This would require 
all processes and equipment to be placed on standby status until such time 

c as the steam service is restored. 

During steam outage, the vessel vent jets are switched to air if th~ 
automatic system has not already functioned. The vent systems are shut down 
only after the air temperature to the filter has dropped to 120°F. 

5.10.3 Water Suooly System 

c-- · The Columbia River provides the source of water for the needs of the 
Hanford Site. Present water usage at the Hanford Site is 500 million gal 
per month. The water needs are met by pumping river water at 100-8 area 

: • through an underground export water piping into the 200 East Area. 

Two alternate pumping sources, 1ocated at 100-8 and 100-0 reactors, 
feed the export water pipelines, and provide a redundant system as long as 
the export water pipeline remains intact. 

5.10.3.1 Primary Water Source (100-8 Reactor Area). There are eight 
electric pumps at the rated capacity of 10,500 gal/min per pump located at 
the 181-8 Pumphouse. These pumps, with a total pumping capacity of 
84,000 gal/min, deliver water to a 25 million-gal reservoir. The 
182-8 pumphouse, with five pumps rated at 6,000 ga1/min per pump, ~ump water 
from the reservoir into the underground export water pipeline. 

5.10.3.2 Reserve Water Source (100-0 Reactor Area). There are five 
electric pumps, rated at 13,000 gal/min per pump, located at 
181-0 pumohouse. These pumps, with a total capacity of 65,000 gal/min, 
supply water to a 15 million-gal reservoir. The 182-0 pumphouse, with two 
pumps rated at 2,000 gal/min per pump, delivers water to the export water 
pipeline. 
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5.10.3.3 Emergency Water Supply. Two diesel pumps rated at 
1,500 gal/min/pump and located in 182-8 Pumphouse and one diesel pump rated 
at 7,500 gal/min and located in the 181-8 pumpline serves as emergency 
system in the event of loss of electrical power to both the electrical 
pumping units located at 100-8 and 100-0 reactor sites. The pumps at the 
100-0 reactor area are the normal backup system with the emergency diesel 
pumps as the second backup system. 

The water from bath the 100-B and 100-0 reactor sites is pumped through 
42 in. concrete export water lines which meet in the 1901Y Area. The water 
supply at this juncture divides into two 30 in. lines, qne of steel and the 
other concrete, and proceeds to the 2901Y Area. Necessary water is 
allocated between the 200 Areas through two 24-in. lines ta 282-E Area and 
one 24 in. line to the 200 West Area. These water transport lines are 
provided with valves that can be used to isolate pumphouses/reservoirs 
and/or pipelines ensuring a source of water to the various locations. 

The main water system is connected to two 3 million-gallon reservoirs, 
one in 200 East Area and one in 200 West Area. From the area reservoirs, 
water enters either the process water system as raw water or the sanitary 
water system after filtering, chlorination, and testing. To meet emergency 
situations, area pump houses are provided with steam driven backup pumps in 
addition to electrically driven primary pumps. 

5.10.3.4 ·water Distribution within the 200 East Area (Fig. 5-72). The 
primary water storage facility in the 200 East Area is the 3 million-gallon 
282-E reservoir. From this reservoir water is pumped as 'raw water' by four 
electric pumps with a capacity of 6,000 gal/min per pump. There is a steam 
driven pump of the same capacity (6,000 gal/min) on standby. 

5.10.3.5 Sanitary Water System (Fig. 5-73, 5-74). Sanitary water is 
produced in the 283-E filter plant, which filters and chlorinates raw water 
and maintains a 400,000 gal supply in an underground clear well system 
containing two 200,000 gal concrete tanks. The water is then pumped by four 
electric pumps of 3,200 gal/min total capacity, and 2 steam turbine pumps 
(standby status) with a 1,200 gal/min total capacity. 

Sanitary water is used in the waste fractionization facility for safety 
showers, operating area wash down, drinking, toilet facilities, making 
demineralized water for process use and as an emergency backup for fire 
fighting. Included in the system is a 50,000 gal high tank located south 
west of the building to assure continued availability of water under 
pressure. B Plant ~anitary water requirements typically average 60 gal/min. 
Approximately 90% is used for process and operations purposes and 10% for 
non-operational (drinking, toilet, etc.) purposes. The sanitary water 
enters the building at the west end through an 8-in. headend valve (47-S) 
and the header extends along the length of the building. 
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5.10.3.6 Raw Water System (Fig. 5-72, 5-75, 5-76). Raw water is used at 
B Plant as a heat transfer fluid in cooling coils for process and storage 
tanks, condensers for concentrators, air compressors, and diesel engines. 
Raw water is also used for sprays, filter seais and fire protection. 

The raw water for 221-B enters the building at both the east and west 
ends via 10 in. tube headers (Ref. 5-49). The approximate flow rate from 
the 282-E reservoir is 5,000 to 7,000 gal/min. The pressure at both the 
east and west ends of the 221-8 operating gallery, is approximately 100 
psig. From the 10 in. header exit 2 in. and 3 in. lines that serve each 
cell within the 221-B canyon. The lines, with orifices to reduce the flow 
rates, have from 1 to 3 control valves at each designated panel board to 
adjust the flow to a tank cooling coil or appropriate condenser. Raw water 
discharging from either 221-8 or 225-8 enters the cooling water drain system 
via either one of two header systems, a 24 in. line or a 15 in. line. 

5.10.3.6.l Low Potential. The 24 in. cooling water line receives 
discharges from those vessels is considered to have low potential for 
possible contact with radioactive solutions. 

5.10.3.6.2 High Potential. The 15 in. cooling water line receives 
discharges primarily from tank cooling coils that have a high concentration 
of radioactive solution. 

Radiation monitors are located on each subheader and each header. Test 
risers on each of the cell cooling-water exit lines permit radiation surveys 
via portable instrumentation. The radiation monitors are maintained in a 
mode of maximum sensitivity to detect leaks rather than measure them. 

Signals from the monitor are received in the dispatcher's office in 
271-8 where a radiation meter, strip chart and audible alarm are located. 
The linear rate meter, whose range covers zero to 50,000 cpm, is currently 
and normally set on the Oto 500 cpm range with the high alarm set point at 
400 cpm. 

5.10.3.7 Emergency Pumos (Ref. 5-50). Two diesel driven backup emergency 
well pumps identified as #1 (282-8) and #2 (282-BA), are located west of 
225-8 at wells 299-E28-ll and 299-E28-15, respectively. In the event of 
loss of raw water supply to B Plant, these pumps will be utilized to supply 
a minimum volume of raw water essential for process tank cooling. 

Well 299-E28-ll has an 8 in. casing drilled from an initial elevation 
of 701 ft to a depth of 347 ft and was completed in 1962. The average 
volume discharged during the 4-h test interval performed every two months is 
approximately 220 gal/min. 

Well 299-E28-15 has a 12-in.-dia. casing and was drilled to a depth of 
350 ft from an initial elevation of 701 ft. Actual depth to the water is 
295 ft. The well was completed in 1968 and during the 4-h test interval 
performed every two months delivers 600 to 700 gal/min. Each well is 
sampled once each quarter for Total Beta (TB), Total Alpha (TA), 137cs and 
N03. 
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5.10.3.8 Emergency Raw Water Test - 1974 (Ref. 5-51). The adequacy of the 
emergency well pumps to supply water to 221-8 and 225-8 plants when normal 
raw water supply is interrupted was tested on March 14, 1974. The rated 
output of the well pumps, 282-8 and 282-BA are 200 gal/min and 800 gal/min, 
respectively. Recent tests of the pumps conducted every other mont~ far 
each well indicate the flow rates to be slightly lower (175 gal/min for 
282-8 and 730 gal/min for 282-BA). 

5.10.3.9 Safety Consideration and Control (Ref. 5-50). Loss of cooling 
water supply to the B Plant tank coils can be caused by a ·break in the 
12 in. line supplying 8 Plant from the 200 East Area raw water supply system 
resulting from deterioration of the line or some violent physical shock, 
e.g., earthquake. 

Upon extended loss of cooling, process solutions containing sufficient 
quantities of radioisotopes will heat up to the boiling point and evaporate 
to dryness. The resulting dry salts will continue to heat up to a 

- temperature such that local hot spots could cause vaporization of certain 
radioactive compounds. These vapors could be condensed and solidified by 
the lower temperature of the surrounding environment resulting in the · 
formation of an aerosol dispersed in the canyon ventilation air. This air 

c is filtered before release to the environs. 

The probable effect of loss of cooling water supply to B Plant would 
not involve the release of radioactivity to the environment. This 
determination is based on the following conclusions. 

• There are two backup, cooling water supply sources for emergency 
use if the raw water supply fails. The probability of losing the 
primary and both backup systems simultaneously is considered 
remote. 

• The length of time between loss of water and temperature 
,, excursions could result in environmental release is a minimum of 

one and one half days which is sufficient to permit restoration of 
water supply or implementation of emergency procedures. 

• Even with the total loss of all cooling water supply the incident 
can be kept under control as discussed in the following paragraph: 

For the "hottest" solutions handled in the plant, which can reach 
the bailing point, an additional 33 h would be required to 
evaporate the solution ta dryness under adiabatic conditions. 
Thus a minimum of one and one half days are available to restore 
the cooling water supply. In the event that the supply cannot be 
restored, water can be trucked to 8 Plant and added to process 
vessels to prevent the contents from bailing to dryness. Makeup 
water would be required at the rate of about 15,000 gal/day based 
on projected plant inventories. This quantity of water cou ld be 
trucked from the river with available equipment under emergency 
conditions. The condition of boiling in many of the process tanks 
results in pressurization of the process vent system and vessels. 
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At the projected tank inventory levels pressures could approach 
the 5 psig design pressure of the tanks. These tanks would be 
ruptured, and although a serious plant contamination problem could 
occur, significant release to the environment would not take 
place. 

5.10.4 Compressed Air Systems 

There are three completely separate compressed air systems (process, 
instrument, and breathing) at 8 Plant. These systems are categorically 
discussed in the following section. 

• Process air system (Ref. 5-52)--this system supplies requirements 
for air jets, jet-air-blow system, process coil purging, air 
sparger systems, air-operated tools, etc. It is also used as a 
final backup for the instrument air system. 

• Instrument air system (Ref. 5-54)--this system is used for 
pneumatic signal transmission, for purge air in instrument ation, 
for air motor controls on ventilation equipment, and for 
specialized calibration requirements. 

• Breathing air system (Ref. 5-59)--this system air is suitable for 
respiration using supplied air respiratory protection . 

5.10.4.1 Process Air System (Fig. 5-77). Two rotary screw type single 
stage heavy duty compressors located in the 271-B basement prov i de 
compressed air for process use. Each compressor is capable of delivering 
1,240 scfm of air at 110 psig within a 10 psi differential. These 
compressors are driven by 250 hp, 2,300 V induction motors. 

During normal operation only one of these compressors is used. In 
addition, a diesel driven compressor located outside the 271-8 Building in 
the vicinity of the air tanks is available on automatic standby . 

There is a common air intake manifold wi th a filter that serves both 
the rotary compressors. Compressed air flows through one of the two after 
coolers and oil separators into two 4-ft-00 by 12-ft receiver tanks . The 
process air then flows through a 12-in. line to the main header that runs 
the length of the operating gallery. Numerous subheaders and feeders branch 
out from the main header. 

Process air is . used as a backup for the steam supply to the exhaust 
jets on the two vessel vent systems which are provided to conta i n and 
decontaminate the process off gases prior to discharging to the environment. 
Process air is used .for operating the process solution reci rculation jets 
located in the sampling ports of the canyon deck. 

5-228 



--------...... ---,r------;======:::.----;.,,---,T""";:_:_:_-_-_-_-,~'""~ P~UliUHI: ...,. 
co 

AIMOlil'tltHt 

tn 
I 

I J 
I .l 
l..) 

w 
u z 
C 

~ ... 
" z 
9 
5 • 
" ~ ... 
Cl 

~ 
0 

... ~[ a. "' -j Le 

" 

OUISIOI: INJAlll: fllll:R 

IN:iJ . AIH COMPRU;SOR 

INSIHUM~Nl AIH IIDR . 

8 -271 -ltl 

l'RO. AIR 
IUl'PlY 

TANK 

8 ·lt11 -J4 

t 

100 II, INIHRUMfNJ AIR 

ltUIH 
VAlVI: 

# '-' 

100 111 l'ROCfliS AUi 

NO 

NC 

NC 

ltlf . 
DRYER 

JO :U WESI JUIII: UUNOlf 

ROOM 

NC 

JOY 
COMPRUliOft 

UNlf 2 

JOY 
COMPREliliOR 

lJNlf 1 

fllTUI 

NC · VAlVfS NOltMAllY CI.OliEO. 
All OTlll:I\S Ol'tN 

, a.__ __ ,._ 10 :.171 IUD<i 

16-------------------------------.1:-- ,----0< 

~INST. AIR TO 211 t 
~----

l'IIUCfSli AIR IIOH 

~ 10 CAN VON NIClll lACII • All CHl 

JU lJ JI J~· ll f 32 ll 

IVP. TO All l'MICl 1106 . 

JO · 211 ld 21 21 2fi 

CELLS 

24 2l :u 21 :.10 111 111 17 .. Iii 14 

CELLS 

FIGURE 5-77. Flow Diagra~ of 221-B Process Air 'System. 

ll 1l 11 10 II II 1 • 
PliH04 ll 

Vl 
Cl 
I 

~ 
I 

V\ 
):;, 
:;:o 
I 

0 
....... 
w 



. ' 

SO-WM-SAR-013 

5.10.4.2 Instrument Air System (Fig. 5-i8). One reciprocating compressor 
rated at 300 scfm capacity and powered by a 75-hp motor supplies instrument 
air at 100 psig. The compressor, in the electrical gallery, takes suction 
through an 8-in. filter located above grade near the stairwell 15 entrance. 
The air flows through an inside air receiver to the two cylindrical 
4-ft dia. by 12 ft tanks located outside of 271-8. The air is passed 
through a dryer in the electrical gallery and the pressure reduced by two 
OOVs from 100 psig to 60 psig before flowing to the main header running the 
length of the operating gallery. Several 0.5 in. lines branch off these 
main 3 in. headers to service various systems and instruments requiring 
instrument air. 

Instrument air is used for air purging the weight factor and specific 
gravity dip tubes, for controlling diaphragm operated valves, and for a 
variety of pneumatic instrumentation including pressure indicators, 
recorders, recorder controllers, transducers, transmitters, etc. 

5.10.4.3 Breathing Air System. The breathing air is supplied by a 7.5 hp 
two-stage single-acting non-lubricated compressor that does not require 
installation on a special foundation. This is a compact, self-contained 
receiver mounted unit, which is automatically regulated and driven by an 
electric motor. This portable unit, located on the third floor of the 271-8 
service building in the Aqueous Makeup Area {AMU), is capable of delivering 
25 ft3/min at 125 psig. The compressor is equipped with an air purification 
system rated for pressures up to 300 psi and for flow rates up to 30 scfm. 
This system meets the requirements of HPS-156-M, Rev. 1. (Ref • . 5-68). In 
the event of an emergency, a portable cascade bottle system can be used. 

Air enters the purification system through the mechanical 
filter/separator where it is expanded, cooled and passed through a coalescer 
cartridge causing the oil and water vapor to condense and drain to the sump. 
The remaining oil aerosol, water vapor and other contaminants are removed by 
the absorbent chemical purifier chambers. The residual oil aerosol water 
vapor and some of other contaminants are removed as air passes through three 
purification chambers. 

To further remove the gaseous (hydrocarbons, carbon dioxide. ozone, 
nitrogen, and sulfur) contaminants the air is processed through activated 
carbon. Carbon monoxide is passed through a catalyst chemical bed to 
convert it to carbon dioxide which is then removed by activated carbon. 
Particulate filtration is achieved by a micron filter fitted into each 
chemical cartridge. The unit is _equipped with gauges and carbon monoxide 
analyzer. 

The compressor is on automatic standby in the event of depressurization 
of the air storage tank. This unit is currently used in the 221-8 and 
271-8 Building. 

5.10.4.4 intertie Between Process and Instrument Air. On low pressure a 
DOV on the process air intertie line opens to the main instrument air system 
through an oil separator at full pressure at a11 times. The breathing air 
system cannot be intertied to these systems. 
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5.10.4.5 Usaae of Process and Instrument Air. Aqueous solutions containing 
fission products generate hydrogen gas by radiolysis. About 1 to 2 scfm of 
dilution air is provided per tank to maintain the vessel atmosphere below 
the lower explosive limit. About 80 scfm is taken from the process air 
system for this purpose. 

Process air is required for purging gang valves and supply lines to the 
steam jets after usage to prevent their filling with process solution as a 
result of the vacuum caused by condensed steam. 

5.10.4.6 Safety Consideration and Control (Ref. 5-50). 

5.10.4.6.l Comolete Loss of Air Suoply. The primary ventilation 
exhaust fan damper settings at 291-8 are controlled by pneumatic 
instrumentation, arrangements are provided for a fail safe condition in the 
event of loss of instrument air supply. The electric motor driven exhaust 
fans are stopped and their dampers closed. The emergency steam turbine 
exhaust fan is automatically started. 

Plant design criteria require that all air-operated valves be selected 
to be left in a safe position in the event of loss of instrument air supply. 

5.10.4.6.2 Loss of Process or Instrument Air. Loss of instrument air 
supply could be caused by a complete electrical power failure, a mechanfcal 
breakdown of the compressors, or a break in the distribution lines from the 
compressed air tank. 

In the event of an interruption of electrical power to the instrument 
air compressor, power can be supplied to the compressor from the 200 East 
Emergency Steam Turbine via the emergency 2,400 V, power line E8-L66. If a 
mechanical breakdown or ·a break in the distribution lines of the instrument 
air compressor occurs, a cross-tie between the process and instrument air 
systems will allow the supply of process air to instrument systems. The two 
process air compressors have a total capacity of approximately 2,480 cfm, 
which is sufficient to supply both air systems. 

During normal operation of the process air compressors, one unit is 
operational while the other is in standby. The standby unit can replace the 
operating compressor if a mechanical failure occurs. Additionally, a diesel 
driven, portable compressor is connected to the process air system and will 
automatically start if process air pressure decreases below 60 psig. 

5.10.5 Fire Protection System (Ref. 5-56 through 5-60) 

The fire protection system encompasses fire prevention, detection, 
annunciation, control, confinement, suppression and extinguishment in 
addition to administrative procedures. 

The fire protection systems of 8 Plant are described in the following 
sections. Systems provided include standard wet and dry automatic sprinkler 
systems, a light water aqueous-film foaming sprinkler system, and a carbon 
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dioxide system. - Smoke detectors, heat detectors, and manual pull boxes are 
located in appropriate areas of the facility. A proper number of portable 
fire extinguishers and fire hose stations are located strategically 
throughout the facility. Fire hydrants are located both north and south of 
the 221-8 Building at a distance of 120 to 130 ft. The Hanford Fire 
Department which is specifically trained for fighting fires in nuclear 
processing facilities, responds to a building alarm with appropriate 
equipment. 

5.10.5.l Causes of Fire. Identified causes of fires at B Plant include: 

• Electrical-~By failure of equipment or wiring 

• Improper Handling--Highly flammable materials such as hydrogen, 
flammable solvents, etc. 

• Thermally Hot Surfaces--Enclosures are provided for heating 
elements of furnaces, ovens, hotplates, or other heating devices, 
and high temperature cutoff safety circuits are provided 
independently of normal controls. By administrative control and 

c safety rules, heat producing devices (e.g., motors, ovens, 
hotplates, soldering irons, and direct flame devices) must be used 

,,..,. and located away from combustible materials 

~ ~ 
• Spontaneous Ignition--Fires arising from spontaneous combustion of 

Class A material are not expected to be a significant problem due 
to the limited quantities of stored fuel or packaged waste (oil 
soaked rags, sensitized resins) • 

• · 5.10.5.2 Water Suooly for Fire Protection System. The fire protection 
system at B Plant is supplied by raw water (Fig. 5-79). The header supply 
pressure will drop due to a raw water pipe failure but the actual pressure 
in the system will not be released. The audible alarms should not be 
activated. The fire sprinkler system and the main raw water header pressure 
are measured at the basement of Section II stairwell. Raw water is also 
supplied by the emergency diesel pumps. However, activation of the 
sprinkler system reduces cooling water supply to the process 
vessel coils. Water supply can be supplemented by the sanitary water system 
supplied through connections outside the 221-8 Building using a fire hose 
from a nearby fire hydrant. This method will not feed the raw water main 
header because of check valves in the system. 

The fire protection system in 291-80 will be supplied by raw water from 
the emergency well if the valves 87-R and 88-R are kept open. 

5.10.5.2.1 Emergency Sanitary Water. The sanitary water can be used 
to supplement the output from the emergency well pumps by the use of a gate 
valve and a male fire hose connection installed on the raw water cell spray 
subheader in Cell 40 pipe gallery. Prior authorization for use of sanitary 
water is required from the manager, Fission Products Processing. 
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Admininstrative controls, under Fire Department superv1s1on, are followed to 
prevent backflow into the sanitary fire hydrant. The Fire Department 
furnishes the hoses and the pump truck and makes connection to control water 
flow. 

5.10.5.2.2 Fire Hydrants. There are a total of seven f i re hydrants, 
four ta the north and three to the south of the 221-8 canyon building. 
Exact location of the fire hydrants and the associated primary, sectional 
control and isolation valves in either the raw or the santtary water system 
are identified in Figure 5-79. The reliable functioning of valves for 
controlling the fire protection system is essential to the fire protection 
program and a consistent inspection and test program (Ref. 5-61) is 
implemented to assure that the valves are functional. 

· 5.10.5.2.3 Coordination with 225-8. Close coordination between 
operating management of B Plant and WESF is required throughout the raw 

- water failure in order to allocate the approximate 1,000 gal/min water 
supply from the emergency well pumps. When the B Plant emergency shutdown 
has progressed to the point that raw water header pressure has increased up 

- to about 40 lb/in.2 range, 225-8 management is notified to resume raw water 
to the pool cell heat exchangers. The flows are manually controlled and 
'held to a minimum but adequate t9 prevent temperature excursions. 

5.10.5.3 Buildina Features (Ref. 5-62, 5-63). The waste fractionization 
~ r plant and its auxiliary support facilities structures are divided into three 
, sectors for fire detection with · the dispatcher's office serving as the 

central information and control center. The three sectors are: 

• 271-8 service building, portions of 221-B canyon structure and 
auxiliary structures. This sector is divided into seven zones-
basement, first fleer, second floor, change room facilities at the 
east end of the operating gallery together with the SWP clothes 
storage room an the pipe gallery level, 272-8 maintenance and 

o-. 272-88 insulation shop 

• 221-8 Canyon structure and cells. The panel for the ce ll fir~ 

protection system is located in the pipe gallery at Cell 25 

• Exhaust Air Filter Area is divided into three zones. Zoner 
consists of the 291-8 Fan Control Room, 291-88 Exhaust Air 
instrument house and 291-80 Exhaust Air third filter cell and 
instrument house. Zone II consists of 221-80 Laundry Storage, 
221-88 Process and Steam Condensate, 221-BC Change House. 
Zane £II includes the exhaust tunnel heat detectors and tunnel 
sprays. 
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5.10.5.3.1 Fire Detector and Supervisory Control Panel. These "signal 
red" control panels with a key-lockable door are surface mounted and 
supplied with the following door-mounted equipment. 

• AC Power "ON" indicating liahts--white 

• Zone Fire Alarm Indicating Liahts--red 

The fire alarm activating device actuates the fire alarm common 
contacts (including notice to the Fire Department), l i ghts the 
appropriate zone-indicating lamps and closes the normally open 
alarm contacts to operate the extinguishing system. 

• Zone Trouble Indicating Liqhts--amber 

A signal lights the appropriate zone trouble indicating lamp, 
closes an auxiliary contact to light the fire alarm control panel 
trouble-indicating lamp on the supervisory panel, actuates the 
supervisory common contacts, and sounds an audible alarm at the 
panel. 

• Single Lamp Test Pushbutton. 

5.10.5.3.2 Normal Power. The normal power for the fire protection 
system consists of 120/240 V ac source. The 120 V circuits are designated 
as primary and supervisory sources. The primary source operates all fire • 
alarm circuits and is supervised precluding false alarm due to loss of ~ 

normal power. 

There is an emergency fire bell alarm system within the 271-8 services 
and parts of 221-8 Canyon structure building which is activated by the 
overhead sprinklers and/or fire alarm pull boxes (Table 5-29). Personnel 
are alerted of an emergency situation in 271-8 by a fast-ringing call bell 
for a duration of three minutes while the personnel in the canyon are warned 
by the KLAXON. 

5.10.5.3.3 Emergency Power. Three-cell, individual, lead-acid, 
signal-type units form an emergency source of rechargeable batteries in 
accordance with NFPA 728, article 220, and are located near the control 
panels. The battery assemblies have been sized to operate a system for a 
minimum of 60 h after loss of charging current and are capable of sustaining 
a load of 5 A for a minimum of 1 min in addition to the load of the control 
panel at the end of. the period. The batteries are housed in properly vented 
metal enclosures mounted on the wall .. 

The battery charger is a completely automatic, solid-state constant
voltage device to carry continuous and intermittent loads up to its rated 
maximum output. The charger is capable of charging batteries from 75% of 
full charge to 100% of full charge within 24 h. 
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TABLE 5-29. Fire Alarm Pullboxes in 221-8, 271-8, and 
Other 8 Plant Area Facilities (Ref. 5-50). 

Building 
No. 

212-8 

221-8 

221-8 

221-88 

221-BC 

221-80 

271-8 

271-8 

271-8 

271-8 

271-8 

272-8 

272-8A 

272-88 

276-8 

291-80 

299-88 

2715-8 

Location 

Inside cask room door, inside control room door, 
outside east wall 

SWP change room by the exit door to stairwell 
No. 1 

SWP clothing storage inside the door 

Exit from instrumentation room, exit from tank room 

By exit from SWP area 

Inside doors 

At door 13 entrance 

Third level at both exit doors 

First level at the four exit doors 

Basement shop area at both exit doors 

Compressor room exit 

Electrical shop near both exits 

Maintenance storage building near pedestrian and 
vehicle door 

Asbestos Shop and Storage exit doors 

Outside (east and west sides of building) 

Inside exit door, outside of north wall 

Instrument house, inside exit door 

On outside of building 
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5.10.5.4 221-8 Canyon -Structure and 271-B Services Building. ihese 
buildings have a construction classification of ~fire resistive" and an 
occupancy classification of ''special purpose industrial/business." 

5.10.5.4.l 271-8 Services Buildino Facility. This building is 
protected throughout with a wet pipe automatic sprinkler system having a 
direct alarm to the Hanford Fire Department. The building is also equipped 
with manual pull boxes located along the common egress routes, whereas, upon 
activating any one box an audible alarm will sound and an alarm will be 
transmitted to the Hanford Fire Department. The building has an adequate 
number and type of portable fire.extinguishers located strategically 
throughout. 

The east and west exit stair enclosures are Class B, 1-1/2 h rated and 
east corridor doors on the first level are Class C, 3/4 h rated, self
closing fire doors and assemblies. All the pipe penetrations in stair 
enclosures, corridors, and pipe chase floor penetrations are sealed with an 
approved sealant. Smoke detector actuated dampers annunciate at the fire 
panel in the first level of the west corridor. 

5.10.5.4.2 221-8 Canyon Structure Facility. The change rooms located 
in the pipe and operating galleries at the east end of the facility are 
protected with a wet pipe automatic sprinkler system having a direct alarm 
to the Hanford Fire Department. The system also transmits an alarm to the 
dispatcheris office in 271-8. Cells 10 and 26 through 30 contain organic 
solvents. These cells are protected with a light water, aqueous film 
forming foam, automatic {or manual) fire suppression system. 

There are eight doors and stairwells on the north side of the building 
proper and doors through 271-8 into the pipe gallery, operating gallery, and 
the basement. There are 21 doors into the canyon, one of which is through 
the change room, and the rest are on the south side and have to be opened 
electrically by operations personnel from within t he building. 

Doors to stairNells are fire rated (Class 8, l 1/2 h), allowing 
entrance from 221-8 to 271-8. The 221-8 to 271-8 doors have fusible l ine 
closure mechanisms and wi ll be activated by smoke detectors. Pipe 
penetrations and openings (Ref. 5-62) are caulked with an approved sealant 
to provide separation and 1 1/2-h-rated smoke detectors are installed in the 
ducts penetrating the wall. 

Cell fires and/or the breaching of the 291-8 filter system can be 
caused not only by a fire, but also in the process of putting out a f i re 
with water sprays. This implies that preventive measures used for control 
of fire can destroy the filters if the water sprays are initiated prior to 
the i nvestigation istablish ing the existence of a f i re. However, the 
291-8 filter fire protection system is activated either automatically by 
heat detection devices or manually from the dispatcher ' s office. 
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Automatic activation of the system results if both heat detectors in the 
291-8 wind tunnel duct are tripped by a heat source or if both heat 
detectors in any of Cells 10 or 26 through 30 are tripped. The fire 
protectfon system includes the following features. 

• Heat Detectors--Oue to large inventory of flarnmaole solvent, fire 
and explosions are a potential hazard. The Fenwall rate
compensation-actuated fire detection unit, a bimetallic switch 
device in which the rapid expansion of the outer· stainless steel 
shell causes the closure of switch contacts suspended on low 
expansion struts sealed within the shell, is activated by ambient 
temperature excursions above 250°F, initiating the corresponding 
SCAM (canyon air monitor) unit to light up in the dispatcher's 
office and the horn to sound. The horn is silenced upon 
acknowledgement of the signa1 but the 1ight signal wi11 continue 
to be illuminated until the cell condition is rectified. 

• Single Heat Detectors--Single heat detectors are located in 
Cells 4, 9, 13, 14, 17 through 25, and 34 through 39. Upper cell 
sprays in single heat detector cells require manual actuation by 
an operator. 

• Dual Heat Detectors--Oual heat detectors are located in 221-B 
processing Cells 10, and 26 through 30, which contain .organic 
solvent. Foam spray is activated to one or more cells through the 
upper cell sprays upon response to heat detectors. 

• Fire Alarm Relay--Fire alarm is automatically relayed to the Fire 
Department. 

• Diversion of Car.van Air and Fan Ooeration--Capability for rapid 
diversion of the canyon exhaust air to the sand filter exists. 
Canyon supply fans and the electrical exhaust fans trip in the 
event of a fire, allowing only one turbine driven fan to operate. 

• Tunnel Heat Detectors--Two heat detectors are located in the wind 
tunnel. A 5 gal/min water fog spray in the wind tunne l responds 
automatically to a fire and a 50 gal/min water fog spray can be 
turned on manually after hose connections are made. 

5.10.5.5 Cell Foam Svstems and 291-8 Exhaust Ventilation 
Systems Fire Protection 

5.10.5.5.1 Cell Foam System. The heat detec~ors in Ce l ls 10, 26, 27, 
28~ 29, and 30 are dual element jumpers. When one element is act ivated by a 
heat source, the annunciators on the dispatcher 1 s panel and the alarm l ights 
on the pipe gallery box are activated, and an alarm is transmitted to the 
Fire Department through master fire alarm box 2421 near 291-8. When the 
second element is activate~, the electrical valve to the cell foam system 
for the cell is activated allowing foam to spray into the cell through the 
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upper sprays at about -200 gal/min. Simultaneously, the va lves open, dumping 
the water from the sand filter seal to fill the D filter outlet seal, the 
canyon supply fans will shut down, the 5 gal/min fog nozzle in the wind 
tunnel will operate. Once the flow of foam to a cell is activated, it will 
continue until the heat detectors are cooled down or until the manual switch 
in the dispatcher's panel has been turned to 11Spray Stop. 11 In automatic 
operation, the flow will continue for about 60 s after the cell element has 
cooled. This is an adjustable setting. A flow switch is i nstalled between 
the foam tank and the spray header, which indicates on the dispatcher's 
panel that foam is flowing and trips the master fire alarm box 242. 

When an alarm is received in the dispatcher's office and only the heat 
detector alarm light is on, the valves to an individual cell may be operated 
manually to start the flow of foam to the cells. Foam flow will continue 
for a period of approximately 60 s after the switch is turned to the "Auto 11 

position. The foam can be stopped by turning the manual switch to the 
11 Spray Stop 11 position. The switch will return to the 11 Auto 11 position when 
released and the system will return to the auto condition after a period of 
30 s. This delay period is adjustable from zero to 5 min. Motor operated 
valves to the foam system use rectified 24 V de and are backed up by a . 
battery system. These batteries are located at Section 13 in the pipe 
gallery and will operate the system in the event of an ac power loss to the 
system. 

All manual valves in the foam system are left open, and the valves are 
monitored by tamper switches mounted on the individual valves. If a valve 
is closed, the trouble light on the dispatcher's foam system panel (#1) will 
light, and the valve must be opened before the light will clear. 
Temporarily,* the isolation valve (121-R} in the foam concentrate discharge 
line has been closed in order to stop the concentrate diffusion through the 
piping system into the water side of the tank. Valve tamper switches are 
also mounted on the main isolation Valves on the main water header at each 
end of the building. 

There is one trouble light on the dispatcher's foam system panel (#1) 
which monitors five trouble areas. The f i re alarm box in the pipe ga l lery 
has trouble lights which isolate these five trouble areas. These trouble 
areas are: 

• Fire detector trouble (shorts in cell fire detector wiring) 

• Loss of ac power 

• Loss of de power 

• 0~ S, and Y valves closed 

*To be reviewed for consistency with the drawings. 
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• Header valve at west end closed. If the trouble light comes on at 
the dispatcher's panel, the operator refers to the panel in the 
pipe gallery to locate the source of the trouble. An additional 
annunciator located on #5 panel in the dispatcher's office shows 
motorized valve operation, fog nozzle operation; and filling of 
the 291-8 outlet seals. 

5.10.5.5.2 Foam Concentrate System (Fig. 5-80). The horizontal 
storage tank for the 6¾ foam concentrate is a Rockwood Diaphragm tank of 
100 gal capacity. The tank, epoxy lined by the manufacturer to resist the 
acidic condition of the "light water," is of steel construction, flanged at 
the middle and provided with a flexible diaphragm for a working pressure of 
175 psig. The proportioning controller with a stainless steel metering 
orifice plug is sized for a flow rate of 190 gal/min at the discharge end of 
the proportion device using 6% foam. 

The flow switch normally opens the contacts and is equipped with an 
instant recycling retard device on the switch actuation, adjustable from 

· 15 s to 1 min. 

5.10.5.5.3 291-8 Exhaust Ventilation Fire Protection Systems. Two 
. Fenwall heat detectors are installed in the 291-B duct. One is installed in 
the manhole just south of 221-B, and the other is located in the turbine 

. inlet duct dawn stream of the filters. When either of these detectors is 
activated by a heat source, the motorized valves open filling the "D 11 filter 
outlet seal, the 5 gal/min fog nozzle operates, the canyon supply fan units 
shuts off, and a signal is sent to the Fire Department. The sprays -in the 
filter banks, and the 50 gal/min tunnel spray are manually operated, and 

.Operations personnel are required to physically hook up hoses and open the 
related valves. Alarms on annunciator panel #5 in the dispatcher's office 
will indicate motorized valve apera.tion, seal water level in the outlet 
seal, fag nozzle operation, and operation of the pressure isolation valve. 

When the heat detectors in cells other than the foam equipped cells are 
activated, there wi 11 be an al arm sent to the Fi re Department and the al ar:n 
will register on the heat detector panel #3 on the dispatcher's office. The 
"Fire Alarm Manual SW" on the #5 dispatcher's panel will cause the same 
sequence of events as the tunnel and duct heat detectors. Activation of the 
switch will divert the airflow at 291-8 through the sand filter, cut off the 
canyon supply fans, initiate the 5 gal/min sprays, and notify the Fire 
Department. There are two annunciator panels at present to indicate high 
temperature in cells not connected with the foam spray system. In addition 
to the one located in the #3 dispatcher's panel, there is a cell annunciator 
for Cell 4 on the top panel of the #5 dispatcher's panel. 

5.10.5.6 221-88 Process and Condensate Building. The building has a 
construction classification of 11 unprotected noncombustible 11 and an occupancy 
classification of 11 general purpose industrial ''. This building is equipped 
with smoke detectors having a direct alarm to the Hanford Fire Department. 
The building also has manual pull boxes and an adequate number and type of 
portable fire extinguishers. The nearest hydrant is approximately 325 ft 
~ast of the building. Due to the detection system, the distance to 
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surrounding buildings, and a quick response from the Hanford Fire Department 
establishes that the facility fire protection situation is adequate. A 
portion of this building is posted for airborne radioactivity, therefore if 
a fire occurred the potential exists for onsite and offsite contamination 
spread. This building has acceptable exits and is rarely .occupied. No 
foreseeable life safety problems are expected. 

5.10.5.7 212-8 Cask Loading Stations Facilitv (Ref. 5-10). The fire 
protection system for 212-8, which is a Category A Building, includes alarm 
boxes, overhead sprinkler lines, heat detectors, fire extinguishers, 
telephones, and intercoms. The location of this equipment is shown in 
Table 5-30. The building has a construction classification of 11 unprotected 
noncombustible 11 and an occupancy classification of 11 general purpose 
i ndustri a 1. 11 A master box is 1 ocated on the exterior of the east wa 11. A 11 
systems have a direct alarm to the Hanford Fire Department. The nearest · 
fire hydrant is approximately 100 ft southwest of the building. Due to the 

O' construction type, the limited amount of combustibles in the unprotected 
areas, the distance to the surrounding buildings and a quick response from 
the Hanford Fire Department establishes an acceptable situation. 

TABLE 5-30. The 212-8 Fire Protection System. 

Equipment Location 

Alarm boxes 

Overhead sprinkler 
lines 

Heat detectors 

Fire extinguishers 

Telephones--PAX 
phones and outside 
phones 

Intercom 

Control room and outside east wall 
of change room 

Lobby, stairwell, cask handling and 
surveillance entrance room, and 
change room • 

Truck lock and control room 

Control room, truck lock, and cask 
handling and surveillance room 

Control room and cask handling and 
surveillance room 

Control room and cask handling and 
surveillance room 
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5.10.5.8 276-8 Qrqanic Storage and Makeup Facility. The building has a 
construction classification of "fire resistive" and an occupancy classifica
tion of "special purpose ind~strial." This building is protected by an 
automatic deluge system which discharges by means of heat activating devices 
(HADs). The building is also equipped with an adequate number of portable 
fire extinguishers and one fire hose line. There is a master box located on 
the exterior of the west wall. The suppression system has a direct alarm to 
the Hanford Fire Department. The nearest fire hydrant is located 
approximately 90 ft north of the building. Due to the construction type of 
the building, the fire suppression system, the distance to surrounding 
buildings, and a quick response from the Hanford Fire Department established 
an adequate fire protection situation. This building has acceptable exits 
and is rarely occupied, therefore no foreseeable life safety problems are 
expected. 

5.10.5.9 291-8 Exhaust Fan Control House. The building has a construction 
classiffcation of 11 fire resistive" and an occupancy classification of 
11 special purpose industr i al." This building is equipped wi th a smoke 
detector and manual pull box having a direct alarm to the Hanford Fire 
Department. The building also has an adequate number of portable fire 
extinguishers. The nearest fire hydrant is approximately 80 ft north of the 
building. Due to the fire detection system, the construct i on type of the 
building, the distance to surrounding buildings, and a quick response for 
the Hanford Fire Department establishes an acceptable fire protection 
situation. · This building has adequate exits and is rarely occupied, 
therefore no foreseeable life safety problems are expected. 

5.10.5.10 221-BF Effluent Control Building. This building has a construc
tion classification of 11 fire resistive and unprotected non-combustible'' and 
an occupancy classification of 11 special purpose industrial." There is no 
fire protection system. The nearest fire hydrant is approximately 15 ft 
north of the building. Due to the location of this facility and the 
distance to surrounding buildings establishes an acceptable fire protection 
situation and due to the separation of the rooms below grade, if a fire 
developed, contamination would not be expected to spread beyond the area of 
the fire origin. This building has an adequate exit and is rarely occupied, 
therefore no foreseeable life safety problems are expected. 

5.10.5.11 282-8 and 282-8A Emeraency Well Pumc Houses. These buildings 
have a construction classification of 11 unprotected non-combustible" and an 
occupancy classification of 11 special purpose industrial." Both buildings 
are equipped with smoke detectors having a direct alarm to the Hanford Fire 
Oepart~ent. The buildings also have portable fire extinguishers. The 
nearest fire hydrant is approximately 85 ft east of the buildings. Due to 
the distance to surrounding buildings, the fire detection system and a quick 
response from the Hanford Fire Department establishes an acceptable fire 
protection situation~ These buildings have adequate exits and are rarely 
occupied, therefore no foreseeable life safety problems are expected. 

5.10.5.12 217-8 Demine~alizer Bui l dina Faci l ity. The building has a 
construction classification of "unprotected non-combustible" and an 
occucancy classification of 11 special purpose industrial". This building is 
equipped with portable fire extinguishers. The nearest fire hydrant is 
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approximately 60 ft east of the building. Due to the construction type of 
the building, the distance to surrounding buildings, and a quick response 
from the Hanford Fire Department establishes an acceptable fire protection 
situation. This building .has acceptable exits, therefore no foreseeab le 
life safety problems are expected. 

5.11 MAINTENANCE SYSTEM (Ref. 5-64, 5-65) 

To avoid exposure of personnel to excessive radiation, the equipment 
has been designed to provide trouble free service with minimal maintenance. 
However, the finite life span of the equipment dictates the required service 
or replacement at the end of life. Remote installation and removal have 
been factored into the initial design. The B Plant canyon is provided with 
an electrically operated overhead bridge crane. · 

• Crane - The crane is located on rails which extend the length of 
the canyon. The main trolley runs atop the bridge and carries a 
75 ton hoist and a 10 ton hoist. The 10 ton hoist is fitted with 
an electrically operated rotary hook. Beneath each of the two 
bridge girders is a monorail and trolley. Each trolley carries a 
one ton and half ton hoist from which hang auxiliary hooks, 

-grabbers, or impact wrenches having 2 or 3 sockets. The bridge, 
the three trolleys, the six hoists, the rotary hook, and the two 
impact wrenches are controlled from the crane cab. 

The area below the crane is illuminated by twenty floodlights on 
the bridge, four 1,000 W lamps beneath the trolley, and two 1,000 
watt periscope spotlights. 

• Rotary Crane Hook - The 10 ton rotary hook was designed to allow 
the crane greater versatility. A 115 V de gear motor drives the 
hook through a slip clutch set at 60 ft-lb maximum torque. The 
load is transmitted from the block by a tapered roller bearing. 

• Crane Ootical Aids - Two large periscopes, one on each 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 
obtained at the operators discretion by electric motors which 
telescope the periscope across the canyon, and rotate it on its 
axis. The eye pieces are automatically synchronized with the 
viewing direction of the objective ends of the periscopes so that 
the operator is always looking in the true direction. Large 
negative lenses have been installed on the outboard side of each 
periscope objective so that when the objective is rotated in this 
direction, a tremendously increased field of view is obtained. 
This allows the operator, in one glance, to get a general view of 
the canyon to see whether or not all cover blocks are in place, 
and to see if anyone is on the deck. 
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A television camera can be 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 
is transmitted to the crane cab where it appears on the screen of 
a television monitor. Although the television lacks the 
definition of the periscope, it has a broad field of view, is not 
as ti~ing to the eye, permits quicker scanning of the situation, 
and affords an additional view from a different angle. Portable 
closed circuit television systems may be used with the crane when 
necessary to gain additional viewpoints. The portable television 
equipment requires high intensity lights and is used only when 
absolutely necessary. 

• Crane Maintenance Platforms - One mobile crane maintenance 
platform is provided to service the cranes. Each is mounted on a 
short section of rails at the end of the canyon and is propelled 
by driving the wheels through a handcrank mechanism. Access to 
each platform is provided by a fixed ladder mounted on the canyon 
end walls. A fixed, caged ladder hangs from the west end platform 
allowing access at any position along the rails. The east 
platform is of split level design, which allows maintenance of the 
crane on the upper level and of the impact wrenches on the lower. 
The east platform has a swing down ladder which may be lowered 
from the platform by a manually operated winch. 

• Electrical Services - The crane is supplied with 440 V, 3-phase, 
60 cycle power via conductors and collector shoes mou nted on the 
crane. Similar conductors and collectors supply power to the . 
trolley. The monorail trolleys are supplied by festooned cables. 
The rotary hook and the impact wrenches and/or grabber s are 
supplied through reel type cord retractors. The cab is equipped 
with a radio telephone in addition to a regular telephone. 

5.12 COMBINED SURVIVABILITY ASSESSMENT OF B PLANT 
FACILITIES--SYSTEMS INTEGRITY ANO OPERABILITY 
(Ref. 5-7, 5-63, Tables 5-31 through 5-35) 

The survivability of 8 Plant support facilities has been evaluated and 
rated based on the results of stress analysis, methods of calculations, 
safety factors and engineering judgment. Conservatism has been built into 
the survivability rating to account for the aging and weathering effects of 
these structures. While uncertainties had to be cons idered in reaching the 
survivability rating of each structure, a re l atively wide range has been 
allowed. 

From the evaluation ratings, the Tank Farm (211-8) and the Stack 
Effluent Monitoring Building (292-8) are expected to sustain major 
structural damages and functiona l loss due to natural forces effect. The 
rest of the structures were ranked medium or high and may expect to have 
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TABLE 5-31. The 284-E Powerhouse, Stearn Supp l~ System, 
and Emergency Electrical Power (Ref. 5-63). 

Estimated probability 
of survivala 

Item or system 
0.10-g 0.25-g 175-mph 

HRHE SSE tornado 

284-E Building High High Low 

Boiler and furnace system High High Low 

Boiler feed water system High Medium Low 
to high 

Stearn system High Medium Low 
to high 

Emergency electrical system Medium Low Low 
to high I 

I 
I 

Coal supply system High I High Low 
l 
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TABLE 5-32. Evaluation of Filter Cells. 

Loading 

Structure Earthquake I Tornado I 

Wind/tornado I generated 
HRHE I SSE i missile I 

i 
First, second cells I 

- Roof Safe High N/N i N/N ; 

- Supports Safe Safe N/N ! N/N 
- North wall High High N/N N/N 
- Filter frame Safe Safe N/N I N/N 

i 
Third cell 
- Roof Safe Safe N/N N/N 
- Supports Safe Safe N/N N/N 
- Wall High High ' N/N N/N 
- Filter frame Safe Safe N/N N/N 
- Metal building High Medium High i N/N 

20 X 40 ! 
i 
I 

Fourth cell 
I 
I 

- Roof Safe Safe N/N i N/N 
- Supports Safe Safe N/N i N/N 
- Walls High High N/N I N/N I 
- Filter frame Medium Medium N/N • I N/N 

I 
Fifth cell i 

- Roof Safe Safe Safe i Safe 
- Support Safe Safe Safe ! Safe i 
- Wa 11 s Safe Safe Safe I Safe 
- Filter frame Medium Medium 

I 
Safe I Safe 

Instrumentation building 
j 

(above ground) Safe Safe Medium i Medium 
' ' 

Sand filter cell I 

- Roof High Medium N/N 
! 

N/N 
- Column High Medium N/N N/N 

291-B Stack High Medium High Medium 

N - Nat applicable. 
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TABLE 5-33. Evaluation of Equipment and Systems . 

Item 

Electrical power 

Raw water system 

F1re protection system 

Coo l ing water 

Compressed a1r 

Process vessel system 

Ventilation systems 
221-B Canyon supply 
221-B Galleries sup~ly 

and exhaust 
221-8 Cask Station supply 
221-88 Process steam and 

condensate 
221-BF effluent control 

Control panels 

Radiat ion 1110nitoring systems 
Personne l protection 
Environment protection 

221-8B Process condensate samp le 
tanks and conf inement 

Stee l structure 
Concre te ;, i t 
Tanks 

217-8 Demineral i zer Building 

292'-8 Stacie mon itor i ng 

H ., 
L • 
M • 

I 

I 
I 
I 
I 

Est imated probab ili ty of surviva l 

Structural and anchorage Funct iona l 

0.10 g 0.25 g 175 mph 0.10 g 0.25 g 
HRHE SSE tornado HRHE SSE 

H "' L "' L 

M L L "' L 

M L H "' L 

M L H M L 

M L L M L 

M L H M L 
.. 

H M H M L 

H M L M L 
H H L M L 

H H L M L 
H H L M L 

M L H M L 

M L H M L 
H H L M L 

H H L H H 
H H M H H 
H H M H H 

H H L H H 

M M L M M 
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175 mph 
tornado 

L 

L 

L 

L 

L 

L 

L 

L 
L · 

L 
L 

L 

L 
l 

L 
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TABLE 5-34. Evaluation of Cask Loading Station 212-8. 

Loading 

Structure Earthquake Tornado 
Wind/tornado generated 

HRHE SSE mi ssile 

Steel structure 
(cask handling 
and surveillance Safe Safe Low Medium 

Concrete retaining 
wall (below grade 
operating gallery Safe Safe N/N N/N 

Structure addi-
tions2 N/N N/N Low Low 

N - Not applicable. 

TABLE 5-35. Evaluation of Tank Farm 211-B. 

Loading 

Structure Earthquake Wind/tornado Tornado 
I I generated Empty I Full I HRHE SSE tank I tank I missile 
I 

I 
I i : 

Tank--9 ft dia. X 36 ft lg Medium Low I Low Medium i Safe 

I I 
' 

' 
Tank-- 10 ft di a. 

i 
X I ! ' 

14 ft high Low I Low I Low I High ' Safe 
: ! ! 
I 

Tank piping Low Low l Medium i Medium I Medium ' ' 

Platform Low Low i Low i Low i Medium I I 
' I 
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localized structural damage. Those ranked medium will be ranked partially 
functional. Those ranked high should have minimal effect on their ability 
to function. 

5.12.1 Survivability of 291-8 Stack (Fig. 5-33) 

The probability of overturning the entire stack under. SSE loading has 
been evaluated at below 50% (against medium range of survivability). The 
overturning of the entire stack will introduce an impact loading on the 
neighboring structures at a radius of approximately 200 ft. The structures 
affected will include sand filter building, four filter cells, and the 
instrument building. The impact will not affect all the structures 
simultaneously. It is hard to predict the direction of stack fall due to 
uncertainty of the direction of earthquake loading. However, the impact on 
the underground structures would not result in structural collapse but the 
bove-ground structures wi 11 co 11 apse under the impact. 

A quantitative estimate of the area that would be plugged in the stack 
as a result of masonry lining fracture or collapse due to earthquake, is 
difficult to predict, but the probability of complete plugging is low for 

. HRHE loading as compared to a high probability of plugging for SSE loading. 
The most severe stack plugging will still leave limited area for gas 

~ ~ circulation and partial functioning of the ventilation system. 

-. S.12.2 Survivability of Filters (Table 5-33) 

~· The filter cells are in the safe survivability range. In certain 
structures, such as filter frames, the probability of survivability is 
above 75%. However, the probability that the total function of filter ce1 1s 
will be lost is fair1y low due to either HRHE or SSE loading. Loss of sand 

, filter cell is high during the HRHE and the SSE. 
0' 

5.12.3 Eguioment Qualificat i on 

Evaluations of B Plant equipment components for natural forces have not 
been performed as of this time. A critical list of components and/or 
internal systems that are to be evaluated will be available following risk 
assessment by HS&E, based on proposed processes in B Plant. The analysis 
work covered here addresses the B Plant support faci .lities structures. 
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6.0 PROCESS SYSTEMS 

6.1 INTRODUCTION 

The chemical reprocessing of irradiated nuclear reactor fuels in the 
200 East Area generates significant volumes of high-level waste. This waste 
contains >100 ~Ci/ml of a mixed spectrum of radioactive fission products 
typically found in reactor fuels stored for 3 to 12 mo after being dis
charged from the reactor at the Hanford Site. By definition, high-level 
waste is the liquid waste stream "resulting from the operations of the 
first-cycle extraction system, equivalent concentrated wastes from subse
quent extraction cycles, or equivalent wastes from a process not using 
solvent extraction in a facility for processing irradiated reactor fuels" 
(Ref. 6-1). 

These fission products include >2 ~Ci/ml of 137cs, 90sr, and long-lived 
~a1pha emitters or the combined total. Liquid or slurry wastes with a 
significant potential of becoming contaminated to the degree of high-level 
waste are treated as high-level contaminated waste. 

Self-boiling liquid wastes, generated and stored in underground tanks, 
are processed in B Plant for the removal of 137cs and 90sr before 

r 

solidification by evaporation and cooling of the residual bulk salts in the 
r tanks. Removal of the cesium ano strontium isotopes is necessary prior to 

solidification to limit the waste temperature and radiolytic decomposition 
~-'hazards. 

The strontium and cesium, extracted from the high-level waste processed 
- at B Plant, are purified to about 95 cationic wt% exc1uding monovalent 

impurities as feed to the Encapsulation Plant. Fission product purification 
:"')minimizes encapsulation costs. The solids treatment, solvent-extraction, 

precipitation, and ion-exchange processing steps for fission product removal 
and purification produce waste streams. The ion-exchange loading waste is 
routed directly to the tank farm system. Other high-level non-boiling 
wastes (HLNBW) are concentrated in the plant before routing to the tank farm 
system. 

Of the total 5.4 x 108 Ci fission product inventory at the Hanford Site 
in 1981, 99% was high-level waste 10 to 38 yr old, allowing ample time for 
decay of short-half-life isotopes. The high-level waste was characterized 
as ~ss% Ce and Sr and 42% mixed fission products. Cesium and strontium are 
encapsulated and stored in the Waste Encapsulation and Storage Facility 
(WESF) following fractionization at B Plant. Residual fission products are 
in underground tanks. 

6.1.1 Current Acid Waste (Ref. 6-3, 6-4, 6-5) 

The current acid wastes (CAW), resulting from the separation of 
plutonium and uranium from N-Reactor spent fuels at the PUREX Plant, are 
concentrated and denitrated. This waste contains essentially all of the 
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fission products generated during fuel irradiation in the reactor core. 
This self-boiling waste contains high levels of fission groducts including two long-lived heat-producing radioisotopes, 137cs and 90sr. Cesium and 
strontium are recovered from the CAW and purified to remove residual 
impurity cations in B Plant. The purified isotopes are converted to solid 
compounds and encapsulated at the WESF. From 4 to 20% of the strontium in 
these wastes is contained in about 0.5 to 1.0% solids volume associated with 
the CAW. The solids are composed primarily of silica and metal sulfates, 
silicates, and phosphates. 

The PUREX CAW is routed via encased underground pipe lines to B Plant 
via the 244-AR Vault. The residual solids are separated from the super
natant by centrifuging and the strontium is removed from the so l ids by a 
sodium hydroxide-sodium carbonate metathesis process. After CAW reception from the vault and supernatant separation from the solids, the solids are 
water washed to remove residual mother liquor for prevention of subsequent 
cation precipitation. The solids are contacted with sodium carbonate-sodium 
hydroxide solution to convert the insoluble strontium to the carbonate form. The waste from the metathesis process is washed with a sodium carbonate
sodium hydroxide solution and the strontium carbonate is dissolved i n nitric 
acid to extract N70% of the strontium from the solids. 

The supernatant is then treated for the recovery of cesium. Utilizing the property of the insolubility of cesium phosphotungstate salts, 
phosphotungstic acid (PTA) is added to the CAW supernatant to precipitate 
>98% of the cesium. -The cesium phosphotungstate salts are separated from 
the supernatant by centrifugation. The supernatant contains 89% of 90sr 
originally in the CAW supernatant. The precipitate is washed with nitric 
acid and further dissolved in a sodium hydroxide solution for the final 
recovery of about 96% of the cesium. This cesium product is routed through 
two stages of ion exchange for further removal of sodium, potassium, and 
rubidium. 

The metathesis product and the supernatant from the phosphotungstic 
acid process for cesium precipitation, are butted with 1.8:l mole ratio 
citric acid to complex divalent and trivalent cations, the pH adjusted to 
4.9 using sodium carbonate solution and eventually treated by solvent 
extraction for strontium recovery. Solvent extraction processing is per
formed in a series of four pulsed sieve plate columns and two batch 
contactors. The organic consists of di-ethylhexyl phosphoric acid (D2EHPA) 
and tributy1 phosphate (TBP) in normal paraffin hydrocarbon (NPH). The 
D2EHPA is a liquid-l~quid cation exchanger. The feed containing strontium 
is pumped to the lA Column where strontium is extracted into the oraan ic at 
a pH of 4.9. The sodium is scrubbed from the organic in the 1S Column with 
hydroxyacetic (HAcOH) acid-trisodium hydroxyethylenediaminetriacetic (HEDTA ) 
acid solution at an initial pH of 2.4. The strontium, together with sma l l 
concentrations of sodium, other divalent cations and impurities, is stripped 
in the 18 Column with dilute nitric acid. The solvent i s washed with nitric 
acid in the lC Column and with sodium hy.droxide - sodium-citrate solut i on in 
a batch contactor for removal of trace rare earth, yttrium, uran i um, iron, 
calcium and aluminum impurities. The D2EHPA i s partially converted to the 
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sodium salt for pH control in lA Column and recycled. The strontium 
recovery in the solvent extraction system is about 95%. The strontium is 
further purified by the sulfate precipitation a~d caustic strike processes. 

The sulfate process requires four steps to remove calcium, magnesium 
and manganese from the strontium stream. The strontium, which is pre
cipitated in the first strike leaving most of the impurities in the 
supernatant, is washed with sodium sulfate-dilute nitric acid solution and 
centrifuged to remove additional calcium and other occluded impurities in 
the supernatant. The solids are dissolved with HEDTA and the strontium is 
largely re-precipitated with sodium sulfate, leaving calcium, iron and other 
impurities in the supernatant. Finally, the strontium sulfate is converted 
to strontium carbonate by a sodium hydroxide-sodium carbonate metathesis 
solution. The strontium carbonate solids are removed from the metathesis by 
centrifuging. The strontium carbonate is dissolved and digested in nitric 
cid, sampled, evaluated and transferred to storage tanks for caustic strike 

process. The caustic strike is a batch process to remove any remaining 
etallic impurities from the strontium and essentially uses the same 

equipment as the PTA. and the sulfate precipitation process. 

~-• Product from several sulfate precipitation campaigns is collected. 
When ~1,soo to 2,100 g-mol of strontium (6 to 15 MCi 90sr, depending upon 
isotopic purity) have accumulated as sulfate precipitation product, the 
sulfate precipitation process is suspended and the equipment cleaned for the 

r caustic strike process. 

The caustic strike process is capable of removing ~90 wt% (excluding 
, ~sodium) of the metallic impurities from the strontium product. The process. 
• involves the use of sodium hydroxide (solution) to precipitate the impuri

ties at pH 10, removal of the precipitate via centrifugation, then acidifi
cation and self-concentration of the clarified solution. The precipitated 

·• solids are washed at pH 10 to recover strontium in the interstitial solution 
and then centrifuged. The clarified wash solution is acidified and combined 
with the previously concentrated solution from the first preci pitation to 
undergo self-concentration to encapsulation feed standards. The washed 
solids, containing about 2% of the feed strontium, are dissolved in nitr ic 
acid then centrifuged. Solids collected in the centrifuge are dissolved in 
HEDTA and the nitric acid and HEOTA solutions are recycled to the solvent 
extraction system. More than nine-tenths of the strontium losses are 
recovered in the solvent extraction system, resulting in a net strontium 
loss from caustic strike of ~o.2%. 

Cesium-bearing solutions are processed through two stages of Ion
Exchange (IX) for the purification of cesium. Initial cesium purificat ion 
is accomplished in Cell 18 to separate metallic cation (Na+ K + Rb:Cs mole 
ratio <1.5) impurities from the crude cesium hydroxide product from the PTA 
process. 

The feed is diluted with demineralized water and is loaded on~o the ion 
exchange bed. ihe impurity cations (sodium, potassium, and rubidium) are 
removed (scrubbed) f~om the bed with a dilute ammonium carbonate-ammonium 
hydroxide 5olution passed through the bed. The cesium is removed (eluted) 
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from the column with strong ammonium carbonate-ammonium hydroxide solution 
and the resulting product is concentrated and stored as feed for final 
purification. 

The objective of the final cesium purification is to produce a cesium 
carbonate product to meet the requirements of the encapsulation specifica
tions, desioned to minimize the volume of material to encapsulate and 
control the-corrosion rate by assuring that the salt remains in the solid 
form. Final cesium purification is attained in Cell 38 using inorganic ion
exchanger, Zeolon-900. 

The feed, a semi-purified product from the Cell 18 ion exchange 
process, is diluted with demineralized water and loaded onto the ion 
exchange bed. The impurity cations (sodium, potassium, and rubidium) are 
removed (scrubbed) from the bed with a dilute ammonium carbonate-ammonium 
hydroxide solution passed through the bed in the same flow direction as the 
loading step. The cesium is removed from the ion exchange bed with a 
concentrated ammonium carbonate-arranonium hydroxide solution passed 
counterflow through the bed and the resulting product is concentrated. The 
concentrated cesium product is transferred to storage as available feed for 
the cesium encapsulation process. Feed normally consists of sodium-to
cesium mole ratios of about 1.0 while the resulting pr~duct has a sodium-to
cesium ratio of rvQ.10. Encapsulation specifications limit the ratio to 
~0.15. 

All these processes produce low-level waste and waste concentration 
process handles the radioactive waste. The waste concentration serves three 
essential functions: 

• Collection, blending, and neutralization in TK-24-1 

, Reduction of volume and separation of arranonia from the liquid 
waste. 

• Disposal of the concentrated wastes to tank farms. 

Low-level liquid wastes from Cell 18 ion exchange (IX) and Cell 38 
final purification comprise the cesium processing waste. Low-level wastes 
from solvent extraction, sulfate precipitation, and caustic str i ke comprise 
the strontium processing waste. Miscellaneous streams contributing to the 
waste processing operation include cell drainage, encapsulation waste, and 
vessel vent condensate from the steam booster jet operation. 

After the waste volume reduction by a typical factor of 10 to 20, the 
concentrated waste is sampled for final characterization and transferred to 
Tank Farms. 

6.1.1.1 Current Acid Waste - Cesium and Strontium Recove~y Flow Diaaram 
(Ref. 6-6). All the calculations are based on an averaqe composition or 
80% Mark IV and 20% Mark IA fuel with an enrichment of 6.947 to 1.25% 23Su 
and of 12 wt% 240Pu. The fission product inventory is based on a burnup of 
2,500 to 3,000 megawatt days per ton (MWO/T) for an out-of-core coo ldown 
duration of 180 d. This is equivalent to 200 gal of CAW/MTU in a production 
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of 10 ·metric tons of uranium per day {MTU/d). Ionic and isotopic concentra
tions of 90sr, 137cs, and total rare earths {TRE) (Ref. 6-7), calculated 
concentration of uranium, plutonium and americium (Ref. 6-8) and those of 
neptunium (Ref. 6-9) were adjusted on a need basis to reflect a CAW feed of 
2,000 gal/d. Routine sample analyses of waste streams in .the head end 
process were not performed during previous campaigns and thus, meager infor
mation exists about the composition of this waste. However, based on 
accountability calculations for plutonium and the chemical similarity of 
neptunium and uranium, compositional streams of these isotopes were assumed 
identical. 

6.1.1.2 Composition of PUREX Wastes (Ref. 6-10). Typical B Plant feed 
stream composition are shown in Table 6-1. 

6.2 HEAD ENO METATHESIS PROCESS (Ref. 6-10, Fig. 6-1, 6-2) 

""' The head end process begins with PUREX CAW being received into B Plant 
via the AR Vault. The CAW is split into two streams by centrifuging the 
slurry: CAW supernatant, and the residual solids. The CAW supernatant is 
fed to the PTA process where the supernatant is treated to precipitate 
cesium while the strontium remains in the solution. The residual solids are 
slurried and fed to the metathesis process where the solids are treated for 
trontium removal. The strontium occluded to the solids in the CAW feed 

amounts to ~3% of the total amount of incoming strontium. Strontium super
natant from the PTA process is combined with the strontium recovered in the 
metathesis process and fed to solvent extraction for strontium separation 

~· from impurity cations. 
·-. , ... 

C."'W is received from the AR Vault (TK-001-AR) into tank TK-11-2. Batch 
izes range from 2,000 to 3,100 gal depending on the solids content. A 

(IOminal feed composition is given on the process flow diagram (Fig. 6-3). 
, The 0.5 to 1.5% by volume solids are separated by centrifugation through the 

entrifuge (G-12-2). The supernatant, containing virtually all of the 
cesium and ~97% of the strontium overflows from the centrifuge (G-12-2) bowl 
and is collected in the supernatant tank {TK-12-1). The solids in the bowl 
are washed with demineralized water which is routed to the receiver tank 
(TK-12-1). The centrifuge bowl is calibrated for the solids content and the 
solids are slurried out of the centrifuge bowl to tank (TK-11-1) with the 
metathesis solution (sodium hydroxide-sodium carbonate). The cesium in the 
supernatant receiver tank (TK-12-1) is transferred to the centrifuge feed 
and receiver tank (TK-14-2} via the waste collection tank {TK-9-2} for 
cesium recovery. 

The second batch of CAW is then transferred to the centrifuge 
{TK-11-2) (1,300 to 3,100 gal) and the entire process is repeated. 
(TK-11-1) containing two cleanouts of the solid from the centrifuge 
treated for strontium removal in the metathesis process. 
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TABLE 6-1. Composition of PUREX Wastes. 

Current acid Tank farm 
Constituent wastes solutions 

(CAW), t:1 (PSN), M 

H 1.3 --
Na 0.4 - 0.7 6.0 

Fe 0.15 - 0.25 --
Al 0.15 - 0.25 0.02 

Zr Negl - 0.03 --
Si03 0.01 - 0.1 --

N02-N03 2.0 - 3.0 4.0 

$04 0.3 - 0.6 0.16 

P04 0.01 0.02 

C03 -- 0.86 

F 0 _. 0.1 --
SpG 1.15 1.25 

Solid, vol% 0.5 - 1 <l 

6-6 

Acidified 
sludge 

(PAS), !:! 

0.5 

0.9 - 1.0 

0.03 - 0.2 

0.1 - 0.3 

--
0.002 - 0.01 

1.6 - 3.9 

0.08 

0.04 

--
--

1.2 

1 - 4 
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In the metathesis process, the solids collected in the centrifuge feed 4 
tank (TK-11-1) are digested at 60°C for 2 h in the metathesis solution. This 
converts any insoluble strontium sulfate solids to soluble strontium 
carbonate solids. The metathesis slurry is processed through the (G-12-2) 
centrifuge where the SrC03 is collected. The metathesis supernatant is 
collected in the supernatant receiver tank (TK-12-1), acidified, and dis-
carded as waste to tank (TK-25-2) via tank (TK-9-1). After a solids wash, 
the SrC03 is dissolved with nitric acid and slurried to tank (TK-11-1) along 
with the remaining inert solids. A final pass through the (G-12-2) centri-
fuge separates the inert solids which are disposed to underground storage 
and the strontium-bearing supernatant which is transferred to tank (TK-31-2) 
via tank (TK-12-1) as solvent extraction feed. 

The CAW head end flowsheet is divided into two major sections; 
1) clarification of CAW, and 2) metathesis process--strontium removal from 
the CAW residual solids. The function and procedures involved with these 
2 major steps are discussed in the following sections. 

6.2.1 Clarification of Current Acid Waste 

The function of the clarification process is the separation of solids 
and the recovery of strontium from the solids separated from the CAW. The 
extracti9n_ of strontium prevents solids from entering the solvent extraction 
process and alleviating the operating difficulties in the pulse columns. 
Utilizing centrifugation, head end processing provides the initial feed 
preparation for B Plant wastes enabling removal and recovery of long-lived 
radioisotopes • . 

6.2.1.1 Clarification Process. PUREX CAW solution is jetted from the 
AR Vault tank (TK-001-AR) to the hold-up tank (TK-11-2). The feed volume is 
limited by the concentrations of solids in the feed. A batch size is 
proportioned to the concentration of solids in the wastes and a maximum 
batch size consists of 2,000 gal of PUREX CAW with 1 vol% of solids. 

The crude CAW solution is centrifuged in the (G-12-2) centrifuge and 
the resulting CAW supernatant accumulated in the supernatant receiver tank 
(TK-12-1), from where it is jetted. to the waste collection tank (TK-9-2) and 
held until the centrifuge feed and precipitation tank (TK-14-2) is available 
to receive the solution for the PTA process. The solids in the centrifuge 
bowl are washed with demineralized water from the scale tank (TK-12-28) via 
the centrifuge (G-l?-2) bowl sprays. Water washing enhances the removal and 
recovery of strontium and cesium remaining in the residual 
solids/supernatant occluded to the centrifuge bowl and the removal of 
strontium, iron, aluminum, and sulfate ion from the residual solids via 
leaching. · 

Following the processing of the water wash to the supernatant receiver 
tank (TK-12-1), the solids in the centrifuge (G-12-2) are volumetrically 
calibrated with metathesis solution from scale tank (TK-12-2C) via the cen
trifuge (G-12-2) bowl sprays. The maximum amount of solids in the centri
fuge (G-12-2) is limited to 20 gal. As soon as the solids volume is known, 
the solids are cleaned out of the cent~ifuge with metathesis solution from 
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scale tank (TK-12-28)· via the centrifuge (G-12-2) bowl sprays, and the 
slurry is jetted to the centrifuge solution receiver tank (TK-11-1). After 
the slurry is completely transferred from the centrifuge solution receiver 
tank (TK-11-1), this procedure is repeated. 

6.2.2 Metathesis Process 

The function of the metathesis process is to remove and convert the 
insoluble strontium sulfate fraction of the PUREX CAW solids to soluble 
strontium carbonate. The strontium carbonate solids are dissolved in dilute 
nitric acid to make up part of the feed for the solvent extraction process. 

6.2.2.1 Strontium Removal from Residual Solids. Two CAW clarification 
batches are combined for one metathesis batch. A maximum batch size con-
~ ists of 2,000 gal of PUREX CAW with 1.0 vol% solids. The batch, proper~ 
tioned to the concentration of solids in the wastes and the feed volume, is 

" limited by the concentration of solids in the feed based on the maximum 
allowable amount of solids in the centrifuge (G-12-2) being limited to 
20 gal. 

,. . 
The metathesis solution is comprised of 395 lb of demineralized water, 

75 lb of 2.5~ Na2C03 and 95 lb of 50 wt% NaOH. The carbonate converts the 
acid-insoluble sulfate to acid-solub1e carbonate and the sodium hydroxide 

• ~ accelerates the metathesis reaction and prevents degassing of the carbonate 
r ~ by providing a buffer for residual nitrate present in the calibration or 

I 
clean-out solutions. The temperature is maintained at 60°C to promote a 

~ ~avorable digestion reaction kinetics for strontium sulfate to strontium 
carbonate conversion over a period of 2 h. 

The "m~tathesized digest" slurry is centrifuged (G-12-2) to remove 
· ·98.5% of the solids from the slurry and the supernatant is transferred to 
~ the supernatant receiver tank (TK-12-1), where the supernatant is acidified 

to l.OM H+ by the addition of 3 lb of 57 wt% HN03/gal of waste from the 
scale tank (TK-12-lE). The metathesis supernatant is discarded as waste to 
tank (TK-25-2) via tank (TK-9-1). 

6.3 PHOSPHOTUNGSTIC ACID PROCESS (Ref. 6-11, 6-12, ·6-13, Fig. 6-3 ) 

The highly insoluble cesium salts of the acid can be separated as 
silicomolybdate, silicotungstate, phosphomolybdate, and phosphotungstate. 
The latter two compounds are the most insoluble. 

Two cesium salts, tricesium (Cs3PW12040•2H20) which is preferentially 
precipitated for PTA/Cs mole ratio <0.33, and the less soluble dices ium 
(CSzHPW1z040·2HzO) which is exclusively formed for PTA/Cs mole ratio >0.5, 
can be isolated. 

6-11 
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Cesium is preferentially precipitated in a mixture of the ions of the 
neutral and acid salts of rubidium, ammonium, and to a l2sser extent 
potassium and sodium. The soluble phosphotungstates such as iron, 
zirconium, and aluminum do not interfere in the precipitat ion of the cesium 
salt and traces are removed by washing with dilute nitric acid. ihe 
interference of the insoluble phosphotungstates of rubidium, potassium, 
ammonium, silver, and mercury (II) is controlled by limiting the quantity of 
PTA added. The phosphotungstate salts are unstable in a basic solution and 
break down into their constituents, phosphates, and tungstatas. ihe 
precipitates are dissolved in either ammonium or sodium hydroxide solutions 
and purified by the ion exchange. Since phosphotungstate ions cannot be 
regenerated, its loss represents most of the chemical cost of the process. 

The solubilities of the alkali phosphotungstates are essentially 
unaffected over the range of 2M to 10~ HN03 concentration but decreases 
three-fold when the concentration is lowered from 2M to OM. Solubilities of 
the acid phosphotungstate salts of cesium, rubidium: and ammonia in 2M HN03 
and are 0.20, 0.25, and 0.78 g/L respectively at 20°c. The solubility of 
cesium phosphotungstates in 4~, 8~, and 12~ HN03 is 0.00084, 0.00125, and 
0.0017 g of Cs/L respectively at 25°C, and the effect of the variation of 
temperature in the range of 20 to 80°C on cesium solubility is not notice
able. However, an excess of 5 g of PTA/L (0.0016~) lowers the solubility of 
cesium by a factor of 13 in a 2M HN03 acid at 20°c. 

6.3.1 Function 

Cesium is precipitated from the CAW supernatant by ut i lizing the 
insolubility of cesium phosphotungstate in a mild acid solution. The 
process equipment is located in Cells 13 and 14 to obtain maximum 
utilization of the existing equipment and to obtain close coupling with CAW 
head end processing. The cesium phosphotungstate precipitation process is 
closely integrated with head end solids and solvent extraction operations as 
indicated in Figure 6-4. 

6.3.2 Precipitation 

The cesium is pretipitated by adding 400 to 600 lb of 0.1~ PTA to the 
precipitate tank (TK-14-2) · from the gallery scale tank (TK-14-2A). The 
molar ratio of PTA to cesium based on operational experience is tentatively 
established at 1.2~ _to l.SM and may be changed contingent on laboratory 
results. The cesium solids slurry is digested for at least 1 hat 45: S°C. 

6.3.3 Centrifuaation of Cesium Solids 

The solids slurry in the precipitate tank (TK-14-2) is jetted at 10 gpm 
into the (G-13-2) centrifuge rotating at 1,740 rpm. The cesium solids are 
collected in the centrifuae bowl and the sucernatant overf lows to the s~per-
natant receiver tank (TK-13-1). · 
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6.3.3.l Cake Wash. The cesium solids cake in the centrifuge (G-13-2) is 
wash~d three times with a 400 lb 1.0~ HN03 - 0.2~ sodium gluconate solution 
to remove strontium solution and metallic impurities from the cake. The 
wash solution is also collected in the supernatant receiver tank (TK-13-1). 

6.3.3.2 Cesium Solids Dissolution. The cesium solids are dissolved by 
adding 450 lb of 2.0M NaOH solution to the centrifuge (G-13-2) and digesting 
for 1/2 h. The solution is then jetted to the product receiver tank 
(TK-14-1). 

6.3.3.3 Centrifuae Flush. The centrifuge is flushed by two additional 
205 lb batches of NaOH cleanout solution to the centrifuge (G-13-2) and by 
jetting them to the product receiver tank (TK-14-1). A calibration or flush 
of any remaining solids is done by adding water to the bowl and jetting it 
to the product receiver tank (TK-14-1). The PTA product is then transferred 
to the CAW-cesium storage tank (TK-17-1) for storage before being processed 
by ion exchange. 

6.3.4 Safety Consideration and Off-Normal Conditions 

6.3.4.l Operation of the High-Pressure Pump. The acidic gluconate wash 
solution is added to the centrifuge through sprays using the (P-13-2A) pump. 
This pump delivers at a high rate and high pressures, and extreme care 
should be exercised at all times when the pump is in operation. The pump is 
not operated without its protective covering. Because of the high rate of 
delivery, an operating time limit of 80 s has been placed on the pump to 
avoid overflowing the centrifuge bowl or emptying the tank (TK-13-2A). 

6.3.4.2 Vessel Vent System. Tanks (TK-29-2) and (TK-13-1} are on vessel 
vent system two and one respectively and a 300-gal seal must be maintained 
in (TK-13-1) at all times to prevent cross-contamination. 

6.3.4.3 Corrosion. The corrosion effects of the PTA investigation during 
the last CAW campaign uncovered leaks at the bottom of the pipes, apparently 
due to stagnation of undiluted acid and considerable corrosion at the welds 
on the inside of the pipe. The only equipment which experiences 
concentrated PTA and cannot be flushed is (TK-H-301) and the connecting 
header to scale tank (TK-14-2A). The entire line between (TK-H-301) and the 
wall nozzle to Cell 14 from scale tank TK-14-2A was replaced by a new KYNAR 
header within 1 1/2 yr from the first sign of corrosion. Proper flushing 
and inspection of the system is necessary for the prevention of· corrosion. 

6.3.4.4 Product Transfer to Storage. Misrouting the product from (TK-14-2) 
to (TK-13-1) or (TK-17-2) and virtually any other vessel could severely 
contaminate the product. Extreme care must be taken to use proper transfer 
jets to prevent inadvertent solution routings. Also a leak in the product 
route to (TK-14-1) must be guarded against to prevent excessive loss of 
product. 
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6.4 CESIUM PURIFICATION BY ION-EXCHANGE (Ref. 6-11, 6-15 through 6-20) 

Two stages of the ion-exchange process, the initial st~p in Cell 18 and 
the final in Cell 38, are used to separate and purify cesium for WESF from 
the PTA product stored in the CAW-cesium storage tank (TK~17-1). 

Ion-exchange process is a reversible chemical reaction in which 
stoichiometrically equivalent amounts of ions are exchanged between 
electrolyte in solution contacted with an insoluble electrolyte (Ref. 6-21, 
6-22). Ion-exchange media, forming the virtually insoluble electrolyte in 

. most aqueous and non-aqueous media, consists of non-diffusable positively or 
negatively charged ionic resin with an equivalent number of exchangeable 
ions possessing opposite charge to impart electroneutrality to the resin 
(Ref. 6-22). 

""- Stoichiometric equations for cation exchange . are written as follows: 
,..... 

M+ + XR-x+ + MR 

where Mand X are the exchangeable ions and R is the dnion. For ani-0n 
xch~nge, this is written as: 

A-+ RB---e- ·+RA · 

where A- and a- are the involved anion$. 

A fiied-bed column process is emp16yed for the separation and purifica
'tion of cesium. A solution containing exchangeable ions, fed · into the top 

f the fixed-bed ion-exchange media supported on a porous base, will essen
tially exchange all of these ions with the mobile ion of the same sign in 
the exchange ion-exchange media in a comparatively narrow zone at the top of 
the bed. The solution percolates through the rest of the column carrying 
the mob i1 e ion of the ion-exchange media ·Ni thout any further change in 
composition. As the feed solution is continued, the upper layers of the bed 
are completely 11 exhausted 11 to form a saturated zone containing the ion in 
the feed solution; no further exchange occurs and ion-exchange zone is dis
placed farther down the column. Ultimately, the ion-exchange zone reaches 
the bottom of the column and the exchanging ions in the feed stream show up 
in detectable quantit ies in the effluent. Such an effluent concentration 
history, which is a characteristic of the fixed-bed behavior, is ca11ed 
11 breakthrough curve~ (Fig. 6-5). 

The regeneration of the column is accomplished by the reversa l of the 
exchange process by the treatment of the exhausted resins with a concen
trated solution containing the original mobile ion that is incorporated into 
the ion-exchange media. 
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The· removal of radionuclides by ion-exchange media is affected by a 
number of variables. These variables include cross-linkage, resin-particle 
size, feed flow rate, pH of the feed, extraneous salts in the feed, 
colloidal material in the feed, resin-bed composition, resin-bed depth and 
temperature. 

The degree of cross-linkage in an ion-exchange media determines its 
porosity, stability, and solubility. A change in the porqsity of an ion
exchange resin affects its rate of ionic diffusion and thus its rate of 
exchange. 

There is no appreciable difference in the removal of gross-fission
product activity obtained at 2 gpm/ft of resin (4.5 L/s/m3 of resin), the 
manufacturer's recommended flow rate and a rate five times as large. 

The volume of feed which may be decontaminated per cycle by the ·ion
exchange media bed is determined by the total ionic content of the feed. 

,-...~hen the ionic capacity of the resin has been spent in the absorption of 
ions, either active or inactive, good decontamination of the feed is not 
• ossible, although in some cases selective absorption of the radioactive 
ions may continue. The concentration of total ions in the feed is therefore 

- a very important factor in determining the volume of waste that may be 
~ treated per unit volume of the ion-exchange media per cycle. 

The · apparent capacity of the bed is substantially reduced by the 
presence of un~ionized materials such as organic colloids or iron or nickel 
compounds present in the feed which carry away ions that can be exchanged. 

Two techniques quite useful in the operation of an ion-exchange system 
are conductivity measurement and gamma scanning. The effluent from an ion
exchange unit can be put through a continuous recording conductivity cell; 
the cell readings can usually be counted on to signal approaching break
through. A simple gamma scan is also useful and used in determining the 
~egree of ion-exchange-bed loading for gamma-emitting radioisotopes present 
in the feed solution. 

6.4.l Determination of Breakthrough During Loading and Elution 

The gamma-spectrometer (Ref. 6-12, 6-24, 6-25) monitors the ion
exchange effluent stream for instantaneous printout by the null-balance, 
servo-operated potentiometric strip-chart recorder. The gamma-ray peak 
energy of 0.662 Mev for 137sa, an isomeric transition (95%) product of 
137cs, is selected and continuously monitored by the pulse height analyzer 
between the range of 0.647 and 0.687 Mev. The gamma-spectrometer consists 
of the monitor probe encasement and the detector assembly along with the 
high-voltage power supply, linear amplifier, pulse height analyzer, baseline 
sweep and the count rate meter with a recorder. The monitor probe encase
ment assembly is a collimating pipe that penetrates the 9-ft concrete wall 
separating the radioactive process cell and a nonradioactive zone, the 
electrical gallery, with a detector assembly consisting of an americium 
doped sodiu~-iodide (thallium-activated) crystal. 
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Under non-equilibrium conditions leakage occurs at an earlier point, 
and the concentration history lacks the definitive sharpness usually 
observed under an equilibrium process. The slope of the breakthrough curve 
is linear on a semi-log scale chart of the recorder and is a function of the 
resin properties and feed conditions. The gamma-spectrometer is calibrated 
using a typical 1 Ci/gal 137cs concentration which translates into the 
monitor readi~g range of ~70 to 150 cps. 

6.4.1.l Load Volume. The first load is determined by a breakthrough around 
20 to 30 cps to limit the standard loss to <1% of cesium. The loading loss 
is the number of kCi that are not absorbed by the ion-exchange resin but 
pumped to the cesium waste tank. · 

6.4.1.2 Cesium Elution. The cesium lost during scrub is minimized and 
sodium removal maximized to maximize cesium recovery during elution. Recycle 
percent is inversely proportional to cation/Cs ratio and the trade-off 
occurs around cation/Cs ratio <SO. 

6.4.1.3 Calculation of Cesium Lost Ourin Loadin and the Percent Rec cle 
(Fig. 6-5 . A straight ine drawn through the breakthrough A point on the 
semilogarithmic scale chart or the lowest scrub point (D) and the equili
brium point (B) highest or the scrub point (E) is extended 1,200 gal to 
account for the column volume held up that will not pass the monitor to the 
points (C/F), respectively. 

Average count/s (Ave. cps) = [(C/F) - (A/0)]/2 

Ci (lost during load/recycle) = Averaae cps*flow-qal/min*t-(min) 
Monitor check-[cps/(Ci/gal)] 

Percent (loss during load/recycle) 
= [Ci (lost during load/recycle))/100/Ci feed 

6.4.1.4 Product Quality. For accountability, percent of total cesium 
recovered is needed. This is calculated as: 

Percent recovery= kCi Cs in (19-1)*100/(kCi feed+ recycled 
previous batch) 

6.4.2 Ion-Exchanae Media for Cell 18 and Cell 38 
Ion Exchanae Processes (Ref. 6-16) 

6.4.2.1 Ion-Exchanae Resin. The ionic character of the resins is primarily 
determined by the large polar groups held together by a three-dimenstonal 
hydrocarbon network, such as the sulfonic, carboxylic, phenolic or phos
phonic groups for the cation exchange -resins and the primary, secondary, 
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~ and tertiary amine and the quaternary ammonium groups for the anion exchange 
resins, and is quite independent (except for the physical properties) of the 
non-polar portion of the resin structure. 

The ion-exchange resins are generally classified according to the 
nature of the fixed ionic group contained in the insoluble and infusible 
polymer matrix (Ref. 6-21). Although both polymer and ionic groups vary 
considerably, the resins are grouped into four chemical classifications: 
strong and weak acid cation/base anion exchange resins. 

6.4.2.1.1 Duolite Resin. Duolite ARC-359, an organic resin containing 
phenolic and methylsulfon,c acid groups that act as a cation exchange site 
for various cations to give the resin its ion exchange properties, is manu
factured by the Rohm and Haas Company. Based upon previous tests, the ratio 
of phenolic to methylsulfonic acid sites was determined to be 1.3 to 1.4. 
The general mechanism of the cation exchange is the replacement of the 

_ cations of the phenolic and methylsulfonic group by the sodium ion, sodium 
by cesium, cesium by ammonium and the ammonium by sodium to complete the ion 

C"'.':exchange cycle. Phenolic groups are active at pH >12 and OH- concentrations 
above 0.6, otherwise only sulfonic sites remain active. 

0 

r 

• Both aluminum and iron ions, form insoluble hydroxides within the pH 
range of 6 to 11, but are soluble at a pH range <1 or >12, and are chelated 

ith HEDTA ·to prevent their precipitation when present in significant 
quantities. 

• Destruction of Duolite ARC-359 Resin with Nitric Acid (Ref. -6-26). 

f' • 
• J 

The strength of the nitric acid and the operating temperature of 
the ion exchange column are controlling factors in the destruction 
of the resin by dissolution. The rate of off-gas release was 
reduced from 25.6 to 1.67 cc/min/g-resin due to a change in the 
acid molarity from 15.7M to 6M. Reaction at temperatures of 55°C 
or less had off-gas rates below 2 cc/min/g-resin. The maximum 
off-gas rate as . well as the maximum temperature occurred at a 
longer time interval after the addition of acid in vessels 
containing larger (acid volume/resin) ratios. The destruction of 
1 g resin in 10~ HN03 required about 9.5 millimoles of acid. 

• Exposure of Duolite ARC-359 to Caustic Solution (Ref. 6-27). 
Duolite ARC-359 was periodically checked for swelling and tendency 
to agglomerate and become non-fluidizable. The 40-d-testing 
period indicated a tendency for the resin bed to fluidize but the 
volume remained at 51 ml (as measured in a graduated cylinder). 
Quantitative hardness or compression tests were not made on the 
resin particles, but (qualitatively) there was no noticeable 
usofteningu of the particles. 
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Experimental procedures recommended in the Duolite Ion-Exchange 
Manual (Ref. 6-23) were used to determine the moisture retention 
capacity for conditioning and wet screen analysis for fracturing 
of the resin exposed for 40 d to 12~ NaOH. 

For comparison, determinations were made of the moisture retention 
capacities of unused resin and resin which had been i n contact 
(static) with 1~ NaOH for 43 d. According to the manufacturer, an 
increase in moisture retention capacity is an indication of chemi
cal attack on the resin. 

The resuits of the tests of the moisture retention capacity and 
wet screen analysis for fracturing of the resin showed no swelling 
(above that of the Na+ form in the lM NaOH), no tendency to 
agglomerate or othe~Nise become non-fluidizable, no i ncrease in 
moisture retention capacity and did not fracture to any 
significant extent. 

• Loadina Caoacity. The maximum loading capacity was determined as 
3.0 MCi and the rationale to increase the loading capacity from 
2.0 to 3.0 MCi (Ref. 6-29) was based upon the advantages that less 
radiation exposure to resin (Ref. 6-30) would occur giving more 
megacuries processed per resin change-out, less processing time 

·· due to decrease in scrub time from increased cesium displacement 
of sodium during loading, and reduction in waste volume to the 
collector, neutralizer, and concentrator and tank farm. 

6.4.2.2 Zeolons (Ref. 6-76, 6-77). ·Zeolons are a family of crystalline 
alumina-silicate compounds, some synthetic and some natura l ly occurring, 
with extremely uniform pore openings which make them highly effective 
molecular sieves. Intercrystalline pore of remarkable uniformity together 
with excellent chemical stability qualifies Zeolon Molecular Sieves to 
adsorb effectively in systems where other adsorbents would operate 
haphazardly or fail completely through chemical deteriorat ion. Zeolon 
molecular sieves possess a preference for polar or polarizable molecules and 
they can adsorb molecules based on polarity in addition to size and 
configuration. 

6.4.2.2.1 Zeolon-900 (Ref. 6-28). This is a self-bonded synthetic 
alumina-silicate (mordenite structure) inorganic cation exchanger produced 
by the Norton Company and selected for the final cesium purification because 
of its favorable selectivity, capacity and resistance to radiation and 
chemical attack. These materials are available in the synthesized sodium 
form and the hydrogen exchanged form with the following chemical 
composition: 
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- where 

Ms sodium hydrogen or other exchangeable cation having a value n. 

Zeolon 900 (with silica/alumina ratio of 10:1) are manufactured by acid 
treatment. Their stability is excellent in environments for the pH as high 
as 12 with evidence that they can withstand even more severe conditions. 

• Effect of Temperature (Ref. 6-78). The effect of temperature on 
upflow elution of a zeolite column with 8~ NH4+, 3M Co3=, 2tl OH
was determined by loading the column to about 5% breakthrough, 
then eluting the column with the ammonium solution. Cesium is 
more easily eluted from the zeolite at higher temperatures. At 
temperatures above 50°C, the vapor pressure of the ammonium 
carbonate solution causes excessive gas formation, resulting in 
poor elution. 

• Effect of pH (Ref. 6-78). Zeolites are much more stable in 
weakly-acidic or -alkaline solutions than previously suspected. 
Acidic or alkaline solutions from pH 1 to 14 may be used to flush 
a zeolite column without adversely affecting the ability of the 
material to absorb cesium. The strength of zeolites is not 
reduced by solutions between pH's 1 and 14. 

r 
r . . 6.4.3 Cell 18 - Ion Exchange Process (Ref. 6-11, 6-24, 6-31; 

6-32; Fig. 6-6) 

Clarified solutions from the PTA cesium centrifugations, collected in 
the centrifugal receiver tank (TK-14-1), are transferred to CAW feed storage 
tank (TK-17-1), where the aluminum and iron are complexed by adding 1.1 mol 

• HEOTA per mole of complexible cations in a feed having an initial pH <5.0. 
The excess complexant will result in 10% excess in the final makeup to 
assure that the metallic cations are complexed. 

6.4.3.l Feed Makeuo. Ion exchange feed is made up in supernatant feed 
receiver tank (TK-17-2). Initial feed batches, each containing ~2 MCi of 
cesium (subsequent batch sizes may be varied) are made up from the PTA pro
duct held in feed storage tank (TK-17-1). The makeup volume is then 
adjusted to 1,000 gal with demineralized water, and the pH is adjusted to 
6: 1 with 2.5~ Na2C03. 

6.4.3.2 Feed Loading. The ion exchange feed made up in feed storage tank 
(TK:17-2) is pumped downflow through the ion exchange column (T-18-2) via 
the feed tank (TK-18-3). The loading effluent is collected in the waste 
pump tank (TK-18-1) and routed to the low-level waste collector, neutra
lizer, and fed to the concentrator tank (TK-24-1) for disposal. Loading is 
terminated when the feed storage tank (TK-17-2) is empty, or the ion 
exchange effluent monitor (RR-18-2-3) reading reaches a predetermined count 
per second level. 
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Following the load, 2,000 gal of demineralized water is added to feed 
storage tank (TK-17-2) to displace the residual feed. This water wash is 
collected in the waste pump tank (TK-18-1) and routed to low-level waste 
collector tank (TK-24-1) for disposal. 

6.4.3.3 Sodium Scrub. Solution for scrubbing sodium from the column is 
made up in the feed tank (TK-18-3) by diluting ammonium carbonate from 
(TK-MNB-173) or cesium eluent makeup and storage tank (TK-21-1) with water 
to 0.20~ ! O.OSM. The scrub solution is pumped from feed tank (TK-18-3) 
downflow through the ion exchange column (T-18-2) at a rate of up to 
40 gal/min and the scrub effluent collected in the waste pump tank (TK-18-1) 
is routed to the concentrator tank (TK-24-1) for disposal. The terminal 
point for the scrub is based on a predetermined effluent monitor reading. 

6.4.3.4 Cesium Elution. Eluent (6~ NH4+ - 3~ Co3=) is made up in cesium 
eluent makeup tank (TK-21-1) or (MNB-17-3) and pumped downflow through the 
on exchange column (T-18-2) via tank (TK-18-3). The eluate, containing the 

eluted cesium, is routed to eluent receiver tank (TK-19-1) •. The elution is 
O""terminated when the radiation monitor (RR-18-2-3) reading has fallen below a 
c specified level. Following the elution, the residual eluent in the column 

is displaced to eluent receiver tank (TK-19-1) with 1,500 gal of · 
Ademineralized water. 

6.4.3.5 Product Concentration and Eluent Recovery. The concentrator 
~-c (E-20-2) is started up with demineralized water. The eluted cesium solution 
r in eluent receiver and storage tank (TK-19-1) is fed to the concentrator and 

the overheads condensed in the (E-20-3) condenser are collected i n the 
cesium eluent storage tank {TK-21-1). Cesium product is concentrated to 

. ~0.4!1 cesium carbonate (approximately two ion exchange batches in the 
·concentrator (E-20-2), cooled, and jetted to cesium concentrate receiver 

ank (TK-20-1), via the concentrate receiver tank (TK-5-1). 

'6. 4.3.6 Product Evaluation. A bulk (1.6 ml pig) sample of the concentrated 
roduct, collected in tank (TK-20-1) is obtained prior to transfer to tank 

(TK-37- 1) to determine mole ratio of (Na+ K + Rb) to cesium and the volume 
percent of solids of the sample. The product is acceptable and used as the 
next feed for Cell 38 cesium purification process if the mole ratio and the 
solid contents are <0.1 ml solids in a 25 ml sample; otherwise it is 
transferred to tank (TK-17-2) for reprocessing. 

6.4.3.7 Waste Handling. The loading and scrub wastes are segregated, 
collected and sampled from the cesium waste tank (TK-38-2) and transferred 
to the aged supernatant feed receiver tank (TK-17-2) for recycle if the 
curies content is >0.5 Ci/gal or transferred to low-level encapsulation 
waste tank (TK-39-1) for disposal to underground storage with neutral ized 
waste. 
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6.4.4 Cell 38 - Ion Exchange Process (Ref. 6-25, 6-33; Fig. 6-7) 

6.4.4.l Feed Makeuo. Crude cesium is transferred from cesium product 
storage tank (TK-37-1) and diluted with demineralized water in the feed tank 
(TK-38-1) to ~o.12M - 0.14M Cs. The solution is agitated by air sparging 
and sampled prior to the loading step if required. 

6.4.4.2 Feed Loadinq. The cesium feed solution is pumped downflow through 
the (T-38-5) column and the retention of cesium on the ion exchange medium 
allows the removal of cation impurities during the scrub step. The waste 
effluent is collected in the cesium waste or recycle tank {TK-38-2 or 
TK-38-3), sampled, and transferred either to the low-level encapsulation 
waste tank (TK-39-1) or the aged supernatant feed receiver tank {TK-17-2) 
based on the cesium concentration. 

6.4.4.3 Scrub. The scrub step removes the cation impurit i es (sodium, 
potassium, and rubidium) from the Zeolite matrices with minimal cesium 
losses, to meet encapsulation feed specifications (0.15 mo l ar ratio of [Na+ 
K + Rb] to Cs} {Ref. 6-27). Dilute ammonium carbonate scrub solution 
(0.15~) is made up in the feed tank (TK-38-1) by diluting the strong eluent 
(3~ (NH4J2C03) from the ammonium carbonate tank (TK-MNB-173) with 
demineralized water. Normally, 900 to 1,000 gal of scrub solution in three 
batches is required for effective removal of cation impurities. The scrub 
solution .is pumped in the same direction as loading through the (T-38-5) ion 
exchange column and the waste effluent is routed to cesium waste tank 
(TK-38-2). Each scrub waste batch is sampled from the waste tank (TK-38-2) 
and is transferred either to low-level encapsulation waste tank (TK-39-1) or 
aged supernatant feed receiver tank (TK-17-2) based on the cesium concen
tration. Waste routed to low-level encapsulation waste tank (TK-39-1) is 
eventually processed through the waste concentrator (E-23-3) and waste 
routed to aged supernatant feed receiver tank (TK-17-2) is reworked through 
Cell 18 ion exchange for cesium recovery. 

6.4.4.4 Cesium Elution. The function of the elution step is to remove and 
recover the cesium from the ion exchapge column (T-38-5). Strong ammonium 
carbonate (3~ (NH4)2 C03 - lM NH40HJ eluent is pumped batchwise to feed tank 
(TK-38-1) from ammonium carbonate tank {TK-NMB-173). The eluent is pumped 
countercurrent to the direction of the load and scrub solutions through the 
ion exchange column (T-38-5) and the resulting eluate is routed to an 
already boiling concentrator (E-38-6) for product volume reduction. The 
elution is continued with additional eluent batches transferred into the 
feed tank (TK-38-1) ·until cesium elution is considered complete as indicated 
by the gamma monitor reading decreasing to a specified value (normally 
1,600 to 2,000 gal of eluent will be required). After termination of the 
elution, a 150 gal water push is conducted to displace residua l eluent from 
the ion-exchange column (T-38-5) to the concentrator (E-38-6). 

6.4.4.5 Concentration and Eluent Handlina. The concentrat ion of ces i um 
from the elution step al lows for better product handl i ng. Ammonium car
bonate, boiled off from the concentrator (E-38-6), condensed by the con
denser (E-38-7), is routed to TK-19-1 for recovery of cesium or subsequent 
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disposal. The elution fate is limited to 1 to 1.5 gpm maximum, because the 
maximum boiloff rate is the limiting step, and collected in the eluent 
receiver tank (TK-38-4). 

The (E-38-6) product concentrator is filled with demineralized water 
and then brought to boiling. The cesium elution is started and the 
resulting eluate is transferred· to the concentrator (E-38-6). Several feed 
batches Jre subsequently collected in the concentrator. The strong ammonium 
carbonate solution decomposes to NH3 and CO2 vapors and is subsequently 
recovered as spent eluent through the condenser (E-38-7) to eluent receiver 
tank (TK-38-4), from where it is routed batchwise to eluent receiver and 
concentrator feed tank (TK-19-1). The spent eluent is eventually processed 
through the waste concentrator (E-23-3). 

6.4.4.6 Cesium Product Handling. When the specific gravity limit or the 
desired cesium inventory is reached, the product solution is jetted from the 
concentrator (E-38-6) through the cesium product receiver tank {TK-38-8) to 
encapsulation cesium feed tank (TK-39-3), followed by water flushes, and 
allowed to simmer by decay heat at 90 + 5°C to bring the cesium molarity up 
to encapsulation specifications. The encapsulation cesium feed tank 
(TK-39-3) cesium inventory is normally limited to 13 MCi to maintain 
adequate cooling and the solution volume is maintained below 80% of tank 
capacity. 

6.4.4.7 ·cesium Product for Encaosulation
1 

Off-standard product exceeding 
(NA+ K + Rb)/Cs mole ratio of 0.15 and ( 34cs/137cs) atomic ratio >0.04 
tends to decrease the KC i /capsule and increase the number of capsules. A 
lower melting point reduces corrosion but increases corrosion if the melting 
point i~ low enough to cause the cesium to remain in a molten state. Within 
the (cation/Cs) ratio of 0.1 to 0.5 and a temperature range of 525 to 613°C, 
the melting point decreases linearly as -215.85QC/(cation/Cs) ratio and the 
volume increases as +72.57%/(cation/Cs)ratio. 

6.4.5 Safety Consideration. Control and Off-Normal Events (Table 6-2) 

Sodium carbonate is required to adjust the ion exchange feed pH and is 
added at a controlled rate to avoid pressurizing the tank. The first 
100 gal addition rate is limited to 4 gpm and reduced further i f the tank 
begins to pressurize (Ref. 6-12). 

6.4.5.1 Weight Factor Control of the Ion-Exchange Column Feed Tank 
(TK-18-3). There are six pushbuttons at the pushbutton station of which one 
pushbutton turns "ALL SYSTEMS OFF" and the other five energize solenoid 
valves EV-18-3-1 through EV-18-3-5 (Fig. 6-8). The IX Column Feed Tank 
(TK-18-3) receives solutions (Fig. 6-6) from the supernatant receiver tank 
(TK-17-2), cesium e1uent makeup and storage tank (TK-21-1), demineralized 
water from III-header and (NH4)2C03 from MNB-173. 

6.4.5.1.1 Process Solution Transfer. The weight factor recorder 
(WFRC-18-3) is operated at the desired setpoint and the soleno id valve 
(EV-18-3-2) is normally de-energized. The automatic solution transfer is 
accomolished by depressing the appropriate pushbutton. Only one pushbutton 
can be set at any one time, thus limiting the solution transfer from one 
tank only. 
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TABLE 6-2. Off-Normal Condition (Ion Exchange Process). (Sheet 1 of 4) 

Potential 
problem 

Cesium break
through prior 
to completion 
of load. 

tligh cesium 
losses during 
scrub. 

Detection 

High effluent 
gamma monitor 
reading. 

Loading efflu
ent samples 

Abnormally high 
effluent gamma 
monitor 
reading. 

Suggested immediate 1· Likely cause 
action 

I 

Suggested corrective 
act ion 

Bypass Ion Exchange 
Column Tank with 
excess feed to 
recycle tank and use 
in subsequent feed 
makeup. 

Too large of I Make up fewer KC of cesium 
a feed batch • . for next feed batch. 
Channeling. Reduce flow rates. Per

form upflow water wash to 
11 fluff 11 the bed. 

Collect high cesium Cesium con-
content loading centration in 
effluent in Cesium feed too 
Waste Tank and route I high. 
to TK-17-2 for · 

Adjust cesium concentra
tion in next feed batch 
accordingly. 

cesium recovery, or Very poor up- Assure completion elution 
in recycle tank and flow elution I of each run. 
route to TK-17-2 for on previous 
cesium recovery, or 

I 
batch. I 

in recycle tank and 
use in next feed 

I ' 

i Elution on 
makeup. : previous 

1 batch was 
i done upflow. 

Terminate scrub, ! Very high 
collect high cesium I ammonium 
content scrub in I carbonate 
cesium waste tank/ 1 concentration 
TK-18-1 and route to j in scrub. 
TK-17-2 for cesium 
recovery. 

! Elute upflow. 
I 
i 

I 
I 

l 
! Assure correct 

makeup. 
scrub . 

Ul 
C) 
I 

:i:= =,. 
Ul 
)> 
:;o 
I 
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TABLE 6-2. Off-Normal Condition (Ion Exchange Process). (Sheet 2 of 4) 

CJ) 
I 

N 
u:> 

Potential 
problem Detection 

TK-33-2/TKlB-l 
samples. 

High gamma mon
itor reading 
(10-15 Ci/L) at 

1 start of scrub. 

Suggested immediate 
act ion 

Continue scrub. but 
collect scrub 
effluent in cesium 
waste tank and route 
to TK-17-2 for 
cesium recovery. 

Inefficient I Scrub effluent Rework cesium 
scrub of Na, K, .

1 
samples. i

1 

product. 
dnd Rb. 

Extended 
elution. 

I I 

· Effluent gamma j Continue elutiog or 
monitor remains 

I 
bring in a fresh 

at a constant · batch of eluant. 
high level in- , 
d1cat1ng cesium I 
st 111 being re- 1 

moved from bed. 

----------- ----- ------- - - - - ~ 

Likely cause Suggested corrective 
action 

Displacement Reduce batch size. 
of residual 
loading waste 
fol lowing a 
very high 
cesium break-
through during! 
loading. , 

Too high 
cesium break
through in 
load. 

High ammonium 
carbonate 
concentration 
in scrub. 

I 

IMake up fewer KC of cesium 
jcesium for next feed 
!batch. 

I 

iAssure correct scrub 
:makeup. 

Higher Na, K, Increase scrub volume. 
; and Rb in the 

feed. 

Low ammonium 
carbonate 
concentration 
in eluant. 

Bring in fresh batch of 
eluant of desired ammonium 
carbonate concentration. 
,Sample MNB-173. 

Vl 
0 
I 

:E: 
3: 
I 

Vl 

• :;o 
I 
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TABLE 6-2. Off-Normal Condition (Ion Exchange Process). (Sheet 3 of 4) 

Potential 
problem 

Gassing in 
exchanger 
column during 
elution. 

Poor product 
qua l 1ty. 

tligh cesium 
concentration 
1n recovered 
e luant. 

Excessive con
centrator den
s 1 ty; and temp
erature. 

Detect ion 

Pressurization 
of column 

Suggested immediate 
act ion 

Reduce eluant temp
erature. 

Sample analysis Recycle product to 
of product. feed tank 38-1 for 

next feed makeup. 

TK-19-1 sample. 

Concentrator 
pressurization. 

Analysis of 
recovered 
eluant. 

High SpG and 
temperature 
instrument 
readings. 

Reduce feed rate to 
concentrator. 

lower liquid level 
in concentrator. 

Route eluant to 
TK-19-l for cesium 
recovery. 

Transfer concentra
tor contents to 
TK-39-3 via 
TK-38-8. 

Likely cause 

Eluant temp
erature too 
high. 

Insufficient 
scrub. 

Liquid level 
in concentra
tion too 
high. 

feed rate to 
concentrator 
too high. 

High cesium 
inventory 
and/or high 
cation to 
cesium molar 
ratios. 

Suggested corrective 
action 

Maintain lower eluant 
temperature ±25°(. 

Increase scrub volume in 
subsequent batches. 

Maintain lower operating 
liquid level in concen
trator. 

Reduce feed rate. 

L1m1t KC of cesium to the . 
concentrator and adjust , 
flowsheet to improve 
impurity decontamination. 

Empty E-38-6 more often. 
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-TABLE 6'-2. Off-Normal Condition (Ion Exchange Process). 

Potential Detect ion Suggested immediate likely cause problem action 

Solids in Observed solids Limit air sparging Particle de-
TK-39 - 3 and/or in WESF vessels in TK-39-3 to avoid gradation. 
TK-0- 1. and TK-D-1 suspending solids 

sample. into solution. 

lliyh Column Ion Exchange Reduce column flow Channeling. 
OP 1 s. column 1nstru- rates and/or vent 

mentation. column. 

Loss of vacuum E- 38-6 vacuum I Reduce column fl ow Operating 
in E-38-6 instrumenta- I rate and concen- problems with 

t ion. I tr a tor steam flow vessel vent 
rate. . system. 

2 

(Sheet 4 of 4) 

Suggested corrective 
action 

l Decrease T-38-5 column 
l/l flow rates and to upflow CJ 
I 

water wash. :E: 
3: 
I 
l/l 
):» 
:;;o 

Perform upflow water wash. I 
0 ..... 
w 

Improve vessel vent 
operation. 
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t 6.4.5.1.2 Chemical Addition. There are three chemicai (arnmonium
carbonate, sodium-hydroxide and demineralized water) streams manifolded 
together. To add ammonium carbonate, the solenoid valve (EV-18-3-2) remains 
de-energized while the solenoid valve (EV-18-3-5) is energized by the 
pushbutton (PB-18-3-5) to allow automatic control of the diaphragm-operated 
valve (OOV-18-3-3). The remaining streams use a cascade control 'N'hich 
consists of the weight factor recorder controller (WFRC-18-3), flow recorder 
controller (FRC-18-3-3) and the setpoint instrument (SP-18-3). The 'slave 
controller' (FRC-18-3-3) records and automatically controls the deminera
lized water flow rate which is dependent on the 'master' controller 
(WFRC-18-3). The setpoint (SP-18-3) instrument can be set in two positions, 
the "ratio" or the "manual." The output signal of the setpoint instrument 
(SP-18-3) is directed to the setpoint capsule (FRC-18-3-1) where the 
setpoint is adjusted automatically or manually by the setpoint unit to 
maintain a proper flow ratio between the chemical (from makeup tank 
MNB 13-173) and the demineralized water. 

i"?6.4.S.2 Ammonia and Carbon-Dioxide Addition System to Cesium Eluent Makeup 
and Storage System (Fig. 6-9). The desired quantity of ammonia or carbon
dioxide addition to the system is preset on the Flow Indicator Integrator 
ontroller, the manual switch (MS-1) set in the operating position, and the 

"' system is activated by depressing momentarily the pushbutton which seals in 
the control circuit to close the flow alarm switch (FAS-1). Relay K-1 and 
ime-delay relay (TOR) are energized permitting the diaphragm-operated valve 

{OOV-1) to be positioned through the manual controller (MC-1) and the 
solenoid valve (EV-3) is energized to open the power-operated valve (POV-3). 

Upon completion of the addition of the desired quantity of ammonia or 
carbon dioxide as measured and compared with the predetermined quantity by 
the FIQC, the Relay K-1 is de-er.ergized, flow alarm (FA-1) indicates a 
isual and audible alarm, the solenoid valve (EV-1) is de-energized closing 

the diaphragm-operated valve (OOV-1). Time-delay relay coil (TOR) is de
energized, but its contact remains closed for a preset de lay period of 3 min 

~ aximum before opening, which energizes the solenoid valve (EV-3) allowing 
an air purge of the system. After a timed purge, the system returns to the 
normal condition. 

6.5 STRONTIUM RECOVERY BY SOLVENT EXTRACTION 
(Ref. 6-11, 6-34; Fig. 6-10) 

Upon completion of appropriate head-end treatments, aqueous wastes are 
processed by solvent extraction to separate the strontium and rare earths 
from the balance of metallic and fission product impurities. 

The crude head-end product is chemically adjus~ed to make a suitab le 
feed for the solvent extraction battery. Comp lexant is added to aid in 
obtaining the desired metallic ion distribution ratios in the lA Column. 
A 10 to 20% excess of complexant added to the feed, ensures adequate com
plexing and provides cont ingency for feed compos i tion var iat ions. 
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A buffering agent is added to provide pH control since the metallic ion 
distribution ratios are sensitive to pH fluctuations and a small amount of 
citric acid is added to the feed to improve the extraction kinetics in the 
lA Column. The pH is adjusted with sodium hydroxide or nitric acid as 
necessary. 

The separation is effected in a battery of four piston-pulsed columns 
(lA, 1S, 1B, and lC). The strontium and rare earths are extracted into the 
organic phase [D2EHPA with a TSP modifier and a NPH diluent] in the 
lA Column. Cesium, other fission products, and the majority of the metallic 
impurities remain in the aqueous phase and are removed as waste. Additional 
decontamination of impurities, particularly sodium, is obtained in the 
lS Scrub Column. 

Strontium and the rare earths are partitioned 1n the 18 Column with the 
strontium being stripped into the aqueous stream and the rare earths and 
·americium remaining in the organic stream. The rare earths and americium 
are stripped from the organic in the lC Column. Strict pH control is essen
ntial throughout the extraction battery to ensure the proper separation of 

c:-metallic ion and fission product impurities from the strontium and rare 
earth product streams. 

6.5.1 Extraction Scrub Partitioninq Stri ina Treatment and 
c Concentration, and Storaae of Strontium and Oraanics Ref. 6-39, 

6-37, 6-38; Fig. 6-10) 

. Feed for the solvent extraction system is made up in the lAF makeup 
C"¥ tank (TK-29-2). The premixed feed butt consisting of metallic ion com

plexant (HEOTA and EDTA), buffering agent (hydroxyacetic acid), and citric 
acid is gravity fed to lAF makeup tank (TK-29-2) from the scale tank 
(TK-29-2A), as well as dilution water required to establish satisfactory 
aqueous-to-organic flow rates in the columns and to extend the run time to 
reduce fission product losses during startup and shutdown of the solvent 
extraction battery. The pH of the butted feed is initially adjusted with 
sodium hydroxide from the scale tank (TK-29-28) and the final adjustment 
with sodtum carbonate or nitric acid. When the feed has been adjusted to 
the desired pH, it is jetted to the lAF pump tank (TK-29-3). The solvent 
extraction (lAF) feed rates are maintained above 3.5 gpm but closer to 9 gpm 
to cope with the available inventory and maintain reasonable operational 
efficiency. 

The organic {lAX) rate is rela~ed to the quantity of 02EHPA complexed 
with extracted metallic cations such that the solvent loading is maintained 
above 35% to avoid inefficient sodium scrubbing and strontium stripping, but 
below 45% to eliminate reduction of strontium extraction factor and thus, 
avoid excessive strontium losses. The organic is composed of 0.5~ D2EHPA, 
0.3M TBP with NPH as the preferred diluent because of its relative insolu
bil1ty in aqueous solution and stability in the presence of nitric acid. 
The TBP has a synergistic effect on strontium extraction increasing it by a 
factor of tNO. The a.3M TBP as diluent modifier is the minimum concentra
tion necessary to prevent the third phase formation of the sodium salt 
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(NaDEHP) which is sparingly soluble in aqueous solutions with sodium and has 
limited solubility in the diluent. 

6.5.1.1 Extraction and Scrub lA and 1S Columns. The lA Column (T-30-1) 
and lS Column (T-29-1 form an extraction and scrub system. The extraction 
column (lA) provides the essential conditions for the segregation of stron
tium into the organic phase while the bulk of the inert and radioactive con
taminants are left in the aqueous raffinate. The scrub column (lS) reduces 
the concentration level of sodium in the organic stream from the extraction 
column such that sodium will not interfere with the stripping of strontium 
in the 18 Column. Secondary benefits derived are elimination of feed 
entrainment from the lA Column and scrubbing weakly extracted cations from 
the lA product stream. These functions in the extraction and strip column 
are accomplished through proper choice and control of complexant addition, 
pH of the aqueous phase, organic composition, stream flow rates and pulsing 
condition. 

The feed (lAF) to the lA Column is pumped from lA pump tank (TK-29-3) 
to the top of the extraction column where it joins the recycled sodium scrub 
stream (lSR) from the 1S Column. The aqueous streams form the dispersed 
phase and flow down through the continuous phase organic extractant (lAX) to 
the bottom disengagement section, where the aqueous-organic interface exists 
and the separation of the phases is effected. The organic extractant stream 
is composed of 02EHPA and TBP, diluted to a.SM and 0.3M, respectively, with 
NPH (a fo-rm of kerosene). - -

The continuous phase organic extractant (lAX) is pumped from the 
lX pump tank (TK-30-3) to the bottom of the lA Column. When operating at 
flowsheet conditions, essentially all of the strontium, rare earths, 
calcium, manganese, magnesium, uranium, yttrium, and small quantities of 
iron, aluminum and zirconium-niobium are extracted. The product bearing 
organic phase (lAD) stream overflows from the upper disengagement section 
and is gravity fed to the lSF pump tank (TK-29-4) located within the 
lAF makeup tank (TK-29-3) from where it is pumped to the bottom of the 
1S Column. 

The aqueous stream (lAW) leaving the lA Column, bearing the bulk of the 
l34cs, 137cs, 125sb, 95zrNb, l06Ru, other fission products, radioactively 
inert salts, and ~1% of the strontium and rhenium, flows by gravity (through 
a booster jet) from the lower disengagement section to the lAW receiver tank 
(TK-30-2}. 

In the 1S Column, the organic is contacted with an aqueous scrub stream 
(lSS) to reduce the sodium concentration level to ~0.001~. The scrub solu
tion is composed of the buffering agent (hydroxyacetic acid) for pH control 
and a small concentration of the complexing agent (HEDTA) to remove trace 
amounts of undesired .metallic impurities carried over from the lA Column. 
The lSS butt is pumped from the scale tank (TK-29-lF) to the top of the 
strip column (1S) through an in-line blending tee for mixing with water to 
produce the required concentration and flow rate. The aqueous stream, 
enters the bottom disengagement section where the aqueous-organic interface 
exists and a separation of the phases is effected. After passing through 
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~ the organic continuous 1S Column the aqueous stream enters the bottom dis
engagement section where the aqueous-organic interface is located and 
separation of the phase is effected. The aqueous waste scrub stream (lSR) 
is jetted to the top of the 1A Column and the organic (lSP) overflows from 
the top of the lS Column through a booster jet to the lBF feed pump tank 
(TK-28-4). 

6.5.1.2 Partition Column (18). The strontium is stripped from the organic 
into the aqueous phase while separating as completely as pQssible, calcium, 
manganese, and rare earths in the organic phase and this is effected, as 
before, by the proper choice and control of the aqueous stripping stream 
composition and flaw rate. 

The lBF feed pump tank (TK-28-4) continuously receives the lSP (organic 
overflow from the 1S Column} and pumps it to the bottom feed point of the 
18 _partition column (T-28-1) where it becomes the continuous phase. Stron-

c,,. tium is stripped from the organic phase with dilute nitric acid (lBX). The . 
lBX nitric acid butt is pumped from the scale tank (TK-28-lF} to an in-line 
blending tee for mixing with water to provide the desired concentration and 
flow rate to the top of the 18 Column. The interface in the organic
continuous column is located in the bottom disengagement section. The 

~.exiting aqueous phase.(lBP), bearing about 97% of the strontium entering the 
· column, 0.3% of the rare earths, the sodium not removed in the 1S Column, 

some calcium and trace amounts of other metallic impurities such as 
aluminum, iron, and zirconium-niobium flows by gr.avity to the lBP product 

·~ receiver {TK-28-2). The organic stream containing the rare earths overflows 
from the top of the column tti the lCF pump tank (TK-27-4). The concentra-

- tion of 0.35M ! .OOlM NH03 maintains a pH below 2.4 in the column to permit 
stripping of more than 98% from the organic and avoid excess stripping of 
calcium and manganese at high pH values. 

6.5.1.3 Strip Coiumn (lC). The fission products, rare earths and calcium 
. ~from the organic are stripped in the strip column (lC). It provides 

additional stripping of strontium. If strontium losses from the 18 Column 
are excessive, the retrieved strontium can be easily reworked. 

The lCF pump tank continuously receives the organic overflew from the. 
18 Column and pumps it to the bottom entrance point of the lC Column. Like 
the 18 Column, the lC Column is also an aqueous continuous top interface 
column. Rare earths, most of the remaining calcium and strontium, and trace 
amounts of other metallic impurities and fission products are stripped into 
the aqueous with 2.5~ HN03 (lCX). The stripped organic stream (lCW) over
flows from the top of the column to the lCW receiver (TK-27-3). The aqueous 
waste stream (lC?} leaving the lC Column flows by gravity to the 
lCP receiver tank (TK-27-2). 

The concentration of 2.SM HN03 is not critical since subsequent wash 
treatment removes the rest of the impurities, but the concentration is 
sufficient to strip all but the most tightly complexed impurities from the 
organic. 
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6.5.1.4 Orqanic Treatment. The process organic (lCW) is treated for 
removal of trace metallic and rare earth contaminants like i ron, aluminum, 
yttrium, cerium, and uranium and separation of organic degradation products 
such as dibutyl phosphate and mono-ethylhexyl phosphoric ac id. The treat
ment returns the used organic to its original composition and blend of the 
sodium (NaOEHP) and the acid (D2EHPA) form. The isotopes 90y and 144ce are 
removed to minimize organic radiolysis. 

The solvent received in lCP rework storage tank (TK-27-3) from the 
lC Column is pumped batchwise (1,000 gal) to the organic storage tank 
(TK-26-1) where it is contacted with a 2M NaOH to O.lM sodium gluconate 
waste solution (lOX) for removal of yttrium, cerium, zircon ium- niobium, 
rubidium, uranium, nitric acid, iron, and small amounts of other metallic 
impurities. The primary 02EHPA degradation product mono (2-ethylhexyl) 
phosphoric acid is also removed. The wash solution is grav i ty fed to 
TK-26-1 and after each contact of organic and wash solution , an appropriate 
settling (40 min) time is allowed for separation of the phases. The organic 
is then decanted to lAX makeup tank (TK-28-3). 

Additional sodium hydroxide is added ta the wash solut ion before the 
second and third organic batches have been washed and decanted, the depleted 
wash solution (OWW) is discarded ta high-level waste neutra l izer tanks 
(TK-25-1 and TK-25-2). The washed organic is butted with 12.2~ HN03 ta con
vert half_ of the NaOEHP to D2EHPA. Following 30 min of agitation and a 
15-min settling period, the acidified organic is then decanted to the 
lAX organic pump tank (30-3) as required and the aqueous waste in TK-23-3 
(OBW) is discarded to TK-24-1. 

6.5.1.5 Strontium Product Concentration and Storaoe. The solvent extrac
tion product (18P) is concentrated to 0.02~ Sr to minimize l ag storage 
volume and to produce an acceptable feed for subsequent strontium purifica
tion. The strontium product solution (lBP) is pumped on a semi-continuous 
basis from the lBP product receiver (TK-28-2) to the Cell 5 concentrator 
(E-5-2) where it is concentrated. 

The strontium solution, before transfer to the concentrator, is butted 
to ~a.3M H+ with concentrated nitric acid (to maintain the [H+j of the con-

. centrator bottoms between 0.5~ and 2.0M) and settled for 30 min to permit 
disengaging of potential process organic. The steam pressure to the concen
trator is limited to 35 psig to prevent the temperature from exceed i ng 135°C 
and the potential formation of explosive 11 red oil" from organic nitration. 
The concentrator is started when the lBP product receiver tank (TK-28-2) 
volume is 1,600 gal and shut down when the volume decreases to 420 gal. The 
concentrator volume is kept relatively constant (~260 gal) by boiling off 
water and oxides of nitrogen; no solution is al lowed to overflow the concen
trator. Off-gases are routed to the condenser (E-5-3) for condensation. 
The condensate is routed to low-level waste collectqr tank (TK-24-1 ) for 
decontaminat ion via a second evaporation in the concentrator (E-23-3) wh i1 e 
the nonccndensible gases are exhausted through the number 1 vessel vent 
system. 
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The concentrated strontium is removed from the concentrator (E-5-2) by 
jetting the solution to the concentrate receiver tank (TK-5-1) before the 
specific gravity or calculated strontium concentration limits are exceeded 
(1.32 SpG at 0.12~ Sr; 1.26 SpG at 0.20M Sr). A small water flush is added 
to the concentrator and jetted to (TK-5-1) to flush the transfer line. The 
concentrated product is jetted to tanks (TK-8-1, TK-6-2, or TK-6-1) for lag 
storage prior to purification. 

Although the lBP flow rate to (E-5-2) is specified at. 6 to 8 gpm, the 
actual rate used is not critical. However, it should exceed 6 gpm to pro
vide adequate recirculation in the concentrator. The rate is normally run 
as close to 8 GPM as practicable to minimize operation time at the Cell 5 
panelboard. The concentrator is designed to evaporate up to 16 gpm; 
however, the lBP flow system (pump and flowmeter) is designed for only 
10 gpm. Thus, routine operation at rates above 8 gpm are not recommended, 
nor are they required since lEX rates are not expected to exceed 6 gpm for 

_ most of the processing. 

c During storage, the solution is allowed to self-concentrate to the same 
strontium and H+ concentration it attained in the concentrator. Thereafter, 

- water and nitric acid which were lost through evaporation, air entrainment, 

~ ~ 
... ~ 

,and radiolysis are replaced as necessary. Cooling water is supplied to the 
storage tank coils as necessary to maintain the solution temperature below 
50°C and purge air is introduced to the vessel's vapor space to prevent 
formation of flammable mixtures of the hydrogen gas. 

6.5.2 Safety Consideration and Off-Normal Conditions (Table 6-3) 

Various topics are discussed under general safety consideration and 
- control. This section presents a few considerations specific to the 

process. 

6.5.2.1 Column Temoeratures. The temperatures of the pulse columns and 
tanks containing organic solutions are maintained below 60°C to minimize 
formation of flammable organic vapors and rapid solvent degradation. 

Increased temperatures increase the flooding threshold and stability of 
the pulse columns. It is desirable to maintain the column temperatures 
above 50°C, especially during periods of high throughput. This is par
ticularly important for the lA Column which is subject to more instability 
problems than the other columns due to its higher volume velocity and vari
able physical properties (i.e., density, viscosity, surface tension, and 
solids content) of the feed stream. The benefits derived from maintaining 
the lA Column temperature bet•.t1een 55 to 60°C more than offset the reduction 
of strontium extraction caused by the higher temperature. 

6.5.2.2 Extraction Pulses. The most efficient operation of the pulse 
columns, i.e., the lowest height of transfer unit (HTU) and the best mass 
transfer rate, requires that the pulse frequencies be adjusted to 75 to 95% 
of the flooding threshold frequency. Since the flooding frequency varies 
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Uele, I ion n1elhod Probable cause 

(I) By 111111lysls of the 
181• in -1 lne sample 

(2) By in line gamma 
e1wr.1y ·dnalysls of 
I AP ,tn,I IOI' st reaais 

(J) lly ,111,ilysls of the 
181' .. tn•am. 

(I) By dnalysls of the 
161' In- line sample. 

(I) flow rates: 
a) II lgh lAf /IAX flow rat lo. 
b) low total flow through IA 

column. 

(Z) Flooding 

(J) lllgh te01perature In IA column. 

(1) Low complexant concetratlon In 
IAf or ISS. 

(Z) For high sodlu111: 
a) lllgh sodium In IAF or IAX. 
b) H1gh pit In IA or IS colu111n 
c) low buffer concentration In 

ISS. 
d) lllgh ISS pit. 
e) low ISS flow. 

(3) for high calcium: 
a) Low pit In 18 column. 

(4) flooding and entrainment from 
IA and IS colu111ns . 

(I) 

(2) 

(J) 

(I) 

(2) 

( J) 

ldenl Hlcatlon 
of cause 

Rates: 
a) rlow recorder on 

IAF. 
b) flow recorder on 

flooding: 
a) Instrument spe-

c If le gravity 
readings. 

b) I nterfilce or lAW 
flow var lat Ions. 

High temperature: 
a) Tem1-1erature re-

corder for lAf 
pump tank and 
IA column • 

Analysis of IAF or 
ISS samples. 

for high sodium: 
a) Ana lys 1s of lAf, 

lAX, or lSS 
samples. 

b) ISS flow re-
recorders. 

for high calcium: 
a) lOP ln- 1 lne pH 

111onltor . 
b) Ana lys Is of 

samples. 

Corrective action 

(l) Rates: 
Adjust flows to 
proper ratios, 

(Z) flooding (see text) 
a) Decrease flow 

rates 
b) Adjust pulse 

frequency 

(J) High temperature 
1) Decrease te111per

ature of IAF. 

(I) Butt IAF or ISS to 
spec lflcat Ions. 

(Z) Adjust lAf, IAX, or 
JSS flow rates. 

(l) Adjust pll of lBX 
strei111. 

(4) flooding: (see text) 
1) Decrease flow 

rates 
b) Adjust pulse 

frequency. 
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lli!Jh rdfe carlh (I) Bll ,m.tlysls of the (l) Low pll 1n 18 column. (l) 
ronccnlration in IOI' In-line uinple 
IOI'. (2) High IBX flow rate. 

(2) By In-line gama 
energy analysis of 
the lBP strea.. 

(]) flooding 

(2) 

(3) 

lli,Jli \trout 111111 (I) By analysis of lhe (l) High pit In 18 column. (I) 
luS\ tu lhl! IBH ICP in- line sample. 

1111,1 1oi•JII stron - (2) ltlgh s0Jlu11 In 18 colu11n 
I i 11111 1 LIii l 11111 i lld - (l) Uy ln- llne gan1111a CduseJ by low buffer concen-
I i1111 Of IJl"IJMIC - encrl)y an.ilysls of trdtlor In lSS. low lSS flow. 
l h I 11111 ,..-o,1u,: l the IBIJ and lCP or high sodium In IAF or lAX. 
( ll I'). st re1101s. (Z) 

(l) low acid content of 18 column. 
when high sodium content eKlsts. 

( 3) 
(4) low acid content Qf IDX. 

flooding: 
a) Increase In col

Ulllll differential 
pressure read
ings. 

b) Interface or IAW 
flow .vartatlons. 

low pit: 
a) IBP ln-1 lne 

pit monitor. 
b) Ana lysls of 

u11ples. 

flow recorders on 
IBX che11lcal and 
water addition. 

flooding: 
a) Increase In col-

umn differential 
pressure read-
lngs. 

b) Interface and/or 
IUP flow varl•-
t Ions. 

H lgh 1111: 
a) IBP In- line pit 

monitor, 
b) And lys ts of IIIP 

samples. 

Analy~ls of lAF. IAX. 
ISS, or lOP S3mples. 

Analysts of IBX 
samples. 

(l) Low pll: 
a) Bult IBX wtth 

sodlua hydroKld~. 

(Z) Reduce IBX flow 
rate. 

(l) flooding: (see teKl) 
a) Decrease flow 

rate. 
b) Adjust pulse 

frequency. 

(l) But lSS with buffer. 

(2) lncreue nitric 
acid .concentration 
to lBX. 

(3) Increase IOX flow. 

(4) Reduce lAF flow or 
adjust IAF and IAX 
flows to the proper 
rat lo. 
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Condlltons 

High cerlu111 con-
centratlon In pro-
llk!thtu11 product 
during separation 
of cerlu11 and 
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High 11etalllc 111-
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lton In promethl -
u111 probe 1 (Ca, 
Fe. Al) 

(I) 

(2) 

(l) 
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TABLE 6-3. Off-Normal 

Detection method 

By analysis of the (I) 
ICP In-line sample 

By In-line gamia 
eneryy analysis of 
the CP strea• 

(2) 

(]) 

(4) 

(5) 

By analysts of the (1) 
ICP In-line sample 

By analysts of the (2) 
lCP sample fro• 
TK-26-2 (3) 

(4) 

Condi tion.s (Solvent 

Probable cause 

Inadequate oxidation of Ce 
(Ill) to Ce(IV): 
a) Low persulfate concentra-

lion · 
b) High s llver · concentrat Ion 

Low lCS flow rate 

High ICX flow rate 

Low lCF flow rate 

Improper lCS/lCF flow ratio 

High Iron. alu• lnu•• or cal-
ctu11 In IAF 

Low complexant In 1Af or lSS 

High lCX nitric acid concen-
trat Ion 
High ICX flow rate 

Extraction). (Sheet 3 of 6) 
I dent If teat ton Corrective 1ctton of cause 

(I) Analysis of per- (l) Bult lCX solution 
sulfate and silver with persulfate or 
nitrate solutions silver nltnte 

(2) ICS flow recorder (2) Increase ICX flow 
rate 

(J) ICX flow recorder 
(]) Adjust lCf flow 

(4) ICF flow recorder rate 

(4) Adjust 1cr flow 
rate 

( l) Ana lys ls of lAF (1) Decrease lAf flow 
and ISS nmples rate 

(2) Analysis of lCX (2) Butt lAf or lSS 
samples streams with c011-

pleunt 
()) ICX flow recorder 

( 3) Adjust lCX nitric 
acid content 

(4) Adjust lCX flow 
rate 
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TABLE 6-3. Off-Nonnal Conditions (Solvent Extraction). (Sheet 4 ·of 6) 

lhtlei.l Ion • elho,I Probable cause ldenttflcatlon 
of cause 

(I) By an,llys Is of the (I) Flow rates: (I) Rates: (I) 
aqueous waste In 4) lltgh IAF (high aq/org flow 4) r low recorder 
TK -9-1. r4tlo). on IAF. 

b) Low IAX (high aq/org flow b) Flow recorder 
(2) By analysis of the r4tlo). on IAK. (2) 

IAW receiver lank 
(rK - JO 2) sample. (2) Strea• compositions: (2) Strea• composition: 

a) Low 02lHPA concentration tn 4) Instrument spe-
(J) Dy dllcllysls of lhe In lAX. elf le gravity 

IAW in- line sample. b) Low TOP concentr1tlon In readings. 
IAX. b) Ana lys Is of 

c) Low complexant concentr1- UfllJlles. 
lion In lAF. 

d) lllgh strontium concentra - ( ]) low pll: 
t Ion In lAF. a) lAll In-line pH 

• onltor. 
( l) low pll: . b) An..i lys Is of (]) 

a) low extraction in IA colu• n. sa1Af1les. 
b) lllyh Hrontlu11 rd lux froa 

IS co lu11n due lo low l SS pll. (4) floodlnq: 
4) lnt. reue In col-

(4) flooding uam differential 
pressure read- (4) 

( !i) Pulse frequency or aa,p II tude ln\)S. 
off 011t lmu,a condlt Ions . b) Interface and/or 
a) frequency. lAll flow varla-
b) Air In pulse leg . t luns. 

( !i) Pulse frequency or 
(5) 

a) frequency count. 
b) Oeueue In col-

umn dlfferentlal 
pressure due to 
decreased 111,p 11-
tude/frequency 
product. 

Corrective •ctlon 

Ratu: 
Adjust flows to 
proper ratios. 

Strea• coaposltlon 
a) Butt to specl-

ftcattons: or 
b) Adjust flow 

rates to c011-
pens4te. 
1) If low D2£11PA 

or TOP con- V) 

centratlons CJ 
I 

uht, raise ::E: 
lAX rate. 3: 

I 
V) 

Low pit: ):» 

a) Butt lAF or l SS ;o 
I 

with sodlu• hy - 0 

droxtde or ...... 
w 

buffer. 

flooding: (see text) 
1) Decrease flow 

rates. 
b) Adjust frequem:y. 

Pulse: 

:i Adjust frequency. 
Shut down for 
llillntenance of 
pulser. 
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Co, .. Jit luns 

---- -- -- ·· - · ---
lll!Jh r...-e l!drlh 
loss lo lhe IAIJ. 
( Cer IUIA cont a111 -
nat ion of ce sium
hcd.-ln!J w.iste) 

(I) 

(2) 

lletectlon • ethod 

6y analysis of the 
~queous waste tn 
TK,9 -1. 

By analysis of the 
IAW reLelver tank 
(TK- 30-2) sample. 

----- - - --------- --- - - - - -

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Probable cause 

See (I) above. (1) 

Strea• compositions: (2) 
a) Low or high complexant con-

cenlratlon In lAF. 
b) High certua concentration In 

lAF. 

lllgh pit. 
( ]) 

Flooding. 

Pulse frequency or amplitude 
of opttmua conditions: 
a I frequency. 
b Air In pulse leg. (4) 

low teiaµerature. 

(5) 

(6) 

ldent If lcat1on 
of cause 

See (1) above. 

Stream compositions 
a) Instrument spe-

cHlc gravtty 
readings. 

b) Analysis of 51111-
pies. 

High pit: 
a) JAW In- line pH 

1110nltor. 
b) Analysis of Silll-

ples. 

Flooding: 
a) Increase In col-

umn differential 
pressure readings. 

b) Interface and/or 
JAW flow v•rla-
lions. 

Pulse frequency or 
amp 11 tu,te: 
a) frequency count. 
b) Decrease In col-

umn differential 
pn!~sure due to 
de,. ,·eased amp 11-
l u,h~ / fre11uenc y 
pro,luct. 

low tem11erature: 
a) Temµerature re-

canters for lAF 
fee,1 tank and 
IA Lolumn. 

Corrective action 

(I) See (1) above. 

(Z) Strei• compositions 
1) Butt to speci

fications. or 
b) Reduce IAf rate 

or Increase IAX 
rate 1f high 
certuia concen
trat ton exists 
In IAF. 

(l) High pit: 
1) Butt IAF or ISS 

with nitric acid 

(4) flooding: (see text) 
1) Oecre•se flow 

rates, 
b) Adjust pulse 

frequency. 

(5) Pulse: 
1) Adjust frequency. 
b) Shut down for 

111atnten1nce of 
pulser. 

(6) low temperature: 
1) Increase tem

perature of 
IAF. 
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with each column design, the column's volume velocity, and several other 
factors, it is usually determined by experience and the optimum frequency 
set at 90% of this value. 

The most efficient type of operation, called emulsion type, is charac
terized by small droplet size and fairly uniform dispersion throughout the 
pulse cycle. Unstable region between the emulsion region and complete · 
flooding is characterized by periodic coalescence and holdup of the dis
persed phase in a zone, followed by channeling of those large drops through 
the column. Pulse frequencies should be reduced to below this region or 
extraction efficiency may be impaired. Generally speaking, as the through
put rates are increased, pulse frequencies must be reduced to prevent enter
ing the flooding or unstable regions. However, they should not be reduced 

_ so far that they result in "mixer-settler" operation with its very poor 
extraction efficiency or even worse, to the point where no countercurrent 
flow is attained at all. 

The piston pulsers should not be started until the columns are nearly 
full of liquid. This assures that enough liquid is in the pulse leg to 
provide the process solution lubrication of the piston. 

6.6 STRONTIUM PURIFICATION {Ref. 6-40 through 6-43) 

The strontium purification process is performed in two stages: 

• Sulfate precipitation (Fig. 6-11) 

This process involves precipitation of"the strontium as sulfate, 
washing the precipitate to remove impurities, metathesizing the 
SrS04 solids to SrC03 solids and dissolving the carbonate solids 
in dilute nitric acid to form the purified product. The process 
effectively separates >99% of the cadmium, manganese, and mag
nesium and more than 95% of the aluminum, chromium, iron, nickel, 
lead, and zirconium from the strontium. Large amounts of calcium 

in the feed present a problem but 99% of it can be removed using 
large volumes of sulfate wash solution. Barium and rare earth 
decontamination is very low or nil. Strontium content of the 
process wastes typically ranges from 5 to 15% of the feed stron
tium, depending primarily on the volume and concentration of 
sulfate solution used. 

Sulfate wastes normally contain frcm 4 to 10 Ci 90sr/gal and must 
be reworked through solvent extraction to recover the strontium. 
Metathesis wastes normally contain <l Ci/gal and are sent directly 
to high-level non-boiling waste (HLNBW). Part of the sulfate 
wastes may be processed through a "rare earth (RE) '"'aste strike" 
procedure which uses rare earth nit~ates to scavenge the strontium 
and reduces the volume needing rework about eight-fold. Product 
from the RE strike process is sent to solvent extract ion for 
rework and the waste is sent to HLNBW. 
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Caustic Strike (Fig. 6-12): 

The process involves clarifying the feed to recycle any strontium
bearing solids back to the sulfate purification process, then 
returning the feed to the precipitator tank where sodium hydroxide 
is added to pH 9 to 10. The precipitate volume ranges between 
5 to 10% of the feed volume for 0.2M Sr feed and proportionately 
lower for less concentrated feed. After digestion, part of the 
slurry is centrifuged; the volume centrifuged will be calculated 
to contain <15 gal of solids. The centrifuged cake is removed to 
the centrifuge cleanout tank where it is washed with dilute caus
tic solution, then re-centrifuged, with the wash solution joining 
the clarified product. The washed cake is dissolved in nitric 
acid and routed to interim storage, prior to solvent extraction 
rework for strontium recovery. The centrifugation and wash 
sequence is repeated until all the slurry has been centrifuged, 
then the product is acidified with nitric acid, sampled and trans
ferred to storage in Cell 36. 

The strontium purif ication stages are batch-type processes which use 
the same equipment in Ce l ls 11 through 14 and thus, cannot be executed con
currently. Semi-purified strontium products from a couple of sulfate pre
cipitation batches are accumulated before interrupting the sulfate precipi
tation process and the equipment is thoroughly cleansed through flushing to 
allow the caustic strike process to occur. The duration of three to six 
batches of the sulfate precipitation process stage takes several .months as 
compared to several weeks for the caustic strike process stage. 

6.6.1 Sulfate Precipitation (Ref. 6-40, 6-41; Fig. 6-11) 

This is a batch-type process where selective precipitation of the 
i'? strontium as a sulfate occurs, which is washed and metathesized to remove 

impurities and transform the sulfate solids into strontium carbonate. The 
0' strontium carbonate is di ssolved in dilute nitric acid to form the purified 

product. 

The process effectively· separates >99% of the cadmium, manganese, and 
magnesium and >95% of the aluminum, chromium, iron, nickel, lead, and 
zirconium from the strontium. High concentrations of calcium in the feed 
present a problem, but adequate calcium decontamination is attained by 
limiting the feed batch to <l,420 g-mol of cesium. Barium and RE decontami
nation is very low or ni l . However, if barium and RE to strontium ratios 
are low (<0.03), the weight fraction strontium to total cations (excluding 
sodium) can be increased in the product to ~95% (97% for CAW feeds). 
Strontium recoveries in the purified product typically range from 90 to 95%, 
depending primarily on the calcium and strontium concentrations of the feed. 
The majority of the strontium bearing wastes are recycled to solvent extrac
tion for strontium recovery, resulting in only 1 to 2% actual strontium 
losses to underground bo i ling waste storage. 
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The sulfate precipitation process is conducted i~ four major steps: 

• The First Sulfate Strike which precipitates the strontium and 
isolates most of the impurities in the supernatant. 

• The Solids Wash which removes additional calcium and other 
occluded impurities from the strontium sulfate pre~ipitated in the 
first strike. 

• Solids Dissolution and Final Sulfate Strike which involves dis
solution of the strontium sulfate and the remain ing impurities in 
HEDTA and precipitation of strontium for additional decontamina
tion. 

• Metathesis and Product Dissolution which involves the conversion 
of strontium sulfate to strontium carbonate solids which is dis
solved in nitric acid to form the purified product. 

6.6.1.1 Crude Strontium Feed Composition (Table 6-4). Crude solvent 
extraction product solution must adhere to the limitation specified for the 
composition. of the feed on Table 6-4 in order to be suitab le for the sulfate 
precipitation process. Crude strontium feed not mseting the specified cri
teria is reviewed for its impact on the product. The lower strontium limit 
minimizes inefficiencies, waste volumes, and strontium losses due to small 
feed batches, and higher strontium limit minimizes solid formation during 
feed storage. The limits on the cation/strontium ratios are based on the 
required purity versus the anticipated maximum decontamination process. The 
calcium/strontium ratio, if exceeded, will cause excessive strontium losses 
and intolerable sulfate waste volumes. 

• Solids reduction - Any solids in the feed are likely to contain 
impurities such as iron or aluminum that can be leached out during 
the latter stages of the purification process causing contamina
tion of the products. The centrifuge capacity is also decreased 
with loss of SrS04 to the overflow. 

• Batch size - The contents of a feed batch shall not exceed either 
1,400 gal volume, 2.0 MCi of 90sr, 1,420 g-mol of calcium, or a 
total of 2,000 g-mol of strontium, barium, and lead. 

6.6.1.2 First Sulfate Strike. A calculated volume of crude strontium is 
jetted from stronti~m storage tank {TK-8-2) to centrifuge feed tank 
(TK-11-2). Temperature of feed batch is increased to 60°C while performing 
the following steps: 

• Feed in centrifuge feed tank (TK-11-2) is butted to lM H+ with 
12.2~ HN03 if not already ~l~. The concentration of tt+ can be 
adjusted in the strontium storage tank (TK-8-2) before trans
ferring to the centrifuge feed tank (TK-11-2). Enough 1.8~ Na2S04 
solution is added to centrifuge feed tank (TK-11-2) to double i ts 
solution volume, and the sulfate solution is heated to ~75°C prior 
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TABLE 6-4. Feed and Product Limitations, Decontamination 
Factor for Sulfate Strike. 

Composition Feed Product Decontamination 
factor 

H+ 0.5 - 4.0M* 0.5 - 2.0~* ------
90sr 250.0 - 4,000. Ci/gal 20,000 - 80,000 Ci/gal ------

Sr 0.15 - 0.35~ 0.15 - 0.35~ ------

Cation Maximum cations/Sr Mole ratio+ Decontamination 
factor 

Ca 8 0.04 100 - 400 

Re 0.03 0.03 0.9 - 2.0 

Mg(2) 20.0 0. 10(2) ------
Al(l,2) 2(1) ---- 30 - 80 

Cr(l,3) ---- 0.10(3) . 20 - 200 

N;(l,3) ---- ---- 20 ;_ so 
zr(l,3) ---- ---- 10 - 50 

Cd(3) 2 ---- 40 - 800 

Fe(3) 2 ---- 30 - 70 

Pb(3) 0.2 ---- 4 - 30 

Mn(3) 30 ---- 3,000 - 10,000 

Si (3) 0.5 ---- ------
Ba ---- ---- 1.0 - 1.2 

Ag ...,.. 

+Mole Ratio(N) - This is the total mole ratio of all cations 
with (N), where N is equal to 1, 2, or 3. 

*Set high to prevent strontium and impurities precipitation 
during storage but low enough not to warrant an inordinate quan
tity of sodium carbonate for pH adjustment. High acid concentra
tions lower strontium solubility in the nitrate medium . 

...,..Silver 111as detected in the feed in 1984. The decontamina
tion factor was 0.1 approximately. No limitations have been 
established. 
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to addition, while the pH of the slurry is adjusted to 1.1 + 0.1 
using 2.5~ NazC03 or 12.2M HN03 using the pH meter for the initial 
adjustment. 

• The slurry in the centrifuge feed tank (TK-11-2} is agitated for 
at least 1 hat 60°C. During the digest, the slurry is sampled 
for a laboratory pH check to confirm specified pH prior to centri
fugation. The centrifuge feed tank (TK-11-2) agitator is turned 
off and the slurry is allowed to settle for at least 30 min while 
being cooled to a temperature ~40°C. When the solution is cool 
enough, the supernatant is jetted at <10 gal/min to supernatant 
receiver tank (TK-12-1} via the G-12-2 centrifuge. Part of the 
supernatant remaining in the centrifuge bowl at the end of the 
centrifugation is skimmed. 

• Solids in the centrifuge bowl are removed to the centrifuge solu
tion receiver tank (TK-11-1) by spraying 355 gal of 2.5~ HN03 
heated to 40°C, through the bowl sprays, and simultaneously 
jetting the so l ids slurry out. The waste in the supernatant 
receiver tank (TK-12-1) is sampled and the 90sr and magnesium 
results will influence the disposal methods, as follows: If the 
magnesium concentration is !0.12M and the strontium content is <1% 
of . feed, the waste can be jetted to the high-level waste receiver 
and neutralizer tank (TK-25-2} via the waste collection tank 
(TK-9-1}. After neutralizing to >12 pH with 50% NaOH, the waste 
is pumped to a high-level boiling waste (HLBW) underground storage 
tank. If the waste cannot be jetted to underground storage, it is 
recycled to SX, normally via the waste collection, centrifuge feed 
and precipitate and supernatant receiver tank~ (T~-9-2, TK-14-2, 
and TK-13-1). First strike wastes recycled to SX must be blended 
with other pur i fication wastes as much as possible before rework. 

• The sulfate waste sometimes has been reworked through the RE 
strike process to recover strontium via the waste collection tank 
(TK-9-2) and Cells 13 and 14. However, if 90sr concentration in 
the waste is <5 Ci/gal, the waste is discarded to underground 
storage via waste collection and the high-level waste receiver 
tanks (TK-9-1 and TK-25-2}. The waste discarded to underground 
storage containing 90sr concentrations >5 Ci/gal require negotia
tion with Tank Farm Process Control Engineering. 

6.6.1.3 Solids Wash. The bowl cleanout slurry in the centrifuge solution 
receiver tank (TK-11-1) containing part of the sulfate solids is jetted back 
to the centrifuge feed tank (TK-11-2) and combined with the remaining 
solids. Two hundred gal lons of demineralized water are added to the centri
fuge solution recefver tank (TK-11-1), agitated for 10 min, and then jetted 
to the centrifuge feed tank (TK-11-2). This flush is repeated with a second 
200 gal batch of water. Three hundred galions of 3~ HN03 is added to the 
slurry in the centrifuge feed tank (TK-11-2), and 110 gal of 1.4~ NazS04 
solution is added while the solution temperature is raised to 60°C and the 
solution is diluted to 3, 100 gal with hot (70°C) demineralized water. Cold 
water can also be added and then temperate water used to adjust the tempera
ture of the tank. 
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The wash solution is agitated at least 1 hat 60°C. During this 
digest, the solution is sampled and the pH meter reading recorded. If the 
90sr concentration in the sample is >20 Ci/gal, the slurry is butted with 
additional 1.4~ Na2S04 solution, (3 gal of sulfate for every l Ci/gal over 
20 Ci/gal) and digested for another hour. · . 

The centrifuge feed tank (TK-11-2) agitator is turned off, and the 
slurry allowed to settle while being cooled to ~40°C. Whe~ the solution is 
cool enough, the supernatant in the centrifuge feed tank (TK-11-2) is jetted 
at clO gal/min to supernatant receiver tank (TK-12-1) via the centrifuge 
(G-12-2). At the end of the centrifugation, the centrifuge bowl is skimmed 
to the supernatant receiver tank (TK-12-1). As soon as the centrifuge feed 
(TK-11-2) is empty, 600 gal of water are added to cover the strontium sul
fate solids. Solids in the centrifuge bowl are removed by spraying 190 gal 
of l.57~ HEDTA through the bowl sprays, and simultaneously jetting the HEOTA 
solids slurry out to the centrifuge solution receiver tank (TK-11-1). 

If) 

In the past, the wash waste in the supernatant receiver tank (TK12-l) 
was sampled, then routed to solvent extraction rework. At the present time 

he wash waste is sent to RE process, normally via the waste collection tank 
(TK-9-2), and processed in Cells 13 and 14. Solid wash waste usually con

~tains higher strontium concentrations than any other sulfate waste streams 
c,-( 10 to 40 Ci/gal). 

, 6.6.l.4 Solids Dissolution and Final Sulfate Strike. After the bowl clean
out slurry to the centrifuge solution receiver tank (TK-11-1), it is jetted 
to the centrifuge feed tank (TK-11-2) and 200 gal of demineralized water are 
added, agitated for 10 min, and then jetted to the centrifuge feed tank 

- {TK-11-2). This flush is repeated with a second 200 gal batch of water. 

The solution in the centrifuge feed tank (TK-11-2) is diluted to 
a,OOO gal with demineralized water, heated to 80 to 90°C, and the slurry 
heated to 60°C and agitated for 2 h. One hundred sixty gallons of 

2.2M HN03 is added to the centrifuge feed tank (TK-11-2) via the centrifuge 
(G-12-2) as well as 280 gal of 1.4~ Na2S04, heated to 75°C to prevent 
crystallization in the makeup tank. The slurry in the centrifuge feed tank 
{TK-11-2) is agitated for 1 hat 60°C. While digesting, the pH of the 
slurry is checked using the (11-2) pH meter, and if the pH is not within the 
range of 0.8 to 1.0, the pH is adjusted by adding appropriate amount of 
either 12.2~ HN03 or 2.S~ Na2C03. Leaving the centrifuge feed tank 
(TK-11-2) agitator on, the sulfate slurry is jetted at ~8 gal/min to the 
(G-12-2) centrifuge, allowing the clarified supernatant to overflew to the 
supernatant receiver tank (TK-12-1). A volume of 700 gal of demineralized 
water is added to the centrifuge feed tank (TK-11-2) and agitated for 
15 min. The water flush is jetted to the centrifuge and the supernatant 
allowed to overflow and the bowl is skimmed. In the past, the •,i1aste in the 
supernatant receiver tank (TK-12-1) was sampled, then routed to solvent 
extraction rework. At the present time the waste is sent to RE process, 
normally via the •,i1aste collection tank (TK-9-2), and processed in Cells· 13 
and 14. However, if the strontium concentration is c5 Ci/gal, the waste 
will be discarded to underground storage via the waste collection and high
level waste receiver and neutralize~ tanks (TK-9-1 and TK-25-2). The waste 
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--discarded to underground storage containing 90sr concentrations >5 Ci/gal 
require negotiation with Tank Farm Process Control Engineering. 

6.6.1.5 Metathesis and Product Dissolution. The SrS04, solids in the 
centrifuge bowl are removed by spraying 343 gal of metathesis solution 
(1.8~ NaOH - 1.7~ NazC03), heated to 40°C, through the bowl spr ays and 
simultaneously jetting the slurry to the centrifuge solution receiver tank 
(TK-11-1), where 215 gal of metathesis solution (1.8~ NaOH - 1.7~ NazC03) 
heated to 40°C, are added through the centrifuge bowl and the metathesis 
slurry agitated for at least 2 hat 60°C. The centrifuge solution receiver 
tank (TK-11-1) agitator is turned off, and the slurry is settled while cool
ing to <30°C. Then the supernatant is jetted at <8 gal/min to the centri
fuge (G-12-2), allowing the clarified supernatant-to overflow to supernatant 
receiver tank (TK-12-1). 

The SrS04, solids in the centrifuge bowl are removed by spraying 
343 gal of metathesis solution (1.8~ NaOH - 1.7M Na2C03), heated to 40°C, 
through the bowl sprays and simultaneously jetting the cleanout solution to 
centrifuge solution receiver tank (TK-11-1), where 168 gal of metathesis 
solution, heated to 40°C are added through the centrifuge bowl and the 
metathesis slurry is agitated for at least 1 hat 60°C. The agitator is 
again turned off, and the slurry is settled while cooling to <30°C. Then 
the supernatant is jetted at ~8 gal/min to the centrifuge, allowing the 
clarified supernatant to overflow as before. Two hundred gallons of 
0.1~ NazC03 are added and agitated for 15 min at ambient temper ature, after 
which the agitator is turned off and the slurry is allowed to settle for 
15 min before jetting the wash supernatant to supernatant receiver tank 
.(TK-12-1), via the centrifuge (G-12-2). This step is repeated. 

The solids in the centrifuge bowl are removed by spraying 260 gal of 
2~ HN03 heated to 40°C, through the bowl sprays and simultaneously jetting 
this cleanout solution to centrifuge solution receiver tank (TK-11-1). 

6.6.1.6 Process Waste. The volume of sulfate waste generated per purifica
tion cycle is relatively constant at 9,800 ! 1,000 gal. The sulfate waste 
volume is strongly dependent on the Ca/90sr ratio in the feed and minimiza
tion of losses is attained by increasing the 90sr in the feed to 
1,400 Ci/gal while maintaining a constant Ca;9Dsr ratio (see Fig. 6-15). 

The volume of metathesis waste generated per purification cycle, a con
stant at 1,800 gal, is independent of the feed composition, and can range 
from 900 ta 3,600 gal as the 90sr content per feed batch varies from 
2,000 to 500 kCi of. 90sr. 

Magnesium forms a major impurity, since Sr-Mg separation is not 
effected in the solvent extraction process and the problem of magnes ium 
buildup is alleviated by magnesium purging effected by discarding the first 
strike waste, which contains >90% of the feed magnesium. This discard to 
the HLBW underground storage is affected only when the magnesium feed 
exceeds 0.3~ and 90sr content of the waste is minimized. 
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t . . The sulfate and the metathesis are reworked through the RE process and 
discarded to underground storage if strontium concentration is <5 Ci/gal and 
requires negotiation with Tank Farm Process Control Engineering if strontium 
concentration is >5 Ci/gal. 

Actually losses to underground waste storage normally consist of <1% of 
the feed strontium lost via the metathesis waste and about 1% lost via the 
rework RE wastes. Strontium losses to underground storage will increase an 
additional 1% during those campaigns in which magnesium purging is per
formed, where the first strike wastes are discarded directly to underground 
storage instead of being recycled. 

Depending on the 90sr/Sr ratios, these minimum strontium losses would 
range from 4 to 7%, compared to >10% for feeds with Ca/Sr ratios of 8 or 
more and <14% for feeds with <0.03M Sr concentration. 

6.6.1.7 Safety Consideration and Off-Normal Conditions. 

6.6.1.7.1 Acid Base Reactions. Sodium carbonate (2.SM) addition to 
the first sulfate strike is usually required to adjust the strike pH, while 

-,,itric acid (12.2~) is added to the metathesis waste to acidify it. Both 
these additions will result in the evolution of CO2 gas (up to 4,500 ft3) 
and, thus, the solution addition rate is controlled to avoid pressurizing 
the vessel . The carbonate addition rate should be limited to 10 gal/min, 

r 
and the acid nitric rate to 5 gal/min. The vessel vacuum gage should be 

~ watched closely for signs of pressurization. 

~. 6.6.1.7.2 Precipitated Solids Handling. The volume of precipitate 
"' after the first sulfate strike is expected to be 30 to 60 gal, which exceeds 

the desirable loading volume of the G-12-2 bowl of 20 gal. Therefore, it is 
- important that the TK-11-2 agitator be turned off prior to jetting the 

slurry to the centrifuge, effectively preventing the bulk of the solids from 
reaching G-12-2. If all the solids were centrifuged, many of the strontium
bearing solids would be lost to the sulfate waste. Also, an excessively 
high volume of solids could damage the centrifuge. Not until the final sul
fate strike should the TK-11-2 agitator be turned on during centrifugation. 
By then the solids volume will be !10 gal, which is easily within the G-12-2 
capacity. 

6.6.1.7.3 Off-Normal Conditions. This is presented in Table 6-5. 

6.6.2 Caustic Strike (Ref. 6-42, 6-43; Fig. 6-12) 

Product from several sulfate precipitation campaigns is collected in 
strontium storage tank {TR-7-2). Upon accumulation of ~1,sao to 2,100 g-mol 
of strontium (6 to 15 MCi 90sr) depending upon isotopic purity as sulfate 
precipitation product, the sulfate precipitation process is suspended, 
several routes are altered, and the equipment thoroughly flushed to prepare 
for the caustic strike process. 

The strontium product from the first stage of strontium purification, 
the sulfate precipitation process, contains 2 to 5 wt%, based en total 
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TABLE 6-5. Off-Normal Conditions (Sulfate Precipitation). (Sheet 1 of 3) 

Potent Id I lffllh I em 

\ul i<ls i:11ri· yu~1!1 · i 11lo suµer -
11.11 ,till reu~ i_ver I ,mk. 

(U,emistry prut.11•111 is pll, 
\ulr.ite, (d1·1,011<1lt!, etc.) 

lliiJh re In 11rodult. 

lll!Jh Ca In product. 

lli!Jh Ph In 11ru,lu,. t 

Ind t It lent Jet ,,,,.!rat Ion 

Posstble causes 

I. Centrifuge not operating at correct 
speed. 

l. Centrlfu9e feed flow rate too high. 

3. Slurry agitated during centrifugation. 

4. Skinners not ~et In -the •out• 
position prior to centrifugation. 

5. Sklnvner touchtrg solids during 
skinning operating. 

I. pit too high (>1.3) during first Strike 

I. Low flt concentration In wash solu
tion ( <0. !i H) 

2. ltlgh So4• In wash solution. 

I. lllgh SOf" concentration 
First S rlke. 

In the 

I. Temperature of solution >!iOoc. 

2. [qulpment failure. 

]. Steam supply low. 

Suggested corrective actions 

I. Readjust lhe speed. 

2. Reduce flow to <8 gpai. Calibrate 

3. Do not agitate 

4. Set skl11111er In "out• position prior 
to starting the centrifuge. 

!i, Stop skllMllng when feel contacting 
the sol ills. 

I. Avoid over shoot pll. Bring pH <0.9, 
readjust to a desired range. Check 
pll 11eler. 

l. Increase 11• concentrat Ion with IIH03. 
Check pll meter. 

2. Avoid overaddlng S04& at low 11• 
concentration. 

3. Rework. 

I. Keep so~c concentration of first 
Slrlke at 0.9~. Check S04 addition, 
run additional metathesis. 

l. Coo I. 
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TABLE 6-5. Off-Normal Conditions (Sulfate Precipitation). (Sheet 2 of 3) 

1•,,1 ,•111 l,1 I 11r,,I, li ·111 

I 11w .,, . n!t .tlVt•• ·v iu IJl'UIIU• l 111 
I• 11 - l 

pu 1.111 v't. 1111 -t,~r .hu•._.n•t 
,,,1r•·•· 

l'oHlble causes 

I. lli11I sample. 

'I. ln11.-ll!quate IIN03 
hllli.tle '>0111.1$. 

to dissolve car-

I. G- 12-l c:ontalns product so lids. 

"· loss of strontlua In metathesis 
wdsle or previous waste strea•s 

',. 11 -2 heel. 

h. I r.-,1 Inventory wrong • 

I. Cln:uli1l1011, Lurrer wrong, lab 
wrony. 

2. Dad I n-ce 11 pit probe. 

J. Air sup11ly to pll syste11 turned 
ort In the canyon. 

1 .. , ... ·,1v1· 1, •1111 ' '""'' Vifo,·,1tlo11 I. Residual sollds In bowl. 

111,11,,.n,i,I Iv 111t111 o1uk11mt 111 
•,, ,11,1•. i11 ,, ... 1,-1111,11' 

7. Uneven cake distribution. 

I. Slurry aglt4ted during centrlfu-
1.Jilllon. 

2. Calibration Incorrect. 

Suqqesled corrective actions ,. _____ _ 
l. Check OTR. Rerun or res1111>le. 

Check 90sr/sr. 

2. Add 111103 to TK-11-1. 

). C leiin out with IIHfl), 

4. Check c.ht!•htry of the process/ 
pnvslcal proble11s (I.e., skl11111er, 
pit ••• ) 

5. I lu,h 11 -2 after 1111• campaign Is 
OVl'r. 

6. k1,'iA1111lle stronl 111111 -.torage tanks. 

l. Chet k for plug1l™J, check buffer 
so lut Ion, rerun pit. 

2. Chanl.Je out probe. 

3. Cheri< air supply to pll syste• In 
lht! unyon. 

1. Clean out/calibrate. 

l. lurn oH agitator during centrifu
gal Ion. 

2. ReC4 ! lbrate. 
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TABLE 6-5. Off-Normal Conditions (Sul fate Precipitation). (Sheet 3 of 3) 

11,,1,•111 i,1 I ,.,. .. 1,tc,n 

111,111 \lr1111li11111 i11 Iii Ii' I. 

Possible causes 

I. l11,1,le4u4le 11etathesls addition. 

'l. I natlequate S04 • source: 

1. pll too low ( <0.9) or 11• too high 
(<0,6 ~) 

4, Residue Sr In TK-12-1. 

5. Uad S4111ple. 

6. Solids carryover • 

Suggested correlllve actions 

I. lhed .iddlllon. 

2. lhed addition. 

l. Resam11le, check water. check HazC03 1 

or IINll3 strenglh. 

5. Chee~ against OTR, rerun, resa~ple. 
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~ . cationic content of the -solution not including sodium and hydrogen of 
metallic impurities such as iron, magnesium, and rare earths but excluding 
calcium and barium. 

6.6.2.1 Function. The overall function of the caustic strike process is to 
reduce to a minimum those metallic impurities (such as iron, magnesium, and 
rare earths) in the strontium product solution which form insoluble precipi
tates when the solution is adjusted to pH 10 with sodium hydroxide. If not 
removed, these impurities will fallow the strontium through the encapsula
tion process and may interfere with filtering and sintering steps of that 
process. More importantly, the potential of fluoride impurities signifi
cantly accelerating the storage capsule corrosion rate is unknown and there
fore must be minimized. 

6.6.2.2 Summary of the Process. Feed and process limitations are shown in 
Table 6-6. The feed to the caustic strike process, consisting of ✓2,000 gal 
of solution containing ~2,000 g-mol of strontium previously purified by the 

- sulfate precipitation method, is jetted from tank (TK-7-2) to the precipita
tor vessel, tank (TK-11-2). Two small water flushes from tank (TK-7-2) to 
Tank (TK-11-2) are used to flush the transfer line. Concentrated reagent 
grade sodium hydroxide (~19M) is added to the solution in Tank (TK-11-2) to 
raise the pH to 31 then dilute sodium hydroxide (1~) is used to adjust the 
pH to 9.5 to 10.5. The resulting slurry is then agitated for at least 4 h 

a,. to promote impurity precipitation. 

The precipitated solids impurities are removed from the supernate by 
passing the slurry through-the centrifuge (G-12-2). To avoid over-filling 

~1 the centrifuge bowl with solids and to maximize the percent of solids 
.trapped in the bowl, the slurry is centrifuged in batches; the actual batch 

''·size depends on the estimated total volume of solids based on laboratory 
_ test of a feed sample. The clarified strontium solution is acidified in the 

tank (TK-12-1) then transferred to the tank {TK-36-3) for self
concentration. After each batch is centrifuged, the collected solids are 
washed and the slurry transferred to centrifuge solution receiver tank 

O' (TK-11-1) with 80 gal of very dilute sodium hydroxide (0.001 M). The 
slurry, collected in tank (TK-11-l), is transferred to tank (TK-9-2). A 
100 gal water rinse of tank (TK-11-l), then transferred to tank (TK-11-2). 
Tank (TK-9-2) is rinsed to tank (TK-11-2) with three 300 gal water flushes. 
The solution in tank (TK-12-2) is adjusted to a pH of 10 with 0.1~ NaOH and 
then centrifuged in small batches through the (G-12-2) centrifuge to tank 
(TK-12-1). The clarified wash solution is acidified in tank (TK-i2-l) and 
transferred to strontium product storage tank (TK-36-3), as volume permits, 
for self-concentration. 

Each batch of washed solids collected in the centrifuge is slurried to 
tank (TK-11-1) with 80 gal of water. When the tank (TK-11-l) volume exceeds 
500 gal, 80 gal of 12.2~ HN03 are added and the solution is transferred to 
tank {TK-14-2) via tank (TK-9-2). After the last centrifugation batch the 
(G-12-2) centrifuge bowl is cleaned with 150 gal of 0.5~ HN03 and 100 gal of 
water. · 
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TABLE 6-6. Feed and Product Limitations Decontamination 
Factor for Caustic Strike. 

Maximum ION/Sr Mole Ratio* Decontamination 
Composition factor Feed Product 

H+ 2!,H+!.g 0.5<H+<3 ------
89sr+90sr ------ <0.66 ------
504 0.06 (max) <0.06 (max) ------
N03 8 (max) 10 (max) ------
CATION ------
Ca (4) ~0.10(4) .r 1 

Ba ( 4) .r 1 

Mg (1,4) <0.01(1) >4 

Al (1,3) !7x1Q-3(3) >7 

Fe (2,3) <0.02(2) . >20 

Cr (2,~) >20 

Ni (2) >20 

Cd (2) <3xlo-3 >7 

Pb (2) <lxlo-3 >4 

Mn (2) <3x1Q-3 >4 

Re (3) <0.03 >4 

Ag 

Zr <4 

NOTE: Hydroxide solids ~olume !10 vol% at 0.2~ Sr. 

*Mole/ratio (N) is the total sum of mole/ratio of all 
cations with · the same subscript (N) where N = 1, 2, 3, or 4. 
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All bowl cleanout solutions are collected in centrifuge solids receiver 
tank (TK-14-2) then centrifuged through the centrifuge (G-13-2) to tank 
(TK-13-i) to remove solids insoluble in nitric acid. The clarified solution 
is transferred from tank (TK-13-1) to tank (TK-33-1) for eventual rework 
through solvent extraction. Solids remaining in the centrifuge bowl are 
dissolved with 150 gal of O.SM HEDTA, added via tank (TK-14-2). After 1 h 
in the centrifuge the HED!A solution is transferred to tank (TK-14-2) via 
tank (TK-14-1). The centrifuge bowl is calibrated with water and cleaned 
out with 150 gal of 1~ HN03; these solutions are also tra~sferred to tank 
(TK-14-2) via tank (TK-14-1). Finally, tank (TK-14-2) is transferred to 
tank (TK-33-1) via tank (TK-13-1) for rework through solvent extraction. 

6.6.2.2.1 Precipitation. After the initial transfer of sulfate pre
cipitation process strontium product, which forms the feed for the caustic 
strike, two SO gal water flushes are added to the strontium storage tank 
(TK-7-2) and jetted separately to the centrifuge feed tank (TK-11-2). Using 

,--, reagent-grade sodium-hydroxide pellets for the first pH adjustment, a 
19M NaOH solution is prepared in the scale tank (TK-ll-2E) and added to the 

- centrifuge feed tank (TK-11-2) until the pH of the solution reaches 3 ! 0.4. 
The final pH adjustment to 10 + 0.5 is accomplished using lM reagent-grade 
sodium hydroxide for the preparation of the solution and gradual addition to 

~. reach the requir.ed pH. The slurry in the centrifuge feed tank (TK-11-2) is 
' agitated for an hour. 

r 
6.6.2.2.2 Centrifugation of the Slurry. A calculated fraction, nor

mally 300 to 500 gal, of the agitated slurry volume in the centrifuge feed 
. tank (TK-11-2) is jetted to the centrifuge (G-12-2) at a flowrate of_ 

· 8 ! 1 gal/min while the centrifuge rotational speed is held at 1,740 rpm. 

The clarified supernatant product overflows while the residual super-
- natant remaining in the centrifuge bowl is skimmed to the supernatant 

receiver tank (TK-12-1). The solids in the centrifuge (G-12-2) are removed 
''"? to the centrifuge solution receiver tank (TK-11-1) using 80 gal of 
°'0.001~ NaOH solution which is added through the bowl sprays and the result

ing slurry is transferred simultaneously by the bowl emptyout jet. However, 
if the volume of the centrifuge solution receiver tank (TK-11-1) exceeds 
500 gal, the tanks are jetted to a waste collect ion tank (TK-9-2). The cen
trifugation step is repeated until the centrifuge feed tank (TK-11-2) is 
emptied. 

6.6.2.2.3 Product pH Adjustment (Acidification) and Simmering. The 
hydrogen (H+) ion concentration of the clarified product is increased to 
0.2M by the addition of nitric acid based on sample results. After transfer 
of the acidified caustic strike product in the supernatant receiver tank 
(TK-12-1) to the strontium storage tank (TK-36-3) or other designated stor
age vessel, two 100 gal batches of demineralized water are added to t~e 
supernatant receiver tank {TK-12-1) and jetted to the strontium storage tank 
(TK-36-3) to flush the route. 

The cooling water flow to the strontium storage tank {TK-36-3) is 
turned off to permit the product solution temperature to rise and ta hold 
the temperature constant at 80°C until the strontium concentration increases 
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to 0.35M or until the wash solution product is added, at least 4 hat a 
temperature of 40 + S°C and the pH .is rechecked and readjusted if required 
before proceeding to centrifugation stage. 

6.6.2.2.4 Solids Fl ush. After the last centrifuge batch, the centri
fuge feed tank (TK-11-2) is rinsed with 100 gal of 0.0001~ NaOH and the 
resulting slurry is centrifuged with the clarified supernatant overflowing 
to the supernatant receiver tank (TK-12-1). The supernatant receiver tank 
(TK-11-1) is jetted to the waste collection tank (TK-9-2) after receiving 
all the waste from the centrifuge. 

6.6.2.2.5 Solids Wash. All cleanout solution, contai ned in the waste 
collection tank (TK-9-2), is jetted to centrifuge feed tank (TK-11-2) 
followed by three 300-gal water rinses. The centrifuge feed tank (TK-11-2) 
pH is adjusted to 10.0 ~ 0.5 using 0.1~ NaOH or nitric acid and sampled. 
The slurry in tank (TK-11-2) is agitated at 40 ! S°C for at least 8 h. 

A calculated volume of the centrifuge feed tank (TK-11-2) slurry is 
jetted at flowrate of 8 ! 1 gal/min to the supernatant receiver tank 

. (TK-12-1) through the centrifuge (G-12-2). Rotated at 1,740 rpm, the slurry 
is not agitated during jetting. 

Solids are removed from the centrifuge bowl {G-12-2) to centrifuge 
solution receiver tank (TK-11-1) with 80 gal of water pumped through the 
bowl sprays. The above is repeated until the centrifuge feed tank (TK-11-2) 
is empty and processed through the centrifuge {G-13-2) to the supernatant 
receiver tank (TK-13-1) at a rate of 9 gal/min while agitating the centri
fuge feed and precipitation tank (TK-14-2). The centrifuge is rotated at 
1,740 rpm. The metathesis tank (TK-13-1), which receives the supernatant, 
is sampled, and transferred to the feed storage tank (TK-33-1) for rework 
through solvent extraction. 

Approximately 100 gal of a.SM HEDTA are added to the centrifuge bowl 
(G-13-2) via centrifuge feed tank-{TK-14-2). After 1 h of dissolution the 
solution is jetted from the centrifuge bowl to centrifuge feed tank 
{TK-14-2) via the centrifuge solids receiver tank (TK-14-1 ) . 

One hundred fifty gallons of 1~ HN03 at S0°C are added to the centri
fuge bowl (G-13-2) through the bowl sprays while jetting the bowl empty to 
centrifuge solids receiver tank (TK-14-1). The cleanout solution is jetted 
to feed storage tank (TK-33-1) via centrifuge feed and metathesis tanks 
(TK-14-2 and TK-13-1) after sampling in preparation for so lvent extraction 
rework. 

The cooling water on strontium product storage tank (TK-36-3) is 
adjusted to allow the product temperature to rise to 90°C and the solution 
to evaporate until the strontium concentration reaches 0.3SM-

The concentrated product is jetted from the strontium storage tank 
(TK-36-3) to strontium encapsulation feed tank (TK-39-5). 
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Two 50 gal batches of demineralized water are added and jetted to flush 
the transfer route. 

One hundred gallons of O.OOllM NaOH are added to the centrifuge feed 
tank (TK-11-2) prior to the last centrifuge batch. 

The slurried solids in centrifuge solution receiver tank (TK-11-1) are 
acidified with 80 gal of 12.2~ HN03 before transferring to waste collection 
tank (TK-9-2). A 100-gal water rinse of centrifuge solution receiver tank 
(TK-11-1) is also jetted to waste collection tank (TK-9-2). 

One hundred fifty gallons of 1~ HN03 are sprayed into the centrifuge 
bowl (G-12-2) while simultaneously jetting the solution from the centrifuge 
(G-12-2) to centrifuge solution receiver tank (TK-11-1) from where it is 
transferred to the waste collection tank (TK-9-2). The flush is repeated 
with 100 gal of water. 

Based on sample results, the H+ concentration of the clarified wash 
solution in the supernatant receiver tank (TK-12-1) is increased to 
0.2~ with 12.2~ HN03, and transferred to strontium product storage tank 
(TK-36-3) for simmering and storage until sufficient volume is available in 
the latter vessel. 
' 

The acidified slurry in the waste collection tank (TK-9-2) is agitated 
for 30 min then sampled and transferred to the centrifuge feed and precipi
tator tank (TK-14-2) • 

6.6.2.3 Process Wastes. The pH cf the hydroxide strike, concentration of 
metallic impurities, and the efficiency of the wash are determining factors 

· in strontium loss. A. strontium loss, during a typical campaign containing 
_ a MCi of 90sr, generates ~350 gal of waste per batch totalling 1,800 gal of 

50 to 150 g-mol of metallic cations consisting primarily of iron and rare 
earth mixed with small quantities of zirconium, aluminum, manganese, and 
others, at a hydrogen (H+) concentration of about l.2tl-

Strontium losses, 20% at a pH of 12.0 and 50% at a pH of 13.0, can be 
somewhat rectified by the addition of a proper quantity of nitric acid 
because strontium precipitated at pH 13 to 14 may not be easily redis
solvable. Increased concentrations of metallic impurities such as iron and 
rare -earth tend to either co-precipitate or carry along an excessive amount 
of strontium. Strontium loss of <2%, which occurs during solids wash, is 
reduced by solvent extraction to <0.2% of the feed. 

The solids in the centrifuge solution receiver tank (TK-11-1), from the 
centrifuge bowl, is acidified, prepared for the solvent extraction process 
in the waste collection tank (TK-9-2) and finally held for strontium 
recovery in either the supernatant receiver tank (TK-13-1) or the treated 
acidified sludge storage tank (TK-33-1). 

6.6.2.4 Safety Consideration and Off-Normal Conditions. Genera l safety 
considerations and control are presented in Section 6.9, and th~ off-normal 
conditions are identified for the process in Table 6-7 . 
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Table 6-7. Off-Nonnal Conditions--Caustic Strike Process. 
(Sheet 1 of 2) 

Off-standard 

Transfer rate slows 
or stops 

Tank pressur1zes 

Probable causes 

•Jet gasses out 
due to either: 
l. Solution too hot 
2. Too 111.1ch ste11111 

•Plugged dip tube 

•wF instrumentation 

Gas evolution 

Descr1pt1on of 
potential problems 

Only jet steam is jetted 
through the lines 

Solids in the transfer 
solution could plug up 
the dip tube. stopping 
transfer 

Instrument reading •burns 
out•. dropping the WF 
reading to the lowest 
point or ra1sing the 
reading to the highest 
point 

The HH03 additions made 
during equipment pre,ara
tion for caust1c strike 
processing and dur1ng 
cause CO2 gas to form. 
The HEDTA addit1on made 
during waste preparat1on 
also results 1n gas evolu
t1on. If not corrected. 
the accelerated gas evo
lut1on rate could cause 
the tank to pressurize to 
the point of leakage 

Ste1111 could produce excess 
pressurizat1on 1n the 
receiver tank 
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Correction/adjustment . 

Air blow the jets ·and allow 
the solut1on to cool. 
Always cSO•C before jetting 

A1r blow the dip tube to 
clear the pluggage 

Request 1nstrumentat1on per
sonnel to perform a check
out on the ~pl1cable 
equip111ent 

Make the HH03 add1t1ons for 
equ1pment preparation at 
<60 lb/m1n and those for 
primary product handling at 
<30 lb/m1n. Add the HEDTA 
during waste preparat1on at 
c30 lb/m1n 

Stop the transfer, a1r blow 
the jet. and resume jett1ng 
when pressure subs1des 



0) 
I 

0) 

Ul 

Off-standard 

Centrifuge shuts 
down 

Product in storage 
simmers 

9 
# 

~ 
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TABLE 6-7. Off-Normal Conditions--Caustic Strike Process. 
(Sheet 2 of 2) 

Probable causes 

0 Excess vibration 
(G-12-2/G-13-2) 

0 Thermal overload 

Inadequate cooling 
water used to main
tain proper tempera
ture of 90°C dur
ing primary product 
concentration. 

Description of 
potential problems 

The centrifuge is imbal
anced due to the dis
placement of the solids 
on the sides of the bowl 
and result .in centrifuge 
breakdown. 

The centrifuge is 
imbalanced due to an 
inefficient operating 
speed (400-500 or 
1 • 200 rpm) • I f not 
operated at the proper 
speed, the centrifuge 
motor windings could 
overheat. 

At >95°C, the rate of 
evaporation for self
concentration of the 
primary product can in
crease to the point of 
uncontrol and possible 
release of vaporized 
product containing 90sr 
into the vessel venti
lation system. 

Correction/adjustment 

.Monitor the "wobble meter" 
(vibration monitor) and the 
thermal overload indicator 
to prevent centrifuge shut
down. If the power to the 
centrifuge is automatically 
cut off, contact supervision. 

Adjust/maintain sufficient 
cooling water on tank to 
keep temperature at 90°C. 
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6.7 PROCESS WASTE STREAMS (Ref. 6-44) 

Both liquid and solid streams, either routinely or potentially contam
inated, are generated from various processes at the waste fractionization 
complex. 

Liquid wastes are primarily aqueous solutions which may contain small 
amounts of solids. There are three liquid waste streams; namely {Table 6-8) 
high-level liquid waste; low-level liquid waste along with process conden
sate (SCP) from concentrator overheads; and steam condensate (BCS) from the 
tube bundles, and streams like chemical sewer (BCE) and process vessel and 
concentrator condenser cooling water (CBC) wastes. 

Solid process waste can be grouped into two categories, canyon and out
of-canyon wastes, based upon their contamination level {Table 6-9). 

6.7.1 High-Level Liquid Waste (Table 6-9) 

This waste stream is comprised of the boiling and nonboiling wastes 
which contain high levels of cesium and strontium. The bo i ling wastes are 
all process chemical waste solutions, except the Cell 5 concentrator 
overheads, normally generated solely from the processing of CAW streams. 
Nonboiling wastes originate from the treatment of tank farm sludges and 
supernatants and from strontium purification. Sources of these wastes are 
the processing waste streams from solvent extraction, ion exchange systems, 
the column wash, and sodium scrub stream wastes. The waste streams from 
strontium purification, the process condensate from the strontium product 
concentrator, some miscellaneous wastes, flush soluticns, and the cesium 
product tube bundle stream condensate are also routed to this system. Both 
boiling and nonboiling wastes are routed to underground storage tanks. 

Tanks in Cell 25 serve as interim storage vessels for tthigh-leveltt 
wastes and they may require caustic addition for neutralization to a pH 
level of 12 (Ref. 6-44) or greater. Precipitation of solids from the solu
tion is not of concern and the temperature is maintained in the range of 
30 + 3 °C. The tanks are flushed clean to eliminate plugg i ng. 

6.7.2 Low-Level Liauid Waste (Ref. 6-45, Table 6-10) 

Low-level liquid wastes from the processing of cesium and strontium are 
generated containing small quantities of mainly cesium, strontium, and 
ammonium and treated for disposal by the waste concentrator (E-23-3). These 
streams have a potential of containing significant amounts of radioisotopes 
in the event of a process upset or equipment malfunction and failure. The 
low-level waste concentration system serves three basic functions: collec
tion, blending, and neutralization in the low-level waste collector and 
neutralizer tank (TK-24-1), reduction of volume and segregation of ammonia 
from the liquid waste and disposal of the concentrated wastes to tank farms. 
in the process three streams are generated: the high-leve l liquid waste, 
process condensate (SCP), and the process steam condensate . 
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Table 6-8. 8 Plant Radioactive Waste Streams. (Sheet 1 of 2) 

Wute strea• Sources Type Charactertzatlon• Quant tty* Oest lnat Ion 

Doti Ing and A PAS processing ltqutd II 137cs - 50 kCI/IIO 39,000 gal/ao Tank finis 

non-boll Ing D Ion ellch•nge Solid 
C Col1111n wuh Bollt~ and 90sr - 4 kCt/mo 
D Sodlua scrub non-bo ltng 
E Stronllua 

product 
Concentr.ators 

f) flush solu-
t tons 

G) Cestu11 product 
tube bundle 
stua conden-
sate 

ocP, acs A) Process Liquid II · A) 12 Ct/gal A) 400,000 ga 1/ A) 216-8-62 
condenute Solid avg . beta 110 Crib 

B) Steaa 8) 6,5 x 10-J Ct/ 8) 1.4 • lllton B) 216-8-55 
condenute 911. avg. beta gal/llO Crib 

CBC I. BCE A) Process vessel Uqutd Ii A) 1.7 x 10-3 Cl/ A) 69.9 • 11- A) 216-8-32 
a. concentrator Solid gal. avg. beta lion gal/ao Pond 
condensor 
coo ling water 

8) Chealcal A) 9.5 x 10-4 Cl/ 8) 8,3 • lllton B) 216-8-64 
dratns gal . avg. beta gal/1110 Trench 

Solid wute A) Canyon remova 1 A) Ju•pers 90sr, ll7cs Total for high 200 Eut 

of fa lled ·1 .... , dose rate solid Industrial 
equlpme11t C Agitators Beta-ganaa contaal- '\'Ute Burial 

D f I Hers nation ,dose rate Trench 

lllgh dose E Res In from concrete box _Approx l!ate ly 

rile colu11ns 5 R/h i 10' 11po ft /,o,o 
f) Concen-

trators 
G) Tanks 

V) 
CJ 
I 

i 
I 
V) 
):a 
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I 

0 
~ 

w 
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Table 6-8. B Plant Radioactive Waste Streams. (Sheet 2 of 2) 

Waste stream Sources Type Characterization* Quantity* 
B) 225-B waste in Process cell 90sr, l37cs 

Cell 4 waste Beta-gamma contami-
-nation 

Dose rate for un-
shielded 55-gal 
drum. 

I 100 R/h@ surface 

! C) Canyon Contaminated 90sr, 137cs 
i miscellaneous so lid waste Beta-gamma contami-

Wastes nation 

(1.e •• plas- . Dose rate from 
t 1cs, paper, wooden box 
SWP cloth- , 
ing, rags, 500-1,000 mR/h@ 
etc.) surface 

Low-dose A) Galleries Contaminated 90sr, 137cs 40 ft3/wk rate B) Stacks solid waste 
C) Effluent Beta-gamma Large standard Out-of- bu tldi ngs (i.e., rags, contamination cardboard boxes canyon 0) 212-B Cask paper, rub-

solid waste Loadout Bldg. ber boots, Total Activity 
E) General decon- valves, 

lamination tools, etc.) 2 X lQ-2 Ci/ 
work waste carton 

Dose rate per waste 
package 

100 mR/h @ surf ace 

*Based on 1979 Solid Waste Burial Record. 

_ _ ....__~_ 

Destination 

200 East MFP 
trench 
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Routed to 
vessel 

TK--25-1 

lK-25-1 

lK-25-2 

TK-25-2 
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TABLE 6-9. High-Level Waste Routes. 

Process Routed from function ves.se l 

Sulfate precipitation TK-9-1 Haste disposal and 
storage 

Solvent extraction TK-31-1 Centrifuge clean-
out receiver 

Cesium clarification TK-11-1 Solid waste dis-
posal tank 

MI see l laneous TK-9-1 Waste collector 

TK-39-1 Low-level waste 
receiver 

Source 

TK-12-1: first sulfate 
strike waste. solid 
waste waste & final 
sulfate strike waste 
having high Mg & low 
Sr. acidified meta-
thesis waste. 

G-32-2: Residual solids 1 

after centrifugationi 
process waste com-
prised of bowl clean-
out slurries and cali-
bration water. 

G-12-2: Residual solids 

TK-10-1 Cell drainage 

Encapsulation ·low-level 
waste 
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TABLE 6-10. Low-Level Waste Sources Routed to TK-24-1. 

Process Vessel Function 

Ion Exchange TK-18-1 Waste Pump Tank 

Solvent Extrac- : E-5-2 Concentrator 
tion i 

I E-5-3 Condenser 

TK-26-1 Impurity & Acid 
Removal Tank 

TK-28-3 Reacidification & 
Organic Butting 
Tank 

TK-30-2 lAW Receiving Tank 

Source 

! TK-18-3: Excess Eluent from 
I E-20-2 & E-38-6 Overheads 
I via TK-21-1 
I 

I TK-18-2: Sodium Scrub 
Waste, Loading Waste, 
Water Wash and Recycle 
Waste via TK-17-2 & 
TK-18-3 

Steam Condensate 

, E-5-2 Overheads Process Con
I densate 
I 

: Wash Solution: Sodium 
Hydroxide-Sodium Gluconate 

! Organic: di(2-ethylhexyl) 
phosphoric acid with 
tributyl phosphate modi
fier & normal parraffin 

: hydr~carbon diluent 
: Nitric Acid 

lA Column: Aqueous Waste 
Stream bearing Metallic 
Impurities, Some Fission 
Products and Radioactive 
Inert Salts 

Miscellaneous ; TK-9-1 Waste Collection TK-10-1: Cell Drainage 
Tank 

I 

j TK-22-1 Condensate Receiving ' Vessel Vent One Condensate 
! Tank 

TK-35-2 

1 TK-39-1 
I 

' ! 
I 

Cask Waste Stream 
Receiving Tank 

Low-Level Waste 
Receiving Tank 

! BCP Tank ! B Pl ant Process 
Condensate 
Receiving Tank 

BCS Tank 8 Plant Steam 
Receiving Tank 

6-70 

I 
I 212-B Cask Ce 11 and VV Two 

Booster Jet 

! Encapsulation and Cell 38 
· Low-Level Waste 

Recycled BCP via 221-88, 
221-BF vessel, or 
216-8-64 Basin 

Recycled BCS via 221-88 
221-BF vessel, or 
216-8-64 Basin 
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6.7.2.1 Concentration of Low-Level Liquid Waste (Table 6-11). The contents 
of TK-24-1 are neutralized with 19M caustic to a pH of >9.5 and pumped to 
the concentrator (E-23-3) at a rate of 30 to 44 gal/min. 

The concentrator (E-23-3) is a single-pass shell-tube heat exchanger 
with liquid waste on the tube side and saturated steam, following counter
currently, on the shell side. Heat is supplied by the 30 psig steam to 
raise the temperature of the liquid waste feed from its initial condition to 
the boiling temperature. This provides the minimum thermodynamic energy to 
separate water and other volatile compounds from the feed.· Most of the 
ammonium in the liquid waste is evaporated before water because of its 
higher partial pressure over basic solutions and the relative ease of decom
position of the ammonium salts present in the solution. The concentrator 
operates at a boiling specific gravity of 1.03 to 1.20 and reduces the feed 
·volume by a factor of 10 to 20. 

During steady-state operation, waste continuously overflows from the 
oncentrator (E-23-3) at varying flow rates until a maximum .of 2042 gal are 

Gollected in the low-level waste receiver tank (TK-23-1). The high-level 
liquid waste is cooled to a temperature below 60°C before being transferred 

-en route to the high-level waste receiver and neutralizer tanks (T~-25-2 via 
TK-ZS-1). When both these tanks are full, the contents are adjusted to a 

~pH !12 with a 19~ caustic (if necessary), sampled and transferred _to an 

I 
nderground storage tank in the tank farm for eventual solidification. A 

water flush is accomplished by pumping 2,220 ! 100 gal of water from the 

r 
~wash tank (TK-26-3) to the low-level waste receiver and neutralizer tank 

(TK-25-1) just before reaching minimum heel in order to prevent plugging of 
the line due to the presence of solids in the waste. 

The concentrator (E-23-3) overheads, containing most of the ammonia 
_present in the ion exchange and Cell 38 waste, pass through the 

de-entrainment vessel (0-23-2) and the condenser (E-23-4). The condensate 
. :s routed via 221-88 weir vessel to SCP holding vessels (A or B) and sampled 

prior to discharge to the 21~-B-62 Crib for disposal depending upon the con-
entration level of the contamination. If the total beta concentration is 

>40 ~Ci/gal (2,000 cpm) or 90sr >12 ~Ci/gal, the waste is recycled to the 
low-level waste collector tank (TK-24-1) for rework to the concentrator. 
The steam condensate and water from the concentrator tube bundles are 
drained to the BCS tank in 221-88 building where it overflows a weir within 
the tank, it is sampled and disposed of to the 216-8-55 Crib. 

6.7.2.2 High Ammonia Containinq Waste Handling. 
tion in the high-level waste exceeds 0.01~, prior 
Process Engineering (TFPE) is required. The TFPE 
Operations of the impending transfers. 

If the ammonia concentra
approval from Tank Farm 
in turn notifies Tank Farm 

When treating waste containing high concentrations of ammonia, a batch
wise process operation in the concentrator (E-23-3) is undertaken. The 
batch mode has been tested and determined to be more efficient in ammonia 
removal than the continuous mode (normal process) due to the longer resi
dence time provided by the process and better mixing in the concentrator. 
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TABLE 6-11. Operating Conditions for Low-Level Waste Concentration. 

VacUlnn Steam NaOII add1t ion Agitator SpG pH Temp.(°C) (in H20) pressure rate (lb/min) Wf (psig) 

--- --- 40-60 --- --- --- ---
1.18- 9.5 112 + 20 Typica 1 Range 10-30 --- ---
1.20 0.5-10 (Startup 

5, Equilibrium 
2) 

--- --- --- --- --- --- ---

--- 9.5 --- --- --- 50-75 (19!1) 18 

--- 9.5 60 --- --- (19M) ---

Coo 1 ing 
water rate 

(gpm) 

---

---

600 + 50 

---

--- ; I 
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The following process sequence is applied when processing high ammonia 
feeds: 

• The waste containing high concentrations of ammonia is transferred 
from TK-21-1 to TK-24-1 as specified by B Plant Process Control 
Group 

• Tank (TK-24-1) is adjusted to a pH ~9.5 as feed preparation for 
the concentrator 

• Keeping a constant vacuum, the concentrator is started and operate 
until the specific gravity reaches 1.2 

• The concentrator is shut down, cooled, and emptied to TK-25-1 via 
TK-23-1. 

The above steps are repeated for the next batch. 
lt) 

r,,-;-6.7.2.3 Safety Consideration and Off-Normal Condition (Table 6-12). 

6.7.2.3.1 Operational Hazards. The potential far pressurization is 
acute when starting steam to a concentrator containing solution at tempera-

"' ~ures above 70°C. If the steam is supplied too rapidly, the noncondensible 
off-gas rate from the concentrator and the condenser will exceed the capa
city of the vessel vent system and thus, to preclude pressurization, the 
steam supply is regulated . at 10-30 psig and the feed rate is limited to 
30-40 gal/min. • 

The low-level waste receiver tank (TK-23-1) is vented by the ammonia 
~bearing Vessel Vent Two System but also serves as the condensate receiver 

_ tank for the non-ammonia bearing Vessel Vent One System. Ammonia contamina
tion of the Vessel Vent One System, which results in a high solids accumula-

. tian rate on the vent system filters, can occur if the liquid level in low
level waste receiver tank (TK-23-1) is permitted ta drop below 125 gal 
(10 in.). A heel of at least 10 in. is therefore maintained ta prevent a 
direct connection between the two Vessel Vent Systems. 

The low-level waste receiver tank (TK-23-1) and low-level waste collec
tor and neutralizer tank (TK-24-1) agitators can be severely damaged if run 
when the volume is cl25 gal (10 WF) and 1,745 gal (10 WF), respectively. 
Allowing the liquid level ta drop below 10 WF with continued agitator opera
tion can result in the distortion of the agitator shaft. Ta preclude the 
event, an electrically operated motor control center automatically shuts 
dawn the agitator upon a level decrease ta 10 WF. Administrative controls 
are maintained, identifying the minimum volume for agitator operation. 

6.7.2.3.2 Chemical Hazards. All wastes in the low-level waste collec
tor and neutralizer tank (TK-24-1) must be adjusted ta a pH of ~9.5 and a pH 
~12 in tanks TK-25-1 ar.d TK-25-2 before concentrating and shipping to under
ground storage ta maintain the integrity of underground transfer lines and 
storage tanks. 
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TABLE 6-12. Off-Normal Conditions--Waste Concentrator. 

Off-normal condition 

1. Pressurization in 
E-23-3 concentrator 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Low vacuum on E-23-3 or 
unable to get boiloffs 

Instability of diff-
erential pressure on 
de-entrainer 
High activity in BCP 
samples 
Low different 1a l 
pressure in Cell 23 
Unable to jet contents 
of TK-23-1 to TK-25-2 
fluctuation of specific 
gravity chart. 

Weight factor increase 
in E-23- 3 

Potential cause 

1. Steam supply rate too 
high 

2. Chemical addition rate 
greater than 50 lb/min 

3. feed flow rate too high . 
4. Possible solids buildup 

in tube bundles 
Vapor line pluggage 

Foaming of the concentrator 

Cesium buildup in E-23-3 
Concentrator 
Low vacuum in Cell 23 

Pluggage of jet due to solids 
buildup 
High specific gravity contri
tributed to: 
1. Solids buildup 
2. Pluggage of dip tubes 
Pluggage of overflow nozzle 
from E-23- 3 to TK-23-1 

Suggested corrective action 

1. Reduce rate of steam supply to 
tube bundle(s). If necessary, shut off 
restart the steam supply 

2. Reduce rate of chemical addition 

3. Adjust rate of feed from 
TK-24-1 

4. Shut down concentrator operation, 
and flush with water or nitric acid 

Flush vapor line from E-23-3 to 
Cell 21 1 Nozzle 213 1n Cell 23, 
Nozzle 202 in Cell 21 
1. Add water through de-entrainer 

sprays 

Empty out and flush the concentra
tor with water 
Shut down Cell 21 booster jet for 
l to 2 h, then restart 
1. Back flush TK-23-1 to TK-25-2 

jet 

1. Reduce steam addition rate 
2. Increase feed flow rate 
1. Add water through top of con

centrator to dilute feed and 
force top overflow 

2. Operate steam jet from E-23-3 to TK-23- 1 
to lower oper~ting volume 
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The mixing of acid with basic solutions, as done during the pH adjust
ment steps in tanks TK-24-1, TK-25-1, and TK-25-2, is an exothermic reac
tion. The chemical addition rate is manually maintained low enough {SO to 
75 lb/min) to maintain a negative pressure and a temperature below 60°C in 
the tank. 

Adding chemicals to the concentrator from the scale tanks in the 
operating gallery can result in contamination of the operating gallery if 
the concentrator is allowed ta pressurize for an extended length of time 
with an empty seal pat in the chemical addition line. 

6.7.2.3.3 Entrainment. Longer residence time and thorough circulation 
in the concentrator can cause more cesium or strontium to go into the SCP 
via entrainment and is of concern at startup when rapid steam supply to the 
vessel can cause the concentrator to pressurize • 

......_ 6.7.2.3.4 Water and Acid Flushes of Cells 23, 24. and 25 Vessels. 
Water flushes are required quarterly for cleanout of concentrator (E-23-3) 

• or when the SCP samples show increased activity. Periodical flushes of low
level waste collector and neutralizer tank (TK-24-1) can prevent solids 

- buildup. Nitric acid flushing provides simultaneous cleanout of Cells 23, 
,...24, and 25 vessels or dissolution of solids wrrich cause the plugging in 

WF-SpG dip tubes and the sample and pH meter systems. 
0--

6.7.2.3.5 8 Plant Ammonia Handling. The ammonia feed ta the concen-
r trator comes from various cesium purification processes which use ammonia as 

a raw material in eluent makeups. The reaction of ammonia vapor with nitric 
~acid generates ammonium nitrate solids which can dep~sit in the vessel 

.r--. Yentilatian system. The deposition can cause constriction in the vessel 
~ ventilation piping, reduce the favorable differential pressure required in 

he ventilation system and cause filter problems. Therefore, the removal of 
ammonia is another ·reason far operating the concentrator • 

• 7.3 Process Condensate (SCP) (Fig. 6-13, 6-14) 

The process condensate from the 8 Plant Cell 23 low-level waste con
centrator exits 221-8 to the 221-88 Building condensate pit SCP weir tank. 

The overflow from the weir tank flews to 221-BF facility into two 
alternately filling 13,000 gal holding tanks. As one tank is filling, the 
other tank is being sampled and pumped to the 216-8-62 Crib. All pumping 
and switching operations are controlled from the panel board at 221-8 oper
ating gallery, Cell 23. In event of holding tank sample results above 
release limits, the capability exists for recycle to the 8 Plant high-level 
waste disposal system. 

The process condensate volumetric discharge is recorded on a batch dis
charge basis via the calibration/conversion from monitored tank weight fac
tor recorded on a strip chart in the operating gallery of 221-8 at Cell 23. 
Discharge volume is also measured by dip tubes positioned above the inclined 
weir in the effluent stream, in the 221-88 Building. 
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6.7.3.1 Safety Consideration and Control. 

6.7.3.1.1 Sampling. Two 100 ml samples are drawn from each full 
(~11,000 gal) holding tank after agitation and routed to the 222-S analyti
cal lab. One sample is composited for monthly analysis {discharge inventory 
sample) and the other is immediately processed. A third 100 ml sample is 
used to determine the discharge of nonradiological hazardous chemicals. The 
analytical turnaround time is intended to avert discharge of second 
(filling) tank in event of anomalous levels in the preceding tankfull. Grab 
sampling capability also exists at the 221-88 weir tank but is not routinely 
used. 

6.7.3.1.2 Monitoring. There is an area monitor with emergency support 
power in the 221-88 (condensate) pit which registers gamma radiation 
resulting from a gross upset. The area monitor alarms locally and in the 
dispatcher's office where this monitor is registered on a strip chart 
record. 

The 8CP monitoring system consists of two distinct detectors 
[LaNaI(TL)] gannna and a NE-102 organic beta scintillation crystals ] coupled 
to a photomultiplier tube. Each of these assemblies is mounted vertically 
on a 0.25-in.-thick piece of lucite which separates them from the waste 
stream; they are shielded by lead to reduce background interference. 

6.7.3.1.3 Diversion/Retention Capability. The 8CP stream includes two 
13,000 gal . hold-up tanks for sampling prior to discharge and/or recycle 
capability from the 221-8F tanks to tank (TK-24-1), a 12,000 gal feed tank 
for the waste concentrator. The auto-recycle pump can be switched from the· 
Dispatcher's Office to recycle 221-88 to tank TK-24-1. Indication is also 
registered in 221-88. The BCP can be routed to tank TK-24-1 by controls on 
the Cell 23 panel. 

6.7.4 Steam Condensate (BCS) (Fig. 6-14) 

The B Plant steam condensate from all process contacted coils and tube 
bundles exits 221-8 to a weir tank located in 221-88. A portion of the weir 
tank volume is continuously withdrawn and monitored by a gamma sensitive 
probe. Grab samples are also drawn from this monitored portion of the 
stream and the tank is subject to an area radiation monitor in the 
221-88 Pit. The stream exits 221-88 continuously to 216-8-55 Crib. Manual 
diversion is possible to 216-8-64 retention basin. 216-8-64 has installed 
pumpback capability to 221-B Building. 

6.7.4.1 Safety Consideration and Control. 

6.7.4.1.1 Flow Measurement. BCS discharge volume is measured by a 
magnetic flowmeter electronically coupled to the totalizer on the panel 
board at Cell 23 in the operating gallery. Flow rate is of the order of 
30 gal/min depending on the process conditions. 
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6.7.4.1.2 Monitoring (H-2-36161). The monitoring system consists of 
two distinct detectors [a NaI(TL) gamma and a NE-102 beta scintillation 
crystals} coupled to photomultiplier tubes. Each of these assemblies is 
mounted vertically on a 0.25-in.-thick piece of plastic to separate them 
from the waste stream; lead shielding reduces the background radiation. 
The area monitor alarms locally and in the dispatcher's office where this 
reading is registered on a strip chart record. 

6.7.4.1.3 Sampling. Steam condensate is presently sampled on a shift 
basis in 221-88 Building by withdrawing two 100 ml samples from a valve in 
the off-line monitor system. The grab samples are field surveyed with a 
G.M. and sent to the lab where one is analyzed on a rapid turnaround basis 
for total beta. The remaining sample is held by the lab until discharge 
volumes are provided by 8 Plant process engineering. When discharge volumes 
are obtained, volume proportional aliquots are composited from the shiftly 

_grab samples to generate the monthly inventory composite for analysis. 

6.7.4.l.4 Division/Retention Cacabilities. The effluent stream can be 
manually diverted to tank TK-24-l in the 221-8B Building via the 114 header 

-or through the SCP tank. Piping and valving exist for diversion to the 
216-8-64 retention basin. ..... . . 

• "'s.7.5 Solid Precess Wastes 

Solid process wastes can basically be grouped in two categories~ canyon 
wastes and out-of-canyon wastes • 
. 

• 6.7.5.1 High-Dose-Rate Canyon Wastes. This waste stream consists of wastes 
generated in the canyon area (see Section 3.2). Most of this waste consists 
of failed equipment such as jumpers, pumps, agitators, etc., and includes 

. 55 gal drums of waste from 225-8 (WESF). These wastes are packaged in con
crete burial containers and disposed of in the 200 East Area burial trench. 
ther canyon wastes such as plastics, paper, SWP clothing, etc., are 

packaged in burial boxes and also disposed of in the burial trench. 

6.7.5.2 Low-Dose-Rate Out-Of-Canyon Waste. The waste stream is comprised 
of wastes generated outside of the canyon, in areas such as the galleries 
(see Section 3.3), stacks, effluent treatment buildings, and the 212-8 Cask 
loadout building. This stream consists mostly of wastes from decontamina
tion activities, such as rags, plastic, rubber boots, etc. The wastes are 
packaged in large standard cardboard cartons or 55-gal drums and disposed of 
in the 200 East Area mixed fission product (MFP) trench. 

6.7 .6 BCE - Chemical Sewer System (Ref. 6-46, 6-47, 6-48) 

The 8 Plant/WESF chemical sewer system collects each month between 
4. 7 x 106 and 9.0 x 106 gal of effluent ranging in pH from 5 to 11 of 
chemical wastes, water, and steam condensate effluents discharged from 
buildings in the 8 Plant area (Table 6-13). For the period from 
November 1981 to September 1982, the average f 1 owrate •,1as .J'2 mi 11 ion ga 1 µer 
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month within a pH range of 6.7 to 10.7, and an average beta concentration 
for the period was 8.65 x 10-4 µCi/gal. The streams contr i buting to the 
chemical sewer (BCE) and the chemicals contained in the flow are listed in 
Table 6-13, and these streams are discharged through the main 15-in. vitri
fied clay pipe that extends north of 221-B Building to the 216-8-63 ditch, 
located northeast of B Plant and initiating about 1,200 ft east of Baltimore 
Avenue. 

The existing chemical sewer system consists of 6-, 10-, 12-, and 15-in. 
vitrified clay pipelines. Flowrates are measured by a float-activated flow
rate indicator and totalizer at the end of the pipe before entering the 
ditch. 

At manhole #14, the 15-in. clay pipe separates into two 12-in., one 
4-in., and one 8-in. vitrified clay headers (Fig. 6-15). The 4-in. header 
collects effluents from the ammonia storage tank and the 8-in. header 
collects effluents from the 211-B Tank Farm area and 217-B demineralized 
water unit. One of the 12-in. headers, connected to manhole #11 and located 
east of 271-B, receives effluents from a 10-in. clay header that runs 
between 221-B and the horizontal storage tanks in 211-B Tank Farm. 
Effluents from the tank car unloading station floor drain into this 12-in. 
header. The 10-in. header collects effluents from the sodium hydroxide 
storage area pump basin drain, the sodium hydroxide storage tanks cooling 
water, steam condensate from the Heating Ventilation Air Conditioning (HVAC) 
units in each of the stairwells of 221-8 (east side} and from the 221-8 
electrical gallery drain header discharge. The second 12-in. header extends 
from manhole #14 to manhole #10. At manhole #10 it receives cooling water 
from the air compressors located in the basement of 271-8 and effluents from 
the floor drains and condensate tanks in 271-8. 

A 12-in. clay pipe connects manhole ¥9 and #10. Manhole #9 receives 
effluents from a 10-in. clay header that runs alongside 221-8. This header 
turns south at 225-8 and then east at about 150 ft from 225-B, finally 
terminating 100 ft east of 222-B. This header collects effluents from the 
221-8 ventilation units in each of the stairwells, chemical wastes from 
212-8 Cask Station and steam condensate from the steam lines in the 
221-8 galleries. Effluents from 225-8 are diverted to the header through a 
2-in. drain pipe located north of the building. This header also receives 
cooling water and steam condensate from the 225-8 ventilation system and 
steam condensate from 225-BC compressor room. South of 225-8, the header 
collects water from the 4-in. yard drains located by TK-100 catch tank. The 
2902-8 water tank overflows to this header through a 6-in. pipe connected at 
manhole #4. Water and steam condensate from the ventilation systems in 
Buildings 224-8 and -222-3 are diverted to this header which also collects 
rain water from a street drain located north of 224-8. 

6.7.6.1 Safety Consideration and Control. Unplanned releases of radioac
tive solutions through the chemical sewer system have occurred. A survey of 
the chemical sewer system manholes conducted on November 21, 1980, showed 
300 cpm/100 cm2 removable beta gamma and no detectable direct radiation 
(Ref. 6-47). Corrosion and erosion have caused the pipelines to deteriorate 
with time such that extreme leakage occurs and tests performed indicate that 
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TABLE 6-13. Contributing Streams and Chemical Solutions Drained to 
B Plant Chemical Sewer (6-45, 6-46). 

- .. --- --- -

Strea11 Flowrdle range Te11perature . Che• lcal solutions drained lo the che• lcal (gallons per ddy) ( •F) 

221 -B Pipe, Operating Gallery Drains 0-1.000 under 100 Nitric acid 

221-B Electrical Gallery Sumps 0-20 under 100 Su lfur1c ac Id 

221-B P, 0 Gallery Stea11 Condensate 1,000-2 ,000 212 Sodlu• hydroxide 

271 -8 AMU floor Drains 0-1,000 under 100 Anhydrous aawonla 

221-B Scale Tanks 0-500 under ·100 . Amlllonlu• carbonate 

under 100 Sodlu• citrate 

!.ewer 

V1 
0 
I 

§ 
m I 
I V1 

221-8/271 -B IIVAC 0-50,000 

c.o • ...... ;o 
271-B Coa1pressor Rooa 5,000-15,000 under 100 Sodlua carbonate 

211 -8 Area 0-76,000 

217-8 Floor Drains 1,000 - 5,000 

276-8 Floor Drains 0-1,000 

225-8 AMU 0-500 

225-8C Comprei;sor 8u11Jlng 500-5,000 

2902 -6 Water Tdnk 68,000 

224-6 Ventilation System 0-500 

222 -8 Ventilation System 0-500 

under 100 

under 100 

under 100 

under 100 

under 100 

under 100 

under 100 

under 100 

EDTA - ethylenedta• lnetraacettc acid 

IIEDTA - hydroxyelhylened la• lnetetraacettc acid 

02EHPA - dlelhylenetrla• lnepentaacetlc aclJ 

I 
0 ..... 
w 
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~ approximately half the liquid entering the sewer is lost by leakage in the 
vicinity of the B Plant facilities. Review of the chemicals normally dis
charged to the system indicates that hazardous chemicals may be encountered 
in manholes. A fiberglass liner has recently been inserted into the 
chemical sewer pipeline to prevent any future leakage. 

6.7.6.1.1 Diversion Caoability. Chemical wastes and other effluents 
from 221-8 facilities are discharged into a 6-in. stainless-steel header 
that traverses the electrical gallery. At the east end of- the header is 
located a three-way, motor-operated valve which rotates 90° between two 
positions: 11 0PEN 11 and "CLOSE". The valve is normally operated in the 
"CLOSE" position for liquids to be routed to the 216-8-63 ditch via the 
chemical sewer. 

A gamma monitor outside the 6-in. header, located 5 ft upstream from 
the valve, measures the radioactivity level in the line. If the monitor 
probe measures more than 2 mR/h, the valve automatically switches to the 

l.O "OPEN" position and diverts the flow to TK-10-1 to be recycled with the 
-normal process waste streams within the 8 Plant canyon. No special process 
or radiation monitoring is required to accomplish recycling operations. The 
motorized valve can be activated from the dispatcher's office for diversion 
of the effluent stream. 

The chemical sewer stream can be sampled via a time proportional samp-

~ 
ler in the 2904-EA sample shack or by grab sampling at the 216-8-63 ditch. 
The sampling capability in the 2904-EA sample building will not be used in 
the future. Instead, a sampler will be installed at the flow measurement 

• weir. This location will permit flow proportional sampling with concurrent 
~edification to the flow integrator. Flow measurement will be provided by 
the existing weir (Ref. 6-46). 

6.7.6.1.2 Sampling. Five samples are taken, one for monthly composite 
- nalysis (1 l), one for pH and total beta (TB) concentration (250 ml), two 

for nonradiological analysis (250 ml each), and one for the NaI counter 
0'( 100 ml). The NaI survey instrument will detect cesium contamination (<6 x 

10-6 ~Ci/ml 137cs), and thus provides an early detection of unplanned 
releases. For this reason, the 100 ml sample is surveyed on the instrument ... 
within 1/2 h after being taken. Portable survey instrument readings taken 
of the samples are reported to the dispatcher: 

If the proportional sampler is not working, samples are taken at the 
216-8-63 ditch by grab sampling. Five samples are taken by this method and 
labeled as before. A flow totalizer is located in front of the ditch. The 
totalizer reading. is recorded every Monday and the total volume of effluents 
is computed for each week. Totalizer readings are reported to the B Plant 
dispatcher and recorded in the log book. 

6.7.7 Cooling Water (Ref. 6-50) 

Cooling water, used as a heat-transfer fluid in the cooling coils of 
tanks and vesseis containing radioactive solutions, is supplied by 10-in. 
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headers at 100 psig from both the east and the west ends of the 
221-8 Building. Cooling water to the individual cell equipment or vessels 
is supplied through 2-in. or 3-in. lines with orifices and control valves to 
reduce and adjust the flowrates. The cooling water from the ce l ls is dis
charged to either a 24-in. or 15-in. header (Fig. 6-16). 

The 24-in. cast iron sewer line, laid 2 ft from the 
10 and 18 ft below grade (1% slope) at the west and east 
respectively, extends the entire length of the building. 
by the condensers (E-20-3, E-22-4, E-23-4, E-35-2), BC3, 
condensate, 212-B Cask Station and all the cooling water 
225-8. 

south wall, and 
end of the building 
This header is fed 

vessel vent #2 jet 
discharged from 

The discharge of cooling water from discrete groups of cells is com
bined into five individual headers that merge into a 14-in. Schedule 40 pipe 
along with the sixth header from Cell 5. This 14-in. header extends east
ward to combine with the 15-in. vitrified clay {VC) pipe running north and 
south at the east end of 271-8 canyon. Just north of the 15-in. diverter 
station, cooling water from the 15-in. sewer empties into the 24-in. line, 
which continues northward to the 207-6 retention ponds where the effluent is 
collected and sampled alternately in one of the two 5.65 x 105 gal basins. 
The collected effluent is then discharged from the east side of 207-8 to the 
216-8-2-3 ditch continuing eastward to the 216-8-3 pond located east cf and 
outside the 200 East Area fenceline. 

• flow Requirements 

Based upon the premise that potential for contamination is 
directly proportional to the cooling water discharged to the Gable 
Mountain and the B Plant pond, a study was conducted (Ref. 6-51) 
to establish minimum cooling water requirements at B Plant to 
promote conservation of cooling water. The study concluded that a 
heat load up to 2 x 106 Btu/hr can be cooled efficiently at flow 
rates of 15 gal/min through the coils. Estimated normal flow 
rates through the 15-in. discharge header from the tank coils is 
600 gal/min and 1,605 gal/min through the 24-in. header from the 
condensers (E-20-3, E-22-4, E-23-4, BCS). 

6.7.7.1 Safety Consideration and Off-Normal Conditions. Monitors are 
installed in the system to detect release of radioactivity and signals are 
transmitted to the .dispatcher's office in 271-B. In the event of an emer
gency, an automatic diversion system is available for use. Valved crossover 
lines from the 6-in. subheader to the 24-in. sewer permit continued opera
tion of selected coils. 

6.7.7.1.1 Monitors. The 221-B detectors are sodium-iodide crystal and 
photomultiplier tube for monitoring gamma radiation only. They are main
tained at maximum sensitivity to detect leaks rather than quantify them. 
The detector for the 24-in. and 15-in. lines is lowered through a ver.tical 
vitrified clay standpipe and suspended in a pool of water created by a dam 
installed to res~rict flow. Signals from the monitor are transmitted to the 
dispatcher 1 s office where a radiation meter, stripchart, and audible alarm 
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are located. The linear ratemeter, with a range of Oto 10,000 cps, is at ~ 
0 to 50, 0 to 500, or Oto 1,000 cps range with the high alarm setpoint at ~ 
80% of the scale. 

• Three-Inch Monitor Risers 

In the event of suspected high activity in the cooling subheader 
system, additional 3-in. test risers are located above each 
(except Cell 10) of the cell ' s 4-in. cooling water exit lines. 
These risers have no in-place monitors but stand ~2 ft above grade 
and run directly underground, providing access for radiation 
surveys via portable instrumentation (GM probes). 

6.7.7.1.2 Calibration. Every alternate Wednesday, a response check of 
the monitors is performed and on a quarterly basis they are pul led and cali
brated with a dry source. 

6.7.7.1.3 Sampling and Analysis. Two 100-ml bottled samples from each 
pond, one for the control sample and the other for a monthly composite, are 
obtained prior to discharge to the 216-8-2-3 ditch. 

For each 10-batch composite of the control sample, pH and TB analyses 
are performed on a routine basis. For the monthly composites collected 
throughout the month, the data is considered as our record inventory and is 
reportable to the U.S. Department of Energy. The analyses include pH, TB, 
total alpha (TA), uranium, 90sr, Gamma Energy Analysis (GEA - primarily 
137cs) and tritium. 

The two samples delivered to the 222-S Laboratory, the routine control 
sample and the composite sample, are handled by two different groups. The 
shift support personnel are responsible for the control sample, whi Je the 
environmental laboratory personnel perform the analysis of the monthly com
pas ite sample • 

6.7.7.l.4 Inadvertent Re l ease of Hiqh Radioactivity. In the event of 
detection of high activity in the 15-in. header, that stream is automatic
ally diverted to the 216-8-59 emergency retention bladder. In the event of 
high activity (greater than allowable for surface disposal) detected in the 
24-in. line, the stream can be manually diverted at the 207-8 Basin from the 
normal 216-8-2-3 ditch to the emergency backup ditch 216-8-63 which is nor
mally used for disposal of B Plant chemical sewer waste - BCE. 

6.8 GENERAL SAFETY CONSIDERATIONS AND CONTROL 

6.8.1 Hydrogen Formation (Ref. 6-53) 

The net rate of decomposition of water under ~he influence or 1on1z1ng 
radiation depends markedly on the nature and concentration of the solutes 
and impurities. Radical scavengers can decrease the concentration of hydro
gen and hydroxyl ions and effectively inhibit the recombination reactions. 
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Other ions such as Fe++, cu++, and ce+4 in acid solution are also efficient 
radical scavengers. 

The lower flammability limits of hydrogen in dry air are 4.1% for 
upward, 6¾ for horizontal, and 9% for downward propagation. In general, the 
quantity of hydrogen burned increases as the concentration of hydrogen 
increases above 4%. About 50% of the hydrogen will burn in a 5.6% mixture, 
and substantially all of the hydrogen is consumed in a 10% mixture. 

The upper flammability limit for hydrogen-air mixtures may be taken as 
74%. Flammability limits widen as the temperature of the unburned gas is 
increased. Increasing the pressure tends to narrow flammability limits; the 
effect is small. Mixtures well within flammability limits ignite with an 
exceedingly small input of energy. Common sources of ignition are sparks 
from electrical equipment or sparks caused by the discharge of small accumu
lations of static electrical charges. The ability of hydrogen to diffuse 

o,. into the flame more rapidly than other gases helps maintain the necessary 
concentration for flame propagation despite the fact that the spontaneous 

·· ignition temperature of a hydrogen-air mixture is 585°C and the 
4.1% hydrogen-air mixture has a flame temperature below this. 

"'' Hydrogen concentration in the vessel void area is controlled to 
<2% volume by the addition of dilution air either into the top of the vessel 
or from below the surface of the liquid. The dilution air effectively 
flushes the hydrogen from the vessel and into the vessel vent system. 
Tables 6-14 and 6-15 define the applicable dilution air rates for B Plant 
vessels. The possible consequences of hydrogen explosions are discussed in 
detail in Chapter 9. 

6.8.1.1 Hydroaen Yields in Aqueous Sodium Nitrate Solute by Co-60 Gamma-Ray 
Radiation. As described in the reference documents, nitrate ion at 
1.0~ g-mol/L of water results in a nominal 3-fold reduction in hydrogen 
generation. 

6.8.1.2 Heat Generation in Vessels and Tanks. Generation of heat by 
nuclides (90sr = 23.2 Btu/h KCi, 1 37cs = 6.4 Btu/h KCi) present in the 
solution is dissipated by water circulated through the cooling coils. 
Failures of cooling coils have been attributed either to the faulty design 
and fabrication of the coils or mechanical failure at the point, where the 
coil supports are attached to the flange (Ref. 6-34). The consequences of 
the loss of cooling coils have been evaluated (Ref. 6-49) and are further 
elaborated in Chapter 9. 

Figure 6-17 illustrates the impact on some of the parameters affect i ng 
the time period required to respond to an inadvertent loss o~ cooling water 
event. Mechanistic assumptions were made to account for variations in 
sodium (Na/Cs mo1ar ratio - 2,000 to 0.15, Na/Sr molar ratio 10:1), spec i fic 
gravity and initial temperature. Heat absorbed by tank and heat lost by 
radiation and convection (~to to 15%) have not been accounted for to provide 
a conservative analysis. 
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TABLE 6-14. Vessel Dilution Air Rates for 
Vessels Where Air is Introduced 

Below the Solution Level. 

Fission Minimum SCF of air/h KCi 
product >0. lM nitrate <0.lM nitr ate 

89sr 0.007 0.021 
90sr 0.014 0.042 
95zr 0.010 0.030 
95Nb 0.010 0.030 
103Ru 0.007 0.021 
l06Ru 0.020 0.060 
14lce 0.003 0.009 
144ce 0.017 0.051 
9ly 0.007 0. 02 1 
137cs 0.010 0.030 
147pm 0.008 0.024 

TABLE 6-15. Vessel Dilution Air Rates for 
Vessels Where Air is Introduced Above 

the Solution Level. 

Distance from air Minimum air purge nozzle exit* flow (SCFM) to liquid surface (ft) 

3 1.0 
4 1.0 

5 1.5 
6 1.5 
7 1.75 
8 1.75 
9 2.0 

10 2.0 
11 2.25 
12 2.25 
13 2.5 
14 2.5 
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Recently, using the computer code (HEATING-V), a heat transfer analysis 
of tanks and centrifuge (Ref. 6-29) has been performed. Tank TK-7-1, aves
sel with a capacity of 5,000 gal, was evaluated with a 19 MCi of strontium
nitrate solution. Boiling occurred at 18 h from the initial loss of cooling 
and the contents did not dry up until 5 d later. The centrifuge was ana
lyzed with 20 gal of ruthenium, plutonium, americium, neptunium, uranium, 
cerium, and strontium-nitrates. The peak waste temperatures reached 76°F 
and 80°F for the solids on the side and the bottom, respectively, after 8 h. 

6.8.1.3 Radiolysis of Citric Acid Solutions (Ref. 6-57). The radiolysis of 
citric acid (H3Cit) in strontium solutions proceeds slowly over a period of 
days at megarad/h dose rates, and undesirable by-products can be eliminated 
by proper adjustment of the hydrogen ion concentration. 

Synthetic strontium product solutions with varying concentrations of 
citric acid, nitric acid, and strontium nitrate were irradiated by a 60co 
source. An average of 7.00 mol of hydrogen ion were destroyed for every 
mole of citric acid destroyed. Reaction rates were on the order of 10-3~/h 
at dose rates of 2.66 x 106 rads/h. The average G value for the radiolytic 
destruction of citric acid is 0.80 mol/100 eV. 

Formation of dark-brown radiolysis products takes place when the ratio 
of hydrogen ion concentration to citric acid concentration is <4:1. When 
this ratio is c3:l, precipitation of solids takes place. Solids formed by 
solutions ·low in hydrogen ion concentration were found to contain an average 
of 44.0% Sr and, in some ca~s, accounted for all the strontium originally 
present in solution. 

The radiolysis of nitric acid in the presence of citric acid was more 
when compared with the radiolysis of nitric acid alone. 

6.8.2 Ammonia Safety (Ref. 6-58, 6-59, 6-60, 6-61) 

Ammonia and/or its compounds are used in the recovery of cesium and 
consequently found in the waste concentration system. The eluent, ammonium 
carbonate used in the ion-exchange process, is formed according to the 
following stoichiometric reversible reactions: 
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A certain amount of ammonia vapor will exist in equilibrium with the 
hydroxide and the carbonate solution of ammonia. Increasing the tempera
ture, or at a fixed temperature increasing the ammonium ion concentration or 
the NH4;co3 mole ratio, will cause the ammonia concentration to increase. 

At atmospheric pressure, the flammability range of ammonia in dry air 
is 15 and 28% for upward propagation of the flame, but these limits tend to 
narrow as the water vapor is increased, until at 10.8% H20 and 20.8% NH3 
flames cannot survive. With dry oxygen-ammonia mixture, the lower limit is 
15.2% NH3. At 10 atm, the explosive limits are 16.8 and 28% and these 
limits are narrowed with the addition of water vapor until above 9% H20 and 
19.8% NH3, no explosion will occur. The vapor phase above 3~ (NH4)2C03 -
2~ NH40H eluent solution is flammable in the temperature range of 39 to 
49°C, based on empirically determined partial pressures of carbon dioxide, 
ammonia, water, and flammability data of air - NH3 - Nz -HzO. 

r'> 6.8.2.1 Mitigative Features. All equipment exposed to ammonia environment 
is Class I, Division I, Group D location as defined in the National Elec
trical Code (Ref. 6-62). The ammonia concentration in the vessel vapor 
space is maintained below 10 vol%. All electrical equipment (except for 
thermohms) is deactivated in the event of a spill of more than 500 gal of 
ammonia solution or a leak in the addition line to the cesium eluent and 

• st9rage tank (TK-21-1). The ammonia line is purged of the ammonia vapor at 
an air flow rate of 3 cfm for at least 3 min but at a flowrate not to pres
surize the cesium eluent and storage tank (TK-21-1). 

The pressure relief valves on the anhydrous ammonia storage (TK-SN-172) 
~ and the pressure relief valve directly downstream from the heat exchanger 

vaporizer are set at 265 psig maximum and the relief valves (PV-172-3 and 
• PV-172-4) on the supply line to (MNB-173) and cesium eluent and makeup tank 

(TK-21-1) are set at 25 psig maximum (Ref. 6-62). Potential consequences of 
- ammonia explosions are discussed in detail in Chapter 9. 

6.8.3 Organic Solvent (Ref. 6-63 through 6-66) 

The organic solvent, 30% TBP in kerosene, is of limited flammability. 
TBP has a flash point of 295°F, Class III B flammability, and kerosene has a 
flash point of l00°F, Class II flammability. Low probability fire
initiating events may nevertheless occur and lead to combustible vapor for
mation which sustains burning over extended periods. 

6.8.3.l Heat of Combustion (Table 6-16). The net heats of combustion of 
the solvents were measured in an adiabatic bomb calorimeter. 

The pressure and temperature dependence of the heat of combustion is 
negligible. Mixtures of the solvents, TBP, 02EHPA, and NPH have a heat com
bustion that is an additive function of the individual heats of combustion. 
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Contacting these solvent mixtures with dilute aqueous nitric acid has a 
slight depressing effect on the heat of combustion per gram. In the mix
tures TSP/NPH (20/80 vol. ratio) and 0.3~ 02EHPA, 0.2~ TSP in NPH this 
depression is <2%, but would be expected to increase with increasing TSP 
content. 

6.8.3.2 Flash Points, Burning Rates, and Auto-Ignition Temperature 
(Ref. 6-63). Flash points for several process-grade solvents were deter
mined using a Marten closed cup flash point tester. The auto-ignition 
temperatures of some process-grade solvents and mixtures were determined and 
are tabulated in Table 6-17. Burning rates are given in Table 6-18. 

6.8.3.3 The Effect of Solvent Temoerature on Fire Development 
(Ref. 6-63, 6-64). It is possible for the temperature in this plant to rise 
above the planned temperatures because of a malfunction of control systems 
and operational error. Temperatures were selected that covered the range 
that might be expected and tests run of the fire development 
characteristics. 

A 4-in. layer of water was put on the floor of the 12 ft2 simulated 
cell and the water was heated to the set temperature. Then, the 5 gal of 
NPH solvent was ignited and the temperatures in the cell recorded. The 

~· results were recorded at several points in the cell where temperature ele
ments were placed. The burning rates in ml/min are shown in Table 6-18. 

The results show that a fire develops significantly faster when the 
solvent is at a high temperature. No tests were attempted at higher 
temperatures because of the danger of a flare up or explosion. 

. 
6.8.3.4 Red Oil Explosion (Ref. 6-63, 6-64). "Red Oil," a complex mixture 
of nitrated decomposition products of TSP and heavy-metal nitrate compounds 
such as uranium, plutonium, or thorium nitrates, with color varying from 
yellow-orange to red and a specific gravity range of 1.1 to 1.6, is produced 
by a chemical reaction between nitric acid, degraded TSP, and heavy-metal 
nitrates. Once found, the 11 red oi1 11 phase may be separated during further 
processing operations, and forms as a dense third phase in the aqueous and 
organic system. Red oil can explode upon heating in the presence of concen
trated nitric acid and/or heavy-metal nitrate systems at temperatures above 
135°C depending upon the applied pressure and chemical composit ion of the 
mixture. Violent reactions of TSP decomposition products and ni tric acid 
(no heavy metals present) have been produced in the laboratory at initial 
pressures of from 1 to 30 atm and temperatures >150°C. 

Laboratory studies attempts to produce red oil in boiling systems con
taining B Plant solvent and high concentrations of strontium nitrates, rare 
earth nitrates, and nitric acid have been unsuccessful. Addition of a small 
amount of uranyl nitrate (0.1~) and radiolytically degraded solvent (to <l x 
108R) did not yield red oil after more than 72 h of boiling under constant 
reflux. These conditions were considerably more stringent t han those nor
ma l ly expected in B Plant. 
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TABLE 6-16. Heat of Combustion. 

Solvent llH, Std. dev., 
cal/gram cal/gram 

NPH 10,512 22 
TSP 6,877 59 
D2EHPA 7,435 2 

TABLE 6-17. Flash Point and Ignition Temperatures. 

Solvent 

NPH 
10% TSP in NPH 
20% TSP in NPH* 
30% TSP in NPH 
40% TBP in NPH 
50% TSP in NPH 
TBP 
HDEHP 
B Plant lAX Stream 

(0.3M HDEHP, 
0.2M TBP: NPH} 

Flash point, °F 

156 
158 
161 
165 
167 
169 
275 
385 
167 

Ignition 
temperature, °C 

215 + 3 
222 + 5 
225 + 5 
233 + 5 
240 + 5 
245 + 5 
385 + 3 

*When 20% TBP in NPH was contacted for 2 h with 2~ HN03, the 
~• flash point of the resulting organic exceeded 230°F. At this point, 

the organic was smoking and had turned from yellow to bright green. 
No actual flash point could be determined. 

TABLE 6-18. Burning Rate of NPH. 

Initial solvent Burning rate, 
temperature, °C ml/min 

40 Flame not sustained 
45 0.8 
50 0.9 
60 1.1 
65 1.3 
70 1.5 
75 1.8 
80 1.9 
85 1.5 
90 1.7 
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The B Plant solvent consists of 0.2M TBP and a.3M D2EHPA in an NPH 
diluent. Small amounts of extracted uranium (up to a:002M) will be present 
in the solvent at some points in the process and nitric ac id solutions which 
have contacted this solvent will be thermally concentrated. 

Nevertheless, it may be possible under adverse plant conditions to form 
nitrated solvent (red oi l) so that a very slight probability exists of a red 
oil explosion in the concentrator (E-5-2). Another concentrator, (E-23-3), 
which can potentially contain solvent, is in B Plant; however, it is 
operated under alkaline conditions thus mitigating the possibility of red 
oil explosions. 

6.8.3.4.1 Mitigative Features. The explosive red oil reaction 
requires the presence of a significant amount of TBP and a temperature in 
excess of lS0°C in the absence of heavy metals. None of these conditions 
normally exist in the concentrator (E-5-2). The following safeguards are 
provided to prevent a red oil reaction: 

• The presence of appreciable organic in the concentrator (E-5-2) is 
rapidly indicated by abnormal concentrator operation (foaming, 
loss of vessel vacuum, reduced boil-off rate). As little as 1 gal 
of solvent should be detectable in the concentrator. 

, Continuous boil-off overhead of small organic inputs to the con
·centrator prevents an organic phase accumulation in the 
concentrator. 

, The temperature in the concentrator (E-5-2) is kept below that at 
which the red oil reaction can be initiated by limiting the steam 
pressure to <35 psig and the steam temperature to <135°C • 

• The quantity of solvent introduced to the concentrator is mini
mized. Feed which is pumped from tank TK-28-2 to the concentrator 
is decanted from the bottom of the unagitated tank. The residence 
time in the tank is sufficiently long that any readily separable 
solvent which entered the tank from the 18 Column would collect as 
a light phase on top of the aqueous phase. Instrumentation is 
installed in the tank to detect the- presence of an organic layer. 
Accumulated solvent may be removed from the tank as required. 

• Over 100 vessel-years of successful concentrator operation have 
been accumulated using similar preventive measures without a red 
oil explosion. 

6.8.4 Radioactive Contamination 

When solutions are transferred using steam jet eductors, a potentia l 
hazard is created when improper jetting techniques are employed. The con
densation of steam in a pipe at the end of a transfer creates a vac~um wh ich 
could draw radioactive solutions into the pipe or operating gallery piping. 
Air is blown through the pipe at the end of the transfer to purge the steam 
and prevent the suckback of radioactive solutions into operating areas. 
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Gassing of jets is avoided, particularly when transferring the highly 
concentrated strontium solutions involved in the process. This situation 
causes an increase of the radioactive contamination in the vessel vent and 
exhaust air system. Overfilling (>90% of overflow capacity) of canyon 
vessels is avoided since this can also increase the suck-back hazard. 

It is a routine practice not to fill process vessels (including vessels 
used exclusively for long-term product storage) above 80% of overflow 
capacity to minimize the possibility of overflowing solutibn from a vessel 
to the cell. 

6.8.5 Localized Heat Areas 

A liquid cover is maintained over strontium or cesium solids to avoid 
localized hot areas. 

The major solids problem has been associated with the cesium concen
trator and storage vessels (Ref. 6-67). Conversion of the cesium carbonate 
to the nitrate can reduce some of these potential problems due to the better 
solubility of sodium nitrate (730 g/L at 0°C) over sodium carbonate (71 g/L 

• at 0°C). Also, possible impurities in the system such as calcium, mag-
~ nesium, strontium, and iron are insoluble as carbonates but soluble as 
o-. nitrates. A sample of the plant cesium carbonate nitrated by Battelle 

Northwest Laboratory showed that there are some solids associated with the 
nitrate system, but they were not cesium. 

~· 6.8.6 Chemical Reactions 

Acid base reactions, such as during the lAF makeup in (TK-29-2) or the 
neutralization steps in tanks (TK-24-1, TK-25-1, and TK-25-2) produce heat. 
The vessel temperature and pressure are closely monitored during these steps 
to ensure that a vacuum on the vessel is maintained by keeping the tempera
ture below 60°C. The addition of sodium carbonate to acidic so lutions 
during the lAF makeup also results in the rapid evolution of carbon dioxide 
gas which could pressurize the vessel unless added slowly. 

The caustic strike process requires the preparation of concentrated 
sodium hydroxide by dissolving solid sodium hydroxide pellets in water in a 
scale tank. The dissolution process is exothermic (~450 Btu/lb) and care 
must be taken not to add the pellets too rapidly. 

6.8.7 Tank Overfill 

It is a routine practice not to fill process vessels (including vessels 
used exclusively for long-term product storage) above 80% of overflow capa
city to minimize the possibility of overflowing solution from a vessel to 
the cell. Such an overflow, possibly caused by faulty instruments or opera
tor miscalculation, would greatly increase the contamination present in the 
canyon cell which in turn could result in significantly higher contamination 
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in the canyon exhaust air to the main exhaust filters and i n the filtered 
air sent to the environs. 

6.8.7.1 Tank Pressurizations. Pressurization of tanks beyond the vessel 
vent capacity will resu l t in airborne contamination spread to the cells and 
potentially to the canyon or the operating gallery. Allowi ng transfer steam 
jet to 11 gas out" for an extended period must be guarded against as this will 
pressurize a tank rapidly. 

Another means of pressurizing a tank is by acid-base reactions. Sodium 
carbonate {2.SM) addition to the first sulfate strike is usually required to 
adjust the strike 1 s pH, while nitric acid (12.2~) is added to the metathesis 
waste to acidify it. Both these additions will result in the evolution of 
carbon dioxide gas (up to 4,500 ft3/min) and thus, must be made cautiously 
to avoid pressurizing the vessel. The carbonate addition rate is limited by 
administrative controls to 10 gpm, and the nitric rate to 5 gpm. The 
vessel 1 s vacuum gage is watched closely for signs of pressurization. 

6.8.8 High Pressure Spray Pump 

The pump in the operating gallery used to spray cleanout solution to 
the centrifuge bowl (or flush solution to the centrifuge case) must be oper
ated with care and protective clothing worn to guard against leaks from this 
high-pressure system. This is particularly important when the cleanout 
solution is a strongly acidic or caustic solution. 

6.8.9 Loss of Utilities 

General electrical, ventilation, water, steam, and air losses are 
covered in Emergency Procedures (Sec. 6.3.6, Ref. 6-68). 

6.8.9.l Loss of Electricity (Failure of both normal feeders). The instru
ment air compressor and the emergency potable air compressor are checked to 
determine if the equipment is operational or requires a restart. The con
centrators are shut down per the required procedures. All transfers are 
terminated and the jets are air blown. All chemical additions to and/or 
from scale tanks and steam to tank coils are stopped and lines are blown out 
with air. Water flow to vessels containing 6.0~ NH3 solutions (TK-38-1, 
TK-38-4, TK-38-5, and TK-38-2) is maintained at a minimum to keep tempera
tures below 39°C as well as to self-heating solutions to maintain tempera
tures at 45°C + S°C. Dilution air is maintained. 

6.8.9.1.1 Temoerature Control. Simmering of tanks is discontinued and 
temperature maintained at 45: S°C. Tanks requiring periodic agitation are 
kept under close surveillance to preclude temperature excursions. 

6.8.9.1.2 Monitoring Systems Which are Without Power. Several ~ssen
tial monitoring systems are not backed by the emergency power supply. The 
monitoring systems requiring special sampling and monitoring are cooling 
water sub-head drains, steam condensate from the condenser (E-5-2) i ncluding 
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the permanently routed diverter valve to TK-24-1, steam condensate header, 
8CS sampler and monitor in 221-88, canyon air sampling and monitoring, 
operating and pipe gallery air sampling and monitoring, and monitors in 
212-8. 

6.8.9.2 Loss of Steam. A complete loss of steam, caused by trouble at the 
power house or rupture of the steam supply line, would require all processes 
and equipment to be placed on standby status until restoration of steam ser
vice. The vessel ventilation jets are manually switched to air if the auto
matic system has not functioned, and the vents operated until the air 
temperature to the filters drops to ll0°C. The tube bundle of the concen
trator in use is switched to air and any operating jets are air blown to 
prevent suck-back in the pipe and operating gallery. If steam pressure is 
lost, the tube bundle will automatically switch to air. 

6.8.9.3 Loss of Process and/or Instrument Air. There is an intertie that 
a-- exists between the process and instrument air supplies in addition to the 

diesel-driven compressor on automatic standby. 

• Loss of Process Air 

The tube bundles of the non-operational concentrators are pressur
ized with water and process transfers are terminated by placing 
gang valves in the maintenance position. 

• - • Loss of Instrwment Air 

The loss of instrument air results in the loss of weight-factor, 
specific gravity, and pressure monitors of all process vessels and 
columns. 

6.8.9.4 Loss of Water. The concentrators and the processing activities are 
. '' shutdown according to procedures. The feed to the concentrators is shut 

off and the steam flow is reduced rapidly, after which the tube bundles are 
air blown for 5 min. The cooling water is turned off to the condensers.fter 
evaluation of heat-generating inventory in the concentrators and carefully 
monitoring temperatures, the emergency water is sparingly valved to the tube 
bundles to maintain temperatures below S0°C. 

All transfers are stopped and steam turned off to the jets and jets are 
air purged. Emergency procedures are involved to activate backup systems. 

6.8.9.4.l Water and Temcerature Control and Surveillance. Raw water 
header pressure is recorded until reading is stabilized, simmering of all 
vessels is discontinued, and water flow is adjusted to maintain a maximum 
temperature of S0°C in all vessels containing heat-generating inventory, a 
temperature of 39°C in vessels with 8.0~ NH3 and a temperature of 60°C in 
vessels containing organics. 

Agitators are started in vessels not requiring additional dilut~on air. 
The temperature of the tank (TK-10-1) is recorded regu larly and the water to 
the cooling coils adjusted as necessary. The cooling coil inlet valves to 

6-97 



SD-WM-SAR-013 

a11 tanks in 211-B are closed with the exception of the hydroxyacetic acid 
tanks (SF-120, SF-121, and SF-122) which require water to maintain tempera
ture below 40°C for corrosion control purposes. No signif i cant amounts of 
hydroxyacetic acid is currently stored in these vessels. 

The Vessel Vent 1 jet (J-22-4) and Vessel Vent 2 jet (J-35-2-6) vessel 
vent booster jet are switched from steam to air and cooling water is shut to 
the condenser (E-22-4) .and tank coils (TK-22-1 and TK-25-2 ) . The vesse l 
vent booster jet (J-21-2) is adjusted to a minimum steam usage while main
taining a vacuum on the concentrator (E-38-6), condenser (E-38-7), and the 
eluent receiver tank (TK-38-4). 

Dilution air is maintained to all vessels. All unnecessary raw water 
usage is identified and discontinued. Shiftwise surveillance of jet 
(J-22-9) and equipment is continued and the cooling water subheaders, 
sewers, retention basins, and the 291-8 Stack are constant ly monitored. 

o 6.8.10 Cell Drain Line Failure (Ref. 6-69) 

Leaks from wall nozzles, tanks, and the hot pipe trench are collected 
at the low points of the cell into a 24-in. internal-diameter vitrified clay 
pipe embedded in concrete, which drains into the deep cell with the waste 
collection tank {TK-10-1). Solutions from here are either jetted to the 
waste handling system or reprocessed for fission product recovery. 

The integrity of cell drain line can be breached by physical deteriora
tion or uneven settling of the 221-8 Building cauiing caulked joints to open 
or cracks to form. Solution containing high radionuclide concentrations 
could enter the cell drain system from leaking vessels or transfer systems 

"including the hot pipe trench. 

6.8.10.1 Source Term. Assuming that 150 gal of 8,000 Ci/gal 90sr so lution 
entered the drain system, about 28,000 Btu/h of decay heat would be genera
ted by this solution. 

6.8.10.2 Accident and Effect. Temperatures in the soil and concrete by the 
absorption of the radioactive solution, could approach 2,000°F after 2 to 
3 wk. This could cause dehydration of concrete resulting in further dete
rioration of the encasement and line integrity. Subsequent transfer of low
heating solutions through the line could cause the "hot spot" to move fur
ther away from the line and leakage of organic solvent into the area could 
cause an explosion to occur. 

A small leak tiver a period of time could cause an accumulation of sig
nificant quantities of fission products in the concrete or soil. At which 
point elevated temperatures could occur resulting in the deterioration of 
the line and an increase in the potential for larger leaks dur i ng subsequent 
passages of solution through the line. The absorptive properties of the 
soil and the location of the cell line makes the release of radioactivity to 
the environment highly improbable. 
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6.8.10.3 Mitioative Features. The following safeguards are provided for 
minimizing the amount of solution which enters the cell drain system and for 
assuring line integrity: 

• The first transfer through a newly installed process route is 
closely monitored for solution leakage. 

• leak-detectors are installed in the openings of the cell floor 
drains. An alarm sounds whenever about 250 ml of conductive solu
tion enters the cup and will alert personnel so that corrective 
action can be initiated to stop the flow of liquid to the drain. 

• A quarterly leak check of the cell drain line is made to determine 
the line integrity. A volumetric measurement technique is used. 

• The volume of solution in process vessels is maintained <80% of 
capacity to limit the potential for overflowing a vessel. High
and low- level alarms are installed on all tanks to warn of high 
or low-volume levels. 

• Solution transfer volumes are verified from shipper and receiver 
tank volume measurement systems. Volumes shipped and received are 
recorded and the records are maintained on a continuing basis. 

t. • Each time cell cover blocks are removed, a visual inspection is 
~ made to look for evidence of leaks. Leaks found are eliminated. 

I 
I 

C:- ' 6.8.11 Vessel Coil Failure 

Vessel coils are heat transfer tubes used for heating and/or cooling. 
Based on the severity of service, the potential of failure of the cooling 
and heating coils is at least one order of magnitude more severe than coils 
used only for cooling. The disposal path of effluents are segregated and 
their disposal is by distinctly different systems. 

Coils and tube bundles may fail as a result of corrosion, mechanical 
vibration, or mechanical damage from the installation, operation, or removal 
of an agitator. Coils used for heating and cooling may fail as a result of 
thermal shock. 

6.8.11.1 Source Term. The quantity of radionuclide released is a direct 
function of the concentration of the solution, the size of the hole, the 
pressure differential as the driving force and the duration of the problem. 

6.8.11.2 Mitigative Features. Several measures have been taken to assure 
minimum risk of a failure in a heat transfer surface. These include: 
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• Quality assurance inspection of the equipment was made before use 
including hydrostatic testing of the coils or tubes.* 

• Operability tests are performed on the concentrators before they 
are placed into service.* 

• Frequent hydrostatic tests are made to evaluate the condition of 
the heat transfer system by blanking the discharge line during 
shutdowns.* 

• Instrumentation is installed to measure liquid level and specific 
gravity. Unexpected changes ar~ investigated to determine their 
cause.* 

• An automatic air pressure blow is established on the concentrator 
tubes if the pressure falls below a given value, thus maintaining 
a positive pressure on the tubes.* 

• Steam and air services are not connected to heat transfer surfaces 
on vessels requiring cooling service only. With positive pressure 
of coolina water on the heat transfer surfaces in the event of 
tube failure, gross leakage should occur into the vessel.** Exper
ience has indicated, however, that, depending apparently with 
shape and location of the leak, some leakage can occur into the 
tube. Administrative controls are in place to assure that the 
cooling water will not be turned off in case of a leaking coil. 

Criticality 

Residual amounts of fissile material are present in the wastes trans
ported to the Waste Fractionization Building. The concentration is depen
dent upon the type of waste. A buildup of fissile material can occur and a 

...,., mass-balance on plutonium is kept not only for accountability, but to ensure 
that accumulation of fissile material does not lead to criticality. 

6.9 PROCESS CONTROL CENTERS (DISPATCHER 1 S OFFICE AND 
THE OPERATING GALLERY) 

Control and support of the processes are largely conducted from the 
operating gallery and the Aqueous Makeup (AMU) area with the dispatcher 1 s 
office serving as a focal point for the dissemination of plant operation 
information. The operating gallery contains instrument panelboards, which 
graphically display the various pieces of operating equipment interconnected 

*_Applicable to both heating and cooling coils. 
**Applicable only to cooling coils. 
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by flow lines in the proper relative position, with the control instrumenta
tion physically located at the points where the process control is moni
tored. The graphic panels and instrumentation provide quick visual 
appraisal of prqcess conditions. 

6.9.l Control Panels in the Operating Gallery 

The graphics on the 35 panels, which are protected ftom hazards asso
ciated with the process, provide representation of process vessels inter
connected by color-coded stream lines indicative of the in-or-out flow frcm 
the vessels. The color-coding scheme is 'gold' for primary or product 
stream, 'red' for waste recycle, 'green' for cold chemical feed, 'black' for 
the uti·lities (air, water or steam), and 'white' for the control or instru
ment sensing line. Process vessels, depicted by black borders in the shape 
of vessels with the associated instrumentation located within the boundaries 
of the vessel, may not be sequenced on the panel but the sequence can be 
determined by the linking process stream lines. Symbols are used to indi
cate direction, jets, temperature elements, diaphragm-operated valves and 
valve controllers. 

~ 6.9.2 Dispatcher's Office 

The continuously manned dispatcher's office is located on the secona 
floor of the 271-B Building. Audio-visual alarms alert the dispatcher to 
conditions which require notification of responsible individuals for prompt 
and corrective action. The canyon building communication network is the 
means by which the dispatcher keeps track of operating personnel in various 

~- locations of the building. 

All doors providing access to the canyon deck or the crane cabway 
_ equipped with magnetically operated locks which are controlled from the dis
patcher's office. Telephones are located at these doors far personnel to 
obtain the dispatcher's permission to enter the building. A communicat ion 
network is provided on the main deck of the 221-8 Canyon. The crane 
operator is also in constant communication with the dispatcher, both by a 
telephone and a two-way radio loud speaker system. An alarm system is 
provided on the deck level to clear personnel during unsafe conditions. In 
addition to the control of the movement of personnel to the operating build
ing, the dispatcher controls the process steps. Movement of chemicals and 
process solutions from one part of the building to another is cleared by the 
operators through the dispatcher's office, using the gallery telephones 
located on each of the panel boarg. While the emphasis is an prompt notifi
cation, the duties of the dispatcher cover a spectrum of activities outlined 
in the following paragraphs. 

6.9.2.1 Coordinate Communications. ihe dispatcher maintains communication 
with personnel or sample truck driver through PAX and outside phones and 
radio, and acknowledges audible and/or flashing light alarms functioning en 
the panelboard in the dispatcher ' s office. 
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6.9.2.2 Access Control. The dispatcher maintains a training card index 
containing pertinent information relating to mask fitting, radiation worker, 
and respirator training required for the canyon or Cell 40 entry. Addi
tional information such as escort requirements, self-survey or fac i l i ty 
orientation are often times included. The entry to the canyon and Cell 40 
via 225-8 as well as the crane activity is controlled by the dispatcher. 
Entry to the canyon is granted by the dispatcher if no operations are under
way which preclude personnel access. A log of canyon entr ies is maintained 
by the dispatcher. 

6.9.2.3 Administer Routine Check Sheets. The dispatcher ensures that 
routine check sheets are issued, returned, and available to management. 

6.9.2.4 Administer Analytical Reauests and Reoorts. The dispatcher 
receives sample requests, relays them to the sampling team and ensures that 
sample tags are made out correctly and proper information i s put into the 
computer. 

6.9.2.5 Record Data. The dispatcher records BCS, BCP, BCE, and CNP/CSP 
sample GM and Na! survey readings and laboratory analytica l results in the 
sample result log, which is the official record. The resu l ts are compared 
with posted limits and the management is notified when GM and Na! survey 
checks and/or analyses are outside the prescribed limits. 

The dispatcher on the graveyard shift, based upon the data gathered on 
the storage tank surveillance data sheet, plots the weight factor on the 
''B Plant Storage Tank Trend Analysis Chart." The dispatcher also assists in 
updating records of · incoming and outgoing transfers and keeps the management 
informed of the trends. 

6.9.2.6 Inform Supervision. The dispatcher transmits pertinent information 
to those requiring it, particularly his manager and process control person
nel as required. 

6.9.3 Alarms in the Oisoatcher's Office 

The alarms in the dispatcher's office, clustered and identified by dis
crete colored lights on the panelboards, monitor gaseous and liquid efflu
ents, the 291-B Filter System, the fire protection system, liquid levels, 
equipment performance, and miscellaneous alarms and data. These alarms are 
under constant surveillance by the dispatcher. 

6.9.3.1 Airborne Contamination. Areas of potential contamination are con
tinuously sampled and have audible alarms at each location and by sect ion in 
the dispatcher's office. 

The Vessel Vent #2 gaseous effluents are sampled and continuously mon i 
tored prior to discharge into the 24-in. sewer. The monitor has an indica
tor, a visual and an audible alarm in the dispatcher's office. 
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Contamination areas such as 221-88 Building, the SWP lobby, R-13, and 
212-8 change rooms, laundry storage and the railroad areas are routinely 
sampled. These areas are normally free of contamination and continuous air 
monitors are not used. However, air samples are monitored daily with a 
portable GM instrument and deviations in conditions or a reading above back
ground is reported by the monitor to appropriate supervision. 

6.9.3.2 Fire Protection. The instrumentation group for the fire protection 
consists of heat detectors in the canyon cells and the 29t-B filter build
ings. 

6.9.3.2.1 Canyon Cell Heat Detectors. The trip setpoints for these 
heat detectors are 225°F through 250°F indicating a fire in the cell. The 
audible alarms and light boxes are indicative of high temperature conditions 
in the cells. Fire extinguishing and filter bypass equipment are triggered 
by these heat detectors. 

6.9.3.2.2 291-8 Filter Buildings. The temperature of the canyon 
...r exhaust air stream is measured at ten locations near the filter, in the 

filter ducts and in the air tunnel manhole near the R-3 canyon entrance and 
recorded on a 12-point Foxboro chart recorder with a range of 0°F to 300°F. 
A blinking light "High Temperature Filter and Tunnel'' alarm is activated 

""'' indicating a fire in the duct or the filters. 

c,.. 

6.10 · PROCESS INSTRUMENTATION ANO CONTROL SYSTEMS 
(Ref. 6-74) 

• 

The radiochemical processing within the waste fractionization building 
~! i s remotely controlled and instrumentation is used to measure and respond 

automatically to control process flows. The parameters measured or moni
tored include flow, liquid level, specific gravity, weight factor, liquid 
level interface location, speed, pH, vibration, sound, motor amperage, 
temperature, and radiation. Most instruments for measuring and control 
consist of several component elements integrated to function as a system. 
Descriptions of the various instruments are found in Ref. 6-72 and 6-73. 

6.10.1 Instrument Application Category 

Process Control Engineering has compiled a list of process instruments 
(Ref. 6-73) and identified them according to the following categories 
(Ref. 6-74). 

6.10.1.1 Safety Instruments (Cateaory A). Instruments defined by Quality 
Assurance Level I and Level II as being essential for the safe conta i nment 
of radioactive and toxic material in order to assure safe shutdown and the 
protection of plant and personnel. 

6.10.1.2 Hiqh Accuracv [nstruments (Cateaory 8). [nstruments having a high 
accuracy requirement inc luding instr.uments used for nuclear accountabil i ty. 
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6.10.l.3 Primary Process Control Instruments (Category C). Instruments 
normally used for controlling the process. 

6.10.1.4 Backup Process Control Instruments (Cateaory D). Instruments that 
are utilized to control the process in case of failure of Primary Process 
Control Instruments. 

6.10.1.5 Operator Aid Instruments (Category E). Instruments that are not 
used directly for process control but are required for process support func
tions. 

6.10.2 Listing of Instrumentation 

The complete listing of instrumentation for process control is tabu
lated in Ref. 6-73. The listing of safety instruments in the following 
tables identified by B Plant Process Control Engineering are categorized 

·.O under flow, temperature, leak detection systems weight factor pressure, and 
radiation systems. 

6.10.3 Liquid Effluents 

Low-level wastes discharged to cribs and/or ponds are continuously 
monitored and sampled regularly. Upon indication of high activity, these 
streams are diverted to special trenches or recycled, and investigative and 
mitigative actions are initiated. 

6.10.3.1 The 15-Inch Cooling Water Header and its subheaders are continu
ously monitored and an increment of activity above the set limit opens an 
electrically operated valve to divert the contaminated water to 
216-8-59 retention basin until the resolution of the problem. 

6.10.3.2 The 24-Inch Cooling Water Header which receives cooling water from 
the concentrator condensers and the Vessel Vent #2 jet is continuously moni
tored and sampled upon receipt of an alarm. Upon the validity of the alarm, 
the water streams are isolated and the contaminated water retained in the 
pond. 

The amplifiers for these instruments are located in the instrument 
building adjacent to 221-B8 Building. Range modifications are made at these 
amplifiers and checked against panelboard indicators on ly. 

6.11 PROCESS SAMPLING (Ref. 6-75) 

Samples of process solutions are obtained at deck l evel by the use of 
an air jet which draws solution from a process vessel through a small sample 
cup. The jet, cup, and remotely operated valves are located in a shielded 
pit at deck level. At B Plant, there are three kinds of samplers: Stan
dard, Dual, and pH. 
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6.11.1 Standard Samoler (Fig. 6-18) 

The stainless steel sampler assembly is located in a 2 ft deep pit in 
the deck between cells, with a removable lead shield cover. A 1/2-in. 
stainless steel riser, with a ball valve screwed on the end and a special 
splash plate on the bottom, emerges through a hole in the· lead cover to 
provide a passage for withdrawal of samples. A handle extending through a 
hole in the lead cover is used for manipulation of a ball valve located 
upstream in the inlet line. 

The air lift operates with an air bleed line with a 1/64-in. orifice at 
the terminal end in the sampler box to provide air along with high specific 
gravity solution that must be raised 20 to 25 ft by a jet operated by 90 psi 
of air. There is a 3/16-in. orifice in the line between the jet and the 
sample cup to reduce the flow to ~3 gpm. 

The sampler is connected to the inlet and the outlet lines from the 
cell vessel by connectors held together by a modified type C-clamp and 
sealed with a wedge-shaped neoprene gasket. There are 36 standard type 

.~ samplers installed in the B Plant • 

. 6.11.2 Dual Sampler 

This is a modification of the standard sampler. The sampler assembly 
• fits on two inlet lines from two different cell tanks, each having their own 
, """ block valve but using a common jet, sample cup, riser, and discharge line. 
J , These samp 1 ers, each with its own a i r-1 i ft intake 1 ocated in a common· 

I 

"" · sampler pit, draw solution from a tank and discharge into the same tank or 
, • to a different tank. There are ten of these samp 1 ers ( 26-1/26-3*, 

1 

~ · 31-l*/31-2, 34-2*/34-3, 36-l*/36-2, and 37-l*/37-3). The numbers marked 
with an asterisk {*) identify the return tank numbers. 

6.11.3 pH Probe Samoler (Fig. 6-19) 

The pH monitoring probe is an addition to the standard sampler. It is 
one of the single most important controlling factors of the solvent 
extraction streams. The difference between the hydrogen-ion activities of 
the standard solution and the process stream results in the development of a 
difference of electrical potential across the thin glass wall of the bulb. 
The electrical potential is proportional to the pH of the solution in 
contact with the center surface of the electrode tip. Determination of the 
pH is based on the measurement of the difference in electrical potential 
developed between a pH-sensing glass and a reference electrode, both 
immersed in the process stream. The flew chamber, an extension of the stan
dard sampler, and i s provided with a 1 threaded opening 1 into which the pH 
assembly can be inserted to contact the sensitive part of the pH electrode. 
A flex line joins the flow chamber to provide a buffer solution for 
calibration or rinse solution for cleaning the pH electrode. These 
electrodes can to lerate a total exposure of about 5 x 108 Rads. There are 
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. 
14 pH monitoring sample locations at (11-2, 14-2, 23-1, 24-1, 25-1, 25-2, 
18-28-1, 29-2, 29-3, lAW-30-1, 38-1, 39-1, 39-2, and 39-4) . 

6.11.4 Samplina 

Sample carriers have been designed to provide appropr iate shielding 
and confinement of radioactive solutions. 

6.11.4.l Ooorstoo Sampling. The sampling schedule is obtained from the 
dispatcher with a green tag for each sample. The tag identifies the sample, 
its size, and the requirement for a lead-lined doorstop. 

The doorstop sample transporter (Fig. 6-20) is a stainless steel 
assembly consisting of the shielded handles, pipette assembly, and the 
correct pipette. The assembly is checked for airtightness. The pipettes 
are color coded for size. The doorstop has a plastic insert and neoprene 
gasket in the plug. A model with an inner lead liner for shielding high 
radiation is available. 

Appropriate valves are opened or closed and the sample is withdrawn by 
the insertion of the trombone pipette assembly into the riser till the tip 
of the pipette touches the bottom. 

The sample is drawn out by the syringe-plunger action through the 
inserted- "trombone" pipette assembly in the riser. The sampling assembly is 
withdrawn, observed quickly for sufficient sample in the pi pette which is 
then positioned into the doorstop insert, and turned cl6ckwise while 
pressing downward gently till it is engaged. The "trombone" is unscrewed 
from the pipette and lifted into the disposal carrier after breaking the 
handle away from the plastic trombone. 

6.11.4.2 pH Probe Samoling. These samplers can be contro l led from the 
operating gallery if the sampler block and jet air supply valves in the can-

· ? yon are left open. The panelboard control is set on "off" when not sampling 
and "circulate" when sampling. 

6.11.4.3 Trap Sampling. This method is preplanned ta 'trap ' certain 
samples in the sample cup before the entry of a sample team. This is accom
plished by leaving the sample block valves and air to the sample jet open to 
allow control from the operating area. 

6.11.4.4 Bulk Samoling (Fig. 6-21). A volume of sample >l.6 ml requires 
bulk sampling when ~he sample volume ranges from 25 to 100 ml, and which can 
be accommodated within the cavity, with or without an additional lead liner, 
of a shielded container called a 'pig.' 

The volume of bulk sample is limited by the (50 c/gal) Ci concentra
tion, the type of radiation expected, and the amount of sh i elding provided 
by the pig. 
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Kits, containing all the items required in the special sampling tech
nique, are packaged in a 3-in.-dia. and cylindrical ~ailing tube which also 
becomes the waste disposal container after completion of the sampling. 

The sample is withdrawn from the sample cup through a 36-in. length of 
1/6-in. internal diameter plastic tubing to the bottle or vial. The end of 
the tubing, which goes through the riser ball valve sealed by a rubber stop
per, extends into the bottle through a drilled hole in the cap. This cap is 
fitted with an extension made from 1/4-in.-outer-diameter .plastic tube that 
has to be cut off to a certain length corresponding to the volume of the 
particular sample to be taken. This extension tip remains in the bottle 
after the sample is taken and the transfer tubing is pulled out. 

Solution transfer terminates upon the solution level reaching the tip 
of the tubing inside the bottle. The contaminated transfer line or transfer 
tubing is purged by the atmospheric air, while maintaining the circulation 

M jet in operation, by pulling of the end of the transfer line from the bottle 
before removing the end from the riser. 

6.11.5 Safety Consideration and Control 
,,.. . 

Hazards associated with sampling are reduced by use of specially engi-
• neered equipment and are administratively minimized by job preplanning, 

training, and approved procedures. 

6.11.5.l Radiation Safety. Radiation Work Permits (Ref. 6-80) for canyon 
work, and safety rules posted in the SWP lobby and R-13 entrances, are 
strictly adhered to by all members of the sampling team. 

Contamination control is maintained by keyed locks which assure that 
the dumbwaiter and stairNell doors are opened one at a time and not both at 

· ., the same time. 

Background radiation at sampling ports is reduced by flushing the 
sample riser, cleaning or replacement of the riser ball valve, and cleaning 
of any spilled or dripped solution. In taking samples the sampling party 
must have a Radiation Protection Technologist (RPT) at all times. 

The radiation dose rate at the Cell 15 trombone disposal tube is to be 
controlled by periodic cleaning. 

6.11.5.2 Samolina Team. The "sampling team" normally consists of two 
operators and a RPT. One of the individuals on the sampling team is given 
the responsibility for timekeeping, using a stop watch, and calculating an 
estimate of the radiation exposure received by all individuals as the job 
proceeds. The Hanford Multi-Purpose Badge Dosimeter is worn by each 
employee. 

6.11.5.3 Sampler Pressurizat ion. A precaution is painted at the four-way 
valve to always turn valve from 11 circulate 11 to 11 off 11 

- never from 
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"circulate" to "buffer" or "rinse". The actuator on the valve for the air
to-sampler jet closes fairly slowly (~10 s) and if the discharge side of the 
sampler is plugged, it could cause the sampler to be pressurized during 
circulation. If the four-way valve is then turned from "circu l ate 11 to 
"buffer" or "rinse", it is possible to blow the contamination out of the 
air-break funnel in the canyon. This problem is eliminated if the four-way 
valve is always turned to 11 off 11 position for 10 to 15 s before turning to 
11 rinse 11 or "buffer," as required by procedures and operator training. 

6.11.5.4 Crane Work. Crane work must be halted prior to allowing the 
sampling team to enter the canyon. The sampling crews are not permitted in 
the canyon while the crane operator is removing or replacing jumpers or 
equipment in the cell, or while impacting is underway. The blocks, jumpers, 
yoke racks, etc. on the pipe trench should be situated on the walkway and 
pipe trench so safe passage can be made on the pipe trench away from any 
open cell. If this cannot be done readily, then a guard rail is pl aced on 
the south end of the cell to insure safe passage. 

6.11.5.5 Bulk Sample Handling. Safe handling of radioactive bulk samples 
is dependent upon the shielding provided in the exclusive B Plant pigs. Any 
other style of pig does not provide adequate shielding. No substitution may 
be tolerated. Also, when sample volumes of 35 ml are requested, it is man
datory to use the inner lead liner to provide the additional shielding on 
the bottom and sides. The lead cap must be placed on the standard lid to 
provide the extra shielding on the top. 

The procedure provides for the vial or bottle to have attached a length 
of twine. Each end of the twine terminates in a masking tape "handle." 
This arrangement is very important, and the twine handles must be preserved 
enroute so that they are intact for use of the laboratory, as a means for 
remotely removing sample from the pig via the manipulators. The equipment 
at the laboratory is very limited and does not provide much flexibility so 
no deviation from this may be tolerated. 

The design of the pig provides a locking pin which ho lds the carry i ng 
handle and lid to the pig. Should this pin come out, the pig will come 
loose from the handle-lid and be very hazardous. No subst i tute from th i s 
specified locking pin is tolerated. 
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7.0 WASTE CONFINEMENT ANO EFFLUENT MANAGEMENT 

This chapter contains a discussion of the systems and controls for 
confining and managing the waste material generated as a byproduct of the 
8 Plant fission product processing operations. Both radiological and 
nonradiological wastes in airborne, liquid, and solid forms are discussed. 

7.1 AIRBORNE EFFLUENTS 

Chapter 4.0 of this Safety Analysis Report (SAR) summarizes the princi
pal design criteria applicable to radioactive byproduct and effluent manage
ment systems of 8 Plant (Chapter 4.0). Chapter 5.0 provides design details 
of the ventilation systems. This chapter discusses gaseous effluents asso
ciated with 8 Plant operations and assesses their compliance with applicable 

- criteria. A summary of major airborne effluent release points is presented 
as Table 7-1, and Table 7-2 provides typical (1983) airborne effluent radio
activity data (Ref. 7-1). 

~ 7.1.1 221-8 Canyon Ventilation Exhaust (291-8-1 Stack) 

.... . " , 

7.1.1.1 Overview. The main canyon and cells of the 221-8 Building are 
exhausted via the 61 m (200 ft) 291-8-1 Stack to the atmosphere. Figure 7-1 
shows the general movement of air through the system. This system removes 
process-generated heat and controls the path of the release of contaminated 
air from the canyon and the adjacent 212-B Cask Station (Section 7.1.7) • 

The filtered and washed supply air enters near the top of the canyon, flows 
downward around process cell cover blocks into the cells, and through open

. ings into the canyon exhaust air tunnel. The offgases from certain process 
• .. vessels which are collected by the Na. 1 Vessel Ventilation System (VI/S#l) 

(Section 7.1.2) are also discharged to the canyon exhaust air tunnel. Addi-
tionally, a 24-in.-dia. interconnection to this exhaust-air tunnel provides 
exhaust ventilation for 224-B Building process vessels which are no longer 
in service. 

Exhaust air is triple, high-efficiency, particulate air (HEPA) filtered 
by the 291-8 11 0" Filter System (Ref. 7-2), continuously monitored, sampled, 
and discharged from the 291-8-1 Stack. Filter Systems "A, 11 11 8," and 11 C11 

were used prior ta the 11 0" Filter System currently in service. Based on 
past emission records, the radionuclide concentrations in this effluent dur
ing normal operation are expected to be well below Table II guideline values 
(Ref. 7-3) at the paint of release. Extensive system characterization and 
maintenance were performed during 1982-1983, and the radionuclide sampling 
and monitoring system for this stack presently are considered to meet all 
requirements. Under normal operating conditions, the nonradiological con
tamination impacting this system is negligible. 
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TABLE 7-1. Summary of Major B Plant Airborne Effluent Release Points. 

Stack designation Stack height Stack diameter Location Height of probe 

291-8-1 61 m (200 ft) .r2 m (6.5 ft) 291-8 15.2 m (50 ft) 

296-8-5 5 m (16.4 ft) 0.4 m (16 in.) 221-BB 3.0 m ( 10 ft) 

296-B-13 4 m (13.l ft) 15.2 cm (6 in.) 221-BF 3.0 m ( 10 ft) 

296-8-14 . -4 m. (-13.1 ft)* 15.2 cm (6 in.) 221-B, Sect. 10 At junction of vent 
line and cooling 
water line 

296-B-21 to 8-27 .r2 m (.r6.6 ft) 0.6 X 0.9 m North side 221-B No probes 
(2 ft X 3 ft) 

*Discharged into 24-in. cooling line below grade. 

TABLE 7-2. Typical B Plant Airborne Radioactive Effluent Discharge Data. 

Stack Annual average Tota 1 activity Effluents concentration designation 
(µCi/ml) released (Ci) 

291-8-1 Total alpha <7 E-15 <4 E-06 
Total beta 4 E-11 2 E-02 
89,90sr 3 E-12 2 E-03 
137cs 5 E-11 3 E-02 

296-B-5 Total alpha <4 E-15 <8 E-08 
Total beta <3 E-14 <6 E-07 

296-B-13 Total_ alpha <4 E-15 <3 E-08 
Total beta <2 E-14 <2 E-07 

296-8-14 Total alpha <8 E-15 <3 E-08 
Total beta 3 E-12 1 E-05 
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An emergency steam-turbine-driven exhaust blower is available for the 
canyon ventilation system. An exhaust air sand filter parallel i ng the 
11 011 HEPA Filter System is maintained in standby status, isolated from the 
HEPA system by water seals. Additional details of this system are presented 
in Chapter 5.0 and in the subsections which follow. 

7.1.1.2 Source Term. The canyon and process cells are normally contami
nated as a result of past and ongoing process operations. Equipment 
failure, leakage of process solutions, and remote maintenance operations 
contribute to the quantity of radioactive contaminants present i n the canyon 
and cells. These contaminants are subject to dispersion in the ventilation 
air. The ventilation systems function to confine the release of these 
contaminants, thereby protecting both operating personnel and the 
environment. 

Megacurie inventories of mixed fission products have been rout i nely 
processed through 221-8 and its support facilities in the past. A qualita
tive assessment of these activities (Ref. 7-4) characterized the source 
terms as follows: 

Source 

· Kilocurie quantities of mixed fission 
products in waste 

Me1~c~rie guantities of concentrated 
13 Cs and 90sr solutions 

Microcuries of mixed fission products 

Kilocuries of mixed fission products 

Hundreds of kilocuries of 137cs and 
90sr 

Location 

Process cells and gaseous 
effluent filters 

Storage vessels in process 
cells 

Waste water and condensate 
streams 

Cask transfer facility 

Canyon ventilation exhaust 
filters 

The actual extent of resuspension of radioactivity in ventilation air 
is a complex function of surface area, temperature differential, vapor pres
sure, and other parameters. Therefore, no attempt has been made to quanti
tatively model the introduction of radionuclides into the ventilation 
systems. 
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7.1.1.3 Filter System. The filter system for the main canyon and celi ven
tilation is described in Section 5.2. The fourth or" •" filter bank 
currently in use consists of a fire screen, two stages of 85¾ prefilters 
(currently not used), and three stages of HEPA filters, all in series. The 
HEPA stages are arranged in three tiers (2 x 5 on top of 3 x 5 on top of 
3 x 5) and two stages, for a face total of 80 HEPAs (80,000 cfm capacity of 
full rated flow of filters). 

The system has automatic sprinklers for fire protecti"on. The two pre
filter stages and the first HEPA filter stage incorporate a design feature 
which permits lowering the upper one quarter of the bank so that it may be 
individually bypassed and removed from service. Such bypassing may be war
ranted by the filter bank differential pressure or other operating para
meters, such as the removal of the" •" system prefilter from service in 
May 1982 (Ref. 7-2). 

I.J') The various stages of the three-stage HEPA system are not designed to 
allow individual dioctyl pthalate (DOP) testing of stages. The system is 

C""' •OP tested as a unit at least quarterly, or more frequently if needed. The 
individual stages are provided with differential pressure gauges. This 
instrumentation is described in detail in Chapter 5.0, Section 5.2.3. 

The sand filter is maintained available for use as an emergency backup 
o-, to the "0 11 filter. Air flow transition to the sand filter is initiated 

whenever the fire detection system is activated by smoke or heat. When 
-detection occurs; airflow is diverted from the HEPA filter to the sand 
filter by draining the water from the sand filter seals to the HEPA .fjlter 
outlet seals; the sand filter is then employed exclusively. The sand filter 

~, design flow is 25,000 cfm, so flow must be reduced and processing activities 
curtailed whenever the sand filter is used. The design pressure drop of the 
sand filter is 7.0 in. wg (Ref. 7-5). 

A fifth filter cell, the "E'' filter system has been constructed as a 
future replacement of the filters currently in use. Its design is similar 
to the 11 0" filter in that the first three filter banks can be bypassed to 
extend the overall life. As in the" •" filter, individual stages of the 
"E" filter are not individually OOP testable. The 11 011 and 11 E11 filter banks 
cannot be modified to permit individual OOP testing of each stage. A 
preliminary review has been completed of design changes which might be 
incorporated in a sixth ( 11 F") canyon filter (Ref. 7-2). The conceptual 
design of this filter is now underway. 

The 11 011 filter provides particulate decontamination of the 
221-8 Ventilation System under normal operating conditions. This filter 
configuration can be expected to achieve a decontamination factor (OF) of 

7-5 



,,,. . 

SD-WM-SAR-013 

8 E+09 under normal operating conditions and approximately 1.25 E+08 for the 
accident condition, based on the conservative assumptions recommended for 
nontestable stages (Ref. 7-5). A recent OOP test of the "0 11 filter indi
cated an efficiency of 99.995% which equates to a OF of 2 E+04 for approxi
mately 0.3 µm particles. The Environmental Protection Manual (RHO-MA- 139) 
(Ref. 7-3), requires that the testable stage of each HEPA f ilter (or 
equivalent) system "remove at least 99.95% of OOP particles or equivalent 

· ranging in size from 0.1 to 3.0 µm with a median particle size of 0.7 ~m. 
The sand filter efficiency was recently determined (July 1983) by OOP test 
to be 99.958% at design flow which equates to a OF of 2.38 E+03. 

Lt .should be noted in the foregoing dis.cussion that !lQ. removal of gase
ous forms is achieved by this particulate removal treatment system. 

7.1.1.4 Sampling and Monitoring System. The sampling and monitoring system 
for the 291-8-1 Stack effluent was upgraded under Project B-432 to incor
porate design improvement and state-of-the-art instrumentat ion. 

The system is based on a design which was recently developed for s i te
wide application to airborne effluents associated with 200 Area facilit ies. 
The description which follows is summarized from Reference 7-6: 

A flow rate sensing element insta l led in the main stack air
stream measures the air flow with an accuracy of plus or minus 
10% of span. An electrical signal, proportional to the stack 
f16w~ is transmitted to the 271-B Building Dispatcher ' s Office. 
The flow-rate sensing elements and ind icators are sized to handle 
main stack flow rates ranging frcm 25,000 cfm to 75,000 cfm. 
There is a penetration of the stack at approximately 50 ft in 
elevation, which is used to position the sensing probes. 

Two separate isokinetic air extraction probes are installed to withdraw 
representative air samples from the main stack airstream. The record sam
pling system will operate continuously whenever, and only i f, air is being 
exhausted from the stack. The CAM system however, will operate continuously 
under all circumstances. The Rockwell generic system has a switch recep
tacle which is linked to the exhaust fan operations, and a flow switch is 
provided to disrupt power to the receptacle when stack air flow stops and to 
restore power when flow is detected. 

Sample probes have been designed for multi-nozzle isokinetic sample 
extraction per ANSI N 13.1 (Ref. 7-7). The design was based on the average 
stack velocity. This average value was determined from velocity prof i le 
measurements taken at or near ~he plane of sample extraction. These 
measurements were obtained in a Pacific Northwest Laboratory (PNL) study 
conducted in 1976 (Ref. 7-8). 

One probe is dedicated to extract an air sample that is passed through 
a record filter at a minimum flow rate of 2.0 + 0.2 cfm. Air flow rates 
through the record filter are sensed, regulated, indicated, and tota1i zed in 
the 292-8 Instrument Bui lding. A low sample air fiow rate will 
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activate an alarm switch that initiates local and remote alarm indicators. 
Remote alarms and indicators are located in the 271-B Building Dispatcher's 
Office. 

The second probe draws a sample through a flow splitter. One side of 
the flow splitter is ported to a backup record filter. The other side of 
the flow splitter is ported to a beta/gamma CAM. The air flow through the 
backup record filter is regulated and has a local flow-rate-indicating 
device. The CAM has similar regulating and indicating de~ices. 

Local low sample-flow-rate alarms are provided by the Rockwell generic 
sample system. Alarms resulting from a CAM malfunction or low-sample flow 
rate annunciate separately at the local level; but they are combined into 
one general alarm at the remote alarm panel in the Dispatcher's office. The 
Rockwell generic sample system provides local alarms for high airborne 
radioactivity and system failure, and this system also provides a high 
temperature alarm for CAM circuit protection. 

Improved reliability is provided by a backup record sample, stack-flow
to-sample-flow interlocks, and improved alarm capabilities. Alarm signals 
are routed to the Dispatcher's Office in 271-8, which is continually 

- occupied as a central B Plant processing control center. 

7.1.1.5 Administrative and Operational Controls. The canyon and cell•ven-

~ 
tilation, air filtration, and sampling/monitoring systems are routinely sur

( · veyed for operability and indication of impending failure, malfunction, etc. 
This surveillance is documented by Standard Operating Procedures, HeaJth 

· Physics Procedures, and a variety of other administrative syste·ms. 
, Table 7-3 summarizes the various routine surveillance functions. In addi
' tion to such routine checks, air balancing, DOP testing, and instrument 

- maintenance/calibration services are available on an as-needed basis. Spare 
parts critical to safety system operation are identified by Maintenance 

• -Engineering, and stocked for ready availability. The automated reporting 
system for laboratory analyses of the 291-B-1 Stack CAM and record samples 
includes capability for graphic trend indication. This capability provides 
recognition of system deterioration which could result in increased released 
concentrations. Quarterly measurement of stack flows is part of the input 
to total release inventory calculations calculated from record sample 
analyses. 

7.1.1.6 Additional Release Controls. The "D" Filter exhaust plenum is 
equipped with a CAM which provides an additional method to evaluate filter 
performance in the event of an upset indicated by the stack CAM or record 
sample. The sampler consists of three vertical probes each having seven 
1/8-in.-dia. Schedule-80, stainless-steel nozzles. The three probes are 
spaced at equal distances across the rectangular plenum and are routed via a 
short transport line to the CAM inside Building 291-BF. The system is not 
isokinetic, but the multiple nozzles (21 total) are considered sufficient to 
adequately cover the entire duct cross section, because the flow at this 
location could be stratified. 
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TABLE 7-3. Routine Surveillance of 291-B-1 Effluent Systems. 

Surveillance parameter 

Check of CAM local ratemeter 

Change and analysis of CAM filter 

Change of record sample filter 

Record sample composite analysis 

Calibration of CAM 

Calibration of rotameters 

D0P test+ stack flow measurement 

Filter d/p surveillance 

Water seal level surveillance 

Fan operability/lubrication 

Steam availability/pressure 

Frequency* 

Each shift 

Daily 

Weekly 

Monthly 

Annually and as needed 

Semiannually and as needed 

Quarterly and as needed 

Daily 

Daily 

Daily 

Daily 

*The frequencie~ indicated are those required for compli
ance to operations procedures. Many of these checks and cali
brations are actually done more frequently • 

Additionally, the three CAMs which monitor ambient air concentrations 
in the canyon will provide indication of any major increase in the source 
term to the stack effluent. These units are similar to the stack exhaust 
CAM previously described and are installed primarily for personnel protec
tion within the facility (see Chapter 8.0). 

7.1.1.7 Nonradioloqical Emissions. High efficiency particulate air filtra
tion reduces the concern about emission of particulates, asbestos, and the 
accompanying visual opacities of the effluent. The plant has no sources of 
beryllium, sulfur dioxide, carbonyls, vinyl chloride, or mercury. Sources 
of nitrogen oxides and ammonia constitute the only two nonradiological 
emissions of concern. 

The source of nitrogen oxides is nitric acid used in the separations 
process. Most of the vessels containing this source are part of the VVS#l 
(see Section 7.1.2). Nitrogen oxides emission concentration is estimated to 
be less than 5 ppm (Chapter 5.0). 
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Ammonia as ammonium carbonate-ammonium hydroxide is used in the 137cs 
ion exchange recovery process in the plant. The vessels containing ammonia
bearing solutions are exhausted by the Vessel Ventilation System No. 2 
(VVS#2) (see Section 7.1.2). Some small amounts of ammonia find their way 
to the 291-8 effluent because of cross ties between tanks .served by the 
VVS#l and VVS#2 systems. The inclusion of an ammonia scrubber in the system 
assures that no appreciable release of ammonia occurs from the VVS#2 system. 

The 291-8-1 system does not incorporate any monitoring or sampling 
specifically to measure nonradiological pollutants. 

7.1.1.8 System Compliance. Airborne emiisions from Rockwell operated 
facilities are subject to a variety of DOE, EPA, and State and locally 
imposed regulations. These regulations are summarized in RHO-MA-139 
(Ref. 7-3). The 291-B-1 effluent systems are operated in compliance with 
the requirements of this manual. Identified inadequacies in effluent 

O'radionuclide concentration measurements are addressed by sampling and moni
toring system upgrades. A DOP test recommendation or guideline that "each 

o~ (HEPA) filter stage should be tested individually" cannot be achieved in the 
current 11 011 Filter or in the already built 11 E11 Filter. This condition is 
mitigated by increased frequency of •OP testing of the overall system 
,(quarterly performance versus minimum requirement). In addition, the pre
liminary evaluation of alternatives for sixth or "F" Filter design 

. •(Ref. 7-4) have proposed incorporation of a recently develop~d •OP dispersal 

~ 
~ system (Ref. 7-9) to achieve this capability in future 291-B-1 filters. 

Industry standards, adopted as Rockwell requirements, recommend that 
ventilation zones be established and that "the pressure difference between 
an isolation zone and any adjacent zones must be at least 0.5-in. wg. 
·(Ref. 7-10, 7-11, and 7-12). The canyon to atmosphere differential pressure 

- (dp) is usually -0.24 to -0.30 in. wg. Entries into the canyon will be 
restricted if the dp increases above this range. These dps are a complex 

~-function of supply and exhaust fan capabilities and performance curves, as 
o,.well as the filter dps, and are interrelated with the other ventilation 

system within the facility. In the course of past CAW campa igns and current 
operations, the existing system has maintained releases within applicable 
concentration standards (as listed in RHO-MA-139) under routine conditions. 
System and procedures are in place to respond to abnormal concentration 
increases and accident conditions. For example, the emergency procedure for 
response to a 291-8 stack alarm covers such items as: 

• Response to a high-radiation alarm 

• Procedures to follow if an effluent sample indicates excessive 
radioactivity 

1 Procedures to follow for failure in monitoring systems. 

These procedures, and others which address simiiar incidents, are 
reviewed an~ modified as experience dictates. 
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7.1.2 Process Vessel Ventilation Systems 

7.1.2.l Overview. 8 Plant has two vessel ventilation systems identified 
simply as No. 1 and No. 2 (Fig. 7-2 and 7-3). The VVS#l vents and filters 
gases from process vessels which do not contain ammonia. The system 
includes a heater, prefilter, HEPA, and condenser. The treated air is 
directed into the ventilation tunnel where it is further f i ltered, sampled, 
monitored, and released as part of the canyon ventilation system (see 
Section 7.1.1). 

The VVS#2 vents and filters gases from vessels in which ammonia is 
potentially present. The gases are collected through header 146 to Cell 22 
where they progress through an ammonia scrubber, a heater to reduce the 
relative humidity of the vapor stream, a glass-fiber prefilter, and a 
redundant bank of two stage HEPAs. Then the air flows to an outside filter 
pit on the south side of 221-B. The pit contains a redundant bank of two 
stage HEPAs and a steam jet which provides the motive force for the stream. 
These redundant filters are provided as an immediately available alternate 
system. The air is continuously monitored from a tie-in near the outlet of 
these filters and finally discharges into the 24-in.-dia. cooling-water 
header. Risers and manholes along this header allow release of this 
airborne effluent to the atmosphere. · 

7.1.2.2 Source Term. The vessel ventilation systems maintain the radio
active process-solution-containing vessels at a pressure negative to their 
surroundings. Typical fission product concentration which is for CAW (ZAW) 
feed solutions to the 8 Plant process are shown in Table 7-4. 

As a result of the nature of the 8 Plant mission, the concentrations of 
the "product" radionuclides, cesium and strontium, may be greatly increased 
in specific vessels within the facility. Strontium-90 concentration for 
example may range from 1,160 to 2,300 Ci/L (4,400 to 8,700 Ci/gal) in 
Tank 36-3 following final purification by the caustic strike process 
(Ref. 7-13). 

The degree to which these radionuclides may be introduced to ventila
tion air at air-liquid interfaces is not readily quantified although it is 
known to be low. As noted in Section 7.1.1.2, the extent of resuspension or 
entrainment depends on a number of factors including surface area of inter
face, vapor pressure, temperature, etc. Among the most significant of the 
factors are variations in solution chemistry and temperature necessary to 
the various processing steps. Details on these process impacts on potential 
ventilation source term and discussion of related safety limits are included 
in Chapters 9.0 and .11.0. 
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TABLE 7-4. Fission Product 
Concentrations in PUREX 

Zirflex Acid Waste 
(Ref. 7-13). 

Isotope 

89sr 
90sr 
90y 
9ly 

95zr 
95Nb 

103Ru 
103mRh 

106Ru 
106Rh 
134cs 
137cs 
137msa 
14lce 
144ce 
144pr 
147pm 

Ci/L 

107 
20 
20 

170 
236 
472 

51 
51 
68 
68 

4 

22 
21 
38 

380 
380 

73 

VVS#l. The VVS#l has been described in Section 5.3.2. Process vessels 
not containing significant quantities of ammonium compounds are vented to a 
header in Cell 22 (Fig. 7-2). Flow is through steam heater (E-22-3), one 
pre-filter and one HEPA filter in series (F-22-5-1 and F-2c-5-2), a 
1,200 cfm steam jet (J-22-4) and a condenser (E-22-4). After treatment by 
the components, the VVS#l air is exhausted to the 221-8 air tunnel where it 
is subject to the entire treatment of the main ce1 1 and canyon ventilation 
(Section 7.1.1.3). The steam heater is operated to minimize water damage to 
the HEPA filters. The HEPA removes particulates from the air stream prior 
to its mixing with the canyon exhaust air. The condenser is intended to 
minimize vapor introduction ta the air tunnel since there are no moisture
separating components downstream to protect the 291-B filters. 
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The HEPA filtration system within Cell 22 is not designed to allow 
periodic OOP testing of either of the individual stages of the F-22-5 bank. 
This unit was . tested following construction and prior to cell installation, 
and has been monitored primarily on the basis of filter bank differential 
pressures thereafter. These pressures are instrumented for remote readout 
in the Operating Gallery at Panel 22 where they are read each shift by 
Operations personnel and submitted for Process Control eng i neering 
evaluation. Separate pressure readings are provided for the two HEPA 
filters in series. Operating parameters of the steam heater are similarly 
monitored to minimize moisture damage to the filters. The F-22-5 filter 
configuration can be expected to achieve a decontamination factor (OF) of 
4 E+06 under routine operation and 2.5 E+OS under accident conditions, based 
on the conservative assumptions recommended for nontestable stages by 
Reference 7-5. Thus, in combination with the HEPA filters encountered down
stream in the 291-B-1 system, for every curie introduced to the VVS#l air
stream, approximately 3 E-17 curies might be exhausted by the 291-B-1 Stack. 

VVS#2. The VVS#2 has been described in Section 5.3.2. Process vessels 
that contain (or have the potential to contain) significant quantities of 
ammonium compounds are vented to a scrubber (T-22-2) via Header 146. 
Figure 7-3 shows a schematic of the VVS#2 components. Offgas from the 
ammonia scrubber is routed to a steam heater (E-22-7), a glass fiber pre
filter (F-22-6), and two HEPA filters in series. The HEPA filter components 
are parallel redundant (either F-22-8-1 or F-22-8-2 may be valved in service 
to provide two stage HEPA filtration). All of these components are located 
in Cell 22 within 221-8. From Cell 22 VVS#2 offgas is routed to a second 
two stage HEPA filter located (with its identical parallel redundant backup) • 
in a filter pit adjoining the south side of the 221-B Building. The dis-
charge point for this vent system is into the 24-in.-dia. cooling-water 
discharge header. 

The OF of the prefilter is not known. It is typically operated at a 
higher differential pressure than that to which a HEPA should be subjected. 
As in the case of VVS#l neither the glass fiber prefilter or either of the 
F-22-8 HEPAs is accessible for in-service OOP testing. Performance monitor
ing of these components is based on differential pressures recorded at the 
Cell 22 panel in the Operating Gallery. The F-22-9 f i lters in the outdoor 
filter pit are designed for remote replacement capability and are routinely 
OOP tested separately (individual banks can be tested). The cumu ·1ative OF 
of the F-22-8 and F-22-9 components for airborne particulates can be esti
mated as 1.6 E+l3 and 6.25 E+lO under routine and accident conditions 
respectively using Reference 7-5 assumptions. 

7.1.2.4 Samol i no and Monitoring System. The VVS#l offgas becomes part of 
the 291-8-1 effluent, and its sampling/monitoring system has been described 
in Section 7.1.1.4. The VVS#2 offgas is sampled near its point of release 
to the cooling water sewer between F-22-9 filters and the J-22-9 steam jet. 
No stack is provided. The airborne effluent is des ignated as 296-8-14. The 
samp le removal is via a 11 T11 fitting in the vent header. There is no samp le 
prooe or attempt at isok inetic sampling. The sample flow is routed to a 
Hanford design air monitor. The motive force for the sample vaccum is an 
indepe~dent steam jet. There is a record sampler. The CAM filter is 
changed and analyzed daily. The CAM is served by an emergency power supp ly. 
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The normal sample flow rate to the air monitor is 2 cfm through 
approximately 6 ft of stainless steel transport line which has a 4 ft 
vertical rise and several 90° bends. Transport efficiency for particles 
larger than 5 ~mis less than 57%. This system has been identified for 
upgrade and various recommendations made (Ref. 7-14). 

7. 1.2.5 Administrative and Operational Controls. Standard Operating 
Procedures require that the various operating parameters of the vessel ven
tilation systems be read and recorded each shift by Operations. These read
ings are then reviewed by both Operations Management and Process Control 
Engineering. Established critical parameters, such as differential 
pressures across filters and off-gas heater temperatures, are continuously 
recorded on strip chart recorders. All instrumentation is subject to 
required calibration and maintenance schedules. F-22-9 filters are OOP 
tested annually~ at a minimum, and at a higher frequency when indicated by 
replacement or by system anomaly. An area radiation monitor in the 

:..n F-22-9 filter pit is connected to remote readout in the 271-8 Dispatcher's 
Office which is continuously manned. The gamma sensitive detector is 
intended to assist in early recognition of any major VVS#2 upset such as 
F-22-8 filter breakthrough. 

, 7.1.2.6 Additional Release Controls. TK-23-1 is vented by the ammonia 
bearing VVS#2 but also serves as the condensate receiver tank f.or VVS#l. 

c,-. A heel of at least 10-in. (125-gal} is maintained in this tank by sizing the 
dip leg length of the jet. This configuration prevents a direct connection 
between the two vessel ventilation systems. 

-

The E-22-4 is similarly controlled, since its condensate drains to 
~ TK-22-1 on VVS#2 while gaseous effluent from VVS#l passes through it. Other 

less permanent cross-ties are controlled in like manner. For example, jet 
- legs or drains in TK-9-1, TK-11-1, TK-13-1, TK-14-1, TK-22-1, TK-23-1, 

TK-25-1, TK-25-2, TK-26-1, TK-26-2, TK-29-2, and TK-29-3 interconnect (cross 
~ tie) both VVS#l and VVS#2, thus requiring 5 to 10 in. heels in the respec

tive tanks. 

The liquid effluent sampling and monitoring capabilities on the 24-in. 
dia. cooling water sewer are downstream of the VVS#2 discharge. They are 
not considered a highly reliable backup to the 296-8-14 CAM because of the 
very high volume (dilution) of the cooling water stream, and the consequent 
reduction in sensitivity as compared with the radioactivity detection by the 
CAM. The minimum detection level of the system is in the Table I range. 

Shutdown of the VVS#2 discharge is readily accomplished in the event of 
a failure in the treatment system. (VVS#2 is required to support cont i nued 
processing but removing it from service does not cause an immediate hazard 
to personnel or equipment.) The 291-8-1 filtration systems provide a backup 
in the event of treatment system failure in VVS#l. 

7.1.2.7 Nonradiological Emissions. The RHO-MA-139 (Ref. 7-3), does not 
specify ammonia emission limits; however, emissions are minimized by use of 
several design features. The VVS#2 ammonia scrubber, the scrubbing act ion 
of the J-22-9 stream jet, and discharge into the cooling water eff1uent 
represent design intent to minimize ammonia emissions. 
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The VVS#2 has been sampled for ammonia concentration, with measurements 
being in the 1,000 ppm range. The threshold limit value (TLV) (Ref. 7-15) 
for ammonia is 25 ppm with a short-term exposure limit of 35 ppm. The 
VVS#2 discharge, however, is not in close proximity, to any regularly 
occupied work areas, and exceeding the personnel hazard limits is of minor 
concern. Environmental detriment associated with this ai rborne discharge is 
negligible. 

7.1.2.8 System Comcliance. The completed upgrades to 291-8-1 sampling and 
monitoring instrumentation have brought VVS#l into full compliance. The 
VVS#2 does not comply with representative sampling requirements of 
RHO-MA-139 (Ref. 7-3) nor is the sampling and monitoring design up to the 
level of current industry standards such as ANSI Nl3.l or ANSI Nl3.10 . The 
vacuum capacity of VVS#2 is not always sufficient to maintain a negat i ve 
pressure on all the vessels it services, allowing occasional escape of 
ammonia gases to the canyon. In-service OOP testing is not practical for 
the Cell 22 filters, but the accessible F-22-9 filters can be tested as a 
single stage since the two HEPA stages are separately installed. 

7.1.3 221-8 Gallery Exhaust System 

7.1.3.1 Overview. The operating, pipe, and electrical galleries are venti
lated by supply and exhaust fans. Exhaust air is discharged to the atmos
phere through prefilters and single-stage HEPA filters, located at seven fan 
stations -d~signated 296-8-21 through 296-8-27. Total capacity of t he seven 
exhaust systems is approximately 160,000 cfm although all exhausters are not 
continuously operated. The exhaust points are not sampled or monitored. 
Ambient air in the galleries is routinely sampled and monitored at multiple 
points (see Chapter 8.0). 

7.1.3.2 Source Term. Interfaces with process vessels and equipment in the 
canyon cells make the galleries subject to potential contamination via 
equipment failure, as well as blow-back or 11 suck-back 11 from process related 
pressure trans ients. However, during routine operations the contamination 
levels in these areas are minimal. Some areas of fixed contamination exist 
as a result of previous upsets, but these can not provide a source term for 
contaminating the ventilation air. 

7.1.3.3 Treatment System. Each of the seven exhausters serves one or two 
vertical stages of prefilters arranged in a 3 x 3 array. The prefilters are 
in series with HEPA filters, accessible from the pipe or electrical gallery. 
The HEPAs are OOP tested following installation and at least annually there
after. A OF of at }east 2 E+03 would be exoected under all conditions of 
normal operation of these systems (Ref. 7-5). Theoretical OF would equal 6r 
exceed 3,333 and available OOP filter efficiency data confirms this figure. 

7.1.3.4 Samoling and Monitoring System. The seven exhaust points described 
above have no sampling or monitoring instrumentation. Procedures are i n 
place to initiate high-volume air sampling at the exhaust ~oint closest to 
the gas ai r sampling at the exhaust point gallery area affected in the event 
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of a contamination upset in the galleries. The network of samplers and 
monitors tracking ambient air concentrations within the galleries (prior to 
filtration and release to the environment) is discussed in Chapter 8.0. 

7.1.3.5 Administrative and Ooerational Controls. As noted, the HEPA 
filters are OOP tested annually. Filter differential pressures are read and 
recorded weekly. Constant-air-monitor units serving the galleries are 
remotely alarmed in the Dispatcher's Office. Contamination surveys of the 
g~lleries are performed routinely by Radiation Monitoring ·personnel. 

7.1.3.6 Additional Release Controls. If warranted by upset conditions, the 
flow through gallery exhaust points 296-8-21 through 296-8-27 can be reduced 
and air flows routed through the crane cab access doorways to the canyon 
(291-8-1 vent system). This is done procedurally with SOP administrative 
controls. Environmental release concentrations can be approximated from 
measured gallery concentrations using a conservative OF assumption for the 

"-filtered release, as suggested in Reference 7-5. 

7.1.3.7 Nonradiological Emissions. Since these seven systems exhaust areas 
_ routinely occupied by operational personnel, the nonradiological hazards of 

the areas are generally more limiting than environmental concerns. Occa-
. •sional maintenance work on asbestos lagging occurs in the galleries. Any 

environmental release of this asbestos is mitigated by the HEPA filtration. 
0--

7. 1.3.8 System Compliance. There is a low probability of source term 
introduction into the 271-8 Exhaust System. Also, the effluent treatment 
system is adequate, and emergency procedures are in place. Because of these 
factors, S&QA considers that the 271-8 Exhaust System meets the intent of 

~•OE 5484.l (Ref. 7-16) requirements for effluent monitoring. A deviation is 
active to address compliance with specific sampling requirements of 

- RHO-MA-139 (Ref. 7-3). 

~ 7.1.4 221-88 Exhaust System 

7.1.4.l Overview. The 221-88 liquid effluent support building is exhausted 
by a 2,000 cfm capacity, single-stage HEPA filtration system via the 
296-8-5 Stack. The effluent is continuously monitored and sampled by a 
generic system (Fig. 7-4) (Ref. 7-17). An evaporative cooler provides 
supply air. Chapter 5.0 provides facility design details on this venti
lation system. 

7.1.4.2 Source Term. The 221-88 Building contains weir tanks and effluent 
instrumentation for the process condensate and steam condensate liqu id 
effluents (see Chapter 5.0). The weir tank vault is contaminated from past 
upsets of these effluent streams. Entry to the portion of the building con
taining this vault normally requires respiratory protection as a result of 
t he fa 11 owing: 

• Residual contamination from prev ious upsets of effiuent streams 

• Potential for liquid effluent upset during building occupancy 
{weir tanks not negative relative to building atmosphere) 
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• Increased entrainment potential because of relatively high tem
peratures of liquid effluents. 

The source term is very low relative to the canyon and vessel venti
lation systems previously described and similar in risk to the gallery 
exhausts, except that smearable contamination is known to be present in 
221-88. Startup of PAW processing is not expected to appreciably change the 
source term from the current conditions. Continuous air monitor units have 
recently been installed to monitor the air within the condensate tanks room, 
and the air within the monitor rooms, as part of planned upgrades. 

7.1.4.3 Treatment System. The 296-8-5 exhaust is subject to treatment by a 
single stage of 80% prefiltration in series with a single stage of HEPA fil
tration. Each stage is arranged in a one high by two wi~e (2,000 cfm 
capacity) array. The HEPAs are OOP tested following installation and at 
least annually thereafter. A OF of at least 2 E+03 is all that can be 
claimed under all conditions of normal operation of this system per 
Reference 7-5. Theoretical OF would equal or exceed 3,333 and available DOP 
filter efficiency data confirms this figure. There is no system dedicated 
to moisture removal, and there are no indications that one is needed. 
System air flow is controlled by adjustment of an opposed multi-blade 

. damper. 

7.1.4.4 Samoling and Monitoring System. The 296-8-5 stack effluent is 
equipped with a generic sampling and monitoring system (Ref. 7-18). This 

" system includes a probe for isokinetic withdrawal, a short transport line 
with smooth, large-radius bends, a record sampler, and a beta-gamma CAM. 
Local alarm signals on low record or CAM sample flow, high radiation,. or CAM 

, failure, and a flashing light indicates high or low cabinet temperature to 
indicate heater malfunction. Local alarms are ganged for remote 
annunciation in the Dispatcher's Office, 271-8. 

~. 7.1.4.5 Administrative and Operational Controls. The 296-8-5/ 
221-88 Ventilation System is routinely checked for operability and any indi-

c,... cations of impending failure, malfunction, etc. This surveillance is docu
mented by Standard Operating Procedures, and a variety of other admin
istrative systems. Table 7-5 summarizes the various routine surveillance 
functions. In addition to such routine checks, air balancing, DOP testing, 
and instrument maintenance/calibration services are available on an as
needed basis. Spare parts critical to safety system operations, such as 
HEPA filters, are identified and stocked for ready availability. 

7.1.4.6 Additional Release Controls. A previously installed record sam
pling system remains in place as a backup in the event of failure of the 
currently used system. Since the 221-88 Facility is not routinely occupied, 
shutdown of 296-8-5 could be accomplished (in the event of unacceptable 
release concentrations) without immediate hazard to operation personnel. 

Similarly, the 
E-23-3 Concentrator 
221-88 source term. 
and 7.2.3. 

BCS and SCP streams can be secured by shutdown of the 
if 296-8-5 release levels lead to suspic ion of the 
These streams are described in Sections 7.2.2 
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TABLE 7-5. Routine Surveillance of 296-8-5 Effluent Systems. 

Surveillance parameter 

Change of CAM filter and analysis 

Change of record sample filter 

Record sample composite analysis 

CAM calibration 

Rotameter calibration 

DOP test and stack flow measurement 

Filter d/p survei Tlance 

Fan operability/lubrication 

Weekly 

Weekly 

Monthly 

Frequency 

Annually and as needed 

Semiannually and as needed 

Quarterly and as needed 

Daily 

Daily 

7.1.4.7 Nonradioloaical Emissions. Although the SCP liquid effluent is 
known to have a relatively high ammonia concentration, it does not appear to 
contribute significantly to the 296-B-5 air. No other source of concern 
relative to nonradiological pollutants has been observed in the analyses of 
these emissions (Ref. 7-23). 

7.1.4.8 System Compliance. This system is in compliance with applicable 
DOE and Rockwell effluent regulations (Ref. 7-3). If a potential for high
level, accidental airborne release existed, there would be concern in regard 
to stack height and building wake effects in proximity to 221-8 and 
221-BC Buildings. However, the risk of appreciable airborne release i s 
mitigated largely by administrative controls imposed on BCS and SCP 
effluents. 

7.1.5 221-BC Exhaust System 

Although this annex to the 221-8 Canyon Building is served by an inde
pendent ventilation supply system, its exhaust is to the canyon, and i t 
becomes part of the 291-8-1 effluent. Section 7.1.1 detailed the char
acteristics of this airborne discharge to the environment. Small sca le 
decontamination activities are conducted in one portion of the 
221-BC Facility. Chemicals associated with the efforts have a neglig i ble 
environmental hazard because of the small volumes of material and the large 
volume of dilution air. 
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7.1.6 221-BF Exhaust System 

7.1.6.l Overview. The 221-BF Building, which houses SCP batch collection 
tanks for B Plant process condensate liquid effluent discharges, is 
exhausted via the 296-8-13 Stack. This is a 1,000 cfm capacity system 
treated by two HEPA filters in series. Electric duct heaters are installed 
for filter protection from moisture. Figure 7-5 is a schematic of the 
296-8-13 system. 

7.1.6.2 Source Term. The source term to the 221-BF Ventilation System is 
equivalent to that of 221-88 (Section 7.1.4.2) except that only the BCP (not 
the 8CS) liquid effluent is involved. As in 221-88, a portion of the build
ing is accessible to personnel not wearing radiological protective clothing. 
The actual 8CP batch tank vault area occasionally requires respiratory pro
tection for access when posted as an airborne contamination zone, largely as 
a precautionary measure. While the airborne source term associated with BCP 
liquid interface is low relative to process solution air-liquid interfaces 

- (such as the VVS source terms), it should be recognized that BCP is 
routinely released at concentrations well above other B Plant liquid 
effluents. Upsets associated with concentrator transients can (and have in 

~ ~he past) introduced even higher levels into the 221-8F vessels, when 
liquids of the same concentration levels as the concentrator bottoms were 

- t . • presen . 

"7.1.6.3 Treatment System. The 221-BF ventilation exhausts through a two • r stage HEPA system having one filter cartridge in each stage.• There is no 
prefilter. Each stage is OOP tested individually. Thermostatically con
·trolled electric duct heaters are installed upstream of the HEPAs for mois
ture protection. A OF of at least 4 E06 would be expected under all condi-

·1tions of normal operation of this system per Reference 7-5. Theoretical OF 
would equal or exceed 1.1 E07 and available OOP filter efficiency data con

- firms this figure. Exhaust fan modulation is provided by a manually oper
ated, opposed-blade damper. A back-draft damper on the supply air inlet to 
221-BF guards against potential for unfiltered back flow. 

~ 

7.1.6.4 Sampling and Monitoring Svstem. This effluent is continuously sam
pled and monitored by a generic sampling and monitoring system similar to 
the 291-8-1 installation. A hot air inbleed system has been valved out of 
service to avoid sample dilution. The transport line is well insulated and 
heat-traced. The CAM has a local readout at 221-BF, and remote alarms and 
readout are located in the 271-8 Dispatcher's Office. Alarms are for low 
flow (loss of pump), high radiation, and loss of detector. Neither the 
monitor, pump, or the 296-8-13 Stack are on emergency power. The sampler is 
intertied to the stack fan operation. Additional details concerning the 
system are described in Section 7.1.1.4. 

7.1.6.5 Administrative and Ooerational Controls. The 221-BF Ventilation 
System is subject to the same surveillance program and controls as that for 
221-88 (see Section 7.1.4.5 and Table 7-5), except that the single CAM 
filter, ~hich is changed weekly, constitutes the record sample for reportlng 
purposes on this stack. 
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7.1.6.6 Additional Release Controls. Since the 221-BF Facility is not rou
tinely occupied, shutdown of the 296-8-13 exhaust could be accomplished (in 
the event of unacceptable release concentrations) by access to the exhaust 
fan adjacent and external to the 221-BF Building. Similarly, the SCP 
effluent can be secured by shutdown of the E-23-3 Concentrator if 296-8-13 
release levels lead to suspicion of the 221-BF source term~ 

7.1.6.7 Nonradioloqical Emissions. See 221-88 discussion, 296-B-5 Stack, 
Section 7.1.4.7. 

7.1.6.8 System Compliance. The treatment system installed on this exhaust 
is considered adequate for the source term. The sampling and monitoring 
system achieves current industry standards (Ref. 7-3, 7-7) and provides 
accurate release concentrations. This stack has been upgraded by the 
installation of the generic stack sampling and monitoring upgrade discussed 
in Section 7.1.1.4 and 7.1.4.4, and is in full compliance with the 

M radiological guidelines contained in RHO-MA-139 (Ref. 7-3). 

7.1.7 212-B Exhaust System 

As discussed in Section 5.2.2.2, 212-B Cask Transfer Station Building 
~- is served by an independent ventilation supply system and exhausts through 

roughing filters in the transfer cell to the 221-8 Building main air tunnel. 
Section 7.1.1 detailed the characteristics of this airborne discharge to the 
environment. 

.... ... . 7.1.8 Aqueous Makeup (AMU) 

The aqueous makeup system is described in Chapte~ 5.0, and includes the 
- chemical storage tanks, mixing tanks, and scale tanks for measurement. A 

chemical control laboratory is also provided to check the purity and concen
tration of the various chemical feeds required for the waste fractionization 
process. 

Aside from sodium sulphate and sodium carbonate which are stored in the 
first floor, most of the AMU is located on the third floor of the 
271~8 Building. Typical chemicals stored in this area include rare earth 
nitrate, nitric acid, sodium hydroxide, sodium nitrite, sodium nitrate, and 
decontamination agents such as 1,1,1 trichloroethane and citric acid. 

None of the chemicals used in the AMU are radioactive. There is no 
potential for radioactive release, and radiological sampling and monitoring 
are not provided. 

The AMU tanks on the third floor are vented to the atmosphere through 
discharge vents on top of the 221-8 Building. Air jets prov ide effluent 
control. No nonradiological sampling or monitoring is provided. 
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7.1.9 211-8 Tank Farm 

Chemical Tank Farm 211-B is located north of the 221-B Building and 
contains bulk storage facilities for chemicals used in the waste frac
tionization processes. Details concerning quantities and tank designations 
are provided in Chapter 5.0. 

No radioactive material is stored in this area, and no potential for 
radioactive effluent exists. Hazardous chemicals such as nitric acid, 
anhydrous ammonia, sodium hydroxide, and similar waste fractionization 
process chemicals are stored in carbon steel or stainless steel tanks. The 
anhydrous ammonia is stored in a pressure vessel in the far northeast corner 
to allow dispersal of fumes by prevailing winds. In the case of 
hydroxyethylenediaminetetraacetic acid (HEDTA), the three 8,000-gal vertical 
stainless-steel tanks are surrounded by a 3-ft concrete dike to provide some 
secondary containment to minimize an environmental release. 

No sampling or monitoring of nonradioactive hazardous waste effluent is 
provided although the tanks are vented to the atmosphere. 

Under normal operating conditions, no environmental or personnel hazard 
is anticipated from the facility. Similarly, no problems are expected 
during internal B Plant accident conditions. · Potential problems would 
develop from circumstances such as significant seismic events. A scenario 
for such an event and a safety evaluation is described in Chapter 9.0. 

7.2 LIQUID EFFLUENTS 

Chapter 4.0 of this SAR summarizes the principal design criteria appli
cable to radioactive byproduct and effluent management systems. Chapter 5.0 
provides further design details of the liquid effluent systems. This sec
tion discusses further the liquid effluents associated with 8 Plant opera
tion and assesses their compliance with applicable criteria. 

o-- A summary of the major B Plant liquid effluent discharge points is 
presented in Table 7-6. Table 7-7 provides typical (1983) liquid effluent 
radioactivity data (Ref. 7-1). · 

7.2.1 Cooling Water Waste Stream 

7.2.1.1 Overview. ·The B Plant combined cooling water system (CBC) consists 
of two sewers, the 24-in.-dia. header from 221-8 to the 207-8 Retention 
Basins, and a 15-in.-dia. header to the diverter station at the 
216-B-59 Emergency Retention Basin. Liquid from high-risk (high 
radionuclide invento"ry) tank cooling coils is routed to the 15-in. se111er 
through six cross-over subheaders which are continuously monitored. 
A separate continuous monitor downstream from all inlets to the 15-in. sewer 
line initiates automatic diversion to the 216-8-59 EmergencyRetention Basin 
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TABLE 7-6. Surmnary of B Plant Major Liquid Effluent Discharge. 

Stream Description Discharge 
designation point 

BCS B Plant steam condensate 216-8-55 .Crib 

BCP B Plant process condensate 216-B-62 Crib 

BCE B Plant chemical sewer 216-8-63 Ditch 

CBC (CNC/CSP) B Plant combined 216-A-25 or 216-8-3 Ponds 
cooling water via 216-8-2-3 Ditch 

u, TABLE 7-7. Surmnary of 8 Plant Liquid Effluent Data (1983). 
(Ref. 7-1) 

Annual average Total 
Discharge stream Effluents concentration radioactivity 

(~Ci/ml) released (Ci) 

Process condensate Total alpha <5 E-07 <l E-02 
(BCP) Total beta 2 E-03 6 E+Ol 

3tt <8 E-07 <2 E-02 
89,90sr 8 E-04 2 E+01 
137cs 7 E-04 2 E+Ol 
239 ,240pu 4 E-08 1 E-03 
241Am <8 E-08 <2 E-03 

Steam condensate Total alpha <3 E-08 <9 E-04 
(BCS) Total beta 4 E-06 2 E-01 

- 3tt 1 E-06 5 E-02 
89,90sr 1 E-06 I 5 E-02 
137cs 2 E-07 I 8 E-03 

Cooling water Total alpha <6 E-09 <4 E-02 
(CBC) Total beta 1 E-07 8 E-01 

3H <6 E-07 <4 E+OO 
89,90sr 5 E-08 3 E-01 
137cs <l E-07 <6 E-01 
u 3 E-08 2 E-01 

Chemical sewer Total alpha <4 E-08 <l E-02 
(BCE) Total beta <7 E-08 d E-02 

89,90sr d E-08 <7 E-03 
137cs <5 E-08 <2 E-02 
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in event of high activity. (The 15-in. sewer line is connected with the 
24-in.-dia. header at the downstream diverter station, from which the 
combined flow is to the 207-B Basin.) 

Flow to the 24-in. header is primarily from condensers and similar 
equipment. These contributing sources all have positive differential 
pressure at system interfaces which minimize the potential for contami nation 
to cross through any leaks. Continuous monitoring of the 24-in. line 
downstream of all influents is not augmented by any automatic diversion. 
There is capability for manual diversion of the 207-B Retention Basin dis
charge to the 216-B-63 (BCE) Ditch. Figure 7-6 is a schematic of the 
CBC stream. Normal routing involves 15-in. discharge to the 24-in. l i ne to 
207-8 Basins. The 207-8 Retention Basins are discharged to the combined 
216-A-25/216-B-3 Pond system via 216-8-2-3 Ditch based on field radiation 
monitoring evaluation of ten batch samples which are composited and analyzed 
in the laboratory to provide analytical records of discharge levels. 

7.2.1.2 Source Term. This effluent results from heat removal processes 
required in B Plant operations. Virtually all CBC input originates as raw 
water supplied to the plant which has been circulated through one or more 
components having some type of heat exchanger function. Typically, the 
cooling water is separated by only one physical barrier (such as a coil or 
tube sheet) from the highly contaminated liquid or gaseous phase process 
solution which is being cooled. In most cases a positive pressure 
differential is maintained from the coolant to the process side of t he heat 
exchanger, such that component failure will result in flow toward the 
contaminated side of the failed barrier. The CBC effluent is considered a 
potentially contaminated liquid waste because of the potential for t hese 
protective design measures to occasionally fail and result in contamination 
of the coolant. Jypical CBC effluent concentration values average about 
1.6 E-07 ~Ci/ml. However, process solutions can contain very high 
radionuclide concentrations as noted in Sect i on 7.1.2.1. As an example, on 
November 7, 1963, a cooling coil leak in a 8 Plant vessel caused the release 
of approximately 30 Ci (primarily 144ce) through the CBC system (Ref. 7-20). 
Numerous modifications and improvements to containment have been made since 
this incident. It is mentioned here only for its value as a reflection of 
the magnitude of the source term. "Worst case" contamination scenarios have 
been constructed for releases of this nature (see Chapter 9.0). Condensers 
generally have a much lower potential for coolant contamination because of 
the combined phase and pressure differences maintained across the physica l 
boundary. 

7.2.1.3 Disposal Site. The CBC effluent contributes approximately 
300,000 M~/M to the .combined Gable Mountain (216-A-25) and 8-Pond (215-8-3) 
system. These ponds are surface impoundments with no outlets such that the 
cooling water is removed only through percolation and evaporation. The 
water table is elevated in the vicinity of both disposal sites as a result 
of the large percolation volumes (Ref. 7-21). Both ponds are subject to the 
environmental surveillance program of surface water, ground water, soil, and 
biota sampling/analysis as outlined in RHO-MA-139 (Ref. 7-3 ) and implemented 
by the Environmental Surveillance and Control (ES&C) Group. Reference 7-21 
is one of several characterization studies on these disposa l sites. Total 
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capacity of the two ponds far exceeds the maximum CBC flow rate; however, 
216-8-3 capacity has recently been expanded to support concurrent operation 
of CBC with the multiple 200 Area effluents which flow to these same sites. 
Figure 7-6 shows the effluent distribution system routed to the 216-A-25 and 
216-8-3 Ponds. 

7.2.1.4 Samoling, Monitorina and Flow Measurement. A batch-grab sample of 
the CBC stream is obtained at the 207-8 Retention Basins prior to discharge, 
and discharge is based on the field (portable instrument) check of the sam
ple. Two 100 ml samples are drawn from each full basin, field surveyed, and 
delivered to the 222-S Analytical Laboratory. One sample is composited for 
analysis on a ten-batch basis. The other sample is used for the monthly 
inventory composite. If detectable activity is found during the 
Operations/Radiation Monitoring field survey of the samples, a third (one 
liter) sample is taken from the basin for rush analysis. The turnaround for 
laboratory analysis of the ten-batch composite and reporting to 8 Plant 
Operations averages two to three days from the first batch discharge. Gross 
beta analysis of a single sample, which is suspect because of field instru
ment readings or plant upset, however, can be available in a matter of 
hours. 

Monthly composite samples for inventory reporting purposes are analyzed 
for gross alpha and gross beta. Where indicated by gross analyses, isotopic 
analysis for 90sr, l37cs, tritium, and uranium are routinely reported. The 
CBC samples are not routinely analyzed for nonradiological pollutants (see 
Section 1.2.1.7). 

Both the 15-in. and 24-in. cooling water sewers have in-line monitors 
connected to remote instrumentation at the Dispatcher's Office in the 
271-8 Building. The monitors are of similar design. They are gamma
sensitive sodium-iodide detectors inserted in a drywell which is installed 
in a flume-type arrangement at a standpipe in each of the respective CBC 
lines. There are no local alarms or readouts on either of these monitors. 
Except for the preamplifiers and detectors, all instrumentation is remote at 
271-B. The 15-in. and 24-in. in-line monitors record on strip charts at 
this location. Primary (liquid) calibration is not feasible on the monitors 
as installed. A source check using a sealed l37cs source is performed 
biweekly on the monitors. High-level alarms and the 15-in. automatic diver
sion are checked for operability in conjunction with this source check. 

The CBC system also is served by six subheader monitors on the 15-in. 
sewer cross-over feed lines comina from the 221-B Cells. These units 
consist of instrumentation similar to the in-line monitors, but with the 
detectors lowered in drywell risers which terminate at the pipe in question. 
These monitors serve to isolate the source of a CBC upset. The subheader 
monitors have "local'' readouts at a panel board in 221-88 Building and 
remote ratemeter and alarm indication in the 271-8 Dispatcher's Office. 
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The in-line monitors are set to alarm at 40 c/s on both 24-in. and 
15-in. lines. Since liquid calibration is not feasible and isotopic 
identity of the source term would vary depending on the process function of 
the tank experiencing coil failure), these alarm set points cannot be mean
ingfully correlated with concentration limits in the CBC effluent. 

Flow measurement of the CBC effluent is achieved via liquid level 
recording at the full 207-8 Basin prior to release. A calibration/ 
conversion chart for depth/discharge volume has been incorporated in the 
207-8 Basin operating procedures. The CBC flow rate is approximately 
1,800 gpm. 

7.2.1.5 Diversion/Retention/Shutdown Capabilities. The high risk portion 
of the CBC, the 15-in. sewer, can be diverted to the 280,000 gal 
216-8-59 Emergency Retention Basin for retention of non-releasable effluent. 
Such diversion is automatic upon 15-in. CBC monitor alarm. · If the location 
of the contaminant can be determined by the review of the subheader monitor 
readouts, unaffected subheaders normally routed to the 15-in. line can be 
manually diverted to the 24- in. line to reduce volume to the diversion 
basin. The piping and valving arrangement is diagrammed in Figure 7-7. 
Recycle capability exists via installed piping to transfer from 216-8-59 to 
221-B Tank 9-1. 

The 207-8 Retention Basins provides some holdup of effluent to allow 
more operational flexibility. However, volume of the basins is insufficient 

- ~ to receive and hold the CBC flow during any prolonged upset condition. 
During normal operating conditions the 565,000-gal basins must be sampled 
and released approximately every 3 1/2 h to accommodate the 1,800 gpm flow. 
Although liquid in the 207-B Basins is not readily recoverable, the option 

'· of final discharge to the chemical sewer ditch (216-8-63) is available by 
manual valve alignment. This capability allows more convenience in evalu
ation and decontamination of an unavoidable ''hot" discharge while in the 

. . 207-8 basins than would otherwise result from normal routing to the ponds. 

Selective elimination of some nonessential cooling water flows can 
reduce the volume of effluent, if appropriate, in response to a high-level 
discharge. This reduction has been accomplished routinely in the past to 
support effluent transport system maintenance such as line cleanout or valve 
repair. Complete shutdown of the CBC is not readily achievable. 

7.2.1.6 Administrative and Operational Controls. Operation of 207-8 (to 
switch from one side to the other of the basin) is accomplished locally. 
Routinely, (at least each shift), operations personnel inspect the basin. 
sample a side when full, and realign valves to fill the other side. Thus, 
system failure such as basin overflow or valve leakage, would be readily 
noted in the course of normal operations. 

Analytical results of CBC samples are relayed to a computer terminal in 
the 271-8 Dispatcher ' s Office to provide both rapid and documented transmit
tal of analyses. Out-of-tolerance concentrations ar~ automat ica l ly Flagged 
by this system. 
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Monthly _inventory composite analyses are tracked graphically to 
identify any trends such as slow chronic increases in CBC concentration 
which might be indicative of minor cooling coil leakage and gradual coil 
deterioration. Similarly, weight factors, specific gravities, and other 
measures on tanks and condensers served by CBC are closely tracked by 
Operations and Process Control Engineers within the facility for indications 
of equipment failure. 

Instruments are checked and calibrated on established frequencies, and 
instrument technicians are available and assigned to the facility to support 
maintenance needs as necessary. 

7.2.1.7 Nonradiological Pollutants. The CBC stream is not normally 
expected to contain any contaminants other than those found in the water 
source; therefore, this stream is not subjected to Rockwell's nonradio
logical liquid effluent sampling program (Ref. 7-19). Under upset condi
tions both chemical and radiological contamination can occur. The 
measurement of the radiological contamination will provide both radiological 
and nonradiological release information when related to the source term 
concentrations. 

7.2.1.8 System Compliance. The inability to perform an in-place liquid 
calibration of the present CBC 15-in. and 24-in. discharge-line monitors 
makes it difficult to evaluate overall system ability to control release of 
radioactive materials. RHO-MA-139 (Ref. 7-3) requires that these monitors 

r alarm at four times Table I concentrations (for cesium) or as-low-as
possible for a relatively "pure" strontium release as could occur forcer
tain B Plant coil failures. The 15-in. monitor has initiated automatic 
diversion successfully in at least one past contamination incident (July 17, 

~. 1978). 

The existing basin is lined with a minimum of 4 1/2-in.-thick concrete 
slabs. Similar concrete slabs are placed on the pond bottom. Thermal 
expansion joints, of a self-expanding cork filler, are placed between the 
slabs and at the basin corners. The joints are designed to accommodate 
thermal movement, and a waterstop is included to retain water. Liquid level 
monitoring is provided as a further precaution. 

A liquid elastomeric membrane was applied to the structure after the 
concrete cured to protect against frost damage, to further seal the con
crete, and to aid in decontamination should this be required. A free-span 
concrete roof, made of precast 24-in. double-tee sections is installed over 
the basin to keep out wildlife, tumbleweeds, and debris. 

The current frequency of laboratory analysis of CBC liquid from 
207-8 Basins is set at every tenth ''batch "; a batch being the filling
sampling-emptying cycle for one-half the basin. The ten samples are com
posited and the resultant compos i te analyzed for radionuclide activ i ty con
centrations. This system is primarily a cost-saving trade-off between an 
actual batch release (which would detain all liquid until laboratory 
confirmation) and a continuous discharge system (which would require high 
reliability of monitors and automatic diversion systems). If the CBC stream 
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becomes suspect for any reason, the ten batch frequency is modified to 
provide a rapid turnaround laboratory analysis of CBC gross beta activity on 
each batch prior to release of the next batch. In this way the volume of 
any improper1y released liquid is greatly minimized. 

7.2.1.9 Additional Liauid Influent to 207-8. Although the 242-8 Laboratory 
Building is operated by PNL, there is a discharge line provided to transfer 
liquid radioactive waste to the 207-8 Retention Basin. These transfers, 
which have amounted to 600-700 gal per transfer, have occurred with varying 
frequencies but have not exceeded four transfers per year. Typical 
radioactive concentration levels have been in the range of 0.2 µCi/l of 
uranium, with an isotopic concentration of about 0.2% 23Bu. 

Transfers are controlled administratively and require that 100 ml 
samples of every batch proposed for discharge be analyzed for radioactive 
content and the discharge be approved by B Plant Process Engineering 
management. Discharges are then coordinated through B Plant Operations 
personnel according to administrative procedures. 

7.2.2 Process Condensate Liquid Effluent 

7.2.2.1 Overview. The B Plant process condensate (BCP) from Cell 23 low
level waste concentrator exits 221-8 to the 221-88 Building condensate pit 
SCP weir tank. An off-line continuous monitor surveys the contents of this 
weir tank.- The overflow from the weir tank flows to the 221-BF Facility 
into two alternatively filling 13,000 gal holding tanks. Sampling, anal
ysis, and emptying of one tank occurs as the other is filling. Norma l dis
charge is to 216-8-62 Crib although recycle capability is in place. All 
pumping and switching operations are controlled from the panel board at 
Operating Gallery 221-s, · Cen 23. The SCP stream is diagrammed in 
Figure 7-8 and 7-9. This effluent typically contains relatively high 
concentrations of 90sr, 137cs, and ammonia. 

7.2.2.2 Source Term. The low-level waste concentration process has been 
discussed in Chapter 6 of this SAR. The BCP stream is generated as the con
densed overheads resulting from volume reduction and ammonia volatilization 
from various liquid wastes (byproducts of the B Plant fission product recov
ery processes). The radionuclide concentrations introduced to the BCP are a 
complex function of the chemistry and activity of the concentration feed 
solutions; the decontamination factor achieved by the concentrator and its 
deentrainer; and the efficiency of the systems condenser in separating the 
vaporized liquid contaminants from the concentrator offgas (VVS#2) stream. 

7.2.2.3 Disposal Site. The BCP effluent is discharged to the 
216-B-62 Crib. Depth to groundwater at the site is approximately 283 ft 
(Ref. 7-22). Discharge volume is approximately 2.5 million l/mo. The 
groundwater in the vicinity of this crib is samcled and analyzed monthly for 
gross beta and 90sr activity and quarterly for 137cs. Liquid levels in 
active cribs such as 216-8-62 are routinely checked to assure that percola
tion rates are not exceeded by discharge rates. Reference 7-23 provides 
detailed characterization of the 216-8-62 Facility. 
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7.2.2.4 Samoling, Monitorina, and Flow Measurement. The full SCP tanks 
(A and 8) in 221-BF Building are agitated, sampled, and held for laboratory 
analytical results before being emptied. As one tank is being analyzed and 
discharged, the other is filling so that continuous concentrator operation 
can be supported. The samples are drawn via vacuum into specially designed 
sampler boxes. Two 100 ml samples are drawn from each full holding tank 
after agitation and routed to the 222-S Analytical Laboratory. One of these 
samples is immediately analyzed, and the other is held for monthly inventory 
composite makeup. On the basis of the batch sample, a volume in the 
221-BF Tanks may be either discharged to 216-8-62 or recycled as concen
trator feed. The 100 ml samples which correspond to recycled batches are 
then deleted from ·the monthly discharge composite makeup. Immediate turn
around samples are . analyzed fDr grDss beta, and 90sr analysis may follow if 
indicated. Monthly composite analyses are appropriately more comprehensive, 
and include analyses for gross alpha, gross beta, gamma energy analyses, 
90s r, and IJ.. 

Since the SCP effluent is subject to batch holdup and sampling prior to 
release, continuous monitoring is not required for environmental protection. 

C"' A continuous off-line monitor is nevertheless in operation, monitoring a 
stream drawn from the 221-88 SCP weir tank for both beta and gamma activity. 

, The monitor consists of dual probes sharing a common shield pig within an 
enclosure in the 221-88 Building. The beta monitor is a plastic scintil-

c,. lator separated from the stream by a thin mylar window. The gamma system is 
a standard Na! unit which views the SCP stream opposite the beta system 
within the same housing. Modular NIM-BIN type instrumentation for the 
detectors is also located in 221-88 including local ratemeters. Remote 
alarm ratemeters are located in the 271-8 Dispatcher's Office, a cont"inu-

' ously occupied area. 

Primary liquid calibration has been attempted on this system in the 
past but because of ongoing refinements and routine maintenance, correlation 
of ratemeter readings to SCP concentrations is tentative. The equipment is 
utilized primarily for trend indication to assist in processing decisions 
relative to low-level waste concentration. Monitor indications in combina
tion with sample results, for example, may indicate need to empty and flush 
the concentrator or to recycle via 221-BB to avoid contamination buildup in 
221-BF Tanks. 

Flow measurement of the process condensate stream is recorded on a 
batch discharge basis via the calibration from monitored tank weight-factor 
reading per B Plant Standard Operating Procedures. · The weight factors are 
recorded from a strip chart in the 221-8 Operating Gallery at Cell 23. Dis
charge volume is also measured by dip tubes positioned above the inclined 
weir in the effluent stream at 221-BB. This measurement is not applicable 
to discharge volume to 216-8-62 unless it is routinely corrected for volumes 
recycled via 221-BF Building. It is used most frequently as a process con
trol instrument rather than for effluent control. 
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7.2.2.5 Diversion/Retention/Shutdown Capabilities. As depicted by 
Figure 7-9 and discussed in previous sections, the SCP discharge can be 
recycled via installed piping to Tank 24-1 in the 8 Plant low-leve l waste 
treatment system from either the 221-BF-A and -8 Tanks or the SCP weir tank 
in 221-88. Tank 24-1 is a 12,000 gal feed tank for the waste concentrator. 
The auto recycle pump switch is located in the Dispatcher 1 s Office to ener
gize the 221-88 weir tank pump. A position indicator light for this recycle 
mode is also mounted locally at 221-88. Valving and actuation of recycle 
from the holding tanks in 221-BF is accomplished at the Cell 23 panel boards 
in the 221-8 Building Operating Gallery. 

Shutdown of low-level waste concentration is always a viable option to 
react to unacceptable SCP discharge concentration, although other B Plant 
processes may also be impacted by the limited liquid lag storage within the 
facility. Present BCP liquid effluent radioactivity concentrations do not 
conform to the administrative control guides of RHO-MA-139 (Ref. 7-3). This 
situation is discussed in Section 7.2.2.8. 

7.2.2.6 Administrative and Operational Controls. Operation of the entire 
low-level waste concentration process, including the SCP effluent portion, 
is detailed in written procedurei. These procedures also address response 
to off-standard conditions. System operating parameters are routinely 
checked and recorded during waste concentration, with review by both man
agement and engineering personnel. 

Analytical result.s of SCP samples are transmitted to a computer termi
nal in the 271-8 Dispatcher's Office to provide rapid and documented trans
mittal of analyses on which release decisions are based. Out-of-tolerance 
concentrations will be automatically flagged by this system. Monthly 
inventory composite analyses are tracked graphically to identify any indica
tive trends in release concentrations. Instruments are checked and cali
brated on established frequencies, and maintenance personnel are available 
and assigned to the facility to support maintenance needs as required. 

7.2.2.7 Nonradioloqical Pollutants. The E-23-3 Concentrator serves, by 
intent, to drive ammonia off from the high-level wastes directed to the tank 
farms. As a result, both the concentrator condensate and offgas are high in 
ammonia content. All other nonradiological constituents which might be of 
concern (such as heavy metals) are effectively concentrated in the concen
trator bottoms. This has been confirmed by nonradiological pollutant 
screening of BCP samples for pH, ammonia, cadmium, chromium, lead, silver, 
nitrate, alkalinity, conductivity, and total organic carbons (Ref. 7-19). 
This testing showed that pH and ammonia concentrations were relatively high 
compared to appropr1ate RHO-MA-139 criteria. These properties of the SCP 
stream are of concern primarily because of their effect on sorption capacity 
of the soil column for radionuclides. Specifically, a high ammonium cation 
+ concentration wi11 reduce 137cs sorption which may cause 137cs to migrate 
deeper in the soil column beneath the crib (Ref. 7-23). 
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7.2.2.8 System Compliance. The process condensate liquid effluent system 
does not presently conform to the administrative control guides of RHO-MA-139 
for the annual average concentrations of 90sr and 137cs. As a result of 
these isotopic concentrations, the total beta concentration level is also 
exceeded (see Table 7-7). 

The system is presently operating within the framework of an approved 
compliance plan which is in place to resolve these discrepancies. It is 
presently projected that the stream will be brought into compliance by 
October 1, 1986. Four major steps are identified for reduction of the BOP 
concentrations. These include: 

• A chemical cleanout of the present deentrainer and a flush of the 
BOP lines 

• The installation of a spare 0-23-2 Oeentrainer 

• The design and fabrication of an improved deentrainer, and 

• The design and installation of an ion exchanger if required. 

The BCP line and equipment flushes, and the installation of the spare 
deentrainer, are planned for completion in FY 1985. This should reduce the 

a-. SCP source term, and the system compliance capabilities will again be 
reevaluated at that time. 

~ 7.2.3 Steam Condensate 

7.2.3.1 Overview. The B Plant Steam Condensate (BCS) from most process 
contact coils and tube bundles exits 221-8 to a weir tank located in 221-88. 
A portion of the weir tank volume is continuously circulated to an off-line 

~ monitor and sequential sampler in 221-88. The stream exits 221-88 continu
ously to 216-B-55 Crib. Manual diversion is normally available for the 

0' 216-8- 64 Retention Bladder, although this option is not presently availab1e 
due to the poor condition of the liner and cover. An Engineering Study has 
recommended an upgrade similar to that done for 216-8-59 (see 
Section 7.2.1.8). Provisions for automatic, motor-actuated diversions are 
presently inoperable. Pump-back capability to 221-B Building has been 
installed on 216-8-64. A flow schematic of the BCS system is shown as 
Figure 7-10. 

7.2.3.2 Source Term. This effluent results from heat addition processes 
required for B Plant operations. Virtually all BCS input originates as steam 
supplied to the plant and has been circulated through some type of heat 
exchanger. In most cases the steam and condensate are separated by on ly one 
physica l barrier (such as a coil or tube sheet) from the highly contaminat ed 
process solutions being heated. In virtually all cases, a positive pressure 
differential is maintained from the steam to the process side of the heat 
exchanger such that component failure will result in flow toward the 
contaminated side of the barrier. The BCS effluent is considered a 
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potentially contaminated liquid waste because of the potential for these 
protective design measures to occasionally fail and result in contamination 
release via the steam condensate discharge. A few heat exchangers with 
excessively high radionuclide inventory at risk or with a history of failure 
have been eliminated as BCS inputs. Steam condensate from the 
E-20-2 Concentrator for example is routed to the low- level 1.'laste 
concentrator rather than to BCS. At present, steam supplied to the 
E-23-3 Concentrator constitutes the major source of BCS flow. Vessel 
Vent #1 and #2 steam heaters as well as cooling water from selected process 
vessels is also discharged to the BCS. 

Typical process solutions can contain very high radionuclide concentra
tions as noted in Section 7.1.2.2. A worst case BCS release scenario 
involves a steam coil failure followed by steam service interruption which 
allows the coil to depressurize and permits entry of process solution. If 
the coil is subsequently repressurized with steam, the contaminated coil 

o,. volume (or same portion of it) is then released in the 8CS liquid stream 
(see Chapter 9.0). 

, 7.2.3.3 Disposal Site. The BCS effluent is discharged to the 
216-8-55 Crib. Depth to ground water at this site is approximately 290 ft 

~ (Ref. 7-20). Discharge volume varies from 4 to 8 million L/mo. The ground 
water in the vicinity of the crib is sampled and analyzed monthly for gross 

o-- alpha and beta activity. As noted in the SCP discussion, cr·ib liquid levels 
are checked weekly to verify that percolation is not exceeded by discharge 

· flaw rate. 

7.2.3.4 Sampling, Monitoring, and Flow Measurement. A flow-proportional 
, sampler located in 221-88 samples the BCS from a stream dra1.vn continuously 

from the weir tank and pumped to the sampling and monitoring system. The 
- sample is retrieved daily and routed to the 222-S Laboratory for analysis. 

At the laboratory, a portion of the sample is analyzed on a rapid turnaround 
\ basis for gross beta activity. The remainder of the sample is used to con

struct the BCS monthly com8osite sample whose analyses of gross beta, gross 
alpha, gamma energy, and 9 Sr are used in discharge inventory reporting. 

The flow-proportional sampler is actuated by a signal from the BCS mag
netic flowmeter totalizer. Grab sampling can be accomplished to check 
monitor-indicated spikes or in the event of sampler failure. 

The BCS monitor is located in 221-88. It is adjacent to and equivalent 
to the SCP monitor described in Section 7.2.2.4. Both monitors are 
scintillation detectors; however, the function of the BCS monitor differs 
from the SCP in that the steam condensate is continuously released, based 
largely on reliance in the monitor to detect an upset condition, whereas the 
SCP effluent is subject to batch holdup and sampling prior to release. 

The BCS discharge volume is measured by a magnetic flowmeter electroni
cally coupled to the totalizer on the panel board at Cell 23 in the 
221-8 Operating Gallery. The totalizer is read and recorded each shift. 
The flowmeter electronics are routinely checked for operability. Flow rate 
is on the order of 30 gal/min, varying primarily with steam supply to the 
E-23-3 Concentrator. 
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7.2.3.5 Diversion/Retention/Shutdown Capabilities. As implied in previous 
sections, the BCS effluent is equipped with monitor actuated automatic 
diversion to the 216-8-64 rubber bladder retention basin. This facility has 
a capacity of 50,000 gal. Valving at the 216-8-64 Pump Pit allows recir
culation of the contents of the bag prior to sampling and recycle to 
Tank 24-1 via the BCP system in 221-BF Building. Automatic divers i on of BCS 
will be operable prior to receipt of PUREX CAW. Shutdown of the E-23-3 Low
Level Waste Concentr-ator can effectively eliminate the BCS flow if 
necessitated by equipment failure, since only a small portion of the 
discharge volume is contributed from other steam coils. 

7.2.3.6 Administrative and Operational Controls. The controls described 
for operation of the BCP are equally applicable to the BCS (see 
Section 7.2.2.6). The sampling equipment in 221-BB is checked daily as a 
rn1n1mum. Valving for diversion of crib flow to the 216-B-64 bladder is 
clearly marked. Stearn coils associated with the BCS source term are 
hydrostatically tested annually to verify their integrity. 

7.2.3.7 Nonradiological Pollutants. The BCS stream is not normally 
expected to contain any contaminants other than those found in the source 
steam. This status was verified by a nonradiological pollutant screening 
program conducted in 1982 {Ref. 7-19). Until mixed stream regulations are 
adopted, the BCS stream is considered to be a mixed hazardous waste and 
radioactive waste stream, so that radiological monitoring is required. No 
potential exists for the release of nonradiological hazardous effluent 
without accompanying radiological indications. 

7.2.3.8 System Compliance. The reliance of this effluent control system on 
monitor-actuated automatic diversion constitutes an area of current noncom
pliance which is being addressed. The 216-8-64 valves have been repaired 
and options for repair or replacement of the bladder are under review. 
Upgrades to the monitoring system to support continued 8 Pl ant operation are 
under consideration. In the meantime, when the BCS stream contains high 
activity levels, it can be transferred from the BCS Tank to the BCP Tank, in 
the 221-8B Building by a steam jet. Then, by activating the automatic 
recycle pump from the dispatcher's office, the BCS can be recycled to 
TK-24-1 for processing. 

7.2.4 Chemical Waste 

7.2.4.l Overview. The 8 Plant Chemical Sewer (BCE) is diagrammed in 
Figure 7-11. This stream receives miscellaneous liquid wastes including 
nonradiological chemical make-up tank overflow, tank flushes, various floor 
drains, and similar· sources with low probability for radionuclide contami
nation. 

The BCE stream .is discharged to the 216-B-63 open trench via a 
15-in.-dia. clay and carbon-steel sewer pipe. A flow measurement weir is 
located at the outfall to the trench. The portion of the total BCE stream 
originating in the 221-B Building is monitored for gross gamma activity ·,lith 
automatic dive~sion capability to Tank 10-1. The stream is sampled at 
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2904-EA Shack north of 8 Plant by a sequential (time-proportional) sampler. 
A sample is submitted weekly for laboratory analysis. Figure 7-10 shows the 
BCE system. 

7.2.4.2 Source Term. Table 7-8 lists the BCE contributors. This effluent 
presents the highest ~otential among the B Plant liquid effluents for non
radiological pollutants released to the environment. It also has some 
potential for radiological contamination, primarily through upsets in the 
221-B Pipe or Operating Galleries whose floor drains are normally routed to 
BCE. 

The WESF has a dual floor drain system. Capability to drain to BCE 
exists but has never been used. 

7.2.4.3 Disposal Site. The 216-B-63 Ditch is a percolation/evaporat ion 
trench about 1,400 ft long. The depth to ground water is about 216 ft 
(Ref. 7-20). Groundwater is routinely sampled from a well in the vicinity 
of the trench and analyzed for gross beta and nitrates. Additionally, the 
open trench radiological condition is closely monitored through a program .of 
water, soil, and biota sampling documented in the Environmental Surveillance 
and Control Manual (Ref. 7-24). 

7.2.4.4 Sampling, Monitoring, and Flow Measurement. The chemical sewer is 
sampled by a sequential (time-proportional) sampler located in a metal sam
pling shack, 2904-EA, north of the 8 Plant complex. On a weekly frequency 
the accumulated holding tank volume of this sampler is agitated and samples 
are drawn from it for submittal to the laboratory. If necessary, a small 
process control sample can be analyzed on a rapid turnaround basis with 
gross beta and pH results available to B Plant management within approxi
mately one shift of sample delivery. The remaining sample is used to con
struct monthly composites which are subjected to radiological and nonradio
logical analyses for total alpha, total beta, gamma energy, 90sr, and pH. 

The 221-B Header, which is the only BCE input with a credible prob
ability of contamination as a result of possible radioactive contamination 
from the sumps in the electrical gallery, is monitored for gross gamma 
accident conditions by a NaI scintillation detector mounted adjacent to the 
stainless steel pipe in the electrical gallery at Cell 5. High activity 
registered by this monitor will automatically initiate diversion of this 
portion of the BCE stream to Tank 10-1 in Building 221-8. A local ratemeter 
is provided with a remote audible alarm and panel light indicating high BCE 
radiation in the Dispatcher 1 s Office. The monitor is set to actuate this 
diversion function at 2 mR/h. 

The BCE stream volume is measured by a float-activated flow rate indi
cator and total.izer located at the weir box immediately upstream of tb.~ out
fall to the 216-B-63 Ditch. The eight digit totalizer is read and recorded 
weekly. Flew averages approximately 150 gpm. 
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TABLE 7-8. Sources Contributing to the 8 Plant 
Chemical Sewer Effluent. 

• Chemical storage make-up tank drains - 271-8 - first floor 

• Chemical storage tank cooling water - 211-8 

• Organic make-up building floor drains - 276-8 

• Aqueous make-up tank farm and tank car load-out drains - 211-8 

• Chemical eyewash sinks and showers - 221-8 

• Chemical drains and floor drains - 271-8 

M 
• Aqueous make-up chemical drains - 271-8 - third floor 

• Heat~ng, ventilation, air cooler overflow, and air condit~oning 
steam condensate - 221-8 

• Line traces 

• The Waste Encapsulation and Storage Facility (WESF) chemical sewer 
and 225-8 fan cooling water 

• Two street drains south of 221-8 

• Overflow from water tower 

t 221-8 Compressor for process and instrument air liqu ids 

• Steam condensate from 222-8 and 224-8 streams. 

Additionally, as circumstances require, the following streams can be 
routed to either Tank 10-1 or the BCE stream us i ng the selector switch in . 
the B Plant Dispatcher 1 s Office: 

• All floor drains in pipe and operating galleries - 221-8 

• Operating gallery tank overflows and drains - 221-8. 

7.2.4.5 Diversion/Retention/Shutdown Capability. Oive~sicn of the 
221-B BCE header to Tank 10-1 was mentioned previously. The flow rate of 
this stream is less than 10 gpm. The valve to accomplish this diversion is 
a motor-operated, two-way valve located in the electrical gallery about 5 ft 
downstream of the gamma monitor. A manually operated override valve is a1so 
provided. Remote controls for the manual valve operation and position
indicator lights are located in the Dispatcher's Office. Tank 10-1 is a 
10,000 gal stainless steel tank located in Cell 10. Liquid level in 
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Tank 10-1 is monitored via a weight factor readout and volume conversion 
chart. Leakage or overflow is monitored by the Cell 10 sump alarm. From 
Tank 10-1, waste can be routed to tank farms via TK-9-1, TK-25-2, and 
TK-25-1 or via the low-level waste concentrator. 

If 216-8-63 is contaminated because of CBC diversion or othe~ upset 
conditions, and its use is not warranted, flow of the BCE stream can be 
diverted to the B Pond or Gable Mountain Pond via the 216-8-2-3 trench 
(normal cooling water disposal route). 

7.2.4.6 Administrative and 0oerational Controls. Procedures for Dispatcher 
response to any radiological upset in the 221-B Galleries (such as a CAM 
alarm) delineate the requirement to actuate 221-B Chemical Sewer Header 
(BCE) diversion to Tank 10-1. Additionally, this diversion may be required 
during any 11 high-risk 11 operations in the galleries where potential is 
increased for loss of contamination control. 

Analytical data transmission, review, and trend analysis parallels that 
of the other B Plant liquid effluents previously discussed (see 
Section 7.2.1.6 and 7.2.2.6). Controls related to the nonradiological con
taminant potential of this effluent are discussed in the section that 
follows. 

7.2.4.7 Nonradiological Pollutants • . Chemicals such as HEDTA, EDTA, nitric 
acid, ammonium carbonate, hydroxyacetic acid, and sodium hydroxide are 
stored in relatively large amounts and varying concentrations to support 
B Plant chemical processing .• Routine inventory surveillance is conducted on 
these storage tanks. Smaller quantities of other liquids such as 55 gal 
drums of sulfuric acid are also stocked in BCE drainage areas. 

The HEDTA and EDTA are prohibited from being discharged to the environ
ment because of their possible effect on radionuclide transport through the 
soil column in the 216-8-63 Disposal Site. The release of any other hazard
ous chemicals, as defined in the EPA (Ref. 7-25) and State of Washington 
(Ref. 7-26) Regulations, is regulated by law. Where appropriate, procedures 
may require neutralization and/or dilution before release. The EPA and 
state regulatory guidance is reflected in RH0-MA-139 (Ref. 7-3) and release 
of hazardous waste is limited to the criteria specified in this document. 
Normal operation of BCE provides a sizable volume of cooiing water flow 
which will dilute an accidental release. 

7.2.4.8 System Compliance. Leakage of the vitreous clay portion of the BCE 
transport piping from the facility to the intended disposal site has been 
documented (Ref. 7-27). Because much of this loss is upstream of the 
present sampling system, the sample is not considered representative of the 
BCE discharge to the environment. Additionally, the sampler is time- · 
proportional which only achieves flow-proportionality if the flow rate is 
constant. A continuous pH monitoring capability is required on effluents 
with potential for chemical release (Ref. 7-3). These areas of noncom
pliance have been identified by company internal audits of the B Plant 
effluent systems and are in progress of solution. In addition, portions of 
the chemical sewer have been relined, and several small subheaders have been 
removed to reduce the leakage mentioned above. 
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7.2.5 Sanitary Waste 

·sanitary waste generated within the 8 Plant complex is drained to 
septic tank-tile field systems nearby. This disposal is in adherence with 
Benton County Health Department Guidelines. Administrative controls such as 
design separation, backflow prevention, postings of previously contaminated 
areas, and procedural precautions are in place to ensure that radiological 
contamir.ants are not inadvertently introduced into these sanitary waste 
disposal systems. Sinks and showers designated for decontamination are not 
interconnected with the other sanitary waste systems. With this exception, 
the manner of sanitary waste disposal presents only "hazards of a type and 
magnitude routinely encountered and/or accepted by the public (Ref. 7-4) and 
therefore will not be further detailed here. 

7.2.6 Byproduct (High-Level) Waste 
l..() 

Recovery of cesium and strontium fission products at B Plant results in 

' 

· other liquid wastes which may be termed "high-level" relative to the 
comparative activity concentrations in the effluents discussed previously. 
These high-level liquid wastes are pumped to underground double-shell, 
radioctive-waste storage tanks to await final disposal. Volumes of 
transferred waste have ranged from 400,000 gal in 1981; to 1.6 million gal 
in 1984. Approximately 40% of this was flush water. Pumping is via buried 
encased lines which are subject to routine pressure testing. Leak detection 
capability is provided by leak detectors at various points along the 
concrete encasement. These measures protect against release to the 

· environment from this pathway. Operation of the tank farms and associated 
volume reduction and solidification is outside the scope of this SAR. 

7 .3 SOLID WASTE 

Solid waste generated at B Plant are segregated into radioactive and 
nonradioactive categories. Waste items or materials are considered radio
active (Ref. 7-11) if any of the following criteria are met: 

1. Item, material, or equipment has a specific activity greater than 
2 nCi/g of material matrix 

2. Item, material, or equipment has fixed or removable surface con
tamination {determined under conditions specified in the 
reference) 

greater than 1 pCi/cm2 alpha {220 dpm/100 cm2) 
greater than 10 pci/cm2 beta-gamma (2.200 dpm/100 cm2) 

3. It is classified as a radioactive source. 

RHO-MA-139 (Ref. 7-3) contains release criteria for soil. 
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Solid low-level, radioactive waste is packaged in an approved disposal 4 
container for nonretrievable disposal in , ~signated radioactive solid waste 
burial grounds. Nonradioactive waste is p1ckaged for disposal in the 
Hanford Site Central Landfill. Low-level liquid waste is not soli dified at 
B Plant. Currently, no capability or pract i ce of incineration exists for 
di sposa l of either radioactive or nonradioactive B Plant solid wastes. 
A ve~y small portion of the nonradioactive solid waste vo lume is shipped 
offsite for reclamation, recycle, or specialized disposal. 

7.3. 1 Failed Equipment 

As discussed in, Chapter 5.0, the B Plant chemical separations processes 
rely on use of various concentrators, vessels, jumpers, ion exchange 
columns, etc., which are placed in the canyon cells remotely using the 
canyon overhead crane. Following use, these relatively large components are 
highly radioactive and contaminated and thus are not always subject to con
tact maintenance or repair in the event of failure. Failed equipment of 
this nature is one source of radioactive waste generated by B Plant for 
200 Area low-level waste burial ground disposal. 

7.3.1.1 Description of Failed Equipment. Virtually all of the equipment 
"' and components installed in the canyon cells (as described in Chapter 5.0) 

are potentially subject to enter this waste category. Where practicable, 
components. are designed in modules which are remotely handled such that 
waste is reduced and module replacement avoids replacement of the entire 
assembly. As an example, the tube bundle sections of the 
E-23-3 Concentrator can be replaced without replacement of the entire con
centrator vessel. Examples of failed equipment which currently remain in 

C'' storage in the 221-B Facility during preparations for disposal are: 
a Cell 20 Concentrator which failed in April 1982, and is stored in Cell 2, 
(awaiting a large burial box); and two Cell 18 ion exchange columns in which 
resin retention screens have failed (awaiting dunnage removal). 

7.3.1.2 Packaoinq and Transport of Failed Eauipment. Large radioactive 
waste items from the canyon are packaged in burial boxes of precast, re i n
forced, concrete slabs with a concrete slab lid held in place by its own 
weight. A steel liner box may be inserted, depending on the nature of the 
waste to be packaged. Box configurations vary, depending on the waste being 
packaged, but the most commonly used size has a void volume of about 50 m3. 
All such packages must have supporting Safety Analysis Reports for Packaging 
(SARP), documented prior to use, for shipping. 

The buria l boxes enter the facility by railroad flatcar or truck via 
the railroad tunnel access to the canyon. Failed equipment to be discarded 
is thorough ly flushed of contaminat ion and is loaded remotely using the 
canyon crane. Efffoient utilization of the full container vo id space is 
attempted where such loading is not precluded by radiological conditions of 
handling or transport. Absorbent materials are placed i n bur i al boxes in 
advance of component loading where residual liquid may be present. Tran
sport t o the burial grounds may be either by ra i l or by truck, depend i ng on 
radiological conditions and weight limitations. 
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Transportation to the burial grounds is subject to strict procedur
alized limitations on route, weather conditions, escort and placarding 
requirements, etc. 

7.3.2 Trash 

Segregation of radioactive from nonradioactive waste is accomplished 
administratively at the point of waste generation, and mai~tained 
thereafter. All wastes generated within radiologically controlled areas are 
surveyed by Radiation Monitoring personnel to establish waste classification 
or assumed radioactively contaminated if physical survey is precluded by 
waste form or other reason. Dumpsters designated for nonradioactive waste 
are periodically surveyed to "spot check" contamination control measures in 
this regard. Strict packaging and labeling requirements for radioactive 
waste funttion, in part, to prevent its accidental incorporation in 

r-... nonradioactive disposal systems. 

7.3.2.l Nonradioactive Trash. The majority of the nonradioactive solid 
waste material is typical of any industrially generated trash. Solid 
nonradioactive wastes are collected in trash cans, plastic bags, cardboard 
boxes, etc., which are emptied into dumpsters. The waste is compacted to 

~· about one-third the original volume by the trash truck which delivers the 
waste to the Central Landfill. 

r 7.3.2.2 Radioactive Trash. The bulk of the radioactive trash consists of 
cloth, plastics, paper, tape, and protective equipment utilized in __ 

= decontamination and similar contamination control measures in the plant. 
Smaller failed equipment items, spent filters, and contaminated tools are 

' also included in this waste stream. 

Radioactive solid wastes of small bulk are collected in fiberboard 
boxes or drums for disposal at the 200 Areas radioactive waste burial 
grounds. Fiberboard boxes are restricted to a maximum gross weight of 
29 kg. Drums (55 ga l ) which are used for packaging, shipment, and disposal 
of solid, low-level radioactive waste meet the requirements of the 
U.S. Department of Transportation (DOT) (Ref. 7-28). Drums are labe l ed in 
accordance with Rockwell requirements documented in, "Hanford Radioactive 
Solid Waste Packaging, Storage, and Disposal Requirements" (Ref. 7-29). 

7.4 SPECIALIZED WASTE AND RECOVERABLE ITEMS 

7.4.l Recoverable Eauioment and Tools 

Where practicab le, from an economi c and rad iologic standpoint, fai l ed 
equipment and contaminated or failed tools may be decontaminated and 
recovered for use to avoid disposal as radioactive sol id waste. Th i s acti
vity may involve some trade-offs in that l iquid and solid wastes are also 
generated during decontamination. Decontaminat i on of l arge scale equipment 
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is accomplished by transferring the contaminated equipment to the 
221-T Facility in the 200 West Area. Transport of such recoverable 
materials is handled similarly to failed equipment disposal except that 
containment techniques may differ. 

The 221-T Facility in the 200 West Area is a structure (very similar to 
221-8) which has been adapted to large scale decontamination and maintenance 
activities in support of failed equipment recovery, maintenance procedure 
mock-up testing, etc. Safety Analysis Report documentation of activities 
conducted at 221-T is provided by References 7-30. 

7.4.2 {ontam-inated Laundry 

Used protective equipment including anticontamination clothing, shoe 
covers, respirators of various kinds and certain types of gloves are con
trolled as radioactive materials, laundered for decontamination and returned 
to service. 

Laundry bags are maintained within radiologically controlled areas, 
monitored for external contamination and dose rate prior to shipment, and 
transported in an enclosed vehicle with appropriate placarding and 
Radioactive Shipment Record documentation. Safety analysis of the laundry 
facilities operations are outside the scope of this document. (see 
Reference 1-4.) 

7.4.3 Wastes Subject to Specialized Disposal 

Asbestos is present in small amounts of the B Plant solid waste 
streams. This material is contained in much of the original insulation 
installed on steam lines and similar plant systems. When such pipe lagging 
is removed for maintenance activities, it becomes waste. (Replacement 
lagging material is a non-asbestos fiber insulation.) Contaminated 
insulation waste is treated in the same manner as other radioactive solid 
waste. Nonradioactive insulation waste is segregated from other no
asbestos-contaminated solid wastes, packaged in at least 6 mil plastic, 
tape-sealed, labeled as "Asbestos Containing" and transported to a separate, 
dedicated trench within the Central Landfill. 

Small amounts of other B Plant generated nonradioactive wastes are 
routed offsite for specialized disposal or reclamation. These include 
various excess chemicals, primarily liquid organics such as carbon 
tetrachloride and trichloroethane. Additionally, all polychlorinated 
biphenyl (PCB) contaminated electrical equipment, (typically capac i tors and 
transformers) i s sent offsite to an EPA approved disposa l contractor. 
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7.4.4 Waste Encapsulation and Storage Facility Waste Drums 

Currently, B Plant provides lag storage and readies WESF waste for 
transportation and disposal at the radioactive low-level waste burial 
grounds. Drums of waste generated within WESF cells are transported 
individually by a reusable truck-cask from WESF truck port to the B Plant 
Canyon via the railroad tunnel. Drums which are generated at the rate of 
about two per week, and which may exceed 100 R/h on contact, are stored in 
Cell 4 of the canyon. Accumulated drums are gradually relocated remotely by 
canyon crane into burial boxes for railroad transport and pull-off burial. 
Environmental hazards are minimized as in other radioactive waste shipment 
operations, by quality assurance and nondestructive testing of containment, 
transportation and lifting equipment. 
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a.a HEALTH PROTECTION 

This chapter describes the Rockwell Hanford Operations (Rockwell} Safety 
Program which encompasses radiation protection, environmental protection 
(see Section 7), and industrial hygiene and safety. An important element of 
this program is minimizing the exposure of individuals and. the environment 
to radiation and hazardous materials while considering all potentially signi
ficant sources. 

8.1 INTRODUCTION 

In support of health/radiation protection, Rockwell management has 
developed a policy (Ref. 8-1) which ensures that occupational and population 
exposures from Rockwell activities will be maintained as low as reasonably 
achfevable (ALARA}. This po-licy is implemented by an ALARA program · 
(Ref. 8-2) which covers all phases of plant activities: 

• Plant design 

• Operating techniques and procedures 

• Radiation surveillance and control programs 

• Training 

• Decontamination and decommissioning 

• Emergency warning and response procedures and training. 

The ALARA program is implemented in accordance with the United States 
- Department of Energy (DOE) Orders and Manual Chapters: 

• DOE Order 5480.lA, Chapter XI, "Requirements for Radiation 
o-. Protection 11 (Ref. 8-3) 

• DOE Order 5484.1, Chapter I, "Notification of Occurrences" 
(Ref. 8-4) 

• DOE Order 5484.1, Chapter II, "Investigation Requirements 11 

(Ref. 8-5) 

• DOE Order 5484.1, Chapter III, "Effluent and Environmental 
Monitoring Program Requirements" (Ref. 8-6) 

Additional guidance is provided in Reference 8-7. 

The ALARA Program requires that a Facility ALARA Plan (FAP) for each 
facility be formalized and improved to meet the requirements of the ALARA 
concept. Under this program, each operating facility which could 
potentially expose personnel to radiation establishes annual ALARA reduction 
goals. The B Plant ALARA plan states these annual goals (Ref. 8-8). 
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8.2 SAFETY MANAGEMENT AND ORGANIZATION 

This section provides a brief description of the responsibilities of 
Rockwell organizations and personnel which contribute to the Rockwell Safety 
Program. The organizational structure is shown in Figure 8-1. Although 
this structure is current at the time of SAR preparation, and is subject to 
change, such change will not affect the safety aspects of this SAR. Any 
organizational changes will be incorporated in future revisions. 

8.2.1 Safety and Quality Assurance (S&OA) Function 

The S&QA Function is responsible for supplying technical assistance and 
advice to management in matters concerning the Rockwell Safety and Qual i ty 
Assurance Programs and for developing and interpreting Rockwell Safety and 
Quality Assurance Policies. To accomplish this task, S&QA interprets 
applicable requirements for federal, state, and local governments. The 
results are published in safety and quality assurance manuals containing 
criteria, standards, guidelines, procedures, and descriptions of specific 
programs. The S&QA function is comprised of four departments reporting to 
the Director of Safety and Quality Assurance. The Director, S&QA, 
supervises and directs all Rockwell safety programs and reports to the Vice 
President and General Manager. 

8.2.1.1 ·· Radiological Protection Department. The Radiological Protection 
Department is responsible for implementing the radiological safety program 
for Rockwell. The Manager, Radiological Protection, reports to the Director, 
S&QA Function, and is responsible for the administration of all the 
200 Areas Radiation Safety Programs, which include health physics, and 
radiation monitoring and criteria. The Radiological Protection Department 
also coordinates operating procedure reviews and Health Physics Procedures 
(HPP), and approves Unusual Occurrence reports, as well as oversees the 
ALARA Program for the S&QA Function. The Radiological Protection Department 
encompasses the Radiological Engineering and Effluent Controls Grou ps (East 
and West Areas) and the Radiation Monitoring Groups (East and West Areas). 

8.2.1.2 Radiological Engineerina and Effluent Controls (RE&EC) Grouos. The 
RE&EC Groups provide expertise in the areas of health physics, dosimetry, 
engineering controls, environmental surveillance, facility effluent 
controls, and administrative controls. The Managers, RE&EC Groups, 
supervise a staff of radiological engineers, specialists, technicians, and 
clerks that are divided into two facility support groups (East and West 
Area) and a dosimetry team. The Managers, RE&EC, report directly to the 
Manager, Radiological Protection Department. The responsibility of RE&EC 
Groups is to provide radiological guidance for all operations in the 
200 Areas and include the following: 

• Provide cognizant radiological engineers for operating facilities 

• Provide health physics support 
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• Provide health physics reviews of process and operational changes 
and modifications 

• Assist and participate in formal investigations 

• Assist in emergency planning 

• Administer the personnel dosimetry program 

• Prepare reports to Rockwell management and DOE 

• Provide technical bases, criteria, and methods related to health 
physics 

• Provide radiological information services to other groups in the 
company 

• Provide radiological safety training 

• Provide necessary input prior to approval to exceed Rockwell 
personnel exposure guidelines 

• Establish personnel bioassay and in-vivo counting schedules 

• Audit radiation practices for compliance with DOE operational 
requirements and Rockwell crite~ia 

• Develop new radiation protection programs or change exist i ng pro-
grams as part of the general ALA~A Program. 

8.2.1.3 Cognizant Radiological Engine~rs. The cognizant radiological 
engineer assigned to B Plant reports di rectly to the RE&EC, East Area Unit 
Manager. The responsibilities of .the radiological engineer assigned to 
B Plant are to: 

• Act, in case of an emergency, as a member of the Emergency 
Response Team for the facility 

• Provide complete health physics support to operat ions and program 
management as required 

• Ensure integration of the ALARA program into the everyday work 
situation 

• Provide input to the Facility ALARA Team and Faci l ity ALARA 
Program 

• Coordinate with the program manager for B Plant. 

8.2.1.4 Radiat ion Monitoring (RM) East Grouo. The RM East Group prov ides 
radiat i on monitoring services to al l operations involv i ng rad ioactive 
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materials and equipment. The Manager, RM East Group, supervises all radia
tion monitoring activities at Rockwell and reports directly to the Manager, 
Radiological Protection Department. The Manager, RM East Group, directs a 
staff of Unit Managers, Radiation Protection Technologists (RPTs), and other 
technical and support personnel. It is the responsibility of the RM Groups 
to: 

• Administer the radiation monitoring program, which includes plant 
surveillance, and direct the activities of the Radiation 
Monitoring Unit Managers 

• Implement a Radiation Protection Program in accordance with 
criteria provided by the RE&EC Group. The Radiation Protection 
Program includes air sampling/monitoring, radiation and 
contamination control/surveys, stack sampling, monitoring 
personnel dosimetry, and radiological documentation 

• Implement and administer Rockwell's respiratory protection program 
in accordance with DOE Orders, federal and state codes, and 
Rockwell requirements 

C' • Provide health physics reviews of proposed operational changes and 
modifications 

~· 
• Prepare radiation work permits 

~ ~ • Assist in preparation of reports to Rockwell manasement and DOE. 

8.2.1.5 Radiation Monitoring, Fission Products Unit. The day-to-day radia
tion health and safety services at B Plant are provided by Radiation 

, · Monitoring, Fission Products Unit. The Unit Manager, whose responsibility 
also includes WESF, supervises a staff of RPTs and reports to the Manager, 
East Area RM Group. At B Plant, RPTs are assigned to both day shift and 

, rotating shifts (24 h coverage) on a permanent basis. Additional RPT 
coverage is available from other facilities as the need arises. 

8.2.1.6 Environmental Protection Department. The Environmental Protection 
Department is responsible for ~ark required to evaluate and protect the 
environment in areas for which Rockwell has responsibility. This Department 
is divided into four groups: 

• Environmental Surveillance 

• Environmental Regulation 

• Tank Farm Surveillance and Analysis. 

This department provides expert i se i n hydrology, biology, in-f ield 
radiological analysis, evaluation of environmental data, establ i shment of 
criteria and standards necessary to protect the envi r onment. It al so 
prepares and coordinates environmental documents, including environmental 
impact statements. 
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8.2.1.7 Industriai Hygiene and Safety Department. The Industrial Hygiene 
and Safety (IH&S) Department has the administrative responsibility for four 
major areas of the Rockwell Safety Program. 

• Industrial Hygiene. 

• General and Industrial Safety. 

• Hazardous, non-radiological waste 

• Fire Protection Engineering Services. 

This department provides technical service support and assistance to 
line management in complying with nonradiological requirements of the safety 
Program, which includes: 

• Operational appraisals 

• Facility inspections 

• Hazardous waste materials control and disposal 

• Design and procedure review 

• Liaison with other onsite DOE Contractors and customers 

• Consultations 

• Interpretation of regulations 

• Statistical analysis of accidents 

• Accident investigation/reporting 

• Recordkeeping. 

8.2.1.8 Safety Integration Department. The Safety Integration Department 
consists of four groups: 

• The two Safety Analysis Groups are responsible for identifying and 
analyzing safety hazards of nonreactor nuclear facilities and 
operations, and determining the need for ~afety analyses. If an 
analysis is required, these groups coordinate the analysis, 
including.input by others, and prepare reports to satisfy the 
requirements of DOE Orders 5480.lA, 5481.lA, 6430.1, and their 
RL Supplements 

• Criticality Engineering and Analysis provides expertise in criti
cality safety, analysis, controls, and specifications 
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• Safety Coordination Group: The Safety Coordination Group provides 
coordination of all safety reviews, design media, and other 
documents prepared within the S&QA Function. The Group provides a 
member for the Design Review Board on formal reviews, and a single 
point of contact within S&QA on safety matters. 

8.2.2 Safety Committees 

8.2.2.1 Executive Safety Committee. The Executive Safety Committee 
provides top-level management support and guidance by approving safety 
policies, goals, and objectives; it also evaluates safety performance. 
Membership includes the Vice President and General Manager (Chairman), the 
Director of S&QA (Secretary), Functional Directors, and key Program 
Directors. Department Managers within the Safety and Quality Assurance 
Functton, and the Chairman of the Acctdent Prevention Council serve as 
advisors to the committee. 

8.2.2.2 Safety Review Committees. The safety review committees were 
established to implement part of the Safety Review Program. These 
committees, composed of senior staff personnel and technical experts, 
provide independent review of all SARs. Safety review committees operate as 
described in Reference 8-1. 

8.2.3 Communications and Manuals 

Radiochemical processing has been performed at Hanford for over 40 yr. 
This long experience has resulted in detailed, written radiation work proce
dures and protection standards that comply with the guidelines of 
Reference 2 for maintaining exposures ALARA. The procedures and standards 
are documented in the following manuals. 

• Environmental Protection Manual (Ref. 8-9)--details the standards 
for controlling the release of radioactive and nonradioactive 
materials into the air, water, and soils; the environmental 
surveillance program; and the effluent sampling and monitoring 
program. 

1 Radiation Monitoring Manual of Standard Practices (Ref. 8-10)-
documents standard practices for obtaining radiological 
information, personnel decontamination, and preparation of written 
documentation to maintain a sound uniform radiation control 
program. 

1 Radiation Work Permits (Ref. 8-11)--implements regulations and 
practices for radiological protection during various phases of 
work in radiation areas. Radiation work permits for B Plant are 
contained in this manual. 
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In addition to the preceding manuals, constant updating of exist i ng 
procedures is conducted and ne_w procedures are initiated when necessary. 
These procedures are known as standard operating procedures (SOP), plant 
operating procedures (POP), and job performance aids (JPA); they are 
developed to assure that the operators can complete all assignments 
concerned with the processing, collection, containment, storage, and 
transport of radioactive materials without undue risks of personnel exposure 
or release of contaminants to the environment. The Operating Documents 
Group in the Research and Engineering Function keeps the SOP, POP, and JPA 
up to date. 

8.2.4 Audits and Inspections 

Audits are performed jointly by auditing groups in Rockwell to provide 
management with a comprehensive evaluation of facilities. The auditing 
organizations at Rockwell are: 

• Internal Audit (IA) 

• Safety and Quality Assurance {S&QA) 

• Personnel and Public Relations (Training) 

• - Safeguards and Security (SS). 

Joint audits are established at the direction of the Joint Audit 
Committee composed of a representative of each auditing organization in 
accordance with RHO-MA-!OO (Ref. 8-1). 

In addition to the joint audits, each functional organization is 
required to perform inspections of Rockwell facilities on a regular basis. 
Inspections i nformally provide management information on the current 
facility and operational safety conditions and the effect of these 
conditions on personnel and the environment. Types of inspections include: 

• Industrial Safety Walk-through 

• Fire Surveys 

• Management Assistance Program 

• Radiologi~al 

• Effluent 

• Production Operations 

1 ALARA 
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• Facility Housekeeping 

• Vehicle Safety. 

Managers are encouraged to develop their own inspection programs. 

8.2.5 Design and Document Safety Review 

The Design and Document Safety Review system was established by S&QA 
and is coordinated by the Safety Coordination Team. The safety reviews 
within this system are conducted to assure that adequate considerations are 
given to safety, health, and environmental issues during the siting, design, 
construction, operation, maintenance, modification, deactivation, decontami
nation, and decommissioning of Rockwell operated facilities. 

Reviews are required ·of all documents, drawings, facility operating 
- specifications, and other media related to the safety of activities, with 

.the exception of operating procedures and other documents specified in the 
Engineering Procedure Manual (Ref. 8-16). 

~·8.3 TRAINING 

8.3.1 General 

Rockwell managers are responsible for the training of their employees 
in safe work practices, for controlling the hazards involved in their jobs, 

'and for incorporating required safety topics/training into New Employee 
Orientation, and other training courses conducted under their cognizance 
(Ref. 8-13). 

The IH&S Department is responsible for periodic issuance of general and 
pecial meeting topics and additional materials to managers for use in 

general safety meetings. Presentation of this material does not relieve 
managers of the responsibility for conduct i ng such additional meetings as 
may be necessary to ensure that employees have adequate information 
pertaining to specific job procedures and job hazards. 

The IH&S Department is responsible for the identification of special 
DOE industrial safety training requirements and for the dissemination of 
safety training materials and/or information on affected organizations to 
ensure compliance with such requirements. 
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8.3.2 B Plant Personnel 

All personnel assigned to or performing work in B Plant complete all 
required safety training as designated by their manager. Managers of 
employees who are exposed to potential radiation hazards (radiation workers) 
identify and document specific radiological training/retraining needs of 
each employee. Training requirements for all radiation workers are: 

• New Employee Orientation 

• Radiation Safety Training 

• Facility Orientation 

• Respirator Fit/Use. 

Radiation workers requalify in each of the above, except for New Employee 
Orientation, every two years. Radiation Monitoring, Fission Products Unit, 
is responsible for providing facility orientation for all employees assigned 
to or performing work in B Plant. 

In addition to the above, responsible managers provide and document 
appropriate job-specific training for radiation workers as they are assigned 
to physically handle radioactive materials or directly supervise the handling 
of radioactive materials (Ref. 8-12). 

8.3.2.1 B Plant Operating Personnel. Rockwell has adopted a three-phase 
training program for radiochemical operating personnel. The three courses 
of study are General Radiochemical Operation, Plant Specific, and Job 
Specific training. The General Radiochemical Operation phase of th i s 
program includes training for B Plant operators, in addition to that 
mentioned above, in the following areas: 

• Introduction to Radiation 

• Radiation Detection Instrumentation 

• Exposure control 

• Self-Survey/Self-Monitoring 

• Dosimetry 

• Airborne Activity 

• Radiation. Safety Symbols 

• Radiation and Contamination Control 

• Radiation Work Permits 

• Decontamination Techniques. 
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This first phase of training provides the most in-depth training the 
new operator will receive on radiation safety. The course outline is 
contained in Reference 8-15. 

The Plant Specific training phase of this program is concerned with 
operators assigned to the 8 Plant facility. It is designed to familiarize 
the operator with radiological conditions and control measures specific to 
8 Plant. The areas covered are: 

• Administrative Contamination Control 

• Contamination Control (Design Features) 

• Facility Radiation Work Permits 

• Liquid and Gaseous Discharge Sampling 

M • Limits for Environmental Releases. 

Job specific training is based on each task performed at B Plant having 
c , an individual certification package developed to familiarize the new operator 

with the hazards which potentially may occur during the operation. Early 
' indicators of potentially hazardous conditions and corrective measures to 
eliminate them are covered for the various processes. Contamination control 
practices are also reviewed for the routine tasks. 

Each of the three phases of this training program has a test which is 
administered at the completion of the study courses. A test result of 70% 
or higher is required for successful completion of each course. A two-year 
'requalification examination for each phase of training is required to assure 
that a qualified staff is being maintained. The trainer discusses all 
incorrect answers with examinees. 

8.3.2.2 Radiation Monitoring Personnel - B Plant. Rockwell has established 
Radiation Protection Technologist certification program which requires 

newly hired RPT personnel to qualify in each of various progression steps: 

• Radiation Protection trainee 

• Juntor Radiation Protection Technologist (JRPT) 

• Radiation Protection Technologist (RPT) 

• Senior Radiation Protection Technologist (SRPT). 

Before advancing through the steps, each employee must successfully 
complete the training curriculum required in his present job classification 
and have a current evaluation prepared by the Unit Manager and approved by 
the Group Manager (Ref. 8-14). 
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8.4 HEALTH PHYSICS ·PROGRAM 

8.4.l Personnel Dose Assessment - Dosimetry 

The DOE regulatory limits for occupational exposure are given in 
Table 8-1. Additional information on the occupational dose limits and 
guidelines can be found in References 8-3 and 8-12. 

Rockwell has established more conservative occupational dose guidelines 
to ensure that the DOE regulatory limits are not exceeded. These are 
presented in Table 8-2. Special approvals are required for a worker to 
exceed the Rockwell occupational dose guidelines of Table 8-2. Each 
approval must be in the form of a memorandum from the cognizant manager to 
the manager of Radiological Protection or his designee. It must state the 
increase to be authorized, best-dose estimate of work to be done, and the 
basis for authorizing the increase, including specific measures to ensure 
that the accumulated dose is ALARA. Approving management must obtain the 
concurring signature of the Manager of Radiological Protection on t his 
memorandum before allowing guidelines to be exceeded. 

The Radiological Engineering and Effluent Controls Group maintains the 
radiation dosimetry program applicable to all Rockwell personnel and 
visitors. The dosimetry program includes external and internal dosimetry 
and provisions for refined employee dose estimation in the event of a 
nuclear accident (Ref. 8-12). The total occupational dose includes external 
dose and dose contributed by radionuclides deposited in the body as a 
consequence of work with radioactive materials. Natural background 
radiation, diagnostic and therapeutic exposure for medical purposes, and 
internal dose from naturally occurring radionuclides is not included. 

8.4.1.1 External Dosimetry. The Hanford Multipurpose Thermoluminescent 
Dosimeter (TLD) and the Hanford Basic TLD are the principal devices for 
measuring personnel radiation doses in Rockwell facilities. Except as 
discussed in Reference 8-12, dose values determined by processing dosimeters 
are used as the legal record of dose received. 

Personnel who have qualified as radiation workers and have the 
potential to exceed 500 mrem/yr are assigned a multipurpose TLD. The RE&EC 
Group and the individual's immediate supervisor or manager determine the 
appropriate exchange frequency of the TLD. There are two exchange periods 
for the multipurpose TLD, monthly or quarterly. Personnel who are not 
qualified radiation workers or are not expected to exceed 500 mrem/yr are 
issued a Basic TLD. · The Basic TLD is exchanged on a yearly basis. 

Extremity dosimeters (e.g., finger rings) must be worn if the 
anticipated monthlj extremity (e.g., hands) exposure could exceed one rem or 
where dose rates to the extremities ~ay exceed five times the whole body 
exposure. In specific cases where an employee may be subject to radiation 
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TABLE 8-1. DOE Occupational Dose Equivalent Limits (rem).a 

Type of exposure 
. I 

1 Annua 1 
I 

Calendar 
quarter 

Whole body, head and trunk, gonads 5 . I 3 
lens of the eye, red bone marrow, 
active blood-forming organs 

Unlimited areas of the skin (except I 15 5 
hands and forearms).b Other 
organs, tissues, and organ 
systems (except bone) 

Bane, forearms 30 10 

Hands, feet 75 25 

aReference DOE Order 5480.l, Chapter XI. 
bAll reasonable effort shall be made to keep exposures 

to forearms and hands to the general limit for the skin. 

TABLE 8-2. Rockwell Occupational Dose Guidelines (rems). 

Type of exposure · Annual Quarter I 
I 

Whole body, head and trunk, 3 1.25 I 
gonads, lens of eye, red bone I 
marrow, blood-forming organs I 

Skin (except hands and forearms) 9 3 I 
Other organs (except bone) 7.5 I 
Bone 15 I 

I 

Forearms 15 5b i 
I 

Hands 15 5 . 
Feet 15 5 

Week 

0.3 

0.9d 

1. 5c 

1.5b 

aAs measured by: (a) the "unfiltered" chip in the record TLD, 
(b) an "unfiltered" supplementary TLD, or (c) timekeeping with open 

1,dndow CP . 
bAs measured by a closed window CP and timekeeping or a 

supplemental TLO. 
CAs measured by: (a) finger r ng warn with TL• chip oriented 

toward the source, or (b) an open w ndow CP and timekeeping. 
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sources which will expose specific portions of the body to substantially 
higher doses than the whole body exposure, supplementary dosimeters may be 
required by Radiation Monitoring and RE&EC. These dosimeters must be worn 
at the point(s) of highest dose rates as determined by Radiation Monitoring. 

If a dosimeter is lost or a dose measurement is proven erroneous, an 
estimate of the dose received by the individual during the period in 
question shall be established by RE&EC and documented as a part of the 
employee's dose record. Criteria to be used to establish the dose estimate 
can be found in Reference 8-12. 

8.4.1.2 Internal Dosimetry. Rockwell has developed two programs, routine 
bioassay and in-vivo counting, for internal dose measurements. The programs 
are directed toward determining whether employees have experienced an uptake 
of radioactive materials as a consequence of their employment at Rockwell 
and the magnitude of any related dose to internal organs. 

Employees hired by Rockwell who have previously been employed in a 
field where they have directly worked with unsealed radioactive materia l s 
will be asked to undergo a baseline bioassay to determine if they have any 
internal deposition at the time of employment. After completing the 
baseline bioassay, personnel who work routinely with radioactive material 
must have annual internal dosimetry evaluation, or with a frequency deemed 
necessary by RE&EC. The program for bioassay dose measurement will include 
the analysis of samples or urine and possibly feces and/or blood. The 
in-vivo counting program includes the use of whole body, chest and wound 
counts. All personnel who work with radioactive materials will be subject 
to whole body counting on a frequency determined by RE&EC. An investigation 
will be initiated for a positive whole body count in excess of one percent 
of the maximum permissible body burden {MPBB) for a radionuclide detected 
using in-vivo analysis techniques. 

8.4.2 Exposure Control - B Plant 

Per the B Plant Facility ALARA Plan, all tasks, where the estimated 
total crew exposure will exceed 500 mrem, shall be reviewed by the B Plant 
ALARA Team to investigate the possibilities and feasibility of modify i ng 
procedures, techniques, and equipment to determine if changes can be made 
that will reduce exposure. 

In addition to the ALARA Team review, all nonroutine tasks which have 
the potential for high exposure rates or contamination levels are rev i ewed 
in pre-job planning .meetings. During these meetings, the hazards 
anticipated are discussed further with personnel assigned to perform the 
task. The input received from these meetings is an integral part of keeping 
exposure and contarrii-nation levels ALARA. 
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8.4.2.1 Timekeeping. Timekeeping is most commonly used during specific 
tasks where the exposure during job duration could possibly exceed Rockwell 1 s 
limits for exposure control, Table 8-2. All B Plant operators are instructed 
on the method of timekeeping used by all Rockwell facilities during their 
General Radiochemical Operating Training (Ref. 8-15). B Plant operating 
personnel are the only qualified timekeepers located at the facility. 

8.4.2.2 Supolementary Dosimetry. There are four types of supplementary 
dosimetry used at B Plant: pencil dosimeters, pocket alarm dose integrators 
(PAO!), finger ring dosimeters, and supplemental TLDs. · 

The pencil dosimeter is a direct reading pencil shaped instrument which 
normally responds only to gamma or X-ray radiation and usually will not detect 
alpha or beta radiation. Wh~n the pencil dosimeter is used in conjunction 
with timekeeping for exposure control, the indicated accumulated exposure 
will normally be lower. than. .the timekeeping estimate due to its inability to · 
detect beta ·radiation. p·encil dosimeters are issued through the Radiation 
Monitoring office in B Plant. 

The PAO!, also sensitive only to gamma and X-ray radiation, is designed 
to be worn by personnel while they are performing their assigned tasks in 
radiation areas. The PAOI is used to alert personnel by an audible alarm 
when they have reached a pre-set radiation dose. The PAOis are issued, read, 

~· set, and distributed by the B Plant Radiation Monitoring personnel • 

. The finger ring dosimeters are issued by Radiation Monitoring to 
personnel who are not regularly assigned finger ring dosimeters. These 
dosimeters are used to measure extremity dose to the hands of personnel 
whose hand exposure is expected to be considerably higher than the whole 
body exposure for the specific task to be performed. 

In cases where the source of radiation is located unfavorably with 
respect to the multipurpose TLO or, where the employee-accumulated dose for 
specific task needs to be immediately evaluated, supplementary TLDs will be 
assigned. Use of the above mentioned supplementary dosimeters must always 
be accompanied by a regularly assigned multipurpose TLD. Under no circum
stances is a supplemental dosimeter to be worn in place of a multipurpose 
TLD. 

8.4.2.3 Shieldina. Use of shielding is another method used at B Plant to 
reduce radiation exposure to levels that are ALARA. Portable shielding is 
available in various sizes, shapes, and material densities suitable for a 
numerous variety of situations and isotopes. Lead sheets, lead blankets, 
and rubber matting are the most commonly used portable shielding materials 
in use at B Plant. The physical requirements and restrictions imposed by the 
additional shielding, along with the additional time the shielding might add 
to the task, must be evaluated before material selection. If the shielding 
to be used will jeopardize the safe completion of task, an alternate method 
of exposure reduction will be implemented. 
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8.4.3 Protective Equipment 

Radiation Monitoring will prescribe protective equipment requirements 
for tasks performed at B Plant, including minimum clothing and respiratory 
protection according to radiological conditions and hazards. Protective 
apparel and respirators are available at B Plant. Full-face, mechanical 
fi l ter respirators are used for routine maintenance and operationa l tasks in 
which airborne contaminants may be encountered. Although the majority of 
the full-face respirators are stored in the B Plant SWP lobby, individual 
respirators are located in strategic areas throughout the plant to be used 
in emergency situations. The filters on these respirators are tested by the 
Hanford Environmental Health Foundation (HEHF) upon initia l receipt and are 
checked again when the respirators are sent to the mask cleaning station 
located in the 200 West Area. Five Self Contained Breathing Apparatus 
(SCBA) units are available for use at 8 Plant. Tne units are to be used in 
accident conditions, or in areas where it is not feasible to wear a ful l 
face mechanical filter respirator. 

' 

B Plant does not have an installed breathing air system. Sufficient 
need for such a system has not been demonstrated. When supplied air is 
needed, it is supplied by a cascade bottle air system or by a mobi l e air 
compressor, under the direction of the Radiation Protection Department, 
Safety and Quality Assurance Function. 

8.4.4 Radiological Controlled Areas 

Physical and administrative measures have been developed to control the 
radiological areas within B Plant. The normal radiological controlled areas 
within B Plant are illustrated in Figure 8-2. The radiological conditions 
of these areas as well as others which may temporarily exist in B Plant 
(Ref. 8-12), as indicated by the required postings at the boundaries of 
these areas, are: 

• Radiation Area--an area where an individual could receive an 
exposure between 1 and 100 mrem in any one hour 

• Radiation Area - Surface Contamination--an area in which the 
surface contamination may exceed 220 disintegrations per minute 
per 100 cm2 for alpha radiation and 2,200 disintegrations per 
minute per 100 cm2 for beta-gamma radiation 

• Radiation Area - Airborne Radioactivity--an area where radioactive 
air concentrations exist which, if averaged over a normal work 
week, would exceed 25% of the maximum permissible concentrations 
of the particular radionuclide (Ref. 8-13) 

• High Radiation Area--an area in which an individual could receive 
an exposure in excess of 100 mrem (but less than 5 rem) in any 
one hour 
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The two squares with horizontal lines in Figure 8-2, shown between the 
AMU/Office levels and the crane cabway/operating gallery areas, are 
ventilation inlet louvers. The top inlet supplies air to the crane cabway, 
and the lower inlet supplies air to the operating and pipe galleries. 

1 Restricted Access Area--an area that requires special safety pre
cautions for entry when any of the following conditions are 
present. 

- Dose equivalent rates to the whole body are in excess of 
5 rem/h. 

Removable surface contamination is in excess of 220,000 dpm 
per 100 cm2 alpha and/or 2,200,000 dpm/100 cm2 beta-gamma. 

- Airborne radioactivity concentrations exceed or are · likely to 
exceed 100 times that specified in Attachment 1 of 
Reference 8-3. 

The boundaries of the above radiation areas, if not a permanent wall of 
fence, are clearly indicated by rope or chain and signs. Restricted Access 
Areas have boundaries which limit the entry of personnel. Radiation areas 
can only be entered when accompanied by a RPT, except when entering 
personnel have been qualified in advance to carry out self-survey and self
monitoring. Administrative controls of access and stay time in radiation 
areas described above are accomplished by posting and procedures. Radiation 
areas are marked with signs indicating the radiological conditions • 
(Ref. 8-12). Radiation work permits and operating procedures describe in 
detail the monitoring procedures that must be followed upon entering the 
area, the radiological conditions of the area, and the protective apparel 
that must be worn upon entering the area (Ref. 8-10, 8-11). 

Outdoor sites surrounding B Plant also follow the physical and adminis
trative requirements stated above to control access and stay time in radia
tion areas. The following sites are identified with appropriate postings 
and barriers: 

• Underground radioactive waste storage tanks and diversion boxes 

• Burial trenches, cribs, and ponds 

• Underground pipelines 

• Permanent~ stabilized burial plots 

• Roads and other paved areas covering radioactive contamination. 
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8.4.4.1 Routine Radiological Control. The standards for conducting rad ia
tion surveys at Rockwell are detailed in Reference 8-12, while the methods 
and procedures used by Radiation Monitoring for implementing the standards 
are detailed in Reference 8-10. Reference 8-10 describes the steps to be 
taken, the instrument to be used, the documents to be completed, and the 
purpose of the following surveys: contamination surveys, personnel contami
nation surveys, routine control program, and air sampling. The manual con
tains illustrations and descriptions of the radiation survey forms and 
records used at Rockwell. Routine control programs for B Plant are further 
detailed in a logbook kept in the Radiation Monitoring office. These forms 
contain information on the area to be surveyed, the frequency of the survey, 
the steps to be taken, the measurements to be performed, and the amount of 
documentation necessary. Currently, the log book for routine control 
procedures lists weekly, monthly, quarterly, and annual procedures. 

Health Physi.cs Procedures (HPPs), are used for special and routine 
- tasks. HPPs for audits and inspections assure compliance with radiological 

controls, radiation work procedures and ALARA practice. 

,.. " . 
8.4.5 Health Physics Instrumentation 

8.4.5.1 Portable/Personnel Survey Instruments. Portable radiation 
detection and measurement instruments are provided to all Hanford 

~ contractors, including Rockwell, from a central Hanford instrument pool 
, ' operated for DOE by Pacific Northwest Laboratory (PNL). Table 8-3 lists the 

• portable radiation detection equipment available from the central pool. The 
instruments are described in detail in documents available in the Radiation 

~, Monitoring offices (Ref. 8-10, 8-14). 

Two types of portable survey instruments are available at B Plant for 
personnel monitoring for contamination. The Ludlum 177 and Ludlum 1778 are 
semi-portable, line-powered or battery-powered rate meters for use with the 

~ Geiger-Mueller type detector. The second type instrument used for personnel 
surveys is the Eberline Model BNW-1 which has several optiona l detectors. 
When the Eberline BNW-1 is used with a beta-gamma detector (Geiger-Mue l ler 
type) it is called an EGM. A special zinc sulfide scintillation detector 
enables the Eberline BNW-1 to be used as an alpha detector. Due to the 
infrequency of encountering alpha contamination at B Plant, the 
Eberline BNW-1 with the zinc sulfide scintillation detector is not normally 
used but is available in the Radiation Monitoring office. 

In addition to the portable survey instruments, there are hand-and-foot 
counters placed at exits from work areas in B Plant (Fig. 8-3). Hand-and
foot counters are stationary instruments used by personne1 to check the i r 
hands and the so les of their shoes for radioactive contamination. Hand-and
foot counters at B Plant are beta-gamma detectors. Hand-and-foot counters 
are not used as a substitute for personal surveys. Those personnel who ex i t 
from locat ions with a likely potential for contamination are requ i red to 
perf arm comp 1 ete personal surveys, 'Nh i ch may be fa 11 owed up •,1ith a check on 
a hand-and-foot counter. When placed at specific locat ions, the counters 
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TABLE 8-3. Portable Radiation Detection and Measurement Instruments. 

Type of Type of 
instrument detector 

CP Air ion chamber 

Extended Air ion chamber 
CP 

HPC Thimble-type air 
ion chamber 

TPC Thimble-type air 
ion chamber 

LPC Thimble-type air 
ion chamber 

Snoopy BF3 proportional 
.. counter sur-

rounded by 
moderator 

EGM Geiger-Mueller 

Lundlum Geiger-Mueller 
model 177 
and 1778 

PAM ZnS scintillator 

PAC-6 Ai r proportional 

Weyco Air proportional 
(Hanford 
Poppy) 

*Counts per mi~ute. 
N/R = Not Rated. 
N/A = Not Appl icable. 

Radiation(s) Instrument Accuracy detected range 

B' r 0-5,000 mR/h -5 to +10% 

6, y 0-5,000 mR/h -5 to +10% 

y 0-10,000 R/h N/R 
0- 5,000 rads/h 

y 0-500 R/h -5 to +10% 

y 0-50 R/h -5 to +10% 

T'l 0-2,000 mrem/h ±25% 

. B, y 0-100,000 cpm* N/A 

6, y 0-500,000 cpm N/A 

0-100, 000 cpm I N/A (l I 
I 

I 

a 0-100,000 cpm I N/A 

a 0-500,000 cpm N/A 
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are available for use not only as a last check point for radiation workers, 
but also for office and administrative personnel before eating lunch and/or 
leaving the plant to go home. 

All counters are routinely checked by Radiation Monitoring to determine 
if they are working properly. 

8.4.5.2 Fixed Radiation Detection System. Radiation energy (RE) chambers 
are used at B Plant as the fixed radiation-detection system. RE chamber 
units are used to provide data on radiation levels in locations where only 
limited personnel entry is permissible due to high radiation or to confirm 
continuous low radiation levels at locations where portable instrument 
monitoring is not usually required. The 34 RE chamber constitute the area 
radiation system shown in Figure 8-4. Detailed description of the 
RE chamber is provided in Reference 8-10. 

8.4.5.3 Air Samplers. Sampling of air for radionuclide content is 
accomplished using continuous air monitors (CAMs). Under normal condit ions, 
the filters from the CAMs are changed weekly by Radiation Monitoring 
personnel and sent to the 222-S Laboratory for analysis. The results 
provide an integrated measure of the levels of radioactivity in the room air 
at B Plant. CAM units are self-contained air samplers and radiation 
detection units that provide instantaneous and continuous measurements of 
air radioactivity. CAM units are equipped with audible and visual alarms 
that warn personnel of off-normal conditions of room air so they may t ake 
appropriate action. 

There are 24 operational CAM units in B Plant. Locations of CAMs are 
shown in Figure 8-4. Detailed description of CAMS. are given in 
Reference 8-10. 

8.4.5.4 Instrument Calibration and Maintenance. All portable survei l lance 
instruments in use at B Plant (GMs, CPs, etc.) are maintained and repaired 
by the central instrument pool and calibrated by the Pacific Northwest 
Laboratory (PNL). CAMs, stack monitors and hand and foot counters receive 
initial acceptance testing and calibration by PNL and are then delivered to 
B Plant. These units then receive semi-annual calibration by Rockwel l 
Instrument Maintenance and are source checked periodically by Radiation 
Monitoring. 
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9.0 ACCIDENT/SYSTEMS SAFETY ANALYSIS 

In this chapter, B Plant hazards are identified and analyzed. Their 
potential consequences are assessed for possibilities of overwhelming the 
plant safety system. Accident scenarios are then develop~d for those 
accidents. These scenarios show how and to what extent the engineered 
barriers and administrative controls reduce potential consequences, and 
actual risk is determined. 

9.1 SYSTEM SAFETY ANALYSIS PROCESS 

------- ~ 

This analytical process requires that several sequential tasks be per
formed before it can be determined which potential accidents will be developed 
into scenarios. Hazards are first identified and then analyzed to determine 
if the potential consequences can be absorbed within the plant and without 

O' undue risk to normal operational considerations. After this determination 
has been made, those accidents with potential for consequences exceeding 
established guidelines are selected for development of accident scenarios. 

<' These accidents are discussed here in terms of potential consequences, 
mitigating barriers, and the effects these barriers have on reducing the 
consequences of the accidents to acceptable levels. Probability of the 
occurrence and severity of the consequences are then considered in assessing 
risk. These two tasks--hazards identification and analysis, and the assess-
ment of risks--are the main objectives of this chapter. This information is 
then related to established risk-acceptance guidelines, and the risks are 

~. judged either acceptable or unacceptable. If unacceptable, the system is 
modified, and the safety analysis process is repeated. See Figure 9-1. 

9.2 ABNORMAL OCCURRENCES ANO ACCIDENTS 

Unwanted events which occur during the operation of B Plant may result 
in abnormal occurrences and/or accidents. 

1 An abnormal occurrence, as considered here, is an off-norma l situa
tion with variable onsite, but only minima l offsite, consequences. 
Abnormal occurrences are considered to be minor, compared to acci
dents with potential for significant offsite consequences. Though 
minor re l eases to the immediate environs may be associated with 
these occurrences, little or no risk is imposed on the offsite 
population over and above normal plant releases. 

1 An accident is defined as a situation or event that creates demands 
on the system beyond the capability of the equipment or confinement 
features. The accident, whether mitigated or not by operat ion of 
standby or engineered protection features, may result in injury to 
on-plant personnel and/or onsite/offsite consequences. 
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A general comparison between severity of effects of abnormal occurrences 
and accidents is shown in Figure 9-2. This general diagram reflects relative 
severity and possible paths of successive stages which lead from abnormal 
occurrences or accidents. Abnormal occurrences result in relatively smaller 
consequences than accidents; hence, the lighter path lines from 11 abnormal 
occurrences 11 than from 11 accidents. 11 Where both paths lead to the same result, 
the effects will be less for the abnormal occurrence than for the accident. 

Each hazard may, with a loss of control, generate an abnormal occurrence 
or an accident; however, equipment and related controls, engineered safety 
systems, and administrative controls prevent and/or mitigate the effects of 
accidents caused by the hazard. 

A generalized event tree for a monitored exhaust ventilation/filtration 
system is shown in Figure 9-3. 

9.3 HAZARDS REVIEW 

Two main categories of hazards are considered--those whose consequences 
can be absorbed by 8 Plant, and those whose consequences potentially might 

~· not. The absorbable consequences might be the results of industrial hazards, 
or of personnel exposure or contamination hazards, but will not produce 

,,.._. onsite/offsite effects. Consequences which are potentially not absorbable 
er,. might produce onsite or offsite consequences which exceed established guide

lines for radionuclide release to the env1ronment (Ref. 9-1). See Section 9.7. 

"" ... 9.4 DETERMINATION OF ACCIDENTS FOR ANALYSIS 
,,.. ' - · Accidents identified in the Hazards Review as having consequences 

potentially exceeding guidelines by 8 Plant are evaluated in depth and 
developed in detail. If more than one type of potential consequence can be 

- caused by a particular accident, all are developed. If more than one hazard 
·· can potentially produce the same accident, the accident developed is the one 

with the worst potential consequences, or which has the highest inventory at 
risk. 

Such a treatment of the accident, as indicated, will usually result in 
a quantitative value of dose commitment to potentially affected people, as 
well as an estimated or calculated determination of the probability of 
occurrence of the accident. These two values are then used in determining 
the actuarial risk involved and the hazard category of the accident. 
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9.5 ACCIDENT RISK ASSESSMENT ANO HAZARD CLASSIFICATION 

The term ''risk" is used actuarially. To limit the number of detai l ed 
analyses far those accidents which effectively determine the risk envelope 
far B Plant, a process was developed for determining risk, based on simplifi
cation of a mare complete risk expression. The risk of a particular action 
is a mathematical product of five terms, such that Risk= Ax 8 x C x D x E 
where: 

A = probability of occurrence 

B = magnitude of severity 

C = measure of harmful characteristics of occurrence 

D = measure of the environmental transport factor 

E = measure of the population at risk 

The total risk involved in operation of the facility is therefore the 
summation of this expression for all release sequences. For the purpose of 
comparing and screening the sequences for one facility at one site, the 
expressions C, D, and E may be held as constants, leaving only the requirement 
for the determination of A and 8 ta determine relative risk. 

A pictorial presentation of risk determination is shown in Figure 9-4. 
The first level, leading to the Preliminary Hazards Analysis, has been 
developed from B Plant operations procedures and with the assistance of 
Process Operations and Process Engineering personnel. This informat ion is 
analyzed by breakdown into potential accident, type of potential 
consequences, and extent to which mitigated, and is presented in Section 9.7 
for the accidents considered ta have potential for consequences exceeding 
established guidelines. 

9.5.1 Probability of Occurrence 

For each accident scenario the probability of occurrence of the accident 
is determined according to the probabilities of particular material and/or 
personnel failures necessary for the accident to occur. These individual 
probabilities usually cannot be assessed from specific 8 Plant or Hanford 
historical data, but are extracted from existing data of similar fa i lures 
elsewhere (Ref. 9-2, 9-3), though based on nuclear facility experience. 
These probabilities do not necessarily apply to common cause situat ions, 
which are those situations in which one particular initiating event can 
produce multiple accidents (e.g., an earthquake or a tornado). Natural 
forces events have probabilities of their own, and cause accidents with all 
sorts of permutations and combinations. These events, as common causes, are 
addressed in a scenario of their own (Section 9.18). In addition, the 
probability of a 1/2 safe shutdown earthquake (SSE) (one-half the magnitude 
of a SSE) is included in each scenario for comparative purposes. 
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9.5.2 Severity of Consequences 

9.5.2~1 Radioloaical Accidents. The accident scenarios consider the 
inventory at risk or involved in the accident and the effects this inventory 
has on occupational workers (who are assumed to be located where they can 
receive the greatest degree of harm when the accident occurs). Their 
exposure, based on the inventory involved, is determined and related to 
Rockwell guidelines (Ref. 9-4). 

For non-occupational workers, there are three categories of 11 maximum
individuals11 for whom one- and fifty-year dose commitments are determined. 
These are identified and described ·as: 

• 

• Onsite--an individual assumed to be located within a normal ly 
occupied building or area separate from the facility under evalua
tion, and typically assumed to be at 2704-E, which is 600 m from 
the accident site. Any portion of his internal dose commitment 
attributed to contamination is assumed to be by inhalation. 

• Offsite--an individual assumed to be located where the general 
public has closest proximity to B Plant. All of his internal dose 
commitment is assumed to be by inhalation. Exposure time is 
limited to two hours immediately following the accident due to the 
ability to restrict access on the public highway. 

~ Offsite--an individual assumed to be located at the closest 
point on the site boundary. His dose commitments include 
inhalation, ingestion of contaminated foodstuffs, and external 
dose from contamination on the ground • 

Whole body, bone, and lung dose commitments are determined for all three of 
these maximum individuals. The highest of these values for all the one-year 
commitment is then used to indicate the severity of the accident. 

Computer programs are commonly used to calculate radiation doses 
resulting from both normal operations and accidents. Any of several 
programs validated by Pacific Northwest Laboratory may be used; they include 
SUBOOSA, OACRIN, and PABLM. Most of these programs are based on the models 
developed by the International Commission on Radiological Protection. 

The input for the computer programs will consist of a source term (the 
nuclide form and the quantity of radionuclide which may be released as a 
result of a given event), the release height, and meteorological conditions. 
Maximum conservatism is used for all input terms. The programs generate the 
dispersion characteristics of a resultant plume .and give the various doses 
as a function of distance from the release point. Both 1-yr and lifetime 
(50 yr) doses are given. Dose commitments for, and locations of, the 
"maximum individual," both onsite and offsite, are specified. 
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It is required that the codes used are approved by the Hanford Dose 
Overview Committee, a function of PNL. Calculations performed for safety 
analysis documentation must be verified by the Radiological Engineering and 
Effluent Controls Group before release and submittal to OOE-RL. In this 
report, no dose commitment ca lculat i ons have been conducted except by 
Radiological Engineering (Ref. 9-17). · 

9.5.2.2 Industrial Accidents. Because there are no established guide l ines 
for acceptability of industrial accident risk, such a determination has not 
been made. In addition, since the common cause of all accidents has 
established the probability of these accidents, whether consequences are 
radiological or industrial, determination of severity for industrial 
consequences has not been attempted. To have done so would permit 
establishment of risk, thereby implying acceptability. 

9.5.3 Risk and Risk Acceotance 

Once the probability of occurrence and the severity of consequences of 
a particular accident have been determined, these two values are multiplied 
together to establish the risk of that accident. 

Risk acceptance guidelines have been established by Rockwell (Ref. 9-5) 
to provide assurance that risks have been limited to a level which is 
acceptable. Criteria for acceptable risk are presented in terms of 
potential radiological dose commitment and corresponding maximum acceptable 
accident probability (Table 9-1). 

9.5.4 Hazard Classification 

Maximum dose commitments from all scenarios are compared to the va l ues 
given in Table 9-1. The hazard class of the facility being considered is 
that of the highest hazard class indicated by the comparison. The 
gu ide l ines given in Table 9-2 (Ref. 9-5) are used to re l ate consequences 
from radiation exposure to the hazard class of a facility. Note that these 
data are not risk values, but consequences; no probability is appl ied. 

9.6 ACCIDENT CONSEQUE~CES 

A principal objective in the design of B Plant was to prevent the 
uncontrolled release and dispersal of the radionuclides stored and handled 
within the facility. These materials are inherent in process f l uids, 
process solids, building vent i lation gases, and generated waste materia l s. 
One or more containment/confinement barr i ers / systems restr ict re lease of 
radionuclides to the env i ronment or into areas normally occup ied by plant 
personnel. Analysis of accidents involving loss of control of these 
materials can be performed by analys i s of the leak paths for each acc iden t 
si tuation. 

The most signif icant possib le radiologica l accidents fal l into t hree 
ma in categ~ries as to both mechanism of cause and manifestation of effects. 
A fourth category encompasses non-radiologica l accidents. These categories 
are discussed below. 
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9.6.1 Breach of Confinement (Environmental Release) 

Breach of confinement is the movement of a hazard or energy beyond 
those physical systems which are established to prevent such a movement. 
The result is a release to the environment of the hazard or energy. ihe 
confinement barrier is that which precludes loss of radionuclides to 
personnel beyond the building or to the environment in the event that the 
contain~ent barrier is lost or circumvented. The HEPA filtration-exhaust 
systems provide this confinement capability for airborne radionucl ides. 

The 8 Plant 221-8 confinement systems are represented by the main 
canyon exhaust-filtration system, the Vessel Vent System #2 (VVS#2), and the 
EF-1 through EF-7 exhaust-filtration systems (pipe ganery and storage 
room). The 212-8 Cask Station ventilation flow is filtered only through 
pre-filters, after which it exhausts to the 221-8 air tunnel for HEPA 
filtration by the 221-8 canyon exhaust filters. 

The primary difference between the various exhaust-filtration systems· 
is the number of stages of HEPA filtration provided. At least two stages of 
HEPA filtration are provided for ventilation exhaust air from the 221-8 
Canyon and the VVS#2. There is presently a third HEPA filter ahead of the 
other two HEPA filters, in the canyon exhaust system, which can be bypassed 
when it becomes excessively loaded. One stage of HEPA filtration is 
provided · at each EF unit for ventilation exhaust from the pipe gallery and 
storage room to the atmosphere, and from the Vessel Vent System #1 (VVS#l) 
to the 221-B air tunnel. Because ventilation air from the VVS#l exhausts to 
the 221-8 air tunnel, this exhaust flow experiences two more stages of HEPA 
filtration via the main canyon (221-8) exhaust-filtration system • 

9.6.1.1 Probability of Occurrence. Figures 9-5, 9-6, and 9-7 provide 
functional diagrammatic representation of the 221-8 canyon, vessel vent 
systems, and EF exhaust HEPA filtration systems, respective ly. 

Failure of the confinement system can be analyzed independently from 
accidents. Due to requirements for cont inuous filtration/ventilation system 
operation, loss of HEPA efficiency can occur at any time, whether during 
accident conditions or normal operations. Loss of any HEPA filter unit is 
estimated at 1.1 x 10-4 per year, primarily dominated by fi l ter 
deterioration (Ref. 9-6). Probability of "worst case 11 failure of a HEPA 
assembly is the product of the probabilities of all filter stages failing in 
that assembly, with failure of a single filter unit constituting failure of 
the entire stage. 

• 221-8 Canyon Exhaust HEPA Filtration System--For this system, with 
80 filter units per stage, and two functioning stages in series 
per assembly, the probability of failure of an ent i re filter 
assembly is 7.7 x 10-5. The probabil i ty of loss of both confine
ment and detection is 2.0 x 10-S;yr, with the probability of CAM 
loss considered to be 2.6 x 10-l;yr (Ref. 9-2). See Figure 9-8 
and Section 9.6.1.3. 

9-12 



S0-liJM-SAR-013 

I I-··------10 UNITS-----------i1 · 

8 UNITS 

-· 
80 UNITS _a 1 SiAGE 

I 
AIR IN I AIR OUT 

-• I 
I TO ATMOSPHERE 

-},--l-,,, ,,, .,. .,. ,,, .,. .,. 

ONE ASSEMBLY 

PS8411-45 

FIGURE 9-5. Functional Diagrarranatic Representa t ion 

of the 221-B Canyon HEPA Filtration. 

9-13 



.. 

L_ 

AIA IN I 
--~•• I I 

VESSEL VENT 
SYSTEM ##1 

. I 
I 
I 
I 
.l..------

.,, .,, ,, 
.,, 

1 UNIT= 1 STAG~ 

I 
I 

I I 
J_ .,,. - - - •,,.,. - - J - - - - - -. ... 7 .. ,, 

,, 
,, ,, ,,,. ,,..,,., 

~ · .,, 

ONE ASSEMBLY 

TO 221 -B 
AIR TUNNEL 

l 9 > ,, 7 

AIR IN __ _., .. 

VESSEL VENT 
SYSTEM #2 

,,,,.-
,,. 

I 
I 
I 
J__ 

1 UNIT= 1 STAGE 

ONE ASSEMBL V 

AIR OUT 

TO SEWER 

PS8411-46 

FIGURE 9-6. Functional Diagrammatic Representation of the Vessel Vent Systems HEPA Filtration. 

- ___ ,., 

V) 
CJ 
I 

~ 
I 

~ 
~ 
I 

0 .-.. 
w 



'° I 
~ 

<.n 

AIR IN 

----·• 

EF - 1. 2. 6 & 6 
EXHAUST FILTRATION 

.,, 
.,, .,, .,, 

I 
I I 
:UNIT 
I 
.>--- ----

I UNIT= I STAGE 

ONE ASSEMBLY 

,. 
9 

AIRIN 

7 3 

EF - 3. 4 & 7 
EXHAUST FILTRATION 

,, ,.,, 

I I 

:UNIT 
I 

_,,L-
,,"' 

I 1 · lu.Nn 
I - --~--

.,, 
.,,, ., 

2 UNITS= I STAGE 

---.1---+ 

,,. ,,. 
.,, ,,. .,, 

ONE ASSEMBLY 

PS8411-47 

FIGURE 9-7. Functional Oiagranvnatic Representation of EF-1 Through EF-7 Exhaust HEPA Filtration. 

V, 
CJ 
I 

i 
I 
V, 
):a 
:::0 
I 
0 .... 
w 



SO-WM-SAR-013 

LOSS OF 221 B 
EXHAUST SYSTEM 

FIRST STAGE 

(8 .8 X 10"3 1y) 

L.OSS OF 221 8 
EXHAUST SYSTEM 

FILTRATION 

(7.7X10 1 /yr) 

LOSS OF 221 B 
CONFINEMENT 

ANO DETECTION 

(20 X 10·1/ y) 

LOSS OF 221 B 
EXHAUST SYSTEM 

SECOND STAGE 

(8 .8 X 10"3 / y ) 

LOSS OF ANY ONE 
OF 80 UNITS OF 

LOSS OF ANY ONE 
OF 80 UNITS OF 
221 B EXHAUST 

SYSTEM FIRST Si AGE 
221 B EXHAUST 

SYSTEM SECOND STAGE 

(1 .1 X 10"4 ,' y) (11xl0-4/ yl 

FAIL.URE OF 
STACK CAM TO 
INDICATE LOSS 

(2 .6 X 10•1 / y) 

F'S84l 1-48 

FIGURE 9-8. Probability for Loss of Confinement and 
Detection,•221-B Canyon HEPA Filtration System. 

9-16 



·n 

rs• 

SO-WM-SAR-013 

• Vessel Vent System #!--Since this system incorporates a single 
non-DOP-testable HEPA filter unit as its only filtration before 
exhausting into the 221-8 air tunnel, credit is not taken for its 
effect. Therefore, the probability of filter failure is identical 
to that for the 221-8 exhaust HEPA filtration system (Fig. 9-8). 

• Vessel Vent System #2--For this system, with one filter unit per 
stage, and two stages in series per assembly (two assemblies), the 
probability of failure of all stages of an enti~e filter system is 
1.5 x 10-16/yr. The probability of loss of both confinement and 
detection is 3.8 x 10-17/yr (Fig. 9-9). 

• EF-1 Storeroom Exhaust Filtration--For this system, with one 
filter unit per assembly, the probability of failure of this 
assembly is 1.1 x 10-4/yr. There is no CAM on this exhaust 
stream, but air flow to this storeroom is ultimately from the 
operating gallery, in which there are numerous CAMs. Upon alarm, 
this exhaust unit will be shut down and the exhauster nearest the 
alarming CAM will be sampled. This mode of operation is permitted 
by deviation No. 83-006 to RHO-MA-139 (Ref. 9-1), and is valid 
until Sept. 1, 1985, at which time the deviation must be 
reapproved, or adequate alternative measures must have been taken. 

• EF-2 through EF-7 Pipe Gallery Exhaust Filtration--Because these 
six exhausters serve the same area, and are all single-stage 
assemblies, they can be considered to be one single assembly 
containing one nine-unit stage. The probability of failur~of 
this system is, therefore, 9.9 x 10-4/yr. There are no CAMs on 
any exhauster in this system, but a CAM unit is installed in f~ont 
of each exhaust filter face. Air input to the pipe gallery is 
from the operating gallery, where there are numerous CAMs. Upon 
alarm, the exhauster nearest the alarming CAM will be sampled and 
the remainder of these exhausters will be shut down. This mode of 
operation is permitted by deviation No. 83-006 to RHO-MA-139 
(Ref. 9-1), and is valid until Sept. 1, 1985, at which time the 
deviation must be reapproved, or adequate alternative measures 
must have been taken. 

9.6.1.2 Severity of Consequences. Resulting consequences from a breach of 
confinement are considered to affect directly onsite/offsite persons, but 
only if the released radionuclides exceed established guidelines (Ref. 9-4). 
The extent to which these guidelines may be exceeded depends on a number of 
factors pertinent to the accident, such as: 

• Quantity of material at risk 

• Radioactive source terms involved 

• Resulting integrity of the filtration system HEPA filters 

• Number of stages of HEPA filtration 

• Resulting operability of the ventilation system 
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GAM TO INDICATE LOSS 

(2.6 x 1 o·• / YR) 

LOSS OF WS #2 
SECOND Si AGE 
(1 .1 x 10 .... /YR) 

LOSS OF WS it2 
FIRST STAGE 

, 1 . 1 x 1 o·• 1 YR> 

LOSS OF WS #2 
SECOND ST AGE 
(1 .1 x 10°4 /YR) 

?Sa507-13 

FIGURE 9-9. ?robabi1ity for ~ass of Confinement and Detection, 
VVS#2. 
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• Quantity of source term material transported to the HEPA filters 

• Quantity of source term released to the atmosphere via bypass of 
the HEPA filters 

• Atmospheric conditions prevailing at the time of the accident 

• Other parameters unique to the particular accident 

Quantitative values are determined, if possible, for these factors; if not 
possible, assumptions are used, based upon maximum reasonable unfavorable 
conditions. For HEPA filters of suitable integrity, fractional penetrations 
are assumed to be as indicated below, based on DOE minimum requirements 
{Ref. 9-6): 

Testable HEPA 
filter stages 

1 
2 

Total fractional 
penetration 

5 X lQ-4 
1 X lQ-6 

C' The overall fractional penetration of two stages is higher than the square 
• of that for one stage (Ref. 9-6) because filter penetration increases with 
· each successive filter stage. An additional (third) stage of HEPA 

filtration is provided by VVS#l HEPA filter, but it 1s not •OP-testable when 
in place; therefore, credit is not taken for it when determining probability 
of a filter failure (Section 9.6.1.1). The multi-stage HEPA filter systems 
in place at 8 Plant are not •OP-testable by individual stages, although they 

~ are testable by assembly. All future such systems will be •OP-testable by 
<.'-' individual stages. 

After probability of occurrence and severity of consequences have been 
determined for a particular accident, these values are then used in 

: ~calculating risk, as described in Section 9.5.3. 

9.6.1.3 Main Stack Monitor. The main stack conducts to the atmosphere the 
exhausts from 221-8 canyon and cells, VVS#l, and 212-8 cask station. Dua l 
record air sampling devices are installed, but indicate only radioactive 
loading of the samples with respect to time. Differential pressure (OP) 
indicators are installed in the filter assembly, and might detect a breach 
of filtration, but would not audibly or visibly alarm if they did so; 
detection by this means is by surveillance of the DP indicators on a t~ice 
per shift minimum basis. A CAM unit is installed, and does audibly and 
visually alarm if its detection set-point is exceeded. It also announces 
its own failure if such occurs. Therefore, the single CAM on the main 
8 Plant exhaust stack is the only device considered in determination of 
probabilities. Its failure rate is considered to be 2.6 x 10- 1/yr based on 
Rockwell operating experience with beta-gamma CAMs. 

9.6.1.4 8 Plant Confinement History. Radioactive materia l s in 8 Plant 
gaseous effluents have been ~outinely measured (Ref. 9-29). These re leases 
have consisted primarily of strontium and cesium. Releases from al l stacks 
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of the B Plant complex have been monitored; these stacks are associated with 
the following individual facilities: 

Stack 

291-B-1 

296-8-5 

296-8-13 

296-8-14 

Facility 

221-B processing cells and canyon, VVS#l, and 
212-8 Cask Facility 

221-B8, receives process and steam condensate 

221-BF, receives process condensate 

VVS#2 

The 291-B-1 stack, exhausting the ventilation air from the 221-8 canyon and 
cells, VVS#l, and 212-B Cask Facility, is the only stack from which gaseous 
effluents had historically exceeded established guidelines until 1983, when 
they were brought under control (Ref. 9-29). Analytical information 
indicates that these releases were principally cesium. Annual averages 
indicate that these isotopes have not exceeded Table I auidelines 
(Ref. 9-1). Assuming that all released material was 137cs, Table II . 
(Ref. 9-1) guidelines have not been exceeded on an annual average. However, 
assuming one-third of the released material has been 89,90sr (maximum 
percentage ever detected), then Table II guidelines were exceeded by about 
one order of magnitude on an annual average basis. 

Particular increases in released material have generally been 
associated with periods of high wind conditions, although the HEPA filter 
integrity was not compromised. Over time, a series of leaks in the 
ventilation ductwork was discovered, and the most recently discovered leak 
was repaired after the elevated discharge in February 1983. Since that 
time, average monthly concentration of released beta-emitters has been on 
the order of 10-12 uCi/mL. The average concentration of the stack for first 
quarter 1984 (latest available information at time of writing) was 
2 x 10-12 uCi/mL beta. 

9.6.1.5 Accident Scenarios. Breach of confinement consequences dre 
addressed in all scenarios. 

9.6.2 Breach of Containment (Spread of Contamination) 

Breach of containment is the movement of a hazard or energy beyond a 
containment barrier, which can result in an excessive radiation dose rate 
outside the containing structure or in a spread of contamination. _ The 
containment barriers are those barriers in physical contact with 
radionuclides in normal use (i.e., tanks, processing equipment, cel l 
enclosures, piping, and waste containers). Primary containment is that 
barrier which protects those personnel who are immediately involved with 
fission products processing or handling operations. The primary emphasis 
here is the radiological condition produced by the accident, but not the 
persorinel effects from such a condition. 
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9.6.2.1 Occurrences. Breach of containment will result in spread of 
radioactive contamination. Over the years of B Plant fission products 
processing, minor contamination spreads within 8 Plant of less than gram 
quantities have far outnumbered any other type of occurrences. Since 1979, 
there have been 14 contamination occurrences, as reported in various 
occurrence reports, such as unusual occurrence, off-normal event, or 
radiation occurrence. The basic causes for these occurrences are segregated 
into the following general categories. 

Number of % of 
Category occurrences total 

Personnel error 4 28.6 

Procedure deficiency 2 14.3 

Material deficiency 4 28.6 

Design deficiency 1 7.1 

Other 3 21.4 

TOTAL 14 100.0 

·Of these occurrences, indicated according to primary cause, 57% are 
related to either direct personnel error or material deficiency. To deter
mine occurrence rates, an average number of operators and maintenance 
personnel is assumed to have been 80, based on employment figures for that 
time period. 

14 contamination events 
---------- = 2.8 events/yr (5 yr average) 

5 yr 

2.8 events/yr 

80 personnel/yr 
= 0.035 events/man-yr 

These events typically pose only minor impact to operations, and no 
environmental impact is expected. This number of contamination events might 
appear to be low for an operation such as that of B Plant. But, it should 
be considered that essentially all ultimate sources of the contamination are 
the process cells, and that these sourcss are not handled at all in areas 
normally expected to be essentially non-contaminated. 

9.6.2.2 Accident Scenarios. Breach of containment consequences are 
addressed in all scenarios. 
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9.6.3 Radiation Excosure (Personnel Overexoosure) 

Radiation overexposure is caused by personnel exposure to radiation in 
excess of established guidelines (Ref. 9-4). There are no documented 
instances of B Plant personnel receiving a whole body dose in excess of 
maximum permissible exposure during normal fission products processing 
operations. Doses determined for B Plant operating and maintenance 
personnel were obtained from Radiological Engineering. Occasionally, a 
B Plant operator may be temporarily loaned to WESF, but any differ-ence in 
dose will probably be less. · Quarterly extracted data has been available 
only since January 1982, but annual data better reflects long-term trends. 
Aggressive pursuance by B Plant of the ALARA program clearly indicates that, 
although already historically low, work force average radiation dose 
continues generally to fall, as indicated in Table 9-3. This trend cannot 
be expected to continue indefinitely, because at some point in time, 
continued reduction will not be cost effective. 

Radiation exposure consequences are addressed in all scenarios. 

9.6.4 Personal Injury (Industrial Accidents) 

As used here, an industrial accident is an accident having no 
radiological effects, but which results in personal injury or death. 
Analysis of the industrial injuries which occurred in B Plant from 
January 1, 1979, through December 31, 1983, as reflected in the various 
accident -reports, indicates that 108 persons were injured by sustaining 
22 types of injuries to 24 different parts of the body. Occurrences 
involved 153 "types-of-injury" situations to 120 11 parts-of-the-body 11 

situations. These two categories are not numerically identical, nor does 
either one equate to the number of persons. injured, because several cases 
occurred in which one person sustained more than one type of injury and/or 
injury to more than one part of the body. Summaries of these two categor i es 
is shown in Tables 9-4 and 9-5. 

9.6.4.l Types of Injuries. The 22 types of injuries which occurred in 
B Plant to operations and maintenance personnel are tabulated in Table 9-4. 
Comparison of these categories reveals some interesting differences. 
11 Bumping 11 and "cuts" are the only high-incidence (>10¾ of total) occurrences 
to both operations and maintenance personnel. Significant additional 
comparisons between the two groups are as follows: · 

Injury Operations Maintenance 

Bumping 12.2% of total 12.7% of total 
Cut 10.2% of total 12.7% of total 
Pinch 3.1% of total 9 .1% of total 
Slip 9.2% of total 3.6% of total 
Strain 7.1% of total 10.9% of total 
Struck by 5.1% of total 10.9% of total 
Twist 13.3% of total 1.8% of total 
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TABLE 9-3. B Plant Radiation Dose (mrem) for Operating Personnel. 

1980 1981 i 1982 1983 i 
i 

! Mai nt. j OPS i Maint. OPS OPS i Maint. OPS 
1 

Mai nt. 
. I 

Penetrating 

Non
penetrating 

29,394 13,380* 21,726 I ! . I I 
8,704 1 37,788 I 4,788 I 30,044 . 4,284 

i I I I 
10,304 8,070 16,422 

1 I ' i 
10,016 12,998 j 10,.857 : 10,788 I 3,248 

I I 

Average no. 
of workers 

Average 
penetration 
dose per 

-..orker 

Average non
penetration 
dose per 

.. worker 

* 

46 30 

639 446* 

224 269 

Repaired hot pipe trench. 

51 

426 ! 
I 

322 

i I 

I I 
32 67 1 21 58 I 28 

I 

I 
I 

I 
272 I 564 ; 228 518 153 

313 194 517 186 116 

9.6.4.2 Parts of Body Injured. The 24 parts of the body injured in B Plant 
are also tabulated into the same categories in Table 9-5 as in Table 9-4. 
Back injuries and injuries to fingers are the only high-incidence (>10% of 
otal) injuries common to both operations and maintenance personnel. 

Interesting additional differences occur when comparing the two groups: 

CJ-, 
Injury Ocerations Maintenance 

Back 10.8% of total 15.9% of total 
Fingers 16.2% of total 27.3% of total 
Hands 5.4% of total 9.1% of total 
Wrists 4.1% of total 11.4% of total 

The preceding information indicates obvious differences in types of 
injury sustained and part of the body affected by personnel working in opera
tions or in maintenance. The most likely reason for this phenomena is the 
different types of work done by these two groups. Other work groups have not 
been considered here, because of the diverse types of work done by the 
relatively low number of personnel involved. 
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TABLE 9-4. Types of Injuries, 1-1-79 to 12-31-03 

Type of injury Total {%) Operations {%) Maintenance 

Abrasion 8 (5.2) 5 (5.1) 3 Bumping 19 {12 .4) 12 (12.2) 7 
Burn, Chemical 5 (3.3) 4 (4.1) 1 
Burn, ~eat/flame 10 (6.5) 5 (5.1) 5 
Cut 17 (11.l) 10 (10.2) 7 
Oermat it is l {0.6) l 
Fall 9 (5.9) 7 (7.1) 2 
foreign Object 3 (2.0) 1 (1.0) 2 
Fracture 3 {2.0) 3 (3.1) 
lternia l (0.6) 1 (1.0) 
Inhalation, 2 ( l. 3) 2 (2.0) 

Chemical /Smoke 
Insect Bite/Sting 2 ( 1. 3) 1 (1.0) l 
Miscellaneous 3 (2.0) 2 (2.0) 1 
Pinch 8 (5.2) 3 (3.1) 5 
Puncture 4 (2.6) 2 (2.0) 2 
Slip 11 (7. 2) 9 (9.2) 2 
Strain 13 (8.5) 7 (7 .1) 6 
Struck By 11 (7. 2) 5 (5.1) 6 
Trip 4 (2.6) 3 (3.1) 1 
Twist 16 (10.5) 13 (13.3) 3 
Vehicle 2 ( 1. 3) 2 (2.0) 
Hhiplash l (0.6) 1 (1.0) 

TOTAL 153 (99.9)* 98 (99.8)* 55 

*Due to rounding. 

{%) 

(5.5) 
(12.7) 
(1.8) 
(9. l) 

{12.7) 
{l.8) 
(3.6) 
(3.6) 

(1.8) 
( 1.8) 
(9. l) 
(3.6) 
(3.6) 

(10.9) 
(10.9) 
(1.8) 
(5.5) 

(99.8)* 
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TABLE 9-5. Parts of Body Injured, 1-1-79 to 12-31-83. 

Type of injury Total (%) Operations (i) Maintenance 

Ankle 8 (6.8) 7 (9. 5) 1 
Arms 7 (5.9) 5 (6.8) 2 
Back 15 (12.7) 8 (10.8) 7 
Chest 4 (3.4) 2 ~2.7) 2 
Ears 1 (0.8) 1 1.4) 0 
Elbow 4 (3.4) 4 (5.4) 0 
Eyes 3 (2.5) 1 (5.4) 2 
face l (0.8) 0 -- l 
feet 4 (3.4) 3 (4.1) 1 
Fingers 24 (20.3) 12 (16.2) 12 
Groin l (0.8) l (1.4) 0 
!lands 8 (6.8) 4 (5.4) 4 
Head 4 (3.4) 4 (5.4) 0 
Hips l (0.8) l ( 1. 4) 0 
Knees 11 (9.3) 7 (9.5) 4 
leg 1 (0.8) 0 -- l 
Mouth 1 (0.8) 0 -- 1 
Neck 4 (3.4) 4 (5.4) 0 
Nose 2 ( 1. 7) 2 (2.7) 0 
Ribs 1 (0.8) l ( 1. 4) 0 
Shoulders 2 ( 1. 7) 2 (2.7) 0 
Stomach l (0.8) 0 -- l 
Toes 2 (2.7) 3 (2.7) 0 
~Iris ts 8 (6.8) 3 (4.1) 5 

TOTAL 118 ( 100. 6)* I 74 (100.4) * 44 

*Due to rounding. 

(%) 

(2.3) 
(4.5) 

(15.9) 
(4.5) 
--
--

(4.5) 
(2.3) 
(2.3) 

(27.3) 
--

(9.1) 
--
--

(9. l) 
(2.3) 
(2.3) 
--
--
--
--

(2.3) 
--

(11.4) 

( 100. l )* 
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9.6.4.3 Accident Rates. Accident rate equals 

No. of accidents 108 
------- = - = 21.6 accidents/yr 

No. of yr 5 

Of these accidents, the types most likely to occur, and the parts of the 
body most likely affected, are as follows: 

Accident Aspects 

Bumping 
Burn, heat/flame 
Cut 
Pinch 
Slip 
Strain 
Struck by 
Twist 

Ankle 
Back 
Fingers 
Hands 
Knees 
Wrists 

Operations 

* 

* 

* 

* 

* 
* 
* 
* 

Maintenance 

* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

These events typically have posed only minor impact (see Table 9-3) on 
operations and systems, but these types of accidents have resulted in lost 
work days. 

9.6.4.4 General Chemical Hazards. Although the particular chemicals used 
in B Plant have not historically been significant hazards, they have been 
evaluated in Appendix A. Nevertheless, if improperly handled, they can 
cause significant, harmful effects to personnel. Proper handling is defined 
and controlled by established administrative controls and engineered 
barriers. Exposure to non-radiological hazards is designed to be ALARA, per 
RHO-MA-100 (Ref. 9-39). 

9.7 SCENARIOS OF POTENTIAL ACCIDENTS 

The most significant scenarios postulated for B Plant accidents are 
presented in the following sections. These scenarios are based on the 
potential of the described accident consequences to exceed established 
guidelines. These scenarios are those which have been assessed by 
knowledgeable persons in Process Engineering, Operations, and Safety 
Analysis to result in potentiaily non-absorbable consequences by B Plant. 
The following table indicates the location of each scenario in the SAR. 
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Scenario Scenario subject Section 
number in SAR 

1 Natural forces 9.8 
consideration 

2 Total loss of electrical 9.9 
power 

3 Hydrogen accumulation 9.10 
and explosion 

4 Ammonia accumulation 9.11 
and explosion 

5 Fire 9.12 

6 Vessel coil failure 9.13 

7 Loss of cooling water 9.14 

a Loss of instrument or 9.15 
process compressed air 

9 Temperature excursion 9.16 

10 Cell drain line failure 9.17 

~ 11 Nitric acid misrouted to 9.18 
ion exchange column 

12 Nitric acid bulk storage . 9.19 
tank collapse 

13 Anhydrous ammonia bulk 9.20 
storage tank collapse 

14 Carbon dioxide bulk star- 9.21 
age collapse 

These accident scenarios describe potentially non-absorbable accidents 
that are representative of those which could occur at 8 Plant. All 
identified hazards have been evaluated and determined to have adequate 
mitigating barriers. As this report is a ttliving document," poten~ial 
hazards identified hereafter will be evaluated as they are identified, and 
added to subsequent revisions as required. 

It is to be noted that all references in these scenarios to 90sr 
assumes an equilibrium mixture of 90sr and 90y 4 and all references to 137cs 
assumes an equilibrium mixture of 137cs and 13,sa . A summary of the Hazards 
Identification and Evaluation is presented in Table 9-6. 
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TABLE 9-6. llazards I dent if i cat ion and Evaluation. 

Inventory at Pute11l1al 
Controls ,rnd barriers risk comequences 

[X INDUS THIAL_INJURY ~Q!!] lll1Strat1ve Controls 

Exµlo~10 11 dfecb 11 1 Operations not permitted during 
in vIc1111ty of ,ell . 111suff1cie11l d1hit1on a,r flow 
pms1ble mdIur 2 E mcrgency operat111u procedures art: in 
IIIJUfY Not c1ed1ble 

eflett 

3 gal PERSONNEL f.!l!.l~!l!!"'ed Barriers 
L6K Ci g~Q~!JRE 1 Ventilation/exhaust system 90Sr 

None expected 
2. D1rut1on a,r Is installed lo all vessels 

wh1, h tan co11t.i111 Hrevolv1119 solutium 

3 If power Is lost . .iIr compressors operdte 
<m b.ilkuµ pr,we1 supply 

4 . Portable gasoline -driven compressors 
are <1va1la1Jle 11 total power Is lost 

5 VVS/11 

PERSONNEL 
CONTAMINATION 

Possiult: , but nonc 
expelled 

LOSS OF 
CONFINE MEN! 

3 2 x 10·1 pc, ~osr to 
atmr,sphere 

l.OWHAZARD 

(Sheet 5 of 19) 

Seve11ty Probdb1lity/ 
yr 

[X 
9 2x 10· 14 

NIL 9 2 x JO· l-1 

NIL 9 .2 x 10· 14 

1 J x 10·1 9 .2 )( 1Q · H 

rem . ht yr , 
bo nt: 

ACCIDENT IS 
NOT 

CREDIBLE 

Ofl~lle mk 

[X 
NIL 

-
IIIIL 

1 2 x 10·1" 
rem/yr 

A(Ul'f · 
AlHE fHSK 

OSR 

11 4.1 
11.4 .6 

Ul 
CJ 
I 
~ 
3: 
I 

Ul 
)::,, 
;:o 
I 

0 ....... 
w 



I.O 
I 

w 
w 

Po1ent1<1I .tludem 

11 1 AlCumul .. uo11 ond 
E)(plus1u11 (f-ull Cell). 
Cdl 37 (WC,) 

9 .. 9 
TABLE 9-6. Hazards ldentificatibn and Evaluation. 

Inventory at Putenllal 
Controls and barriers 

rnk lumequtenccs 

[X 
INOUSTRIA~ INJtlRY Allm11mtrat1ve Conlrols 

Ellplo,1on etfect~ 11 1 Operations not permitted during 
111 vIw111y of cell · 1muff1Cient dilution air flow 
po,,1l,lc m.i1or 

2 Emergency operating procedures are in 
inJury Not credible 

effeu 

1.660 9<11 PE!!SO~NEL t!ill!neered Barriers 
10,375 K C1 EXPOSURE 

I. Ve11t1lat1on/exhaust system IH(s 
None exp .. cted 

2 Dilution air Is installed to all vessels 
wluch can cont.tin Hrevol111ng so lutions 

3 If power Is lost . air compressors operate 
011 backup µower supply 

4 Portoble 9<1sollne -dri11en compressoIs 
Me <1vail.ible 1f total power Is lost 

5 . VVSHI • 
PERSONNEL 

CONTAMINATION 

l'ms1ble. but 00111.: 

exp-,llcd 

!a_Q~S OF 
CONFINEMENT 

2 3 x 10·1 p (1 lll(s 10 

<1tmo,phe1-, 

I.OWHAlARO 

(Sheet 6 of 19) 

Severity Prob.ib1l1ty/ 
yr 

[>( 
9 2 )( 10· 1~ 

NIL 9 .2 )( 10-14 

NIL 9.2 x JO· l-1 

1 8 x 10-~ 92)(10·14 
rem. 1st yr. 

t,one 

ACCIDENT IS 
NOT 

CREDIIILE 

Olh1te rn~. 

[>< 
Nil 

Nil 

1 7 K 1(l· ld 
rem/yr 

ACCEPT-
ABIE msK 

OSR 

11 4 .1 
11 .4.6 

., 

Ul 
0 
I 

:E: 
3: 
I 
Ul 
)::,, 
;o 
I 

0 -w 
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TABLE 9-6. Hazards I dent H 1cat ion and Evaluation. (Sheet 7 of 19) 

Putenlldl ;iu1Je11t Inventory at Potential 
Controls and barriers Severity Probdbility/ Ofh1temk OSR risk u,mequences yr 

NH J Auumuldllull dlld INDUSTRIAL INJURY Admirustrative Contro ls 5.3 )( 10-1 11.4.2 
EKplosion (In -Tank) 

E><plos1on 1:,ffects if 1. NH rcontainmg solutions are kept 11.4.6 
rt< -19 -1 (lll(s) 

111 v1u1111y o f cell - , 39°C, assuring , 15% concentration in 
µoss1l,le ma1or injury the vapor spale of vessels 

2 NH, concentration ~ept below that 
required for flammability at any 
temperature 

3. Elcctricdlly operated equipment is shut 
off and maintenance 1s not permitted if 
purge air 1s lost . 

4. Ernc19enly operating procedures 

2,000 gal !_)~RSONNEL £!!9!neNed Barriers NIL 5 3 >< 10-·1 NIL Vl 600 I< (1 EXPOSURE 
D1lut1011 dll 1s 111stc1lled to all NH r CJ 

lllCs I 
Not Jµplical,le to11taming vessels :c 

3: lO 2 If power 1s lost, air compressors operJte I I Vl w on backup power supply ):,, 
~ ;o 

3. Portable, diesel-driven compressors are I 
available 11 all power loss C> 

t-' 

4 VVS/12 w 

PERSONNEL 7.0 >< l0·l 5.J >< 10 1 ] _] X 10-~ 
CONTAMINATION • rem. htyr, rem/yr 

Yes, but accident l,one 

mued11..lle 

I.OS~_OF , 3 ri.,m, 53><10 1 ...: 1.6 X 10 b 

CONFINEMENT 1st yr, bon1:, rem/yr 

3 >< 1011 pC1 111Cs to 
iltmu,phe1e ACCE PT-

ABLE RISK 
LOW HAZARD 



--------------------------- ~ -

<.O 
I 

w 
<.n 

NH I AuumuldllOII dnd 
Exµlosiun (Full (i:11) 
TK - I9- I (W(s) 

9 
TABLE 9-6. Hazards Identification and Evaluation. 

Inventory at 
rbk 

2,000 ydl 
600 K (1 
IJl(s 

Pot1mt1al 
comi:qutnco:s 

INDUSTRIAL INJURY 

E xplus1un tffecu 11 
111 vI(1111ty ol cell -
poss1blo: maior 
111juiy Not aed1Lle 
tkcept by StlSffil( 

eve11t 

l'E!!~Q_~NEL 
~~PO~URE 

Not .iµµhcat.ile 

PERSONNEL 
CONTAMINATION 

Puh1lili:, but no11t 

1:)(µ1:cted 

t92.~_Qf 
CONFINEMENT 

1 X IIJl l! (I l3/(\ 10 

.almu~1, lie11: 

IOWH AZ Ar<D 

Controls and barriers 

Ad1111nistrat1ve Controls 

1. NH rcontitIning solutions are kept 
, 39"C, .issuring < 15% co11ce11tration in 
the vapor spani! of vessels 

2. NH I concentration in vessels kept below 
thdt required for flammab,hty at any 
temperature 

l . lyn111on sources of sufficient power itre 
1101 µerm1tted to be ·µresent 

4 Eleclmally c.perated equipment Is shut 
oll and maintenance as not permitted 1f 
Vc\H!l -purge ;;Ill IS lost 

5. Emergency operating procedures are in 
effect 

Engineered Barriers 

I . Vent1lat1on/e)(haust syHem 

2. D,lut,on air Is installed to all NH r 
wntaining vessels 

l II power Is lost, air compressors oper.ite 
011 bdckup power supply 

4. Poi tdble, gasoline-driven compresso rs 
dr" .iva,lable 11 total power loss 

5. VVS/12 

3 
(Sheet 8 of 19) 

Seventy 

Nil 

7 0 K 10·' 
ren, , 1st yr. 

bone 

, l rem. 
1st yr, bone 

Probdb1lily/ 
yr 

9.2 K 10·1' 

9 .21<10·" 

9 .2 )( 10-11 

9 .2 X 10·1/ 

ACCIDENT IS 
NOT 

CREDIBLE 

Olh1t(:mk 

NIL 

6 4X 10 II 

rtfll/yr 

.: 2 II K 10- 11 

.-em/yr 

ACCEPT -
ABLE RISK 

OSR 

'' .4 .2 
11 .4.6 

V> 
CJ 
I 

:E: 
3: 
I 

V> 
):,, 
:;o 
I 

0 ..... 
w 
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TABLE 9-6. llazards Identification and Evaluation. (Sheet 9 of 19) 

Potential .Jcctd,mt Inventory at Potential 
Controls and barriers Severity Prob<1bihty/ Ofh1te risk OSR risk .. 

tonsequ1:nc1:s yr 

hli.! Ill (di ((di }. 7) INDUSTRIAL INJUHY ~!!r~11rmtrdtIv1: Controls 3.0 )( lQb 11 .4.3 
No 111: expelled (rd11e InspectIon and maintenance 11.4.5 

requ11ements 1 f.4 .6 

2 Crane operator tr dining and certification 
requirements 

.3 . Cdnyon housekeepmg requirement1 

4. HEPA filter requirements 

5 Emergency operating procedures a1 f.! in 
effect 

],000 Ct PERSONNEL ~1111:1:red Barriers NIL 3 0 X 10b NIL 
9•lSr in organtl I°XPOSURf 

~11e remtant HEPA filters ltqu1d and Vl 
17,200C1 eath 

Not dpplic.ilile 
2 fue screen 1mtalled before ealh HEPA CJ 

I 
of ~osr and f1lte1 stage ~ 
1l 1Cs on HEPA 3: \() 3 Ccmtinuous air sampling and monIto11ng I I i1lters Vl w of tlte exhaust a,r • 0\ 

4 Ope,able water and foam ftre-
;:o 
I 

,uppresston systems 0 
........ 

5 lmtalled heat detectors w 

6. Au1l1bl1: dnd visible alarms 

PERSONNEL Nil 3.0 x 10·" l~ll 
CO~T AMLf!A TIO~ 

Nont: expelled 

~OS~ OF 1 5 )( 10° 3.0 x 10·~ 4 .5 x 10 t, 
~ONF!_f!!.~ENT rem , ht yr . rt:m /yr 

35 /. la ~"Sr l>u11e 

35 I (1 W(1 to 
dtrnu1pller1: 

ACCEPT -
I.OWHAlARO AllLE RISK 



-------,---------- ---------- - - ~ 

I.O 
I 

w 
-....J 

Pult,r,t1al .iuuJt!nt 

Vt!S~cl Cui l f ,11lu1t! 
(llt!at1ny a11d Coo l1119 
Se1v1c.::) 
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TABLE 9-6. Hazards Identification and Evaluation. 

I11ven1ory dt Pu1t,1111al 
Control~ and barriers risk comoiqu.::nce~ 

b< 
!_NDUST~~l INJURY Aunwmtr ative Controls 

No11e expeLted l . QA InspectIon of equipment 

:>. Operability tests 

3. l-lyu1mtat1c tests 

14.400 gal PERSONNEL Eng,ne~ed Barriers 
BCS EXPO~URE I L14u1d levt!I and specific gravity 475 C1~0s, 

Nil 1mtrumentation jnd 2.400(1 
IJl(s 2 vvsn 

l Vatuum 111d1cators on toncentrators 

4 f<ad1at1on monitors on E-20-3 conuemer 
.tnd BCS t anks 

5. Auwmatic alarms in dispatcher's o ll1ce 

PERSONNEL 
CONT AMl~A TIQ~ 

Ni l . 
~QSS _OF 

CON FINL¥!.~! 

NIL 

I OWH AZARO 

5 
(Sheet 10 of 19) 

Severity Prob.sl.11I11 y/ 
yr 

[X 
1.4 x lO·li 

NIL 1.4 ll 10b 

NIL 1.4 ll tO·b 

NIL 1.4 x 10" 

Olls11e mk 

[X 
Nil 

NIL 

NIL 

AC CE l'T -
ABLE HISK 

OSR 

11 .4.4 
11 .4 .6 

Ul 
0 
I 
~ 
3: 
I 

Ul 
)> 
::0 
I 

0 .... 
w 



'° I 
w 
00 

Putt!ntidl dlt1d..,11t 

VcSSt!I Coil f..tilure 
((uuling Se, Vilt! O11ly) 

TABLE 9-6. 

Inventory at 
mk 

•,osr TK-39 -5 
1,634 gal 
18,000 K Ci 
------------- ----

ll7Cs TK -39-3 
326 gal 
1 ].000 K C1 

9 

Hazards Identification ~nd Evaluation. 

Putenual Controls and bMriers 
consequences 

INDUSTRIAL INJURY Arlmu1,strat1ve Controls 

Not dppl1caLle 1 QA ImpectIon of equipment 

2 Opcrab11ity tests 

3. Ste.im and air services are not connected 
to tdnks requiring cooling service only 

PERSONNEL ~!neered Barners 
EXPOSURE 1. L1qu1d level and specific gravity 

Yes; unly that f, .:Im Instrumentatton 
Cs t!x(et!ds yu,doe · 
h11t!s, but thEe aHI-

l . Rad1dt1on detection Instrumentat1on 

dent Is 1nc,..,d1ble 3. Automatic rad1dt1on alarms in cooli11g 
wdter effluent Imes 

4 Md11ual 1solat1on of a fleeted vessels 
from sewer subheader 

PERSONNEL 
CONT AMINAT!ON 

Nut .ippl1LdLle 

LOSS OF 
CONFIN1.MEN! 

4 6x 104(,'JOSror 
1.7 )( 10 l( 1 lll(s 

LOWIIAlARD 

6 

(Sheet 11 of 19) 

Severity Prob..tbility/ 
yr 

5.4K 10~ 

911S1 0 .5 rem. 5.4 K 10 '' 
ht yr, Lone 

---------------
IHCs 

93 rem. 
ht yr, ACCIDENT IS 

overall NOT 
CREDIBLE 

NIL 5.4 X JO-~ 

~0sr 5.4" 10-~ 
58xl0·4 

rem. htyr, 
bone 

------ ---- ----
I J/(5 

3.9 X 10·~ 
rem . 1st yr. 

ACCIDENI IS Lone 
NOT 

CREDIBLE 

Olh1tc mk 

~"Sr 
2 7 K 10-•J 

rt!rnlyr 
------·- ·---- --

IHCs 
5 0 X 11) · / 

I,;111/yr 

Nil 

~0 sr 
3 1>110-12 

1cm/yr 

-----· ----- ----
IJ 1ls 

2 1 x 10· ll 
rem1y.-

ACCEPT -
A81.E Hl51<.. 

OSR 

11.4.4 
11.4.6 

l/) 

CJ 
I 
:c 
3: 
I 

l/) 
):> 
;o 
I 

0 
~ .... 
w 
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Lo~~ of Cuulin!J W<lte1 

9 
TABLE 9-6. Hazards Identification and Evaluation. 

Inventory at Pote11ttal 
Controls and barriers 

risk <.omequenu,~ 

X INDllFRIAL INJURY Adn11111strdtive Conllols 

Nol <lppll(JIJle 1. Emergency operating procedures are in 
effect 

~osr TK -7-1 ~ERSONNE!:_ ~inee1ed Barr Iers 
4,900 gdl EXPO~URE 1 Two emeryency wells powered by diesel-
19,000 K (1 

Nut t'MIJt'Ut'd driven pumµs ------------ -----
lll(s TK -37-1 2 flaw wdter header can be supplied by 

4,000 gal the sanitary water header via manudl 

10,500 K (1 
connectiom 

3 Pr unary pump statiom equipped with 
stedm-drrven pumps if electrical power 
fa1b 

4 Two primary water supply lines 

5 3,000,000-gal reservoir in 200 East area 

6. Either end of the rdw water supply loop 
cdn handle emergency requirements 

PEkSONNEl 
CONTAMINATION 

Not eKpt!lkd 

!:.Q~~ Qf 
CONFl~EMEN! 

5K IU ; C1'J1JS1 
1 K 10 I ; (1 IJl(s 10 

Jllllll~pht'lt' 

IOW ltALARD 

7 
(Sheet 12 of 19) 

Severity Probability/ 
yr 

[X 2 6 K 10 d 

NIL 2 6 K 10-s 

NII. 2 6 )( 10 b 

-c lwm, 2.6K 10-u 
ht yr 

ACCIDENT IS 
NOT 

CREDIBLE 

Offs1temk 

[X 
NIL 

NIL 

< I UK H}·b 

ACCEPT-
AULE RISK 

OSR 

11 .4.6 

Vl 
CJ 
I 
~ 
3: 
I 
Vl 
):;,, 
;u 
I 

0 
I-' 
w 
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TABLE 9-6. llazards I dent if icat ion and Evaluation. (Sheet 13 of 19) 

Pu1t:1111al .i cude11t Inventory at l'utentlal 
Controls and barriers Seve11ty Probab1lityt Olh1to: rnk osR risk consequences yr 

l •H~ of lmtrume11t u1 INDUSTRIAL INJ!,!RY Adrn11mtrat1ve Controls 2.6 X 10·~ 11 .4.6 
P, Ute~~ Cumprc~~ed 

Not applicable All processing operations will be 
Air 

suspended 

2. All electric motors located where H, 
generation 1s possible w,11 be shut down 
and will not be restarted for a spec1f1c 
time after d1lut1on air has been rest ,Hted 

J Remote maintenance in process cells will 
be suspended 

4 Emergency oper atmg procedures will be 
111 dfect 

12.5 KC, fH!rnt~Nq f!l__g mo:ered Barriers 540 rt,m . 2 6 x 10 ·1 1 4 x 10·1 
Vl 1 J1Cs solut ion ~~fQ~l,IB! Relevant compressors are fed by 1 St yr/ ,em/yr c::, 

OVt:1 <111 I 
llµt u32,000R/h 1, emerye11cy power ~ 

3: 
I.O but CAMS are 

2. With total loss o f electric powi,r, th1:: I 
e~pt:(led tu provide VI I 

~tJ11dlJy d1esel -dr1ve11 comp,essor stJrts )::,, ~ 
0 adcquJte evacu.i -

automatically :;o 
IUJII llllle before tlus I 

ldlt: IS dllually 3. 1 he process air system 1s equipped with 0 
I-' 

t:Xj)t:1 lelllt:d , edu11dant compressors w 

4 If the instrument air system fails . It 
automat1cc1tly d1aws from the process air 
system 

5 Diaphragm-operated valves fail safe 

6 Primary vent1lat1on exhaust d;,mpers fa il 
sale 

PERSONNEL Nil 2.6 x 10·4 Nil 
co~TA-MtNA TION 

Not apphtdule 

LOSS OF NIL 2.6 )( 10·4 NIL 
CONFINE ME NI 

Nut dppl1taule 
ACCE PT -

I OW HAZARD AUi.i: RISK 

- - - - ~ 



--------...------------------ --- - -.,.,. 

lO 
I 

.p. ..... 

Put1:11 t1al autdtmt 

Ti:mpe,aturt 
Extun1on 

9 ( , ; 

TABLE 9-6. Hazards Identification and Evaluation. 

Inventory at Potential 
Controls and barriers 

mk comequi:nc.::s 

I'\ ·, INDUSTRIAL INJURY Adm11u~trat111e Controls 

Not aµphcable I. The centrifuge operation 1s not starh,d 
unlt!ss 1t can be completed without delay 

2 No more than 2.000 gal of CAW slurry 1s 
proui~~td through the centrifuge btlore 
11:moval of the preop1l.ite 

200 gal of PERSONNEL [ngmeered Barriers 
tentrifuge EXPOSURE I Volume measurement instruments 
slurry : , 

Nut .iµpltcaLle 

7 C1 Pu 
78C1 Am 
4.4 X IQ ·4 C1 U 
0 .2 C1 Np 
2 7x J0IC1Sr 
2xl0"C1TRE 
J x 10~ (1 Ru 

~EK~Q~N_H 
~Q_tf[~~J_NA TION 

Not a!Jf,hcable 

!:_OS~ OF 
~Q~FINEMEt!! 

No ~µ1:ut~ 1-. 
rde">cd ~ T oblc 11 
vdlu1:, 

I OW HAZARD 

9 
(Sheet 14 of 19) 

St!veoty Probdbiltty/ 
yr 

l .9x10 ·1 

NIL 1.9 x IQ·l 

NIL 1.9)( 10-1 

< 3 rt'm , 1.9 x IO·J 
ht yr, bone 

Olhucmk 

Nil 

NIL 

... 5 7 x 10·1 

rem/yr 

ACCEPT· 
AlllE RISK 

OSR 

11 .4 .6 

VI 
Cl 
I 

::E: 
3: 
I 

VI 
)::,, 
::u 
I 

0 ..... 
w 
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I 
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N 

P1Htrnl1al i1CC1d1rnl 

(tll Dr.am tine fa1lun: 

TABLE 9-6. 

111ventory at 
mk 

150 gal of 
~us, solution 
1 2 MCi 

9 
•7 

l 

Uazards I dent if I cation and Evaluation. 

Puh:nt1al 
comtque11ces 

Controls and barriers 

INOUSTHIAL INJUltY Ad11111ustrat1ve Controls . 

PEHSONNEL 
EXPOSURE 

Udow li,ukgruulllJ 

fER~Q~~EL 
CONTAMINATION 

Not applicable 

lO~OF 
CONFINEMENT 

¥ts, hul ellltlo, 

\lU.S11l1ty tr.apped Ill 
soil. no elleLI on 
111d1v,Ju.als 

l.OWIIAZARD 

New transfer routes .tre leak d1eckeJ 
before use 

2 C1:II drain hne integrity 1s dett,rmmed 
qu.irterly 

l Vulume of solution in process vessels 1s 
hn11tcJ to OO"ti. ol maximum capacity 

4 5olu11on transfer volumes are verified at 
both ends of t11e transfer 

5 When cell cover blOlks a1 e removed . a 
111wal 1nspect1on 1s made fur ev1dtn(1: of 
leaks. They are correlle<.I 11 found 

~!l!l!!leered B.irr!ru 

1. leak <.letectors are tnst.slle<.l 111 cdl dr .. in 
0µ1:n1n9s, and audibly alarm 

l. . M1gh -h:vel alarms are installed on all 
tanks 

0 

(Sheet 15 of 19) 

Severity 

Nil 

Nil 

NIL 

Probab1hty/ 
yr 

3 5 x 10 ~ 

3 5 x 10~ 

3 .S x 10 4 

j 5 )( 10·4 

Ofhltt! mk 

NIL 

NII. 

NIL 

ACCEl'I 
AULi: klSI\ 

OSR 

None 

l/) 

CJ 
I 
~ 
3: 
I 

l/) 
)> 
:;o 
I 

0 
~ 
w 
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TABLE 9-6. Hazards I dent Hicat 1on and Evaluation. 

PultWll"I ilCLtJcnl lnvt!ntory at J'0ltllllial Controls and llarrien 
risk lOmequences 

NtlUC AetJ M1s1ouh:d X INOUS TRIAL INJURY Adm1nt~Hat1vt! Control~ 
lo 1011 Exdianyc Nol applicable 1. Checks are required lo verify appropri-
Column .ah: conntn,ons when sen1119 up a route 

3MC1137(s PERSONNEL 
EXPOSURt 

Not t!Xpecu:.-J 

PERSONNEL 
CONTAMINATION 

Not expected 

LO~iQf 
CONFINEMENT 

Not expelled 

lOWIIAlAHD 

• 

(Sheet 16 of 19) 

Severity Proballilityl 
yr 

IX l 

Nil l 

NIL l 

NIL l 

Olf~llt! 11~k 

[X 
NIL 

NIL 

Nil 

ACCEPT· 
ABLE HISK 

OSR 

None 

Ul 
CJ 
I 
:c 
3: 
I 

Ul 
)> 
;;o 
I 

0 .... 
w 
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N1lllc Aud Bulk 
~lorc19e T JIik Cullitp~t: 
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TABLE 9-6. ltazards I dent Hi cat ion and Evaluation. (Sheet 17 of 19) 

l11ventory al 
mk 

18.000 gal of 
~7o/• HN0J 

1-'f,lt:Hllal 
com1:que11ces 

Control; and barriers 

INDUS TRIAL INJllllY AtlrJHfllHI JIIVt! (ontroh . 

Aud splash to l Approved procedures 
worker 

PERSONNEL 
{XPOSURE 

Not applicable 

PERSONNEL 
CO~J AMt~~TION 

Nol apphldl.ile 

LO~tOF 
CONFINEMENT 

Nitm acid ll 13 ppm 
(01 17 0 ppm 
NO, 0 06 ppm 

tOWHAZARD 

Stverily Prubc1bihtyl Olh1le risk 
yr 

IO x 10-~ 

AlCEPT· 
AOI.E 

OSR 

None 

Ul 
CJ 
I 
~ 
3: 
I 

Ul 

• :;o 
I 

0 ..... 
w 



lD 

' .p. 
c.n 

Pohmllill c1ccadent 

Anl1yd1ous Ammom.a 
Bulk Stur "~c T ,rnk 
Collapse 

( 

'J 9 
~, .. 3 

TABLE 9-6. llazards I dent if icat ion and Evaluation. 

Inventory ill 
mk 

40.000lb 

l'Ohlfllliil 
cons.,quences 

Controls and barriers 

INDUS !HIAL INJUHY Adffi!IIISlf alive Controls 

Asphy111at1on I . Approved ope1atm9 p,ocedures 

PERSONNEL 
EXPQ~~RE 

Not appliulile 

PERSONNEL 
COijT AMINA TION 

Nol .iµphciililc 

lQ~lQf 
CONFINEMENT 

25 to 600 ppm 

LOWHAlARO 

Enqinee,ed 6a111er1 

I . Tank .sccessed only by a ui1v1ce road spur 

2. Physical bamers around tank 

- ~ - --'1119'" 

(Sheet 18 of 19) 

S11verity Ptobabihty/ Olhate risk OSR 

< tu ~tDlH 
values 

y, 

IOxlOb 

ACCEPT
A61.E · 
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9.8 NATURAL EVENTS CONSIDERATIONS 

The 221-8 Canyon Building was built in 1943 in conformance with lesser 
seismic criteria than imposed upon structures of its type constructed today. 
There has not been a seismic analysis performed on B Plant, but a 
preliminary seismic analysis has been conducted on 221-T,"a structure 
constructed at the same time as 221-8, and which is essentially identical. 
It is estimated that 221-B Canyon Building will safely withstand at least a 
0.15 g earthquake (Ref. 9-7), or a 1/2 SSE (0.125 g earthquake). 

Natural forces survivability of B Plant has been preliminarily 
established, and the degree of survivability has been illustrated using two 
somewhat different scales of assessment (Ref. 9-8, 9-9) These two 
references consider basically the same structures and facilities, although 
there are some differences~ The rating scales used are compared in 
Table 9-7. -

Rating 

Safe 
High 

Medium 

Low 

Unsafe 

TABLE 9-7. Probability of Survival. 

Reference 9-8 Reference 9-9 

>90% 

>50% to <90% 

<50% 

100% - meets present code requirements 
75-99% - barely meets code requirements; may 
be local failure; total failure not expected 

50-74% - cannot meet code requirements - local, 
' but not total, failure expected; may remain 

partly functional 
25-49% - structural survivability question
able; loss of function expected 

<25% - very low safety factor; certain loss of 
function 

In intermeshing these two scales, when discussing natural forces hazards 
below, the scale adooted is as follows: 

Rating Approximate% Remarks survivability 

High (H) >90 May be local failure; total 
failure not expected 

Medium (M) >~ to <90 Local failure expected; may 
remain partly functional 

Low (L) <50 Survivability questionable, 
loss of function expected 
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Table 9-8 shows expected estimated survivability of various B Plant 
structures. When estimates between the two references are clearly 
divergent. the estimate only from the more detailed information is 
considered; when detail is not significantly varying, worst case is 
indicated. 

9.8.1 Tornado Considerations 

8 Plant survivability from a design basis tornado (DBT) or its 
generated missiles is generally judged to be somewhat lower than in the case 
of an earthquake, especially an SSE, except in a few cases. · The main canyon 
structure is expected to survive a DST or its missiles, but supporting 
structures and systems are less fortunate. 

Except for nonessential supporting structures (short term) and where 
data has been obtained, most structures probably have a better than 50% 
chance of surviving a DST. The main exception to this statement are the 
ventilation supply and exhaust equipment. Most major supporting systems are 
indicated as probably not surviving a OST. The main low-survival facilities 
from a DST-generated missile are the sheet-metal above-grade structures, so 
far as is indicated from existing data. See Table 9-8. 

9.8.2 Volcanic Ash Considerations 

Renewed volcanic eruptions from Mt. St. Helens or other potentially 
active peaks are possible. However, early notification by the National 
Attack Warning System (NAWAS) should provide two to six hours for 
implementation of protective actions. Public address, crash alarm, and 
priority message systems can be used to effect in-plant not i fication. 

9.8.3 Range Fire Considerations 

In the summer of 1984, a major range fire occurred, wh i ch burned 
200,000 acres, and encroached upon the 200 Areas. Emergency organizations 
were utilized effectively to prevent the spread of the fire to the proximity 
of any major facility. It is expected that the same efforts and results 
would pertain in any future occurrences of this type. During the past ten 
years, three other fires have burned an area as large as the BC Crib
controlled area. For B Plant and its auxiliary buildings, the probability 
of a direct fire is considered remote. 

9.8.4 Seismic Event 

In view of the variances in reported data, stemming from the fact that 
the~e has not been a detailed seismic study conducted for B Plant, it 
aopears that B Plant might be assumed to have an overall survival 
probability of 50% to 75% for a 1/2 SSE (0.125 g), with possible exceptions 
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TABLE 9-8. Estimated Survivability of Various 8 Plant 
Structures and Systems. (Sheet 1 of 2) 

Estimated Functional Survivability 
Structure or 

system HRHE ' SSE 175 mph Tornado I 

(0.10 g) I (0.25 g) tornado missile I 

211-B Tank Farmb 

Tank (9 ft dia. X 36 ft M L Full - M H 
long) Empty - L 

Tank (10 ft dia. X 10 ft L L Fu 11 - H H 
high) Empty - L 

Tank Piping L L M M 

Platform L L L M 

• 212-8 Cask Station 

Below-grade cell and H H H H 
gallery 

~ Above-grade structure H M L Mb 
.. _ 

Structure addit ions NA* NA* L L 
..... 

Ventilation supply M L L NA 

217-8 0emineralizer H H L NA 
Buildinga 

221-8 Canyon Struct urea H M H NA 

Ventilation Supply M L L NA 

Gallery Supply and Exhaust M L L NA 

221-88 Process Condensatea M L L NA 
Sample Tanks Confinement 

221-BF Effluent Controla M L L NA 

291-B Stack M L M H 

aReference 9-8 only. 

bReference 9-9 only. 

*NA= Not analyzed. 
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TABLE 9-8. Estimated Survivability of Various B Plant 
Structures and Systems. (Sheet 2 of 2) 

Estimated Functional Survivabil i ty 
Structure or 

system HRHE SSE 175 mph Tornado 
(0.10 g) (0.25 g) tornado missile 

Air tunnelsa H H H H 

Sand filtera M L M NA 

291-88 and 291-BC, first H H H NA 
and second filter cells 

291-B0 Third Filter Cell 

0 Below-grade structure H H H H 

-· Above-grade structure H M L L 
r-· 

291-BF fourth filter cell H M H NA 

291-BG fifth filter cell H H H H 
,, 

292-8 St~~k Monitoringb L L L L r 

~"') Electrical Power Systema M L L NA 

N Raw Water Systema M L L NA 

Fire Protect i on Systema M L L NA 

."'ti;:. Cooling Water Systema M L L NA 
O' Compressed Air Systema M L L NA 

Vessel Vent Systemsa M L L NA 

Control Panelsa M L L NA 

Radiation Monitoring 
Systema 

Personnel Protection M L L NA 

Environmental Protection M L L NA 
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being the tank farm and stack monitoring system, which probably have a lower 
survivability rating. A higher overall probability assessment, if it 
exists, must await the results of a detailed seismic analysis. The highest 
expected probability of a 1/2 SSE is 3.3 x 10-3/yr, or once every 300 yr 
(Ref. 9-10). 

One seismic event can cause one or several of tne ac:idents descr ibed; 
unavailability of detailed seismic information precludes a quantitative 
assessment of the seismic-caused likelihood of these events relative to each 
other. It appears likely that B Plant can be safely shut down after the 
occurrence of a 1/2 SSE. Either the operating systems should have 
sufficient capacity to allow such an action, or the magnitude of the 
consequences should be sufficiently low to preclude major effects. 

Tentative conclusions cannot be drawn in the event of an SSE. If only 
a few supporting structures and/or operating systems escape survival, 
perhaps sufficient recovery will be possible for a safe shutdown. However, 
the max i mum expected occurrence for an SSE is 8.3 x 10-4/yr, or once every 
1.2 x 103 yr (Ref. 9-10), which is a probability 25¾ that of the 1/2 SSE • 

. , 9.8.4.l Cause and Sources. It is postulated that a seismic event occurs 
with a magnitude in excess of 0.125 g (1/2 SSE). Worst case assumptions are 

~ 1 as follows: 

• All primary and backup electrical power is lost due to fallen 
power poles 

• All steam supply is lost due to general disruption of th~ · 
200-E Area steam distribution system 

• All primary and backup raw water supply is lost due to disruption 
of all raw water supply lines 

• All sanitary water is lost due to disruption of the sanitary water 
lines and collapse of the water tower. This loss also dictates 
loss of demineralized water generation 

• The entire canyon roof collapses, as well as portions of the 
canyon walls. For 11 worst case 11 postulations, falling debris 
causes cover-block damage/destruction in such locations and 
manners as to produce the effects as described additionally 

• All storage tanks in Cell 36 are full 

• The falling roof, crane, and wa l l break the cover blocks of 
Cell 36, causing, in _turn, the destruction of one tank, with the 
contents being dispositioned as follows: 25¼ remains i n tank, 50% 
drains to Cell 10, 25¾ drains into the ground as a resu l t of the 
failed 24 in. cell drain line 

1 A hydrogen explosion occurs in one of the tanks in Ce l l 36 
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• The remaining storage tank in Cell 36 boils dry 

, Contained inventory is postulated to be as follows: 

- Hydrogen explosion in strontium tank 

TK-36-1 (Cs) 3,200 gal, 14,300 KCi (ruptured) 
TK-36-2 (Cs) 3,200 gal, 14,300 KCi (boils dry) 
TK-36-3 (Sr) 10 gal, 87 KCi (H2 explosion) 

- Hydrogen explosion in cesium tank 

TK-36-1 (Cs) 3,200 gal, 14,300 KCi (boils dry) 
TK-36-2 (Cs) 200 gal, 8,000 KCi (Hz explosion) 
TK-36-3 (Sr) 3,200 gal, 9,900 KCi (ruptured) 

• The roof and wall collapsing in the vicinity of Cells 5 through 9 
cause failure of those coverblocks, which fall and rupture all 
vessels in those cells. Fifty percent of the contents drain to 
Cell 10 and 25% seeps into the soil via the breached cell drain 
header. In addition, TK-10-1 is filled with sufficient debris for 
the tank to lose half its effective volumetric capacity 

• The disposition of the relevant tanks is as follows: 

TK-5-1 (Sr) 400 gal, 400 KCi 
E-5-2 (Sr) empty 
E-5-3 (Sr) empty 
TK-6-1 (Sr) 4,000 gal, 4,000 KCi 
TK-6-2 (Sr) 4,000 gal~ 4,000 KCi 
TK-7-1 (Sr) 4,000 gal, 4,000 KCi 
TK-7-2 (Sr) 4,000 gal, 4,000 KCi 
TK-8-1 (Sr) 4,000 gal, 4,000 KCi 
TK-8-2 (Sr) 4,000 gal, 4,000 KCi 
TK-9-1 (Sr) 4,000 gal, 20 KCi 
TK-9-2 (Sr) 4,000 gal, 48 KCi 
TK-10-1 (Sr) 1,000 gal, heel, 1,000 KCi 

• Broken coverblocks fall into Cell 27, causing an organic fire, 
releasing significant contamination into the canyon and, due to 
breach of the canyon, into the atmosphere 

• The main ~tack breaks up and falls across the various exhaust HEPA 
filter cells, making them unusable 
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• · All tanks in the B Plant tank farm are toppled from their supports 
and spill 75% of the contents of each tank onto the ground, except 
for anhydrous ammonia (see Section 9.20) and liquid carbon · 
dioxide. The ammonia and carbon dioxide spew forcibly into the 
air. Inventories of the tanks are as follows: 

Nitric acid (57%) - 14,000 gal 
Ammonia (anhydrous liquid) - 40,000 lb 
Ammonium carbonate (4~) - 11,500 gal 
EDTA (39%) - 4,500 gal 
HEDTA (41%) - 4,500 gal 
Hydroxyacetic acid (70%) - 4,500 gal 
Sodium hydroxide (50%) - 33,500 gal 
Carbon dioxide (Liquid) - 12,000 lb 

• Ten days will be required to remove enough debris to restore 
sufficient utilities to begin efforts toward acquiring minimum 
acceptable safety considerations 

9.8.4.2 Energy Release. 

...... 9.8.4.2.1 Hydrogen Exolosion in TK-36-3. 

• TK-36-1 (Cs), containing 3,200 gal (14,300 KCi) is destroyed. 
3,575 KCi remains in the tank, 2,400 gal or 10,725 KCi drains to 
the cell, and then into the soil or to Cell 10. · 

• TK-36-2 (Cs), containing 3,200 gal (14,300 KCi), boils dry. 
A portion of this material can escape the confines of the cell. 

• TK-36-3 (Sr), containing 10 gal (87 KCi), experiences a hydrogen 
explosion. The liquid contents, assumed to be Sr feed solution, 
will generate Hz at a rate of 18.3 gal (2.4 ft3)/h/gal of solution 
(see Table 9-10). With the tank containing 10 gal of solution, 
the total vapor space available is 4,390 gal. Assuming an initial 
H2 coric'eritration of 2.0 vol%, it will take 29 min to generate 4% 
hydrogen in the available vapor space. Using the same 
considerations as in Section 9.10.1.2, the tank will rupture. 
With direct almost-unlimited access from the vessel to the canyon 
and the atmosphere, there will be no significant increases of 
pressure due to confinement, but there can be transient pressure 
due to the shock wave. A mist will be generated at a 
concentration of 1 g/m3 (Ref. 9-14) of air, and will be expelled 
into the airspace of the canyon (Section 9.10.1.3). 

9.8.4.2.2 Hvdroaen Exolosion in TK-36-2. 

• TK-36-1 (Cs), containing 3,200 gal (14,300 KCi), boils dry. 
A portion of this material can escape the confines of the cell. 
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• TK-36-2 (Cs), containing 200 gal (8,000 KCi), experiences a 
hydrogen explosion. The liquid contents, assumed to be cesium 
feed solution, will generate H2 at a rate of· 0.24 gal 
(0.03 ft3)/h/gal of solution (see Table 9-10). With the tank 
containing 200 gal of solution, the total vapor space available is 
4,200 gal. Assuming an initial H2 concentration of 2.0 vol%, it 
will take 1.7 h to generate 4% hydrogen in the available vapor 
space. As above, this tank, too, will rupture, and there will 
again be no significant increase of pressure due to confinement, 
but there can be transient pressure due to the shock wave. A 
mist, as above, will be generated at a concentration of 1 g/m3 of 
air. 

• TK-36-3 (Sr), containing 3,200 gal (9,900 KCi), is destroyed. 
3,400 KCi remains in the tank, 2,475 gal or 7,425 KCi drains to 
the cell, and then into the soil or to Cell 10. 

9.8.4.2.3 Remaining Consequences. With either of the above hydrogen 
explosions, the remaining consequences are postulated to be the same. 

• The following material will drain from the ruptured vessels into 
the cell, then to the cell drain header and to the soil and 
Cell 10. 

Vessel 

TK-5-1 (Sr) 
TK-6-1 (Sr) 
TK-6-2 (Sr) 
TK-7-1 (Sr) 
TK-7-2 (Sr) 
TK-8-1 (Sr) 
TK-8-2 (Sr) 
TK-9-1 (Sr) 
TK-9-2 (Sr) 

TOTAL 

Contents 

gal 

100 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 

8,100 

I 

I 

i 
I 

to soil 

KCi 

100 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 

5 
12 

6,117 
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Contents 

gal 

200 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 

16,200 

to Cell 

KCi 

200 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 

10 
24 

12,234 
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• With TK-10-1 in Cell 10 able to accept only 4,500 gal, the tank 
will overflow to the cell itself. If the cell, external to the 
tank, holds an additional 75,000 gal, then Cell 10 will accept all 
spillage which reaches it due to this accident. Combining the 
above figures with those resulting from the spillage of 
TK-36-1 (Cs) or TK-36-3 (Sr), the total quantities entering both 
the soil and Cell 10 are as follows: 

Contents to soil Contents to Cell 10 
Vessel 

gal KCi gal KCi 

TK-36-1 (Cs) plus 8,900 6,117 Sr 
I 

18,804 
I 

13,234 Sr I TK-10-1 heel, and 3,575 Cs 7,150 Cs 
spillages from Cells 5 

I 

through 9 

TK-36-3 (Sr) plus 8,900 8,592 Sr 18,804 18,184 Sr 
TK-10-1 heel, and no Cs no Cs 
spillages from Cells 5 
through 9 

• The tanks in the Bulk Chemical Storage Tank Farm are all 
postulated to topple from their supports and, except for the 
ammonia and carbon dioxide tanks, to spill 75¾ of their contents 
on the ground over a spillage period of 2 h. The multiple safety 
valve on the ammonia tank will be knocked off, and a 1 1/2 in. 
line attached to the carbon dioxide tank will be broken loose. 
Ammonia and carbon dioxide wi1l spe1N through the 2 in. and 
1 1/2 in. orifices, respectively, until the entire 40,000 lb of 
ammonia and 12,000 lb of carbon dioxide are exhausted. 

When all of these various materials are mixed upon spilling in close 
proximity to each other, an extremely vigorous exothermic chemical reaction 
will ensue, especially between the nitric acid and the sodium hydroxide 
solution. There is approximately a five-fold excess of alkaline equivalents 
over acid equivalents, so the resulting mess will be highly caustic and 
slippery, even after copious dilution with water. Neutralization reactions 
of these materials will result in hundreds of pounds of various salts 
dissolved in the accompanying water. 

Various secondary reactions can produce undeterminable quantities of 
NOx and CO2 gases. 
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Small amounts of the -pressurized ammonia and carbon dioxide can react 
with the chemical mixture, but both will essentially produce clouds composed 
of their own gaseous substances. Escaping nitric and hydroxyacetic acid 
fumes can react with the ammonia to produce a dense white cloud of 
particulate ammonium nitrate and ammonium acetate. 

9.8.4.3 Containment Systems Effects. The seismic event will cause 
widespread adverse effects to the containment systems. Piping systems will 
be made inoperable either by direct disjointing and deformation, or 
indirectly by falling debris or dislodged equipment. 

A number of cell coverblocks will be cracked or broken, with some 
falling into the cells and rupturing vessels and associated equipment. The 
breached cells will then allow direct access of contamination to the canyon, 
which would otherwise be possible but to a lesser extent, because the canyon 
exhaust system will be inoperable. 

All of the bulk chemical storage tanks will be breached, allowing 
thousands of gallons of highly reactive chemicals to be released to the 
environment. 

9.8.4.4 Confinement Systems Effects. Although the canyon exhaust system 
HEPA filters will probably be breached, the situation will be less serious 
to offsite persons than it otherwise would be, because the exhaust 
~entilation will not be operating. Nevertheless, there will be direct 
access of contamination to the atmosphere,- because portions of the canyon 
walls and roof will collapse. 

The cell drain header will be breached, allowing significant 
contamination to the soil directly under the building. Any additional usage 
of the drain system will be deleterious to that situation. 

Hydrogen or ammonia explosions, either in-tank or full-cell, can have 
additional effects to the confinement system, but these effects are not 
likely to exceed in magnitude those effects already experienced, except for 
contamination level. Detailed assessments of such explosions as individual 
accidents are described in Section 9.10 and 9.11. 
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9.8.4.5 Occupational Personnel Effects. 

9.8.4.5.1 Cell 36. Two variations exist in the envelope of effects from 
the accident involving Cell 36, as indicated in the following charts: 

Variation #1. 

Vessel Contained Inventory Event 
vol. (gal) (KCi) 

TK-36-1 3,200 14,300 Cs Vessel ruptured, 
75% of contents spilled 

TK-36-2 3,200 14,300 Cs Ves.sel boils dry 

TK-36-3 10 · 87 Sr Hydrogen explosion 

Variation #2. 

Vessel Contained Inventory Event 
vol. (gal) (KCi) 

TK-36-1 3,200 14,300 Cs Vessel boils dry 

TK-36-2 200 8,000 Cs Hydrogen explosion 

TK-36-3 3,200 9,900 Sr Vesse.1 ruptured, 
75% of contents spilled 

Since contamination or exposure effects will vary in any of the three tank 
events, depending on whether the inventory is strontium or cesium, two 
variations in the accident are considered. In addition to the assumptions 
postulated in Section 9.8.3.1, the following additional assumptions are 
postulated for the Cell 36 accident. 

• The tank rupture occurs first as a direct result of the coverblock 
debris falling on the tank. 

• The accumulation of hydrogen to an explosive level is accomplished 
several hours later, but within two days of the seismic event. 
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Vessel rupture and spillage will result in 800 gal of the contained 
contents entering the soil, because of a breached cell drain header. This 
volume equates to either 2,475 KCi Sr or 3,575 KCi Cs in a 22.8-ft-dia. soil 
sphere; a dose rate at 3 ft above the concrete floor is as shown below 
(Ref. 9-36): 

Sr (rem/h) 
2 .1 X lQ-13 

Cs (rem/hi 
1.9 X lQ- 6 

These values are far below background dose rates, and will, thereby, not 
affect occupational personnel. 

The effects caused by drainage to Cell 10 will be dtscussed in 
conjunction with the Cell 5 accident. 

A number of secondary events can occur later, such as a vessel boiling 
dry, a hydrogen explosion, or excessive contamination to people located at 
the plant site. However, according to RHO-MA-111 (Ref. 9-36), the 
occurrence of a seismic event will cause the evacuation of the site. 
Secondary events will be of no consequence, therefore, to occupational 
workers. 

A vessel boiling dry will evolve a quantity of contamination into the 
atmosphere at a continuing rate until all moisture has evaporated~ After 
that, because Cell 36 is open directly to the canyon atmosphere and to the 
environment, exposure effects can be experienced by people. The fact that 
this secondary event occurs many hours after the seismic event, and that all 
personnel will have evacuated by that time, no additional effects on 
occupational personnel will be experienced. 

A hydrogen explosion can cause very severe explosion effects to anyone 
standing near the explosion location. Since there will be no coverblock on 
Cell 36 to absorb part of the shock, or to direct part of it to the air 
tunnel portals, the effects may be more consequential than otherwise, (see 
Section 9.10). The explosion produces 1,500 m3 of air containing 1,500 g of 
either 8.7 KCi Sr/gal or 40.0 KCi Cs/gal, but only 0.1 this concentration of 
respirable mist (Ref. 9-32). The respective solutions are calculated to 
contain the following curie content per gram: 

8.7 KCi rl,000 Ci I gal L ml 
I = 2.0 Ci Sr/g 
I 3. 8 L i 1 , 000 I ga 1 KC i ml 1 1.125 g 

40 KCi 11,000 Ci I gal I l ml I 
I ! 3.8 L I 1,000 

= 9.4 Ci Cs/g 
gal KCi ml 1.125 g 
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. -
The respirable concentrations are, therefore: 

Sr: 0.2 Ci/m3 air Cs: 0.9 Ci/m3 air 

As in the case of the vessel boiling dry, the same reasons prevail to 
precludP. undesirable effects being experienced by occupational personnel. 

9.8.4.5.2 Cells 5 Through 9. All vessels in Cells 5 through 9 contain 
strontium solutions. A total volume of 40,400 gal (24,468 KCi) are involved 
at an average concentration of 0.61 KCi/gal. A portion of this solution, 
25%, runs into the soil from the broken cell drain header. On the same 
basis as in Section 9.8.4.5.1, a 27.0-ft-dia. sphere will be formed in the 
soil, with the top of the sphere 3 ft below a 6-ft concrete floor, and 

containing 6,117 KCi Sr. 

If the draining solution is combined with that from the accident in 
Cell 36, then a 31.6-ft-dia. sphere will be formed 3 ft below a 6-ft 
concrete floor, and consisting of either 8,592 KCi Sr, or 6,117 KCi Sr and 
3575 KCi Cs. This material is not even one order of magnitude greater in 

• source terms than the example used in Section 9.8.4.5.1. These dose rates 
are, thereby, also far below background dose rates, and will not affect 

c,.. occupational personnel. 

, Dfainage to Cell 10, combined with that from Cell 36, as well as 
Cell 10 heel, is as follows: 

Volume (gal) Activity (KCi) 

.• Ce 11 36 8,000 (Sr) or 8,000 (Cs) 4,950 (Sr) or 7,150 

Ce 11 s 5 through 9 20,200 (Sr) 12,234 (Sr) 

Ce 11 10 heel 1,000 (Sr) 1,000 (Sr) 

29,200 (Sr) 18,184 (Sr) 

TOTAL OR OR 

21,200 (Sr) + 8,000 (Cs) 13,234 (Sr)+ 7,150 
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The indicated volumes will cause TK-10-1 to overflow into the cell, 
itself, especially if half filled with rubble, but there is sufficient 
capacity for containment. Assuming homogeneous mixing, the following 
capacities will be distributed in Cell 10 as follows: 

Volume ( ga 1) Activity (KCi) 

5,000 (Sr) 3,114 (Sr) 

TK-10-1 OR OR 

3,630 (Sr)+ 1,370 (Cs) 2,266 (Sr) + 1,225 (Cs) 

20,200 (Sr) 15,070 (Sr) 

Cell 10 OR OR 

14,570 (Sr)+ 6,630 (Cs) 10,968 (Sr)+ 5,925 (Cs) 

Since Sr solutions are "worst case" from a contamination standpoint, 
and Cs solutions are "worst case" from an exposure standpoint, the "Sr+ Cs" 
solutions above will be considered for addressing only exposure aspects of 
this scenario. The 11 Sr only 11 solutions will not be considered further, 
because significant additional contamination is not considered to result 
from these solutions in Cell 10. As indicated previously, personnel will 
have been evacuated, and there will not be a significant effect on 
occupational personnel. 

9.8.4.5.3 Cell 27 Organic Fire. Sparks produced by falling debris 
ignite combustibles, which, in turn, ignite organic vapors emanating from 
organic liquid spilled from a ruptured vessel. Ot her relevant factors are 
as described or determined in Section 9.12. Because the canyon ventilation 
system is not operable, and no automatic fire suppress ion means are 
available, the fire burns unhindered until all flammab 1e material has been 
burned. 

At an 8 in./h burn rate, the fire will burn for 158 min, putting into 
the air each minute it burns the following quantities of the identified 
materials: 

Carbon part i cu l ates 
Phosphorous Pentox ide (P205 ) Part i cu l ates 
Strontium Ox ide (SrO) Particu lates 
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The carbon particles will cause nothing more than black smoke. The 
P205 particles, if combined with moisture, will produce, at most, an air 
concentration of various phosphorous oxide acids, such as phosphoric acid 
(H3P04). None of these acids has an 11 Immediately Dangerous to Life or 
Health (IDLH)" concentration as defined by NIOSH/OSHA. The 90sro and P20s 
particulates will be released at the indicated rate of 0.19 Ci/min. These 
will be carried on the thermal updraft, and will be deposited along the path 
of migration as the updraft cools and the concentration b~comes dispersed in 
the atmosphere. · 

In this section, the concern is with the occupational worker. 
Reference 9-37 indicates that less than 1% of contained heavy metals will 
be released in a fire-generated plume. Assuming 1.0% as worst case, and 
adjusting accordingly the values provided in Reference 9-36, a worker 
located ~so ft downwind from the fire and unprotected will receive an 
external dose at the rate of 0.05 R/h during the course of the fire. With 

- respiratory protection, the worker will receive dose commitments (rem) as 
C'\ ' fol lows: 

,., . 
Resptratory 
protection 1 50 10,000 
factor 

1 yr bone 4.6 X 102 9.2 X 100 4.6 X 10-2 

50 yr bone 5.4 X 103 1.1 X 102 5.4 X 10-2 

Approved administrative procedures are expected to preclude the 
presence of occupational personnel in such environments without adequate 
protective measures. 

9.8.4.5.4 Main Stack Collaose. Because there is no operating exhaust 
ventilation system when the main stack collapses onto the exhaust HEPA 
filter cells, there is not expected to be any significant incremental 
effects to occupational workers, compared to the effects from other events. 

9.8.4.5.5 Collapse of Chemical Tank Farm. Collapse of the tanks in 
the chemical tank farm, and spillage of 75% of the contents of each tank 
containing solutions, as well as total expulsion of the anhydrous ammonia 
and liquid carbon dioxide tanks, can result in significant effects to 
occupational workers. 
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Contents spilled are as follows: 

Material 

Ammonia (anhydrous liquid)* 
Ammonium carbonate solution (4~) 
Carbon dioxide (liquid)* 
EOTA (39%) 
HEOTA (41%) 
Hydroxyacetic acid (70%) 
Nitric acid (57%) 
Sodium hydroxide (50%) 

Quantity 
(gal or lb) 

40,000 lb 
8,625 gal 

12,000 lb 
3,375 gal 
3,375 gal 
3,375 gal 

10,500 gal 
25,125 gal 

Weight (lb) of 
active material 

40,000 
20,800 
12,000 
1,450 
1,525 
2,600 

67,325 
150,750 

*These materials are forcibly spewed into the air. 

Of the above materials spilled onto the ground, only about one-fourth 
of the caustic materials will be neutralized by the acidic materials, 
leaving a highly caustic and slippery solution, containing large quantities 
of various dissolved salts, to remain in puddles and on surfaces, and to 
seep into the soil. Before this end result is reached, however, the 
combinati6n of these various solutions and released gases will generate 
highly exothermic chemical reactions, as well as secondary side reactions. 
The major reactions and their potential effects are indicated in the 
following table: 

Reactions Potential effects 

Ammonium carbonate+ nitric acid Carbon dioxide gas released; 
dissolved ammonium nitrate 

Sodium hydroxide+ nitric acid Dissolved sodium nitrate 

Ammonia+ carbon dioxide+ moisture Particulate cloud of ammonium 
carbonate 

A side reaction of potential significance is the generation of nitrogen 
oxides (NOx), but the diverse reaction mixture precludes determination of 
the expected quanttty. 
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In addition to the reactions generated by this accident, clouds of 
ammonia alone or carbon dioxide alone can be wafted to the location of 
occupational workers. Such a situation, if the air concentrations are 
sufficiently high in either of these materials, can cause suffocation. It 
is postulated that the ammonia cloud trave1s to the carbon dioxide cloud, 
forming particulate ammonium carbonate, and continues to the location of 
B Plant; the ammonium carbonate cloud is formed as long as the carbon 
dioxide continues to be expelled. There is also an excess of ammonia mixed 
•,o1i th the ammonium carbonate. This ammonia-ammonium carbon-ate c 1 oud is 
followed immediately with a cloud of ammonia mixed only with air. 

The initial concentration of the plume is ~100% of an ammonium-carbon 
dioxide mixture. As moisture diffuses into the cloud as the plume moves 
downwind, the formation of particulate ammonium carbonate can take place. 
At a 1 m/s wind velocity, the cloud will pass in rlO min. During this time, 
anyone trapped in this cloud will be subjected both to the toxic effects of 

l't) ammonia and carbon dioxide, as well as suffocation. Entrainment effects in 
eddies around the building and rubble can prolong this time element 

C' (Ref. 9:36). Although ammonia gas is lighter than air and will tend to rise 
into the atmosphere, as well as diffuse, the close proximity of B Plant will 

· preclude escape from the effects of the ammonia and carbon dioxide. 

9.8.4.6 Onsite/Offsite Personnel Effects 

Onsite personnel effects are not expected to be a problem from ~ ~ ~ secondary events, because the site will be evacuated (Ref. 9-36). However, 
primary events resulting from the seismic event, and postulated to produce 
effects before evacuation can take place, are described below for onsite 

~• maximum individuals. All events are described also for offsite maximum 
individuals. 

9.8.4.6.1 Cell 36. The vessel which boils dry releases 
4.2 x 10-9 Ci/h of Cs for ten days. With worst case atmospheric conditions, 
the ''maximum individuals ~ will receive a dose commitment as follows 

0' (Ref. 9-38): 

Dose commitment (rem) 
Maximum individual Time (yr) 

Whole body Bone Lung 

Onsite (2750-E) 1 1.0 x 10-lO 1. 1 X 10-lO 2.7 x 10-ll 
50 1.2 X lQ-10 1.3 X lQ-10 3.0 x 10-ll 

Of f site (Hwy 240) 1 I 
I Not 1.oJorst case 50 I 

Offsite 1 3.3 X 10-ll 3.3 X 10-ll 15.0 X 10-ll 
(Site Boundary) 50 1. 7 X 10-10 1.7 :< 10-10 1.9 X io-10 
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After the vessel has boiled dry, if the 11 wi ndow" in the rubble, as we 11 
as atmospheric conditions, are worst case, "maximum individuals 11 will 
receive the following indicated dose commitments (Ref. 9-38): 

Dose commitment (rem) 
Maximum individual Time (yr) 

Whole body Bone Lung 

Onsite (2704-E) 1 Not applicable, site evacuated 50 

Offs i te (Hwy 240) 1 Not worst case 50 

Off site 1 1.1 X 10-3 1.1 X 10-3 3.0 X 10-4 
(Site Boundary) 50 5.7 X 10-3 5.9 X 10-3 4.3 X 10-3 

These dose commitments are below guideline values, and this aspect of 
the seismic scenario is classified as low hazard (Ref. 9-5). 

9.8.4.6~-2 · Hydrogen Explosion. The hydrogen explosion will occur in either 
of two vessels, one containing strontium and the other cesium. In each 
case, a 1,500 m3 cloud, (ten times volume of cells air space assumed) is 
postulated to be formed, each containing 150 g of of respirable-sized mist 
(O.l g/m3 concentration). The strontium cloud will contain 305 Ci Sr. The 
cesium cloud will contain 1.4 Ci Cs. With "worst case" conditions, "maximum 
individuals" will receive the following indicated dose commitments 
(Ref. 9-38): 

Strontium dose commitment (rem) 
Maximum individual Time (yr) 

I Whole body Bone Lung 

Onsite (2704-E) 1 Not applicable, site evacuated 50 

Off site (Hwy 240)* 1 4.8 X 10-2 7.3 X 10-l 1.3 X 10-2 
50 5.7 X 10-l 8.4 X 100 1.3 X 10-2 

Offsite (Ringold) 1 i 8.0 X 10-2 6.3 X 10-l I 8.1 X 10-3 
I 100 10-3 50 I 9.8 X 4.0 X 101 I 8.1 X 
I 
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Cesium dose commitment (rem) 
Maximum individual Time (yr) 

Whole body Bone Lung 

Onsite (2704-E) 1 Not applicab1e, s i te e·,acuated 50 

Offsite (Hwy 240)* 1 5.8 X 10-5 6.1 X 10-5 · l.5x 10-5 
50 6.5 X 10-S 7.3 X 10-5 1.7 X 10-5 

Offsite 1 4.0 X 10-4 4.1 X 10-4 1.1 X 10-4 
(Site Boundary) 50 2.0 X 10-3 2.1 X 10-3 1.5 X 10-3 

*Not applicable if Highway 240 is closed at time of explosion. 

These dose commitments are within accepted guidelines, and this aspect 
. of the seismic scenario is classified as low hazard (Ref. 9-5). 

9.8.4.6.3 Cells 5 Through 9. As indicated in Section 9.8.3.5.2, the 
following indicated vessels will contain the indicated quantities of 

~• material after tank spillage: 

• I 

Vessel 

TK-5-1 
TK-6-1 
TK-6-2 
TK-7-1 
TK-7-2 
TK-8-1 
TK-8-2 
TK-9-1 
TK-9-2 
Cell 36 
TK-10-1* 
Cell 10 heel 

Volume 
(gal) 

100 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
8,000 
5,000 

24,200 

100 (Sr) 
1,000 (Sr) . 
1,000 (Sr) 
1,000 (Sr) 
1,000 (Sr) 
1,000 (Sr) 
1,000 (Sr) 
5 (Sr) 
12 (Sr) 

Activity 
(KCi) 

4,950 (Sr)/7,150 (Cs) 
3,114 (Sr)/2,266 (Sr)+ 1,225 (Cs) 
15,070 (Sr)/10,968 (Sr)+ 5,925 (Cs) 

*This tank is open. Others are closed, but ruptured. 

The total inventory maximizing strontium content is as follows: . 

TK-10-1 
All others 

Vo lume (gal} 
5,000 

40,300 

Activity (KCi) 
3,114 

26,137 
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Under worst case conditions for Sr, encompassing contamination and 
exposure, "maximum individual dose commitments are as follows (Ref. 9-38): 

Sr. Dose comm itment (rem) 
Max i mum ind i vidua l Time (yr) 

Whole body Bone Lung 

Onsite (2704-E) 1 1.8 X lQ-2 2.6 X 10-l 4.9 X 10-3 
50 2.1 x 10-l 3. 1 X 100 5.0 X 10-3 

Offs ite (Hwy 240) 1 3.4 X 10-4 5.0 X 10-3 9.4 X 10-5 
50 3.9 X 10-3 5.8 X 10- 2 9.4 X 10-5 

Offsite 1 6.2 X 10-4 4.4 X 10-3 i 7.5 X 10-5 
(Site Boundary) 50 6.8 X 10-2 2.8 X 10-l I 3.2 X 10-4 

The total inventory maximizing cesium content is as follows: 

TK-10-1 
All others 

Volume (gal) 
5,000 

40,300 

Activity (KC i ) 
2,266 Sr+ 1,225 Cs 

17,085 Sr+ 13,075 Cs 

Under worst case conditions for Cs, encompass1ng contamination and 
exposure, "maximum individuals" dose commitments are as follows (Ref. 9-38): 

Cs Dose commitment (rem) 
Maximum individual Time (yr) 

Whole body Bone Lung 

Onsite (2704-E) 1 1.5 X 10-2 2.0 X 10-l 4.2 X 10-3 
50 1.5 X 10-l 2.3 X 100 4.3 X 10-3 

Offsite (Hwy 240) 1 2.9 X 10-4 3.7 X 10-3 7. 9 X 10-5 
50 2.9 X 10-3 4.3 X 10-2 8.1 X 10-5 

Offsite 1 7.3 X 10-4 3.5 X 10-3 1.3 X 10-4 
(Site Boundary) 50 5.2 X 10-2 2 .1 X 10-l 1.3 X 10-3 

These dose commitments are be l ow accepted guide l ines, and th i s aspect 
of the seismic scenar io i s classif i ed as low hazard (Ref . 9-5). 
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Solutions seeping into the soil under B Plant are not considered to 
produce significant onsite/offsite effects. See Section 9.17. 

9.8.4.6.4 Cell 27 Or~anic Fire. This fire burns for 158 min, 
generating 0.19 Ci/min ofdSrO with all released particles being of 
respirable size (see Section 9.8 . 3.5.3). The material rises with the 
updraft created by the fire and is spread by wind currents. Fallout is al so 
generated simultaneously. 

Reference 9-37 provides data which indicate that, in the event of a 
fire with the fuel being similar to NPH and containing 30% TSP, less than 
1.0% of contained heavy metals will be released in the resulting plume. 
Assuming 1.0% release as "worst case," and adjusting values accordingly as 
provided in Reference 9-38, dose commitments to "maximum individuals" are as 
indicated below: 

Dose commitment (rem) 
Maximum individual Time (yr) 

Whole body Bone Lung 

Onsite (2704-E) 1 2.5 3.8 0.68 
50 29 440 0.68 

Offsite (Hwy 240) 1 0.05 0.71 0.01 
50 0.56 8.3 -0 .01 

Offsite l 0.08 0.62 <0.01 
(Site Boundary) 50 9.7 40 <0.01 

Except for the 50 yr dose commitment for onsite maximum individua l s, 
0-- all values are •11ithin Rockwell guidelines (Ref. 9-5). However, because the 

released activity occurs over a 158-min time span, evacuation of affected 
onsite personnel within 105 min of the beginning of the accident will 
preclude a 50 yr dose commitment to the onsite individuals ·11hich exceeds 
guidelines. 

9.8.4.7 Secondary Effects. The particular conditions described in the 
scenario will likely lead to various secondary effects indicated as follows: 

• extensive structural repair or replacement of the facility 

t extensively contaminated bui lding and surrounding area caused by 
efforts to minimize effects caused by the primary event 

• loss of operational capability for an extended period of time. 
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9.8.4.8 Preventives. There are no known means for preventing a seismic 
event. There is no instrument in place which will give advance indications 
of a seismic event. It is expected that B Plant can withstand most effects 
of a 1/2 SSE (0.125g), as described earlier, without catastrophic damage, 
although there may be damage sustained which could preclude normal 
operations for several weeks or months. 

A condition of the seismic scenario is that there is no electrical 
power availab le, thereby precluding the availability of a sustained energy 
source for igniting the organic liquid. Under these conditions, it is 
determined the probability of a fire caused by this accident is incredible. 

9.8.4.9 Risk. Highest probability estimated for a SSE is 8.3 x 10-4/yr, or 
once everyT:°200 yr. Highest probability for a 1/2 SSE is 3.3 x 10-3/yr, or 
once every 300 yr. As described above, with an incredible probability (<l x 
10-l;yr), the indicated risk is <4.5 x 10-5 rem/yr for the onsite maximum 
individual. According to Reference 9-5, this accident is classified as high 
hazard, but acceptable risk. 

9.9 TOTAL LOSS OF ELECTRICAL POWER 

9.9.1 Power Provisions 

9.9.1.1 Primary Power Provisions. The Bonneville Power Administration 
supplies power to the Midway Station, then to the 251 Substation over dua l 
230 kV lines. From the 251 Substation, power is delivered over two 13.8 kV 
lines, C8-L6 and C8-L7, to B Plant pole mounted substations located outside 
on the south side of B Plant. If necessary, another 13.8 kV line, CS-LS, 
can be tied in manually in about 30 min. At this substation, the 13.8 kV 
voltage is reduced to 2.4 kV and is eventually routed to transformers 
located outside the north wall of B Plant (221-B). The voltage is reduced 
once again to 480V, 3 phase which enters the electrical gallery in numerous 
circuits serv icing various end uses throughout the bui lding. There is also 
one emergency 2.4 kV line (E8-L66) from the 284 Power House which enters the 
221-8 Build i ng on the south side and is connected to sw i tchgear in the 
electrical gallery. 

From 7/60 to 8/67 (Ref. 9-11) and 8/74 to 2/84 (Ref. 9-12), there have 
been 27 outages to B Plant, lasting a total .of 256 min, on the main feed 
system to the 252-E Substation (8/67 to 8/74 data not available). The 
longest duration was 44 min occurring on May 25, 1961. These are listed in 
Table 9-9. The average time to restore these outages has been 9.5 min. 
Electrical distribution personnel can always be called to the job within 
45 min if required for emergencies. 
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The mean time between failures, counting the missing segment as 7 yr, 
for the periods indicated above is 

8,760 h 17 yr 
-------- = 5,516 h 

yr 27 failures 

and the percentage of time that the primary power system has been available 
to perform its function has been 

[(8,760 h/yr)(l7 yr) - 4.27 h)(lOO) 

(a,760 h/yr)(l7 yr) 
0\ 

=.99.997% 

With upgrades in the primary power system in 1984, availability of the 
system should be even better. 

~•9.9.1.2 Emergency Power Provisions. There is no emergency generator 
available to 8 Plant. 

9.9.2 Cause and Source • 

It is postulated that all electrical supply is lost to B Plant. Common 
,.. cause events that can produce such an effect are a natural forces event, an 

accident which knocks out power pales or lines, and loss of the 
251 substation. Loss of the particular facilities, per se, is not so 
significant as time necessary ta restore power to 8 Plant. In this case, it 
is postulated that the seismic event is the bounding cause, because of a 
rabability greater than that of a OST, and because of the likely greater 

time necessary far recovery than from the other causes of total power ioss. 

9.9.3 Eneray Release 

There is not expected ta be any radionuclide release ta the environment 
solely from total interruption of electrical supply. 

9.9.4 General Effects 

9.9.4.l Emerqency Liahting. Backup lighting is automatically activated 
upon loss of primary power. Total lass of all electrical power will 
preclude availability of installed lighting. 

9.9.4.2 Door Lock Controls. Simultaneous loss of all emergency power 
sources will preclude utilization of door lack controls for the various 
canyon deck entrances. 
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9.9.4.3 Instrumentation Circuits. Radiation detection and health 
monitoring systems, and their associated alarms, annunciators, and 
recorders, are supplied by the emergency power sources. Total loss of 
electrical power will preclude operation of any of these instrument systems, 
which monitor the following: 

• Cooling water effluent 

• Steam condensate effluent 

• Electrical and Pipe Gallery monitors 

• Stack monitor (ventilation exhaust) 

• Canyon air monitors 

• Operating Gallery monitors 

• Cell leak detectors. 

9.9.4.4 Instrument Air and Process Air. These systems will become 
· inoperable in a total power outage, because their compressor motors will not 

operate. There will be no dilution air to process vessels, thus increasing 
the possibility of a hydrogen or an ammonia explosion (see Sections 9.10 

" 

and 9.11). Such an explosion, however, will have less onsite/offsite effect 
than otherwise, because the canyon exhaust/filtration system will also be · 
inoperable. Standby diesel air compressors are installed to operate -
automatically, however, in the event of power loss. 

_ 9.9.4.5 Cooling Water Diversion. High-risk cooling water, if contaminated, 
is automatically diverted to the 216-8-59 emergency retention basin. With 
no electrical power, the motor-operated valve which accomplishes the 
diversion will not operate, and contaminated cooling water can enter the 
207-8 pond if tank cooling water is still being used. 

9.9.4.6 Suoply and Exhaust Fans. If all electrical power is lost, the 
electrically-operated supply and exhaust fans will not be operable. The 
steam-driven turbine to the exhaust ventilation system will be available, 
because of emergency steam- and electrical-power-generation capabilities in 
the 200-E area power house. 

9.9.4.7 Canyon Cranes. This equipment will not be available for use if all 
electrical power fails. 

9.9.5 Containment System Effects (Cell Ooerations) 

9.9.5.1 Process Vessels. All process vessels, except centrifuges, columns, 
and towers, are equipped with cooling coils and agitators for the 
dissipation of fission product heat. Total loss of electrical power wi l l 
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decrease heat removal ability, because of lack of agitation, but cool i ng 
water can still be operated; the raw/cooling water emergency pumps are 
diesel driven. Also, in the power house, there are steam-driven backup 
pumps. 

9.9.5.2 Centrifuge Operation. Fission product heat removal from a 
precipitated cake in a centrifuge bowl i~ accomplished by natural convection 
to the cell air. The cake temperature is controlled by limiting solids 
volume, as well as residence time in the centrifuge bowl. Cake disso lution 
is accomplished by pumping solutions through bowl sprays, pumping from feed 
tanks, and rotating the centrifuge slowly. Without power, the procedure for 
removal of the centrifuge contents will be interrupted. During power 
outages, the bowl will be kept full of water by adding water by gravity from 
gallery head tanks. 

9.9.5.3 Ion Exchange Column. The ion exchange column T-18-2 is the only 
vessel which normally operates under pressure. In this condition, the 
chemical addition lines from non-radioactive areas to the column are 
removed, and the nozzles blanked, using the 75 ton crane, thereby precluding 
any means by which solution can be forced back to the operating gallery. 
Cooling of this column is controlled by limiting the fission product 
inventory and by the normal process flow through the column. 

In the event of a power failure, the process flew will be interrupted, 
and the crane will not be available for installing a chemical addition line 
from the operating gallery. In two days, the contents of T-18-2 can boil, 
and could evaporate to dryness in about three weeks. Water can be added to 
the 18-3 tank by gravity flow, and could normally be pumped into T-18-2, but 
such a procedure js precluded by a total power outage (Ref. 9-11). In such 
an event, water can be added by gravity, and the column drained to a cell 
tank or, as a last resort, drained to TK-10-1 via the cell floor. 

9.9.6 Occupational Personnel Effects 

No occupational personnel effects are expected to be directly 
attributable to a total loss of electrical power. Current approved 
procedures require that all except critical personnel be evacuated from the 
building as an immediate response. Management '"'ill then decide which plans 
of action to implement, based upon the details of the situation at the time. 

9.9.7 Confinement System Effects 

The ventilation system for 221-B, a one-pass airflow, is exhausted to a 
200 ft stack by two centrifugal fans, each rated 37,500 scfm. A steam
driven fan, rated at 37,500 scfm, serves as an emergency standby in the 
event of a total electrical outage or mechanical failure of both of the 
electric exhaust fans. A vacuum control on the inlet duct automatica l ly 
signals the steam turbine and starts it when the vacuum in the duct drops 
below 0.2 in. of water. 
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- In the event of loss of all power sources (e.g., from a natural forces 
event) the confinement system will cease operation, and there will be no 
ventilation of the building. 

9.9.8 Onsite/Offsite Personnel Effects and Environmental Effects 

Duration of an outage can affect environmental releases after restart, 
depending on internal occurrences in the meantime. 

9.9.9 Secondary Effects 

If the total power outage is of short duration, few if any significant 
secondary effects result. Few of the primary power outages given in 
Section 9.9.1 have lasted longer than necessary time to respond to them, but 
emergency power was available i'n all of those occurrences. The longer total 
power is out, the greater can be expected the quantity and ~agnitude of 
secondary effects. All other scenarios described in this chapter can result 

' as a secondary effect of a total power outage. Refer to these scenarios for 
, details. 

9.9.10 Preventives 

• Two primary power lines serve B Plant. When power on one line is 
reduced or interrupted, services supplied to that line 
automatically transferred to the other. 

• In the event of power reduction or interruption to both primary 
lines, a third line is available which can be tied in manually in 
about 30 min. 

0--9.9.11 Risk 

The particular failures which must occur for this accident, resulting 
in total loss of electrical power to B Plant, and their probabilities, are: 

Loss of both primary feeders in excess 
of one hour (no occurrence to date; 
based on operational experiences, 
extrapolated) 

Loss of third feeder for manual tie-in 
(1/2 SSE probability) 

Other causes (1/2 SSE probability) 
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Even though Table 9-9 does not indicate a total electrical failure ~ 
exceeding one hour, extrapolation of that data gives a probability of such , 
as 4.7 x 10-2/yr, or once every 21 yr. If fact, operational experience does 
indicate that one total power outage has occurred in excess of one hr; it 
lasted approximately two hr. The frequency of 4.7 x 10-2/yr. is higher than 
that of a½ SSE (3.3 x 10-3/yr) or a tornado (6 x 10-7/yr). 

Total electrical outage can cause any of the accidents described in the 
scenarios, depending on the duration of outage. However, as indicated in 
Section 9.9.10, a third line is available which can be tied in manually in 
about 30 minutes. It is not likely that the indicated third line will be 
unavailable at the same time that the two main feeder lines are also 
unavailable, short of a seismic event. The probability of such is, 
therefore, designated to be that of a½ SSE, 3.3 x 10-3/yr. The risk of 
the individual accidents is described in the individual scenarios. 

The cause of one or more accidents occurring as a result of total power 
loss is, therefore, assumed to result from a seismic event as a common 
cause. The scenario described from this common cause is described in 
Section 9-8, and the risk is identified therein. 

9.10 HYDROGEN ACCUMULATION ANO EXPLOSION 

Throughout current acid waste (CAW) processing, small quantities of 
hydrogen will be unavoidably generated due to the radiolytic decomposition 
of aqueous solutions or cooling water. Expiosions and undesirable 
consequences could result if the hydrogen evolution from any source is 
allowed to accumulate in air and ignite. Three varieties of potential 
hydrogen explosion accidents have been identified: 

• In-Tank--Relatively small quantities of hydrogen collect and 
explode within the vapor space cf a partially full process tank, 
rupturing all tanks in the cell, but causing only minor damage to 
the cell and confinement systems. 

• Full Cell--Loss of cell ventilation will allow a large quantity of 
hydrogen to slowly accumulate in a cell atmosphere, and a 
resulting explosion can be postulated to breach the cell and cause 
loss of confinement. 

• Full Canyon--Total loss of canyon ventilation for an extended time 
can allow accumulation of hydrogen in the canyon. A resulting 
explosion ·can cause extensive breach of confinement. 

When contending with combination effects of an accident of this type, 
it is realized that variation of the aqueous volume of a gi ven tank will 
affect the time necessary for accumulation of hydrogen in the vapor space of 
that tank. A trade-off must therefore be made between the quantity of 
aqueous contents necessary for maximum contamination effects and the 
quantity of 4% hydrogen concentration in the vapor space for maximum 
explosion effects. Of course, higher concentrations of hydrogen are 
possible, but 4% is the minimum burn-sustainable concentration i n dry ai r. 

9-74 

• 
I 
I 



I 
I 
I 

~ 

S0-WM-SAR-013 

Probable B Plant vessels which would contain the largest source terms 
of radioactive concentration during CAW processing are indicated in 
Table 9-10. Values used in this table are based on maximum expected 
concentration of strontium or cesium and the rate of hydrogen generation of 
the contained solutions. The quantity of solution is calculated to be that 
which will generate sufficient hydrogen in one hour to produce a four 
percent hydrogen concentration in the remaining vapor space, assuming that a 
two percent hydrogen concentration already occupies the vapor space. 

The following assumptions are made in the analysis of potential effects 
of an in-tank hydrogen reaction: 

• The reaction results in an explosion 

• The concentrations of hydrogen and oxygen in the containment 
atmosphere are in stoichiometric proportions, i.e., 29.6% H2, 
14.8% 02, and 55.6% N2 by volume. (Any other proportions will 
attenuate the explosion.) 

• Water vapor is absent before ignition. (Water vapor will 
attenuate the explosion.) 

• The hydrogen is ~ompletely oxidized to water according to the 
reaction 

2H2(g) + 02(g)-2H20(g) 

(Less than total oxidation will attenuate the explosion.) 

• A single HEPA filter will reduce the exiting concentration of 
aerosol/mist in air to 0.14 mg solution per cubic meter of ai r 
(Ref. 9-14). 

9.10.l In-Tank Explosion in Cell 

9.10.1.1 Cause and Source. High concentrations of radioisotopes are 
present in process solutions, so radiolysis of water to yield hydrogen is a 
continuing reaction. Continuous air purging of the vapor space is normally 
used to keep the hydrogen concentrations in vessel atmospheres well below 
the lower flammability limit of 4% in dry air. Despite precautions taken to 
prevent hazardous concentrations of radiolytic hydrogen from accumulating, 
deviation from administrative procedures or non-detection of improper 
functioning of the dilution air system can lead to an explosion. 
A flammable mixture of hydrogen in air can be obtained, however, if di lut ion 
air to a vessel is interrupted for a short time. Reference to Table 9-10 
i ndicates which vessels are likely to produce the worst effects from such an 
explosion. Tanks 39~5 and 39-3 contain the highest concentrations of 
strontium and cesium, respectively, and are the subjects of the following 
scenarios. 
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TABLE 9-10. Vessels of Highest 90sr or l37cs Concentration and Their Hydrogen 
Explosion Scenatio Parameters. 

Source 
Vessel Vessel 

description des 1gnat ion KCi/gal 
(Sr or Cs) 

Strontium TK-6-l 3.6 Sr 
storage or · 
tank TK-6-2 

Strontium TK-7-1 7.2 Sr 
storage or 
lank TK-7-2 

Strontium TK-8-l 3.6 Sr 
storage or 
tank TK-8-2 

Cesium TK-37-1, 6.25 Cs 
storage TK-37-2, 
tank TK-37-3 

Cesium E-38-6 20.0 Cs 
concen-
trator 

Cesium TK-39-3 40 .0 Cs 
feed tank 

Strontium TK-39-5 8.7 Sr 
feed tank 

(a)Assumes N03 concentration 1.3!1_. 

(b)Assumes N03 con~entration 0.0!1_. 

Total 
KCi 

12,420 Sr 

18,940 Sr 

12,420 Sr 

10,375 Cs 

320 Cs 

1,000 Cs 

26 Sr 

H2 ,genera- H2 gener- Total tion rate 
(gal/h/gal) ation in vessel 
solution l h (gal) vol (gal) 

1.8 X lQ-3( a) 26.7 5,000 

1.6 X lQ-2(a) 64.0 5,000 

7 .8 X 1Q-3(a) 26.7 5,000 

3.1 x 1Q-2(b) 51.3 4,400 

9.9 x 1Q-2(b) 1.6 100 

2. 0 X 10-t(b) 4.9 325 

1.9 X 10-2(a) 41.8 2,750 

Liquid 
level 
(gal) 

3,450 

4,000 

3,450 

1,660 

16 

25 

2,200 

Vapor 
space 
(gal) 

1,550 

1,000 

1,550 

2,740 

84 

300 

550 

(/) 
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I 
~ 
3: 
I 

(/) 
)> 
::0 
I 

0 .... 
w 



SD-WM-SAR-013 

Normally, vessel atmospheres are not intentionally exposed to . high 
temperature ignition sources. However, static changes, mechanical impact, 
or malfunction of electrical instrumentation must be recognized as potential 
ignition sources. 

9.10.1.2 Eneray Release. Technical sources (Ref. 9-15 and 9-16) indicate 
possible explosive pressures as high as 117 psia and equilibrium 
temperatures as high as 2,500°C (2753°K). Assuming these ~alues, the 
resulting shock wave will rupture the tank and produce an aerosol of a 
portion of the contents. With a worst case pressure of 117 psia inside the 
vessel, the P1V1 = P2V2 relationship indicates cell pressures as 

Cell 39, TK-39-5 (Sr) 

2.0 psig 

Cell 39, TK-39-3 (Cs) 

1.1 psig 

Even though TK-39-3 contains the highest concentration of Cs, volume 
considerations preclude major effects, because pressure increases from a 
hydrogen explosion are insufficient to cau~e such effects. Therefore, 

• consequences from a hydrogen explosion and du~ to Cs will be assessed using 
volume considerations. This worst case now will be TK-37-1, -2, or -3, 

o,. identical Cs storage tanks. Referring to Table 9-10, and using the above 
• values, the cell pressure resulting from a hydrogen explosion in one of r these tanks is 9.7 psig. 

9.10.l.3 Containment System Effects. Because of the ventilation system 
~ • orifices around the cover blocks and between the cell and air tunnel, the 

pressure increase might not result in raised cover blocks (7.8 lb/in.2 
required). However, in the event that such a phenomena occurred, it will be 
assumed that 50% of the airborne contents enter the canyon. It is assumed 
that there are 150 m3 of unoccupied volume in the cell. 

If the contained liquid in TK-39-5 were to be dispersed in the air, 
3 gal (11,400 ml) would be dispersed in 150 m3, resulting in a mist 
concentration of 

11,400 ml 1,125 mg 
---------- = 85,500 mg mist/ml of air 

150 m3 ml 

This quantity far exceeds that which can be held by one m3 of cell air, so 
there will be only 150 g of this solution dispersed in the ce ll air 
(Ref. 9-14). Fifty percent of this quantity is postulated to enter the 
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canyon, which will be 75 g. The contamination entering the canyon at 
1.125 g/ml, will then be 

75 g I 1 ml I --r---..... 
1
-----.------------ = 153.4 Ci 

1.125 g gal 3.78 L 1,000 ml 1 KCi 90sr 

8.7 KCi 1 gal 1 L 1,000 Ci 

With much more liquid available in TK-37-1, the same argument applies . With 
75 g of solution from TK-37-1 entering the canyon, the contamination will 
then be 

75 g 1 ml ! 6. 25 KCi ! 1 ga i : 1 L 1,000 Ci 
---------..... ; -------+---- = 112. 8 Ci 

1.1 g i gal , 3.78 L 1,000 ml 1 KCi 137cs 

9.10.1.4 Occupational Personnel Effects. Assumptions are: 

t An occupational worker is located 40 ft from the nearest ex i t 

· • - He takes 6 s to exit 

• He breathes 450 ml of air/s . 

• He is wearing an approved respirator with a protection factor 
of 50. 

Assuming that the 153.4 Ci of 90sr is further diluted 10-fold when 
inhaled by an occupational worker, then 

Dose 

153.4 Ci 1 m3 j 106 µCi 
-------------- = 0.1 uCi 90sr/ml 
1,500 m3 106 ml · Ci 

received is then as follows: 

0.1 µCi : s s 450 ml 
= 5.4 \Jc; 90sr 

ml 1 50 s 
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Dose commitment to such an individual (Ref. 9-17) is: 

Time (yr) 

1 

50 

Whole body 

0.8 

0.9 

Doses in rem 

Bone 

11.1 

135.0 

Lung 

0.2 

0.2 

With 112.8 Ci 137cs diluted 10-fold when inhaled by an occupational worker, 
the activity is then: 

112.8 1 m3 106 µCi 
-----.---~------ = 7. 5 x 10-2 µCi 137 Cs/ml 
1,500 m3 106 ml Ci 

Dose received is then as follows: 

7. 5 x 10-2 µCi 16 s 1450 m_l = 
· · 4.1 JJCi 137 Cs 

ml . 50 

Dose commitment (Ref. 9-17) to such an individual is 
a-. 

Doses in rem 
Time (yr) 

Whole body Bone Lung 

1 1.6 x 10-l 1.6 X 10-l 4.1 X 10-2 

so 1.8 x 10-l 2.0 X 10-l 4.4 X 10-2 

Of the above sets of dose commitment values, only the 1 yr 90sr bone dose 
exceeds Rockwell guidelines (Ref. 9-4). Section 9.10.1.9, however, 
indicates that the probability of such an accident is essentially 
incredible. Reference to Table 9-10 indicates that a 4% hydrogen 
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accumulation will· take much more time to occur than wili be necessary for 
the situation to be recognized (Section 9.10.1.9). Upon recognition, 
emergency precautions preclude the presence of occupational personnel in the 
canyon. 

9.10.1.5 Confinement System Effects. If this explosion did not result in 
canyon contamination, and the entire 150 m3 of mist entered the air tunnel, 
different effects will result. It is assumed that the 150 g of contained 
aerosol/mist in the cell air is totaliy transported into the air tunnel and 
then to the HEPA filters. It is also assumed that pressure effects are 
likewise translated. 

Testing of fire-resistant HEPA filters of various sizes has determined 
their ability to withstand explosive shock waves without suffering a loss of 
rated filtration efficiency. Table 9-11 summarizes this data, showing the 
highest peak overpressures of incident pressure waves to which filters were 
subjected without failures (safe) and to failure (fail). · . . . 

, · , -•. t 

"-- / ~. 

TABLE 9-11. "Safe" or "Fail II Peak Shock Wave \ i- \ : 1 

Overpressures (psi) for HEPA Filters (Ref. 9-15). '--\ \ -

Filter Size (in inches) 

8x8x6 12xl2x6 24x24xl2 8x8x6 12xl2x6 I 24x24xl2 

• New Filters Oust Loaded Filters 
(~P = 1 in. water) ( tiP = 4 in.) 

Safe 4.32 3.47 3.12 3.90 2.39 

Fail · 4. 53 3.58 3.25 3.93 2.90 

In the case of both TK-39-5 and TK-37-1. the cell and air tunnel 
pressure will be increased by 1.3 psi, assuming equilibrium and no release 
via other vents or breached orifices. These differentials created across the 
exhaust HEPA filters would be far less than the tested maximum; failure of 
these two filter stages is improbable as a result of the postulated in-tank 
explosion. 
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-Radionuclide .inventories -impacting the HEPA filters have potential for 
releasing contamination to the environment if the inventory is sufficiently 
high. According to Reference 9-6, dual HEPA filter penetration factors for 
0.3 ~ particulate matter are as indicated in the following table (the inverse 
of this value, called the decontamination factor, is also · .included): 

HEPA 
filter 

First stage 
Both stages 

Penetration 
factor (PF) 

5.0 X lQ-4 
1.0 X l0-6 

Decontamination 
factor (OF) 

2.0 X 103 
1.0 X 106 

If a single HEPA filter reduces mist concentration from liOOO mg/m3 of air 
. to 0.14 mg/m3 of air (Ref. 9-6), giving a PF of 1.4 x 10-q, and assuming the 
second stage of HEPA filtration has the same ratio cf additional reduction 

"as for particulate matter, then the PF and OF for mists are as indicated in 
t he following table: 

HEPA Penetration Decontamination 
filter factor {PF) factor (OF) 

...., , First stage 1.4 X lQ-4 7 .14 X lQ3 .. ' Both stages 2.8 X 10-7 3.57 X 106 

~ In the case of TK-39-5, if the entire 150 m3 of mist impacted the HEPA 
filters, such a mist concentration will result in an atmospheric release of 
90sr of 

2.8 x 10-7 150 g 8.7 KCi 1 gal 109 ;.iCi ' l ml 
--------------------------- = 85. 9 uCi 90sr 

gal 3,780 ml KCi !1.12s g 

Averaged over a week at one-half design flow rate of the ventilation system, 
atmospheric release will be: 

85.9 uCi j 1 •,i1k 11 day I 1 h I 1 min I 1 ft3 

1 1 1 
= a. a x 10-12 

wk : 7 days . 24 h , 60 min : 37,500 ft3 128,320 ml J.LCi/ml 90sr 
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This value does not exceed the Table II (Ref. 9-1) value of 3 x 10-ll µCi/ml 
90sr (soluble). . 

In the case of TK-37-1, on the same basis, such a mist concentration 
will result in an atmospheric release of 137cs of 

2.8 x 10-7 ! 150 g . 6.25 KCi j l gal : 1Q9 1-1Ci i l ml 
------------------------'----

1
-- = 63. 0 µCi 137 Cs 

gal 3,780 ml ! KCi I 1.1 g 

Averaged over a week, same basis as TK-39-5, atmospheric release will be: 

63.0 1-1Ci 11 wk 11 day I 1 h ! 1 min I 1 ft3 

wk 7 days 24 h60 min 137,500 ft3 • 28,320 ml = 
5.9 X lQ- 12 
µCi/ml 

This value does not exceed the Table II (Ref. 9-1) value of 2 x 10-9 µCi/ml 
137cs (soluble). 

9.10.1.6 Onsite/Offsite Personnel Effects. There are no personnel effects 
directly · attributable to this scenario. All releases of radionuclides to the 
environment are within established guidelines of RHO-MA-139 (Ref. 9-1 ) . 

9.10.1.7 Secondary Effects. Because of the differential pressure between 
the canyon and cell, it is assumed that 50% of this contamination wil l be 
drawn back into this or adjacent cells. The remaining contamination will 
contaminate the canyon, thus requiring decontamination. Such a task 
necessitates a major effort, but current approved procedures are in effect 
for such a task. Although decontamination personnel could become 
contaminated when conducting cleanup operations in the cell and canyon, this 
should not be the case if established procedures are followed. The strontium 
or cesium solution from the ruptured tank will flow from the cell into the 
sump, then through the 24 in. cell drain line to the waste collection tank 
(Cell 10). In cases where there are no sumps, the liquid will flow to the 
depressed southeast corner of the cell floor, then be removed by jett i ng to 
Cell 10 via another tank in the cell. The waste tank in Cell 10 has a 
physical capacity of 10,000 gal and a cooling capacity of 2,000,000 Btu/h, 
which is adequate to cool the spilled contents from any single tank. 
However, if the explosion ruptured all tanks in Cell 37, volume and cooling 
capacities will be exceeded. Excess liquid will be pumped to availab le tanks 
elsewhere in B Plant until cooling capacity of TK-10 is not exceeded. 
Because the cooling coil in the ruptured tank would likely also be ruptured, 
cooling water to the coil would require being shut off within 10 min to avoid 
overflowing the waste collection tank. 
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Radioactive solutions forced into the pipe gallery and operating gallery 
piping systems could create radiation levels of several R/h (see 
Section 9.15). High radiation will be detected with immediate notification 
of personnel by alarms. Current procedures will be implemented to restore 
the area to normal background levels. If such procedures .prove inadequate, a 
management approved plan will be devised for coping. 

9.10.1.8 Preventives. 

• Purge air to all tanks where hydrogen is evolved is the principal 
mechanism used to prevent the attainment of flammable mixtures. 
Hydrogen concentration is maintained at 2.0% by volume or less by 
this means. 

• In the event of an electrical outage, the air compressors operate 
on an automatically instituted backup electrical supply. 

• Electrically-operated equipment to the affected tank will be shut 
off if the air purge is lost. During such time, maintenance work 
will not be permitted on the tank. 

~ .9.10.1.9 Risk. The most feasible means for loss of purge air to occur 
without detection is both purge air and instrument failur~. The failures 

o,. required and their associated highest estimated probabilities of failure are 
- • indicated as follows. 

Loss of purge (process) air 
Loss of purge (process) emergency 
Instrument failure 
Personnel cognitive error, 1 h 

TOTAL PROBABILITY 

air 
2.6 X 

1.0 X 

8.8 X 
1.0 X 

2.3 X 

100/yr (Ref. 9-2) 
10-3/demand (Ref. 9-2} 
10-2/yr {Ref. 9-3) 
10-3/yr (Ref. 9-3) 

10-7/yr 

This accident cannot occur by a single operational cause. Operating 
O'experience indicates that it is highly unlikely that the above quadruple 

failure would be unnoticed longer than 30 min, because of less direct 
indications which would be noticed by personnel surveillance. 

Because radionuclides released to the environment per this scenario are 
below Table II limits {Ref. 9-1) they will not provide a dose above the 
limits indicated in Reference 9-5 for the indicated probability of 
occurrence. The risk postulated by this in-tank hydrogen accumulation and 
explosion scenario is, therefore, acceptable. 

9.10.2 Full Cell Hydroqen Exolosion 

9.10.2.1 Cause and Source. For hydrogen accumulation in a cell to be a 
hazard, a situation must occur which will allow undetected accumulation for 
sufficient time to reach an explosive concentration. The only common cause 
which can produce such a situation is a seismic event. Otherwise, at least 
five single failures are necessary, and they must be undetected for 
sufficient time to permit a hazardous concentration of hydrogen. 
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Two of the failures necessary for this scenario must be loss of the 
B Plant exhaust system, and lack of detection of this loss. This can be 
postulated by ventilation failure and failure of the "low flow" alarm to the 
exhaust stack. The "low flow" indicator is monitored once each shift wi th 
readings recorded. These readings are reviewed and responded to, if 
necessary, by supervision. The third and fourth failures necessary are a 
leak in a tank, and loss of tank venting. The VVS line can become clogged, 
thus blocking the venting capability of the downstream portion of that 
section of the system. This result would be indicated by the differential 
pressure indicator, but would not be noted until routine surveillance was 
made. 

Surveillance is routinely conducted once per shift. It is postulated 
that the "low flow" exhaust system indicator and the VVS differential 
pressure indicator are read at the very beginning of one shift and at the 
very end of the next shift. Immediately after the first readings are 
completed, all four failures mentioned above occur simultaneously, thus 
allowing maximum time for hydrogen accumulation. Sixteen hours elapse before 
surveillance again occurs. The fifth failure is a personnel cognitive error, 
in which surveillance by personnel is not accomplished at the indicated 16 h 
point an~ beyond. 

Tanks TK-39-5 and TK-37-1 will be the sources for the hydrogen, and are 
located in Cells 39, and 37, respectively. It will again be assumed that 
each cell contains 150 m3 of unoccupied volume. The hydrogen generation 
rates are assumed to be the same as in Table 9-10. 

In the case of Cell 39, TK-39-5 is calculated to generate hydrogen 
(4 vol%) at the following rate: 

55 gal 3.78 L 1 m3 ·103 cm3 
------------ = 0.21 m3/h 

1 h g a 1 106 cm3 I L 

This value translates into 150 m3 of 2.5% hydrogen in air generated in 16 h, 
or 150 m3 of 4% hydrogen in air generated in 28.6 h, assumi ng a starting 
concentration of 0.0% hydrogen. 

In the case of Cell 37, TK-37-1 is calculated to generate hydrogen 
(4 vol%) at the following rate: 

51.3 gal 3.78 L 1 m3 
-----+---+----+---- = 0.19 m3/h 

h gal 106 cm3 L 

This value also translates on the same bas i s into 150 m3 of 2.0% hyd~ogen in 
air generated in 16 h, or 150 m3 of 4% hydrogen in air generated in 31.6 h. 
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9.10.2.2 Energy Release. As indicated in Section 9.10.l.2 an ensuing 
explosion in Cell 39 or Cell 37 will increase the pressure to approximately 
100 lb/in.2. The resulting shock wave could produce a transient maximum 
pressure within the cell which could rupture all other vessels therein. An 
aerosol of part of the liquid contents will be produced. 

9.10.2.3 Containment System Effects. Because the cover blocks require only 
7.8 lb/in.2 to be raised, the full-cell hydrogen explosion will raise them. 
It is postulated that such pressures as indicated in the previous section 
will totally displace the cover blocks, allowing free entry from the cell to 
the canyon. The ventilation system orifices around the cover blocks and 
between the cell and the air tunnel would relieve a portion of the pressure, 
but it is assumed not sufficiently to prevent cover block displacement. 

9.10.2.4 Occuoational Perssnnel Effects. Section 9.10.2.9 indicates the 
incredibility of such an accident taking place during normal operating 

N procedures. Inherently required is sufficient time for 4% hydrogen to 
accumulate in the cell (37.5 h). Disability of ihe ventilation system will, 

• because of approved emergency procedures, preclude entry of personnel into 
the canyon when the ventilation system shuts down. There would, therefore, 
be no personnel in the canyon if the explosion occurs. 

9.10.2.5 Confinement System Effects. If the increased pressure of the full 
cell hydrogen explosion were to be equally distributed throughout the 
canyon, crane cabway, cells, and air tunnel (combined volume= ~ss,soo m3), 
the pressure will be increased by approximately 0.2 lb/in.2. According to 
Table 9-11, this increase in pressure is not sufficient to cause a breach in 
the HEPA filters. 

It is postulated that 1 g/m3 of this mist remains suspended and impacts 
the HEPA filter when the exhaust system is restarted. With a filtration 
factor of 1.4 x 10-6 (Section 9.10.1.5) the quantity of mist exhausting to 
the atmosphere is (55,500 g)(2.8 x 10-7) = 1.55 x 10-2 g mist. 

0-- 9.10.2.6 Onsite/Offsite Personnel Effects. In the case of Cell 39, if any 
or all tanks are ruptured, the total radioactivity exhausted to the 
atmosphere is 

1.55 x 10-2 g 8.7 KCi 1 gal 1 ml 109 ~Ci 
---------------+------- = 3.2 X 104 l-! Ci 

gal 3,780 ml 1.125 g KCi 90sr 

Averaging over 168 h, and 37,500 cfm flow rate, this value translates to a 
release concentration of 

3.2 x 104 µCi 1 h 1 min 
-------'-------,-------,---- = 3. 0 X 10-9 ~Ci /ml 

168 h 60 min 37,500 ft 3 28,381 ml 90sr 

1 ft3 
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This concentration exceeds ~he Table II (Ref. 9-1) limit of 3 x 10-ll uCi/ml 
90sr (soluble). Doses received by the maximum individuals are shown i n the 
following table. 

Doses in rem 
Maximum individual Time (yr) 

Whole body Bone Lung 

Ons ite 1 8.7 X 10-S 1.3 X 10-3 2.4 X 10-S 
so 1.0 X 10-3 1.5 X 10-2 2.4 X 10-5 

Offsite (Hwy. 240) 1 1. 7 X 10-S 2.5 X 10-4 4.6 X 10-6 
50 2.0 X 10-4 3.0 X 10-3 4.6 X 10-6 

Offs ite (Site 1 2.8 X 10-S 2.2 X 10-4 2.9 X 10-6 
Boundary) 50 3.5 X 10-3 l.4x 10-2 2.9 X 10-6 

This scenario is classed as low hazard (Ref. 9-5). 

In th~ case of Cell 37, the total radioactivity exhausted to the 
atmosphere is • 

1.55 x 10-2 g ! 6.25 KCi 1 gal i 1 ml 109 i;Ci 
----------------------------- = 2. 34 x 104 µCi 

' g a 1 3, 780 ml ; 1. 1 g kCi 137cs 

Averaging over 168 hand 37,500 cfm flowrate, this value translates to a 
release concentration of 

2. 34 x 104 µCi : 1 h 1 min 1 ft 3 
= 2.18 x 10-9 µCi/ml 137cs 

168 h 160 min / 37,500 ft3 ! 28,381 ml 
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This concentration exceeds the Table II (Ref. 9~1) l imit of 2 x 10-9 µCi/ml 
137cs (soluble). Doses received by the maximum individuals are shown in the 
following table (Ref. 9-17). 

i Doses in rem 
Maximum individual Time (yr) I 

i 

Whole body I Bone Lung I 

: 

Onsite 1 1. 7 x l0-5 1.8 X 10-5 4. 5 X 10-6 
50 1.9 x l0-5 2.2 X 10-5 5.0 X 10-6 

Offsite {Hwy ·240) 1 3.3 X 10-6 3.5 X 10-6 8.7 X 10-7 
50 3.8 X 10-6 4.2 X 10-6 9.8 X 10-7 

Offsite 1 
I 

2.4 X 10-5 2.4 X 10-5 
I 

6.2 X 10-6 
(Site Boundary) 50 1.2 X 10-4 1.2 X 10-4 8.8 X 10-5 

~• This scenario is classed as low hazard (Ref. 9-5). 

0-. 9. 10.2.7 Secondarv Effects. These effects are the same as given in 
- ~ . Section 9.10.1.7. 

9.10.2.8 Preventives . These factors are the same as given in 
~ Section 9.10.1.8. 

9.10.2.9 Risk. The most feasible means for a full cell of an explosive 
- mixture of hydrogen and air to accumulate operationally without detection is 

failure of the following, including highest estimated probability of 
,:t failure: 

0--
Ventilation exhaust 
Stack 11 low flow 11 alarm system 
Integrity of tank 
VVS subsystem 
Personnel cognitive error, 37.5 h 

TOTAL 

2.6 X 
8.8 X 

2.0 X 
2.0 X 
1.0 X 

10-7/yr (Ref. 9-2) 
10-2/yr (Ref. 9-2) 
10-l;yr* 
10-l/yr* 
10-6/demand (Ref. 9-3) 

9.2 X lQ-16/yr 

This accident cannot occur by a single operational cause. Operating 
experience indicates that it is highly unlikely that the above five-fold 
failure would occur, because of less direct indicat ion which would be 
noticed by personnel surveillance. Nevertheless, the combined probability 
of all five of the above events occurring simultaneously is 9.2 x 10-16/yr, 
or approximately once every 1.1 x 10-15 yr. This probabil i ty value dictates 
that this scenario is determined to be not credible (Ref. 9-51~ except by a 
seismic event. These values translate to a risk of 1.2 x 10- ~ rem/yr, 
which is cons idered to be acceptable (Ref. 9-5). 

*Assu~ed from operating experience. 
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9.10.3 Full Canyon Hydrogen Explosion 

Because the full cell hydrogen explosion is considered to be incredible 
(Section 9.10.2.9) due to operational failures, a full canyon hydrogen 
explosion will not be considered further in the same context. 

9.11 AMMONIA ACCUMULATION ANO EXPLOSION 

Anhydrous ammonia is used in formulating aqueous ammonium carbonate 
solutions. These solutions are then used in the 137cs recovery process. If 
a mixture of ammonia and air accumulated in the vapor space of a processing 
vessel and were ignited, an explosion and undesirable consequences could 
result. Two varieties of potential ammonia explosion accidents have been 
identified: 

• In-Tank - Relatively small quantities of ammonia collect and 
explode within the vapor space of a partially full process tank, 
rupturing all tanks in the cell, but causing only minor damage to 
the cell and confinement systems. 

• Full Cell - Loss of cell ventilation will allow a large quantity 
of ammonia to slowly accumulate in a cell atmosphere if there is a 
leak in the process vessel, and a resulting explosion can be 
postulated to breach the cell and cause loss of confinement. 

When contending with combination effects of an accident of this type, 
it is realized that variation of the aqueous volume of a given tank, the 
ammonia concentration, and the temperature of the solution will affect the 
time necessary for accumulation of ammonia in the vapor space of that tank. 
In addition, the explosive likelihood is directly related to the 
temperature, but inversely related to the humidity. A trade-off must 

:--, therefore be made between the quantity of aqueous solution necessary for 
maximum contamination effects, and both the quantity and concentration of 
ammonia in the vapor space for maximum explosion effects. 

This scenario relates to tank TK-19-1, which is a 14,000 gal tank 
postulated to contain 2,000 gal of cesium solution, with the vapor space 
occupied by ammonia in dry air at the lower flammability limit for the 
particular temperature. The rate of ammonia evolution from the solut ion 
cannot be calculated, so it is not known how fast the required ammonia will 
be generated. Additional assumptions for this scenario are as follows. 

• Ammonia is completely oxidized to nitrogen gas and water vapor 
according to 

ammonia 
gas 

oxygen 
gas 

nitrogen 
gas 
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water 
vapor 
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Heat of combustion is 8,010 Btu/lb of NH3 (Ref. 9-18) (Less than 
total oxidation will attenuate the explosion). 

• The reaction results in an explosion. 

, The concentration of ammonia and the oxygen in the containment 
atmosphere are in stoichiometric proportions, i.e., 21.1% NH3, 
15.8% 02, and 63.2 vol% Nz (Any other proportions will attenuate 
the explosion). · 

• Water vapor is absent prior to ignition (Water vapor will 
attenuate the explosion. At 10.8% H20 and 20.8% NH3, no flame 
survives (Ref. 9-19). 

• Air will suspend a maximum of 1,000 mg aerosol/mist per m3 of air 
(Ref. 9-14). 

t A single HEPA filter will reduce the exiting concentration of 
aerosol/mist in air to 0.14 mg solution per cubic meter of air 
(Ref. 9-14). 

I C,,... 

• The ratio of OFs for mists/aerosols in air between single HEPA and 
double HEPA filters is the same as in the case of particulate 
matter (see Section 9.10.1.5). 

,.. OF= 3.57 x 106 for mists/aerosols through double HEPAs 

, 9.11.1 In-Tank Ammonia Explosion 

9.11.1.1 Cause and Source. Ammonia is present in various process 
solutions. This ammonia can be slowly evolved because of conditions of 

. temperature, alkalinity, and differential pressures. Despite precautions 
taken to prevent hazardous concentrations of ammonia from accumulating, 

o,.. deviation from administrative procedures or non-detection of improper 
functioning of temperature control systems can lead to an explosion. In CAW 
processing, only cesium solutions will contain ammonia. In the cesium 
recovery process TK-19-1 is a larger volume tank than any other, and its 
volume will allow a greater quantity of an explosive ammonia-air mixture. 

Normally, vessel atmospheres are not intentionally exposed to high 
temperature ignition sources. Nevertheless, any source of sufficient energy 
can initiate such an explosion. 

9.11.1.2 Energy Release. According to Reference 9-21 

5.2 x absolute initial pressure= absolute explosion pressure 
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With initial pressure being atmospheric (14.7 psi), the explosion pressure 
will be 76.4 psia, or 61.7 psig for the postulated relative concentrations 
of reactants, assuming the same relationship exists as in Reference 9-21. 
Tank TK-19-1 is an oblong tank in cross-section, and will probably be 
destroyed; it is postulated that the tank actually ruptures. It is also 
assumed that an aerosol/mist is created which fills the unoccupied volume of 
the cell (150 m3) at maximum mist concentration of 1,000 mg/m3. 

According to Reference 9-20, the flame temperature of the explosion is 
l,630°C. Assuming this as the equilibrium temperature of the explosion in 
the tank, and using 76.4 psia calculated above the PV/T relationship can be 
used to calculate the pressur~ exerted in the cell. 

At the same initial conditions of volume and temperature as the cell, 
and using the relationship of 

--=--, 

the explosion products will exert a AP of 

{76.4)(12,000) P2(38,500) 
------=-----and 

1,903 • 353 

P2 = 4.4 psig = 19.l psia 

The difference between initial cell temperature (353°K} and confined explo
sion temperature (1,903°K} is 1,550°K. The difference between initial cell 
pressure (14.7 psia) and confined explosion pressure (76.4 psia) is 
61.7 psia. Since temperature and pressure are directly related, it is 
assumed that the change in temperature is proportionally identical to the 
change in pressure, under otherwise identical conditions. Therefore, the 
pressure increase of the cell volume when TK-19-1 ruptures is: 

(76.4)(12,000) P2(38,500) 
=----a~ 

1,903 711.4 

P2 = 8.9 psig = 23.6 psia 

9.11.1.3 Containment System Effects. 
orifices around the cover blocks, and 
pressure increase might not result in 
required) or escape into the canyon. 

Because of the ventilation system 
between the cell and air tunnel, the 
raised cover blocks (7.8 lb/in2 
However, in the event that such a 
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phenomenon occurred, a portion of the airborne contents enter the canyon. 
It is assumed that there are 150 m3 of unoccupied volume in the cell. This 
volume can contain a maximum of 150 g of aerosol/mist, which will be 
generated from the tank contents. Fifty percent of this quantity is 
postulated to enter the canyon by momentarily negating the negative pressure 
created by the ventilation system. The contamination enteting the canyon 
will then be 

75g 1ml 300Ci lgal 
------------ = 5.4 Ci 137cs 

1.1 g gal 3,780 ml 

9.11.1.4 Occuoational Personnel Effects. Assumptions are the same as in 
Section 9.10.1.4. With 5.4 Ci 137cs diluted 10-fold, the activity is then 

1Q6 llCi 5.4 Ci 1 m3 
= 3.6 x 10-3 llCi/ml 137cs 

Ci 1,500 m3 106 ml 

Dose received is then as follows: 

3.6 X lQ-3 llC i 6 s 450 ml 
= 1.9 x 10-l Ile; l37cs 

ml 50 s 

Dose commitment (Ref. 9-11) to such an individual is then 

Dose Commitment (rem) 
Time (yr) 

Whole Body Bone Lung 

1 6.5 X 10-3 7.0 X 10-3 1. 7 X 10-3 

50 7.5 X 10-3 8.5 X 10-3 1.9 X 10-3 

These values do not exceed Rockwell guidelines (Ref. 9-4). 

An ammonia accumulation is expected to take mare time to oc:ur than is 
necessary for equipment failure to be detected. Upon recognition of such 
failure, approved emergency precautions preclude the presence of 
occupational personnel in the canyon. 
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9.11.1.5 Confinement System Effects. If the entire 150 m3 of mist/aerosol 
generated by the explosion entered the air tunnel, they would then impact 
the HEPA filters. In such a situation, it is assumed that the pressure 
effects are likewise translated. 

In the case of TK-19-1, the pressure increase in the cell and air 
tunnel will be less than one psig, assuming equilibrium and no release via 
other vents and breached orifices. This differential created across the 
exhaust HEPA filters will be far less than the tested maximum (Table 9-11); 
failure of these two filter stages is improbable as a result of the 
postulated in-tank ammonia explosion. 

If a m3 of air contains 1,000 mg of mist, the air exhausted to the 
atmosphere will contain 2.8 x 10-4 mg/m3 of mist in air (Section 9.10.1.5). 

In the case of Cell 19, if the entire 150 m3 of mist impacted the HEPA 
filters, such a mist concentration will result in an atmospheric release of 
137cs of 

2.8 x 10-4 mg 150 m3 300 Ci 1 gal 1 ml 
------+----+-----+-----+---- = 3. O x 10-6 Ci 137 Cs 

gal 3,780 ml 1,100 mg 

Averaged over a week at one-half design flow rate of the ventilation system, 
atmospheric release will be: 

3.0 x 10-6 Ci I 1 wk 
I 

1 h I 1 min 
I 
I 1 ft3 106 µCi 

wk ! 268 h 60 min ! 37,500 ft3 · 28,320 ml . Ci 

= 1. 76 X 10-13 uCi/ml 

This value does not exceed the Table II (Ref. 9-1) value of 2 x .10-9 uCi/mL 
137cs (soluble). 

9.11.1.6 Onsite/Offsite Personnel Effects. There are no onsite/offsite 
personnel effects directly attributable to this scenario. All releases of 
radionuclides to the environment are within established guidelines of 
RHO-MA-139 (Ref. 9-1). 

9.11.1.7 Secondary Effects. After the momentary negation of the negative 
differential pressure between the canyon and the cell, an estimated 50% of 
the contamination wi.11 be drawn back into the cell. The remaining contami
nation will require canyon decontamination efforts. Although such a task 
necessitates a major effort, current approved procedures are in effect for 
such a task. The cesium from the ruptured tanks will flow from the cell and 
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through the -24-in. cell drain · line to the waste collection tank (Cell 10). 
The waste tank in Cell 10 has a physical capacity of 10,000 gal and a 
cooling capacity of 2,000,000 Btu/h, which is adequate to cool the spilled 
contents. 

Because the cooling coil in the ruptured tank would also likely be 
ruptured, cooling water to the coil would require being shut off within 
10 min to avoid overflowing the waste collection tank. 

Radioactive solutions forced into the pipe gallery and operating 
gallery piping systems could create radiation levels of several R/h (see 
Section 9.15). High radiation will be detected with immediate notification 
of personnel by alarms. Current procedures will be implemented to restore 
the area to normal background levels, or management-approved procedures will 
be devised. 

o 9.11.1.8 Preventives • 
. 
""' • All solutions containing ammonia are normally maintained at less 

than 39°C, at which ammonia concentration will be less than 15% in 
the vapor space. 

• The concentration of ammonia in solutions is normally maintained 
below that required to attain flammable mixtures at equilibrium at 
any temperature. 

• The presence of water vapor or any other gas in the vapor· space 
will attenuate an explosion. Water vapor at greater than 10.8% 
and ammonia at less than 20.8¾ will preclude any ignition of 
ammonia (Ref. 9-19). 

• Ignition sources having sufficient energy to initiate an ammonia 
explosion are not likely to be present. A value of 680 mJ is 
necessary (Ref. 9-21), which is 10 times that used in automobile 
test engines, and 1,000 times that required to initiate a hydro
carbon or hydrogen explosion. 

• Electrically operated equipment to the affected tank will 
typically be shut off if the ammonia-concentration controls are 
lost. During such time, maintenance work will not be permitted on 
the tank. 

9.11.1.9 Risk. The most feasible operational means for loss of control to 
occur without detection is for an instrument to fail. The failures requ i red 
and their associated highest probabilities of failure are indicated as 
fol lows: 

Instrument failure 
Personnel cognitive error, 16 h 

8.8 x 10-2/yr (Ref. 9-2) 
6.0 x 10-6/demand (Ref. 9-3 ) 

TOTAL 5.3 X lQ-7 /yr 
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This accident can occur by a single operational cause in conjunction with 4 
personnel error.-- Operating experience indicates that it is highly un l ikely 
that the above quadruple failure would be unnoticed longer than 30 min, 
because of less direct indications which would be noticed by personne l 
surveillance. Nevertheless, the probability of both of the above fai l ures 
occurring simultaneously, and lasting for 16 h, is 5.3 x 10-7/yr, or once 
approximately every 1.9 x 106 yr. 

Because radionuclides released to the environment per this scenario are 
below Table II limits (Ref. 9-1), they will not provide a dose above the 
limits indicated in Reference 5 for the indicated probability of occurrence. 
The risk postulated by this in-tank ammonia accumulation and explosion 
scenario is, therefore, acceptable (Ref. 9-5). 

9.11.2 Full-Cell Ammonia Explosion 

9.11.2.1 Cause and Source. For ammonia accumulation in a cell to be a 
hazard, a situation must occur for sufficient time to reach an explosive 
concentration. No single operational failure can produce such a situation. 
At least five single operational failures are necessary, and they must be 
undetected for sufficient time to permit a hazardous concentration of 
ammonia. 

Two -of the failures necessary for this scenario must be loss of the 
B Plant exhaust system, and lack of detection of this loss. This can be 
postulated by ventilation failure and failure of the "low flow" alarm to the 
exhaust stack. The "low flow" indicator is monitored each shift wi t h 
readings recorded. These readings are reviewed and responded to, i f 
necessary, by supervision. The third and fourth failures necessary are a 
leak in an appropriate tank, and loss of tank venting. The VVS#2 can become 
clogged, thus blocking the venting capability of the downstream port ion of 
that section of the system. This result will be indicated by the 
appropriate differential pressure (~P) indicator, but would not be noted 
until routine surveillance was made. This lack of timely surve i llance is 
the fifth failure. 

Surveillance is routinely conducted once per shift. It is postulated 
that the "low flow" exhaust system indicator and the VVS#2 ~p indicator are 
read at the very beginning of one shift and at the very end of the next 
shift. Immediately after the first readings are completed, all four 
failures mentioned above occur simultaneously, thus allowing maximum time 
for ammonia accumulation. Sixteen hours elapse before surveillance again 
occurs. 

Tank TK-19-1, located in Cell 19, will again be the source for the 
ammonia. It will again be assumed that Cell 19 contains 150 m3 of 
unoccupied volume. The ammonia generation rates cannot be determined 
because of imprecisely controlled factors which affect such generat ion, and 
which are related to each other in various ways. The actual contained 
volume of solution in the tank is not significant, because it is assumed 
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that an explosive concentration· of ammonia can be realized in the cell in 
less than 16 h. Otherwise, assumptions are identical to those in 
Section 9.11. 

9.11.2.2 Eneray Release. As in Section 9.11.1.2, 

5.2 x absolute initial pressure= absolute explosion pressure, 

thus indicating an explosion pressure of 76.4 psia, or 61:7 psig. The 
resulting shock wave could produce a transient maximum pressure within the 
cell, which will rupture TK-19-1, converting a portion of the liquid 
contents to an aerosol/mist, which fills the unoccupied volume of the cell 
(150 m3) at maximum mist concentration of 1,000 mg/m3. 

9.11.2.3 Containment System Effects. Because the cover blocks require only 
7.8 lb/in2 to be raised, the full cell ammonia explosion will raise them. 
It is postulated that such pressures as indicated in the previous section 
will totally displace the cover blocks, allowing free entry from the cell 
to the canyon. The ventilation system orifices around the cover blocks and 
between the cell and the air tunnel would relieve a portion of the pressure, 

~ but probably not sufficiently to prevent cover block displacement • 

• • 9.11.2.4 Occupational Personnel Effects. It is postulated that an . 
occupational worker will receive maximum mist concentration of 1 g/m3 
(Ref. 9-15). Such a dose commitment will be 10 times that received from 

r the in-tank explosion in Section 9.11.1.4. The dose commitments are then 
as follows: • 

Time (yr) 

l 

50 

Dose Commitment (rem) 

Whole Body 

6.5 X lQ-2 

7 .5 X lQ-2 

Bone 

7 .Q X lQ-2 

8.5 X lQ-2 

Lung 

1. 7 X lQ-2 

1.9 X lQ-2 

These values do not exceed Rockwell annual guidelines (Ref. 9-4). However, 
more time will be required to fill a cell sufficiently with ammonia to 
produce an explosion than to do so with a tank, as indicated in 
Section 9.11.1.4. Upon recognition of relevant operational failure(s), 
approved emergency precautions preclude the presence of occupationa l 
personnel in the canyon. 

9.11.2.5 Confinement Systems Effects. If the increased pressure of the 
full-cell ammonia explosion were to be equally distributed throughout the 
canyon, crane cabway, cells, and air tunnel (combined vo lume= 55,500 m3), 
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the pressure will be increased by approximately 0.1 lb/in.2. According to 4 
Table 9-11, this increase in pressure is not sufficient to cause a breach in 
the HEPA filters. 

It is postulated that all of this mist remains suspended and impacts 
the HEPA filter when the exhaust system is restarted. With a penetration 
factor of 2.8 x 10-7 (Section 9.10.1.5), the quantity of mist exhausting to 
the atmosphere is 

(55,500 g)(2.8 x 10-7) = 1.55 x 10-2 g mist 

9.11.2.6 Onsite/Offsite Personnel Effects. The activity exhausted to the 
atmosphere is 

1.55 x 10-2 g 300 Ci l gal 1 ml 106 µCi 
------l-----..----l--------.,---- = 1. 12 x 103 uC i 137 Cs 

gal 3,780 ml 1.1 g Ci 

Averaging over 168 hand 37,500 cfm flow rate, this value translates to a 
release concentration of 

1. 12 x 103 µCi 1 h 1 min 1 ft3 
------------------ = 1.04 x 10-10 µC i /ml 

168 h 60 min 37,500 ft3 28,381 ml 137cs 

This concentration does not exceed the Table II (Ref. 9-1) limit of 
2 x 10-9 µCi/ml 137cs (soluble). There are no onsite/offsite effects 
directly attributable to this scenario. All releases of radionuclides to 
the atmosphere are within established guidelines of RHO-MA-139 (Ref. 9-1). 
This scenario is classed as low hazard, with acceptable risk (Ref. 9-15). 

9.11.2.7 Secondary Effects. These effects are the same as in 
Section 9.11.1.7. 

9.11.2.8 Preventives. These factors are the same as in Section 9.11.1.8. 
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9.11.2.9 Risk. The most feasible means for a full cell of an explosive 
mixture of ammonia and air to occur without detection is failure of the 
following, including highest estimated probability of failure: 

Ventilation exhaust 
Stack "low flow" alarm system 
Integrity of tank 
VVS#2 subsystem 
Personnel cognitive error, 30 min 

TOTAL 

2.6 x lQ-7/yr (Ref. 9-2) 
a.a X lQ-2/yr (Ref. 9-2) 
2.0 x 10-l;yr* 
2.0 x 10-l;yr-* 
1.0 x 10-2/demand (Ref. 9-3) 

9.2 X lQ-12/yr 

Operating experience indicates that it is highly unlikely that the above 
five-fold failure would be unnoticed longer than 30 min, because of less 
direct indications which would be noticed by personnel surveillance. 
Nevertheless, the combined probability of all five of the above events 
occurring simultaneously, and lasting for 30 min, is 9.2 x 10-12/yr, or 

·. approximately once every 8.3 x 1011 yr. This probability value dictates 
that this scenario is determined to be not credible (Ref. 9-5). 

With average weekly concentration (see Section 9.11.2.6) below Table II 
guidelines, radionuclides released to the environment per this scenario will 

c,. not provide a dose rate above the limits indicated in Reference 9-5 for the 
indicated probability of occurrence. The risk-postulated by this full cell 

~ , ammonia accumulation and explosion is, therefore, acceptable. 

, 9.12 FIRE 

In almost any facility which processes radionuclide inventories, one of 
the most serious hazards is considered to be a fire which affects the HEPA 

· · filtration system. There are two major situations which can have such 
effects. The first situation is one in which smoke from the fire affects 

0'- the filtration/ventilation capabilities of the system by plugging the HEPA 
filter. The second situation is one in which a HEPA filter is impacted 
directly by a fire, and in which the filter may be consumed by the fire. 

Portions of CAW processing involve use of liquid organic materials 
which are flammable. These materials are normal paraffin hydrocarbon (NPH), 
tributyl phosphate (TBP}, and di(2-ethylhexyl)-phosphoric acid (02 EHPA). 
In addition, there can be various flammable solid materials contributing to 
the fire, such as rags, paper, sheet polyethylene. 

This scenario considers a fire that occurs in Cell 27, for which 
assumptions are as follows: 

• 3,000 gal of liquid organic are at risk 

1 The composition of this material is 60% NPH, 10% TSP, and 
30% 02 EHPA. Specific gravity is 0.8 

*Assumed from operating experience. 
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• The radioactive inventory is 1.0 Ci/gal 90sr 

• Burning rate of this spilled material is 8 in./h 

• All strontium and phosphorus in the burned material is converted 
to particulate oxides, and 1.0% of the 90sr becomes airborne 

t The burning takes place with 85% effective combustion 

• Chemical formulas of the liquid organic materials are: 
NPH-C12H25, TBP-C12H27P04, and D2EHPA-C15H35P04. 

9.12.1 Cause and Source 

It is postulated that a cover block from Cell 27 is accidentally 
dropped into the cell, thus simultaneously rupturing TK-27-3, spilling its 
contents into the cell, and producing a spark from a "hot" ruptured 
electrical jumper. This spark then ignites vapors evolving from the spilled 
liquid. It is also postulated that, at the time, a sufficient quantity 
of debris is in the canyon for the debris to be drawn into and plug the 
sewer line leading to TK-10-1. The conditions of this scenario make 
academic the operation of the tank weight factor detector al arm, the cell 
leak detector alarm, and the heat detector alarm. It is also assumed that 
this accident causes the tank weight factor detector, the cell leak 
detector, and the heat detector to become inoperable. 

9.12.2 Energy Release 

It is postulated that the three constituents of the liquid organic 
material burn according to the following reactions: 

NPH: 2 C12H25 + 33 02 ---4 C 

NPH oxygen 
liquid gas 

carbon 
particulate 

TSP 
liquid 

oxygen carbon 
gas particulate 
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+ 20 CO2 + 26 H20 

carbon water 
dioxide vapor 

gas 

+ 10 CO2 + 15 H20 + P205 

carbon 
dioxide 

gas 

water 
vapor 

phosphorous 
oxide 

particulate 
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oxygen 
gas 

27 COz + 35 HzO + Pz05 

carbon water 
dioxide vapor 

gas 

phosphorous 
oxide 

particulate 

The volume of organic liquid in this scenario (3,000 gal) is calculated to 
occupy a depth of the cell as follows: 

..0 

depth • 3,000 gal I 1 ft3 112 in. = 21.0 in. 

13.0 ft X 17.67 ft I 7.48 gal ft 

c- An 8 in./h burn rate is assumed, and results in a fire lasting for 2.63 h or 
approximately 158 min if not extinguished in the meantime. This liquid, 
with its composition and combustion reactions as indicated, will generate 
91.9 lb of carbon particulate and 81.2 lb of PzOs particulate per hou~. I 

(' 
• At 1 Ci/gal 90sr, this liquid material contains 3,000 Ci of 90sr, which 

·· will be released at 0.19 Ci of 90sr/min. The portion of this radioactivity . 
which impacts the HEPA filter depends on the manner in which this scenario 
is further developed (see Section 9.12.5). 

a,. 9.12.3 Containment System Effects 

The secondary containment system (Cell 27) is purposefully breached 
when the cover block is initially removed, at which time debris is drawn 
into the cell. The primary containment system (TK-27-3) is accidenta l ly 
breached when the cover block falls onto the tank, ruptures . it, and the tank 
contents spill onto the cell floor. The cascading liquid then washes debris 
into the drain, and causes the drain to become blocked. It is postulated 
that resulting smoke is transported entirely to the air tunnel, because 
there is insufficient time prior to fire suppression for sufficient 
particulate material to be generated to clog the filter (see 
Section 9.12.5.1). 
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9.12.4 Occuoational Personnel Effects 

It is postulated that there are only minor direct effects to 
occupational personnel from this scenario. There may be contamination from 
splashed organic liquid or smoke in the canyon in the vicinity of Cell 27. 
However, because the cover block is being lifted or replaced, there will not 
be personnel in the immediate area when the accident occurs. 

9.12.5 Confinement System Effects 

Smoke and radioactive particulate matter are drawn into the air tunnel 
and impact the exhaust HEPA filters. The extent to which this impact occurs 
depends on which variation of this scenario is being considered, of which 
there are two, as follows: 

1 Only smoke and radioactive particulate matter impact the HEPA 
filter 

t Flaming debris also impacts the HEPA filter, and is sufficient for 
initiating a filter fire. 

These two variations are addressed separately in the following subsections. I 

9.12.5.t HEPA Filter Impacted only by Smoke and Radioactive Particulate ~ 
Matter. Even though the cell heat detector is made inoperable by the , 
conditions of the postulated accident, its failure will, nevertheless, 
initiate a 11 trouble 11 alarm in the dispatcher's office. Immediately 
following the accident, the crane operate~ wi~l report the accident by radib 
to the dispatcher's office and confirm that there is a fire. This 
confirmation will tend to negate further precautionary investigation for 
confirmation additional to the heat detector alarm. It is assumed that the 
cell "light water" spray system, which is a foam fire suppression system, 
will be manually activated and the fire extinguished within five minutes; 
this system is installed in such a manner that proper functioning is not 
likely to be affected by the accident. 

According to the calculations in Section 9.12.2, this fire will produce 
the following quantities of indicated materials in 5 min: 

t 7.7 lb of carbon particulates 

• 6.8 lb of .P205 particulates 

t 0.95 Ci 90sr ox1de particulates (0.008 g). 

Ignoring the physical contribution of the strontium, because of its 
relatively low weight, the combined PzOs and carbon quantities equa l s 
14.4 lb if all generated material is transported to the HEPA filters. This 
quantity, assumed to impact only the HEPA filters (the pre-filters are 
bypassed), will cause an increase of 0.5 in. W.G. in 6P (Ref. 9-22). 
Because HEPA filters used in this type of application are usually removed 
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from service-due -to physical loadings rather than radioactive loadings, it 
- is postulated that this extent of indicated physical loading will not 
preclude continued use, based on a maximum permitted ~p of 4 in. W.G. 

Actually, the canyon exhaust air stream contains a supervised heat 
detection system with detectors before and after the filter cells. These 
detectors, when subjected to l40°F or above, will initiate: 

t Automatic diversion of the exhaust air from the HEPA filters to 
the sand filter within 5 min 

• Alarm in dispatcher's office 

• Alarm at the central fire station 

• Shut off the canyon supply fans 

• Activate the 5 gpm tunnel water spray. 

It has been reported that there is increased penetration of HEPA 
· filters at elevated temperatures, as high as 3% penetration at temperatures 

~ being considered in this scenario (Ref. 9-23). Assuming that only two 
stages are in use and that all particulate material generated by the fire in 

~ 5 min impacts the HEPA filters, the radioactive impact to the HEPA filter 
~ r will result in a release to the atmosphere of 3% of the load on the filter. 
, · Assuming a 150 R/h reading from the radiation detector located 3 ft from the 

first filter face, no load on the second HEPA, and a 50/50 mixture of · filter 
• load, the filter wi l l contain, prior to combustion products impact, 

· approximately 1,720 Ci 90sr and 1,720 Ci 137cs (Ref. 9-11). 

The load impacting the filter is 0.95 Ci 90sr. This load, in addition 
to the lo~d already on the filter, equals approximately 1721 Ci 90sr and 
1,120 Ci 137cs. 

Filter penetration under these conditions is assumed to be 3¾, 
resulting in a total atmospheric release of 9 x 10-4 of the filter burden, 
which is 1.55 Ci 90sr and 1.55 Ci 137cs. Average weekly stack air volume is 

37,500 ft3 28,320 ml j 60 min · 24 h ;7 days 
-----+-----'!'"""----+---+---= 

min ft3 I h I day wk 
1.07 x 1013 ml/wk 

The one-week average concentration of 90sr is therefore: 

1.55 Ci 90sr/wk 1 106 µCi 

1.07 x 1013 ml/wk Ci 
= 1.45 x 10-7 µCi/ml 90sr 
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1.55 Ci 137cs/wk j 106 µCi 
----------- = 
1.07 x 1013 ml/wk I Ci 

1.45 x lQ-7 µCi/ml 137cs 

These values exceed the Table II guidelines (Ref. 9-1) of 3.0 x 10-ll µCi/ml 
90sr and 2.0 x 10-9 uCi/ml 137cs, respectively. 

9.12.5.2 HEPA Filter Impacted by Flamino Debris. It is postulated that a 
piece of debris is drawn into the cell, catches fire, and then is 
transported in the air stream and carried to the HEPA filters. It is also 
postulated that the filters have accumulated, with time, flammable materials 
such as dust, lint, condensed organic vapors, and chemical salts. If these 
materials can be ignited in the filters, even though the filters, 
themselves, are non-flammable, their glass fiber construction could permit 
them to be rapidly destroyed. Depending on conditions, part of the 
radionuclide inventory could be released. 

Normally, sensing of l40°F by both heat detectors in a cell will auto
matically initiate diversion of the canyon exhaust air from the HEPA filter 
system to the sand filter, shut down the canyon supply system, and initiate 
operation of a 5 gpm water spray in the exhaust air tunnel to the filter 
system. However, if the cell heat detection system was rendered inoperable 
by the accident, it could fail with only a 11 trouble 11 alarm in the 
dispatch.er' s office. 

The fire is extinguished in 5 min (Section 9.12.5.1). During that 
time, 187,500 ft3 of air has transported the evolved heat through the air 
tunnel. Assuming that the heat of combustion of the organic mixtJ.Jre is the 
same as for NPH alone, and according to specific heat information in 
Reference 12, sufficient heat will be generated to raise the temperature in 
the air tunnel and the filter assembly to 300°C to 400°C. This temperature 
is sufficient (60°C required) to activate the 5 gpm tunnel water sp r ay 
system, as well as automatic diversion of the ventilation air from the 
filter assembly to the sand filter. This diversion process will take 
approximately five minutes. It has already been postulated that the cell 
"light water" foam system will be manually initiated, and that it will 
extinguish the fire within five minutes. For purposes of this scenario, it 
will be assumed that the flaming fragment or incandescent particle impacts 
the HEPA filter, after which the ventilation air diversion to the sand 
filter is completed. 

If the dispatcher were to assume, from filter assembly temperature 
indications received in his office, that there were a fire in the f i lter 
assembly, he could decide to manually activate the SO gpm air tunne l water 
spray system. However, there would not necessarily be sufficient t ime to do 
so, because the activation switch is located in the 291-8D Building , outside 
the canyon building at the filter units, and only intermittently occupied. 
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As indicated in Section 9.12.5.1, f i lter penetration of 3% can be 
expected at the temperatures being considered in this scenario. 
Assuming that the HEPA filter units in the first stage are loaded to 50% of 
their physical capacity (total capacity= 10 lb), and all of this load is 
flammable, then the quantity of combustible material present on one filter 
unit is: 

1 unit 10 lb 0.5 
-------- = 5.0 lb of flammable material 

unit 

Assuming that this material has the same heat of combustion as NPH, then 
approximately 7,200 Btu will be released at 85¾ combustion. The temperature 
of the exhausting air has already been increased to 300°C to 400°C by 137 lb 

o of burning organic material in the cell fire. An additional 5 lb will 
increase the exhausting air temperature only about an additional 20°C to 
25°C, and will not create significant additional air-temperature effects. 

It is postulated that the flammable material on the impacted filter 
A• assembly is ignited, a~d e_ight (10%) of the filter units of each of the two 

filter stages are consumed. Because glass fibers melt rather- than decompose 
as flammable materials, an appreciable portion of the particulate matter on 
the filter will be trapped. It is postulated that 50% of the radionuclide 

~ ~ inventory on the destroyed filter units will be released to the second HEPA 
stage, and that 50% of the material impacting the destroyed units of the 
second stage is released to the atmosphere. 

It is assumed that the same activity is on the filters initially as in 
Section 9.12.5.1, namely, 1,720 Ci each of 90sr and 137cs on the first stage 
and no loading on the second stage. The following additional postulations 

, ~ are made: 

, Eight filter units of both the first and second stages are 
breached by fire 

• Fifty percent of the loading on the breached units of the first 
stage is released to the second stage 

, Three percent of the loading on the remaining units of the first 
stage is released to the second stage 

, Fifty percent of the fire-generated activity (90sr only) is 
released to the second stage. 

, Fifty percent of the loading released to the second stage passes 
through destroyed units, which releases, in turn, 50% of the 
impacting material to the atmosphere. 
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o Fifty percent of the loading · released to the second stage passes 
through the intact units, which, in turn, releases 3% of the 
impacting material to the atmosphere. 

These releases to the second stage are as follows for 90sr: 

1. 1,720 Ci i 8 units l 0.5 

I
. i = 86.0 Ci (breached units) 

80 units , · 

2. 1,720 Ci 72 units 0.03 
---------- = 46.4 Ci (unbreached units) 
80 units 

3. Fire-generated 90sr activity= 0.95 Ci x 0.5 = 0.47 Ci 

4. Total 90sr released to second stage= 86.0 + 46.4 + 0.47 = 
132.9 Ci90sr 

These releases to the second stage are as follows for 137cs: 

1. 1,720 Ci 8 units 0.5 

2. 

--------- = 86.0 Ci (breached units) 
80 units· i 

1,720 Ci ! 72 units J 0.03 

80 units ! ! = 
46.4 Ci (unbreached units) 

3. Total 137cs released to second stage= 86.0 + 46.4 = 132.4 Ci 
137cs. 

With a release from the second stage, as postulated total atmospher ic 
release is then 

(132.9 Ci Sr)(0.5)(0.5) + (132.9 Ci Sr)(.5)(.03) = 35.2 Ci 90sr 

(132.4 Ci Cs)(.5)(.5) + (132.4 Ci Cs)(.5)(.03) = 35.1 Ci 137cs 
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Average weekly stack release is: 

35.2 Ci 1 106 µCi 
90sr: I = 3.3 x 10-6 µCi/ml 90sr 

1.07 x 1013 mL ! Ci 

137cs: 
35.1 Ci 106 µCi 

-----~--- = 3.3 x 10-6 µCi/ml l37cs 
1.07 x 1013 ml Ci 

These values exceed the Table II guidelines (Ref. 9-1) of 3.0 x 10-ll µCi/ml 
90sr and 2.0 x 10-9 µCi/ml l37cs, respectively. 

9.12.6 Onsite/Offsite Personnel Effects. 

9.12.6.1 HEPA Filters Impacted only by Smoke and Radioactive Particulate 
I": Matter. Radioactivity level of the stack release, averaged over one week, 

. is 1.45 x 10-7 µCi/ml 90sr and 1.45 x 10-7 µCi/ml 137cs (Section 9.12.5.1). 
these values translate to maximum individual doses (Ref. 9-17) as follows: 

Maximum individual 

- Onsite 

°" Offsite (Hwy. 240) 

Off site 
(Site Boundary) 

Time (yr) 

1 
50 

1 
50 

1 
50 

Whole body j 

5. 7 X l0-3 j' 

5.5 X l0-2 I 
I 

1. 1 X 10-3 'j 

1.1 X l0-2 

3.1 X lQ-3 
1.9 x 10-l 

Doses in rem 

Bone 

7.0 X lQ-2 
8.0 x 10-l 

1.4 X l0-2 
1. 6 x 10-l 

1.3 X lQ-2 
7. 7 x 10-l 

Lung 

1.5 X lQ-3 
1.6 X 10-3 

3.0 X 10-4 
3 .1 X 10-4 

5.7 X 10-4 
6.0 X lQ-3 

These dose rates indicate a low hazard classification (Ref. 9-5). 
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9.12.6.2 HEPA Filters Impacted by Flaming Debris. With total activities ~ 

released as indicated in Section 9.12.5.2, maximum individual doses are as , 
follows: 

Doses in rem 
Maximum individual Time (yr) 

Whole body Bone Lung 
' 

0nsite 1 1.2 X io-1 l.5x 10~ 3.4 X 10-2 
50 l.2x 00 1. 7 X 10 3.5 X 10-2 

0ffsite (Hwy 240) 1 2.4 X 10-2 2.9 X 10-l 6.6 X 10-3 
50 2.3 X 10-l 3.4 X 100 6.7 X 10-3 

0ffsite 1 6.8 X 10-2 2.9 X 10-l 1.3 X 10-2 
(Site Boundary) 50 4.2 X 100 1.7 X 101 1.4 X 10-l 

These dose rates indicate a low hazard classification, with acceptable risk 
(Ref. 9-5). 

9.12.7 Secondary Effects 

The particular conditions involved in this scenario may produce various 
possible secondary effects, as follows: 

• The second HEPA filter stage may be water or heat damaged, and 
thereby contribute to deactivation of the entire filter assembly 

• Damage to cell equipment will require repair or replacement 

• Replacement of the cell cover block may be required 

• Crane repair may be necessary 

• Unplugging of the cell drain will be necessary 

• Material drained to Cell 10 will require reprocessing 

• The "ligh~ water" foam system will require recharging. 
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9 .12. 8 -Preventives 

• Crane inspectio~ and maintenance requirements 

• Crane operator training, certification, and rec~rtification 
requirements 

• Canyon housekeeping requirements 

• Fire-resistant HEPA filter requirements (Ref. 9-24) 

• Metal screening (fire screen) is installed ahead of each HEPA 
filter stage. 

• Continuous air sampling and exhaust-air monitoring requirements 

• Process cells containing organic liquids (Cells 26 through 30) and 
the cell drain tank (Cell 10) are equipped with dual elevated
temperature detectors and a "light water" fire retardant foam 
spray system. Activation of one of the two detectors will alert 
operating personnel and the fire department of a possible fire. 
Activation of both detectors will do the above, as well as 
initiate operation of the "light water" foam system to the cell, 
initiate diversion of the canyon exhaust air to the sand filter, 
initiate operation of a 5-gpm exhaust-air tunnel spray, and shut 
down the canyon air-supply system. 

.. 
• Oual elevated-temperature detectors are installed in the exhaust 

air duct before and after the HEPA filters, which, when activated, 
will initiate the same actions as activation of the dual elevated 
temperature detectors in the organic cells. 

• An elevated-temperature fire detection system is provided in other 
cells to warn personnel of a possible cell fire. Spray systems in 
these cells can be manually activated. 

t Housekeeping requirements via administrative controls ensure that 
minimal quantities of combustible materials are in the canyon. 

• The VVS#2 is provided to dispose of off-gases which could 
potentially contain ammonia, and otherwise result in disposition 
of flammable ammonium compounds on the canyon exhaust HEPA 
filters. 
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9.12.9 Risk 

In this scenario, the particular failures which must occur, and their 
probabilities. are: 

• Dropping of the cell cover block into the cell, thus serving as 
common cause for rupturing an electrical jumper (ignition source), 
rupturing a processing vessel (TK-27-3), spillage of the tank 
contents, and rendering inoperable the cell heat detection system, 
tank weight factor alarm system, and the cell leak detector alarm 
system. Probability from Hanford operating experience is 
l.Q X lQ-2/yr 

• Leaving combustible debris in the canyon sufficiently near the 
cell to be drawn in by air flow when the cover block is lifted. 
Probability is 1 x 10-2/yr (Ref. 9-3) 

m • Non-recognition by personnel of the proximity of the above indi-
cated debris to the cell, and failure to remove same. Probability 
is 3 x 10-2/yr (Ref. 9-3) (One demand per shift for each of three 

M shifts prior to the accident). 

~, The combined probability of the above events occurring simultaneously is 
3.0 x 10-6/yr, or once every 3.3 x 105 yr. 

Bas.ed on a first-year dose of 2.9 x 10-l rem for the offsite maximum 
individual (see Section 9.12.6.2), the risk is 8.7 x 10-7 rem/yr. This 
value indicates an acceptable risk (Ref. 9-5). 

9.13 VESSEL COIL FAILURE 

Vessel coils or heat transfer tubes are used in both heating and 
cooling service or for the single purpose of cooling. Because cool i ng 
service only is less severe on the integrity of the heat transfer surface, 
the potential for and severity of failure is less than for those systems 
used for both heating and cooling. Because of this fact, the effluent 
systems of these two variations of service are segregated, and effluent 
disposal is by separate disposal systems. In view of these disposa l 
differences, the two services are analyzed independently. 

9.13.l Coil Failure, Heatina and Cooling Service 

Coi l s and tube bundles required in alternate heating and cooling 
service may fail as a result of thermal shock, corrosion, mechanica l 
vibration, or mechanical damage from the installation, operation, or removal 
of an agitator. Radionuclides entering a failed heat transfer coil or tube 
bundle wi ll be discharged with the condensate effluent to the steam 
condensate (BCS) receiver tank. 
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·· Condenser E-23-3 is equipped with a high-level-radiation monitor and 
the BCS receiver tank is equipped with a lower-level-radiation monitor. 
These monitors initiate audible alarms in the dispatcher's office when 
radionuclides are detected, upon which operating personnel are alerted to 
shut off the BCS tank outlet to the 216-8-55 crib, and to . shut down the 
concentration process. 

9.13.1.1 Cause and Source. Condensates primarily from strontium 
concentrations are collected internally and sampled before their 
dispositions are determined. Therefore, strontium concentrations will not 
be considered in this context. 

It is postulated that a leak occurs in the tube bundle of E-23-3 
concentrator. The following assumptions are made for this scenario: 

• The BCS condensate flow rate to the BCS tank is 30 gpm 

• A leak of such size occurs in a tube bundle by principle of steam 
eduction to permit 1 gpm to leak from the concentrator while the 
concentration is in process 

• The leak rate is sufficiently low that it is not suspected, from 
physical indications, to be occurring and is not detected until 
end of the run 

• 400 gal leaks from the concentrator, at an average radiation level 
of 6 Ci/gal 137cs and 1.2 Ci/gal 90sr, over the course of . an 8 h 
run 

• Radionuclides are not detected in the BCS stream. 

-· 9.13.1.2 Eneray Release. An 8 h flow of BCS at 30 gpm is a total release 
Qf 14,400 gal. A volume of 400 gal of concentrator solution at 6 ci/gal 
137cs and 1.2 Ci/gal 90sr average concentrations results in 

2,400 Ci 137cs total release 

480 Ci 90sr total release 

These quantities distributed in 14,400 gal of BCS results in a radiation 
level of BCS to crib 216-8-55 of 

0.167 Ci 137cs/gal BCS 

0.033 Ci 90sr/gal BCS 

This material flows continuously through the BCS tank to crib 216-8-55. The 
BCS tank is equipped with an on-line, proportional sampler; the 
automatically composited sample is collected once per day. During an 8 h 
operation of the E-23-3 concentrator, the BCS sample for this time period 
can, therefore, be obtained without being collected. 
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9.13.1.3 Containment ·System Effects. The cause of the leak is failure of ~ 
the containment system. Radiation effects to the containment system, ~ 
because of the leak, are minimal; only decontamination by flushing will be 
required. The leaking tube will, of couise, require replacement of the tube 
bundle before the concentrator can be reused. 

9.13.l.4 Occuoational Personnel Effects. There will be no discernible 
effects to occupational personnel from containment system considerations, as 
all relevant solutions are contained in-cell or underground. Even when the 
effluent reaches the crib (216-B-55), however, close personnel approach does 
not result in unacceptable doses. The indicated flow rates of leaking 
solution and BCS condensate will result in a total of 2,400 Ci 137cs and 
480 Ci 90sr entering the crib (see 9.13.1.5). Dose rates to occupational 
personnel from the influent only are calculated to be as follows 
(Ref. 9-17): 

Dose Rates (rem/h) and Total Dose 
3 ft Above Ground. 

Soil thickness: 
Dose rate: 
Total dose, 8 h: 

6 ft 
1.9 X lQ-10 
1.6 X 10-9 

9 ft 
1.4 X lo-14 
1.1 X lQ-13 

These dose values are essentially zero, because the natural background ·dose 
rate is 1.1 x 10-S rem/h. 

9.13.1.5 Confinement System Effects. The 216-8-55 crib has a capacity of 
75,000 gal/d average capacity (Ref. 9-13), although operational experience 
indicates that normal daily input can be as low as 25,000 gal/d. The E-23-3 
concentrator, generating 30 gpm of BCS, produces crib input at a rate of 
43,200 gal/d. This volume is approximately 60% of crib capacity. The crib 
has 6 to 9 ft of required backfill over the influent line, with a 20 mil 
polyethylene biological barrier between the influent line and the backfill 
(see Section 9.13.1.4). 

9.13.l.6 Onsite/Offsite Personnel Effects and Environmental Effects. The 
BCS effluent line at Building 221-8B is approximately 4.5 ft underground. 
At this location, the line is constructed of 0.322 in. thick, 8 in. dia. 
carbon steel pipe. Dose (rem) to a person standing or working directly over 
this line for 8 his again essentially zero (3.1 x 10-8 R/h), because the 
natural background dose rate is 1.5 x 10-5 R/h. Offsite effects and 
environmental effects are expected to be negligible (Ref. 9-14). 

9.13.1.7 Secondary Effects. The particular conditions involved in this 
scenario may produce various secondary effects as follows: 

• Adversely affected processing equipment will require 
decontaminat ion 

t The affected steam tube bundle will require replacement. 
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9.13.1.8 Preventives. 

• Qualitv issurance inspection of the equipment is made before use, 
incluc .ng hydrostatic testing of the coils or tubes. 

• Operab i ,,~y tests are conducted on the concentrators before they 
are placed into service. 

• In-process hydrostatic tests are made by blanking the BCS 
discharge line during shutdowns. 

• Instrumentation is installed to measure liquid level and specific 
gravity. Unexpected changes in these parameters can be 
investigated to determine their cause. 

• The VVS#2 system helps maintain vacuum on the concentrator, but 
does not function properly if vacuum is lost. 

• A vacuum indicator is installed on the concentrator. 

• The E-23-3 condenser and the BCS tanks are equipped with radiation 
monitors which automatically activate audible alarms in the 
dispatcher's office. 

o,. 9.13.1.9 Risk. The particular failures which must occur, and their • • probabilities are as follows. 

~ • • A heat transfer tube acquires a leak during normal operation. 
Probability is 1.8 10-4/yr (Ref. 9-3), based on 6,000 h of 
operation per year. 

,,.. 
• The E-23-3 condenser radiation monitor alarm fails. Probability 

is 8.8 x 10-2/yr (Ref. 9-2). 

a,., • The BCS tank radiation monitor alar~ fails. Probability is 
8.8 x 10-2/yr (Ref. 9-2). 

The combined probability of the above events occurring simultaneously as a 
result of operational failures is 1.4 x 10-6/yr, or once every 7 x 105 yr. 
With a low dose mentioned earlier, the risk is also low for this accident. 

9.13.2 Coil Failure (Cooling Service Only) 

Coils required only in cooling service may fail as a result of 
corrosion, mechanical vibration, or mechanical damage from the installation, 
operation, or removal of an agitator. High risk cooling water is discharged 
primarily from tank cooling coils in contact with high-radiat ion-level 
solutions. The high-risk cooling water is discharged via subheaders to the 
15 in. cooling water effluent header and past a radiation monitor. The 
effluent then flows through a diversion wier to the 24-in. cooling-water 
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effluent line, then to the 207-8 retention basin. This basin also receives 
condenser cooling water effluent. These two effluents are considered 
collectively, upon discharge from 207-8 basin, to be combined as one 
effluent and designated as the combined B Plant Cooling (CBC) stream. 

When released from the 207-8 basin, after approval by supervision, the 
CBC enters the 216-8-2-3 ditch, and runs above ground to the Gable Mountain 
valving station north of the 244-CR vault area. At this point, the CBC 
flows through an underground pipe, and exits approximately 100 yd outside 
the 200 East fence, discharging again to an open ditch, 216-8-2, and 
continues eastward to the 216-8-3 pond. 

If radionuclides are discharged in the high-risk cooling water effluent 
to the 15 in. header, the subheader monitor, indicating on a meter in the 
dispatcher's office, will initiate an audible/visible alarm in the 
dispatcher's office, and operations personnel can be alerted to begin 
procedures to isolate the problem source and/or to shut down activities in 
cells potentially causing the problem. If the effluent continues farther in 
the line and the contained radionuclides are detected by the monitor located 
beneath Building 221-BA, the monitor located there indicates on a meter and 
a strip chart, and initiates an audible alarm, all located in the 
dispatcher's office. 

The 221-BA monitor, when detecting radionuclides, will send a signal to 
the diverter station, through which the effluent flows just prior to 
entering the 24-in.-effluent line, and the effluent stream will . 
automatically be diverted into 216-8-59 emergency retention basin, which can· ~ 
accept approximately 250,000 gal of diverted water. This basin has the ~ 
capability of recirculating accumulated water for sampling purposes and to I 
pump diverted water back to TK-9-1, Building 221-8, for reprocessing. If 
the basin were to fill to maximum volume, the excess water will drain to an 
excavated area at the rear. 

9.13.2.1 Cause and Source. It is postulated that a leak occurs in either 
of the following tank cooling coils in consideration of a cesium or 
strontium inventory as indicated {Ref. 9-25): 

Inventory source: 
Inventory: 
Dose rate cone.: 
Working volume: 
Cooling water flow: 
Total header flow: 

TK-39-3 
137cs 

40 KCi/gal 
326 gal 
15 gpm 

1,800 gpm 

TK-39-5 
90sr 

11 KCi/gal 
1,634 gal 

15 gpm 
1,800 gpm 

Assumptions are as indicated above and as follows. 

1 The internal pressure in a cooling coil is reduced {flow is 
stopped) at a time when a hole exists in the coil. 
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• · The above indicated pressure is reduced for sufficient time to 
allow 10 gal of the respective solution to enter the coil. 

• The failure was not detected by a change in volume (weight factor) 
of the vessel. 

• The coil contamination is discharged to the cooling-water header 
when flow is restored. 

• Minimum leakage into the tank occurs when flow is maintained 
through the coil, and is not noticed by increase in tank weight. 

9.13.2.2 Energy Release. 

• TK-39-3--Ten gallons of 40 KCi/gal Cs solution contains an 
activity of 400 KCi Cs released to the cooling-water header. 

• TK-39-5--Ten gallons of 11 KCi/gal Sr solution contains an 
" activity of 110 KCi Sr released to the cooling-water header. 

• 9.13.2.3 Containment Systems Effects. The cause of the leak is failure of 
~· the containment system. Radiation effects to the containment system, 

because of the leak, are minimal; only decontamination will be required by °' flushing. The leaking coil and tank will, of course, require replacement, 
~ . because the tank and coil are an integrated unit. 

9.13.2.4 Occupatior.al Personnel Effects. There will be no discernible 
effects to occupational personnel from containment system considerations, as 

• all relevant solutions are contained in-cell or underground until the 
effluent reaches either the 207-8 retention basin or the 216-8-59 emergency 

_ retention basin. Once this situation develops, close personnel approach may 
result in undesirable doses. 

The cooling water -flow, when intersecting other flows to the main header, 
o,. will be diluted to the extent of 10 gpm/1,800 gpm, or 0.0056 of its or igi nal 

concentration, and will enlarge to about 1,800 gal. Assuming that all of 
the original leaked material enters the main header, then the concentration 
of leaked material is as follows: 

Sr Cs 

61.6 Ci/gal 224.0 Ci/gal 

It is assumed that the leaked material receives no additional dilut ion 
before entering either the 207-8 retent ion basin or the 216-8-59 emergency 
retention basin. Doses for a 1-min duration, to occupational personne i who 
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are standing as close as possible to the effluent entry to the 207-B basin 
are as follows: (207-B = 3 ft open air; 216-6-59 ·= standing over inlet 
pipe, 16 in. 0.0., 0.25 in. thick): 

Retention basin 

207-B (Ref. 9-11) 

216-B-59 (Ref. 9-30) 

Dose (rem) 

Sr Cs 

0.3 
0.10 

70 
22.7 

These values, in the event of cesium for either case, exceed Rockwell annual 
exposure guidelines (Ref. 9-4). There will also be a lapse of approximately 
5 min before a cesium "slug" entering the sewer line actually reaches the 
outlet to 207-8 pond. thus permitting the worker sufficient time to remove 
himself from the location if resulting alarms cause his notification in 
time. Nevertheless, because the 207-B pond is a potential radiation area, 
the operator is required to take a monitoring instrument with him, and to 
monitor the situation continuously. As stated in Section 9.13.2.9, the 
probability is 5.4 x 10-9/yr for this accident, which is incredible. 

Assuming that all leaked material entered the 207-B retention basin and 
became homogeneously dispersed throughout the average 500,000 gal volume, 
the concentration of the strontium or cesium will be: 

Sr Cs 

0.22 Ci/gal 0.80 Ci/gal 
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Dose commitment for a 1 h duration (Ref. 9-17) to occupational personnel who 
are standing at the water's edge is: 

Location 

207-8 Retention Basin 

(Sr) 

(Cs) 

Time (yr) 

1 
50 

1 
50 

Whole body 

0.3 
0.5 

93.2 
93.2 

Dose (rem) 

Bone 

0.5 
1.0 

93.2 
93.2 

Lung 

0.3 
0.3 

93.2 
93.2 

The exposures in the case of cesium exceed Rockwell guidelines (Ref. 9-4). 
However, as mentioned above, the accident is incredible, but the situation 

~ is continuously monitored by the operator. 

c,... If the contaminated effluent were then directed to the emergency 
• disposal site, the 216-8-63 ditch (see Section 9.13.2.5), resulting in an 
, effluent depth of about 10 ft, dose commitment for a 1 h duration to 

. occupational personnel standing at water's edge of the ditch will be -
(Ref. 9-17): 

. ' 

... Location 

216-8-63 Ditch 

(Sr) 

(Cs) 

Time (yr) 

1 
50 

1 
so 

Whole body 

0.3 
0.4 

80 
80 

Dose (rem) 

Bone 

0.4 
0.9 

80 
80 

Lung 

0.3 
0.3 

80 
80 

The dose values for cesium again exceed Rockwell guidelines (Ref. 9-4), but, 
because the 216-8-63 ditch is also a designated radiation area, monitoring 
of the activity will allow radiation to be detected upon personnel approach, 
and appropriate protective measures can be taken. In addition, soil 
permeability will allow some r1te of absorption, and releases to the ditch 
are normally controlled releases. 
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Assuming that all leaked material entered the 216-8-59 emergency ~ 
retention basin and became homogeneously dispersed throughout the maximum 
250,000 gal capacity, the concentration of the strontium or cesium will be: 

Sr Cs 

0.44 Ci/gal 1.6 Ci/gal 

Dose rates (rem/h) and total doses (rem, 8 hr) to occupational personne l who 
are standing over the centerline of the 216-B-59 basin, which has a 2.5 in. 
concrete cover, are (Ref. 9-30): 

216-B-59 Basin 
Dose rate (rem/h) 

Sr 
0.21 

Cs 
94.6 

The one-hour Sr dose does not exceed the Rockwell guidelines for annual 
dose. The guidelines will be exceeded for Cs in approximately 1.9 minutes 
(Ref. 9-4). However, as above, the situation is continuously monitored by 
the operator • 

9.13.2.~ Confinement Systems Effects. The 207-B retention basin has a 
capacjty of 565,000 gal in each half. At a total header flow of ~ 
1,800 gal/min, 5.23 his required to fill each of the two basins. It is 
almost an incredible event, in itself, for no action to be taken in this 
period of elapsed time, after alarms have annunciated in such an event 
during normal operations (see Section 9.13.2.9). 

Nevertheless, if the 207-8 basin were filled with contaminated 
effluent, the effluent will be released to the normal route for the B Plant 
chemical sewer effluent, the 216-8-63 ditch. This diversion requires a 
manual valving operation, specifically authorized only by B Plant 
supervision. No method is presently available at B Plant to recycle 
contaminated cooling water from 207-B basin back to B Plant. 

Assuming that all leaked material enters the 216-8-63 ditch when the 
ditch is dry, it will fill the approximately 1600 ft long ditch to a level 
of about 10 ft deep, barring soil percolation. For occupational personnel 
effects, see Section 9.13.2.4. The effluent will remain in this ditch until 
it either evaporates or percolates into the soil. Once flow to the 216-B-63 
ditch has ceased, provisions of RHO-MA-139 (Ref. 9-1) will be incorporated 
to determine whether the ditch requires a plastic covering for environmental 
protection requirements. 

9.13.2.6 Onsite/Offsite Personnel Effects and Environmental Effects. 
Onsite/offsite persons are not considered to be affected by atmospher ic 
release of contaminated effluent that is contained entirely underground. 
However, in the case of 207-B retention bas i n, such an open body of water 
may be subject to 
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atmospheric effects which can affect "maximum 11 individuals. Assuming worst 
case atmospheric conditions, and releases of 4.6 x 10-4 Ci 90sr and 
1.7 x 10-3 Ci 137cs ta the atmosphere (Ref. 9-17), dose commitments to 
maximum individuals are indicated in Table 9-12 (strontium contamination) 
and Table 9-13 (cesium contamination). 

TABLE 9-12. Maximum Individual Dose Commitments from Strontium 
Contamination of 207-8 Retention Basin. 

Doses commitment (rem) 
Maximum individual Time (yr) 

I I Whole body Bone Lung 
I 

3.8x 10-S 10-4 I 

10-S Onsite 1 5.8 X 
I 1.0 X 

50 4.5 X lQ-4 6.7 X 10-3 1.0 X 10-5 

Offsite (Hwy 240} 1 
I 

7.3 X 10-7 1.1 X 10-5 2.0 X 10-7 
50 8.5 X 10-6 1.3 X 10-4 2.0 X 10-7 

Offsite 1 1.2 X l0-6 I 9.5 X 10-6 1.2 X 10-7 
(Site Boundary} 50 1.5 X 10-4 I 6.1 X 10-4 1.2x 10-7 

c These. dose commitments class this scenario as low hazard (Ref. 9-5}. 

.• TABLE 9-13. Maximum Individual Dose Commitments from Cesium 
Contamination of 207-8 Retention Basin. 

Doses commitment (rem} 
·., Maximum individual Time (yr) 

Whole body Bone Lung 
~ --------+-----------f-------------

3.7 x 10-5 / 3.9 x 10-5 , 9.7 x 10-6 
4.2 x 10-S 9.7 x 10-5 , 1.1 x 10-5 

Onsite 

Offsite (Hwy 240} 

Offsite 
(Site Boundary} 

1 
50 

1 
50 

1 
50 

7.0 X l0-7 
7.9 X lQ-7 

4.9 X lQ-6 
2.4 x 10-5 

7. 4 X lQ-7 
8.8 X lQ-7 

1.8 X lQ-7 
2 .1 X lQ-7 

4.9 X lQ-6 i 1.3 X lQ-6 
2.5 X l0-5 1.8 x l0-5 

These dose commitments allow this scenario to be classed as l ow hazard 
(Ref. 9-5). 
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After the 207-8 retention basin has been emptied to the emergency 
disposal -site, 216-8-63 ditch, assuming the factors indicated in 
Section 9.13.2.5, as well as worst case atmospheric conditions, dose 
commitments to maximum individuals are postulated to be the same as if 
released from the 207-B retention basin (Tables 9-12 and 9-13); the scenario 
will therefore be classified as low hazard (Ref. 9-5). 

9.13.2.7 Secondary Effects. The particular conditions involved in this 
scenario may produce various secondary effects as follows: 

• Adversely affected processing equipment will require 
decontamination 

• The affected tank and coil will require replacement, because they 
are an integral unit 

• The 216-B-63 ditch may require decontamination and 
decommissioning, and a replacement ditch or equivalent facility 
constructed. 

• The 207-8 Basin may require decontamination and decommissioning, 
and a replacement basin constructed. 

9.13.2.8 Preventives. 

• Quality assurance inspection of the equipment is made before use, 
including hydrostatic testing of the coils or tubes. 

• Operability tests are conducted on the coils before they are 
placed into service. 

• Steam and air services are not connected to coils on tanks 
requiring cooling service only. Positive pressure of cooling 
water, in event of coil failure, should produce leakage into the 
vessel. 

• Instrumentation is installed to measure liquid level and spec i fic 
gravity. Unexpected changes in these parameters can be 
investigated to determine their cause. 

• Instrumentation is installed to detect elevated radioactivity in 
the cooling water effluent line. 

• Equipment is installed to alarm when elevated radioact ivity is 
detected in the cooling water effluent line. 

• The 15 in~ subheader system is equipped for manua l redirection of 
each noncontaminated subheader flow to the 24 in. eff l uent line 
while the subheader handling the contaminated effluent continues 
into the 15 in. line, and on to the emergency retent ion basin, 
216-8-59. 
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9.13.2.9 Risk. The particular operational failures which must occur for 
high-risk cooling water to enter 207-8 retention basin, and their 
probabilities, are: 

Cooling coil failure (based on 
6,000 h of operation/yr) 

Motor-operated valve failure 
Personnel cognitive error, 

30 min 

TOTAL Probability 

1.8 x 10-4/yr (Ref. 9-2) 

3.0 x 10-3/demand (Ref. 9-2) 

1.0 x 10-2/event (Ref. 9-3) 

5.4 X lQ-9/yr 

This combined probability of 5.4 x 10-9/yr translates to once every 
1.9 x 108 yr, which classifies this accident as incredible (Ref. 9-5) • 

...c, 9.14 LOSS OF COOLING WATER 

Many of the process solutions encountered in 8 Plant require continuous 
M cooling to remove heat generated by decay of contained radionuclides. This 

continuous cooling requirement is satisfied by vessel cooling coils which 
• transfer heat to a cooling water stream. The cooling water flow rates to 
~ individual vessels are adjusted manually to maintain desired temperatures of 

the vessel's contents (Ref. 9-25). The cooling water is supplied to B Plant 
at approximately 100 psig from the 200 East Area raw water system through 
two, buried, 10-in. lines branching from the supply header. One line- enters 
the east end and one line enters the west end of 8 Plant. These two lines 
join in the building, forming a "loop" between B Plant and the header. The 

~ ' approximate flow rate is 5,000-7 ,000 gpm. 

9.14.1 Cause and Source 

Loss of cooling water, either to a single vessel, or to all of 8 Plant, 
can be caused operationally by a break in the raw/cooling water supply line, 
depending on where the break occurs. Such a break can be caused either by 
deterioration/corrosion of the supply line, or human error (e.g., rupturing 
the line with a backhoe). 

It is postulated that such a break occurs in the main supply line from 
the reservoir and that all raw/cooling water supply is lost. For 
illustration purposes, two vessels will be considered, one containing a 
strontium solution and one containing a cesium solution. Specific 
assumptions are as follows. 

• 4,900 gal of strontium solution are located in TK-7-1, containing 
19,000 KCi Sr. 

• 4,000 gal of ces i um solut ion are located in TK-37-1, conta ining 
10,500 KCi Cs. 

• Raw/coo 1 i ng 'N'ater is not ava i 1 ab 1 e for 48 h. 
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9.14.2 Energy Release 

The strontium solution can produce a different activity level of 
radionuclides released to the atmosphere than the cesium solution, because 
of: 

• Different decay characteristics of the respective radionucl ides 

t Different ventilation/filtration systems of the respective 
vessels. 

These two energy releases will, therefore, be discussed separately. 

9.14.2.1 Strontium Solution. According to References 9-26 and 9-35 and the 
assumptions indicated previously, TK-7-1 will boil in 18 h, and in 48 hit 
will have lost approximately 1,300 gal of originally contained solution. 
The activity of strontium lost from TK-7-1 is approximately 500 Ci Sr. 

9.14.2.2 Cesium Solution. According to References 9-26 and 9-35 and the 
assumptions indicated previously, TK-37-1 will not have reached the boiling 
point in 48 h, but will have attained a temperature of approximately 92°C 
without having lost appreciable volume of originally contained solution. 
The quantity of cesium lost, though small, is 10-8 Ci Cs. 

9.14.3 Containment System Effects 

The cause of radionuclide transport is failure of the raw/cooling water 
supply. T~e affected vessel vent system and its· filters will become further 
contaminated. The exhausted vaporized materials will be vented out of the 
cell, but some plating of contaminants will undoubtedly take place on the 
inside of the vessel, as well as the vessel ventilation system, the air 
tunnel, and the exhaust filter ductwork/housing. However, this phenomenon 
is not expected to preclude proper functional operation of these portions of 
the facility. 

9.14.4 Occupational Personne l Effects 

As mentioned in Section 9.14.5, there will be essentially 500 Ci of 
strontium impacting the VVS#l HEPA filters and essentially 10-8 Ci of cesium 
impacting the VVSH2 HEPA filters. These quantities, however, will not 
result in a signifi,ant hazard to personnel. All portions of the facility 
expected to be subject to de-entrainment from the entrained materials are 
located in non-accessible or remote-accessible areas only. rt is not 
anticipated that significant occupational personnel effects will result. 
However, should such effects occur, monitoring instrumentation and/or RPTs 
will identify the situation, and i t will be rectified, if required, by 
normal approved procedures for handling these effects. 
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9.14.5 Confinement Systems Effects 

Released materials will impact both the VVS#l and VVS#2 filters, as 
well as the exhaust filtration filters. No significant abnormal affects are 
expected, other than possible plugging of the VVS#l and VVS#2 pre-filters. 
Such an event has occurred several times, and will be handled per normal 
approved procedures. 

The entrained strontium inventory will exhaust through the pre-filter 
and single HEPA filter of the VVS#l, for which credit is not taken because 
it cannot be in-place D0P tested, as well as the two HEPA filters of the 
canyon ventilation system. Two HEPA filters will provide a decontamination 
factor of 106. The total decontamination factor is t,en determined to be 
1 x 106 for the strontium contamination. The quantity of strontium 
impacting the VVSll is 500 Ci (Ref. 9-35), resulting in an atmospheric 
release of 5 x ·io-4 Ci Sr. 

The entrained cesium inventory will exhaust through the pre-filter and 
four HEPA filters of the VVS#2, before entering the 24 in. sewer. However, 
credit will not be taken for the two HEPA filters located in-cell because 

~ they cannot be in-place 00P tested. Two HEPA filters provide a decontamina
tion factor of 106. The total decontamination factor is then determined to 

, · be 1 x 106 for the cesium contamination. The quantity of cesium impacting 
O"' the VVS#2 is 10-8 Ci Cs (Ref. 9-26) , resu 1 t i'ng in an env i ronmenta 1 rel ease 

• ~ of 10-14 Ci Cs• to the 24 in. sewer. 

· 9.14.6 Onsite/0ffsite Personnel Effects and Environmental Effects 

It is postulated that cooling water is simultaneously interrupted to 
both TK-7-1 and TK-37-1, but that cooling water service is restored in 48 h. 

, - During this period 5 x 10-4 Ci of strontium and 10-14 Ci of cesium will have 
. been released to the atmosphere (Ref. 9-35). These quantities of strontium 

and cesium produce concentrations which are well below the Table II 
guidelines (Ref. 9-1), allowing this scenario to be classified as low hazard 
(Ref. 9-5). 

9.14.7 Secondary Effects 

The contaminated vessel vent systems may require decontamination, but 
these activities will be conducted according to current approved procedures. 

9.14.8 Preventives 

• Two emergency wells supply water to the building raw-water cooling 
system, powered by manually-started diesel-driven pumps. 
Emergency cooling water is thereby available at approximate ly 
1,000 gpm and 60 psig. 
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• The 221-8 Building raw water header can be supplied from the 
sanitary water header by hose bibs and backflow preventers. 

• All primary pumping stations are equipped with steam-driven pumps 
on standby for emergency requirements during power failure. 

• Parallel primary supply lines, each capable of emergency 
requirements, are installed between the river and the 200 East raw 
water supply system. 

• A 3,000,000 gal reservoir in the 200 East Area provides surge and 
storage capacity. 

• Either end of the raw water supply 11 loop 11 can handle emergency 
requirements as long as the single supply line from the powerhouse 
to the loop is intact. 

9.14.9 Risk 

The particular failures which must occur for this accident, resulting 
M in total loss of raw water, and their probabilities are: 

c,,. 

f' 

2.6 X The main raw water supply line fails 10-S;yr (Ref. 9-2) 
Fai·lure of emergency pump power to start 1.0 X 10-l;demand (Ref. 9-2) 
Cognitive error of 30 min in not using 

sanitary water source as a substitute 1.0 X 10-2Ldemand {Ref. 

TOTAL 2.6 X 10-B;yr 

The combined probability of the above operational failures occurring 
simultaneously is 2.6 x 10-8/yr, or once every 3.8 x 107 yr. With the 
release-concentration values indicated in Section 9.14.6, this scenario 
presents acceptable risk (Ref. 9-5). 

9.15 LOSS OF INSTRUMENT OR PROCESS COMPRESSED AIR 

Maximum compressed air requirements for B Plant are 1,200 scfm of 
process air and 300 scfm of instrument air, both at ambient temperatures. 
The process air is supplied by one compressor having a capacity of 

9-2} 

1,240 scfm, with the other redundant compressor requiring manua l starting 
upon failure of the.primary compressor. A third, backup compressor with a 
capacity of about 600 scfm at 100 psig is intertied to start automatically 
when process air falls below a pre-set value. The instrument ai r is 
supplied by one compressor having a capacity of about 300 scfm, and supply 
is automatically transferred to the process air line upon failure of the 
instrument air compressor. The compressors are arranged to hold respective 
discharge header pressures within a 5 psig differential over a wide range of 
demand, so long as their capacities are not exceeded. Process air is used 
in the plant for the following process control purposes. 
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• Provide 1-2 scfm ·of dilution air per vessel to preclude exceeding 
the lower explosive limit of hydrogen in air (4%). About 80 scfm 
is taken from the process air system for this purpose. 

• Purging gang valves and supply lines to steam jets to preclude 
their filling with process solution after their Use, as a result 
of the vacuum caused by condensed steam. 

• Backup for the steam supply to the exhaust jets on the vessel vent 
systems. These systems contain and decontaminate the process off
gases _before their discharge to the environment. 

• Process air is used to operate the process solution recirculation 
jets located in the sampling ports of the canyon deck. 

Instrument air is used for the following purposes: 

• Purging the weight-factor and specific-gravity dip tubes. 

• Controlling diaphragm-operated valves 

• Operating pneumatic instrumentation, such as pressure indicators, 
recorders, recorder-controllers, transducers, and transmitters. 

"' ~ r- 9 .15 .1 Cause and Source 

Loss of compressed air supply can be caused by: 

t Failure of both total electrical supply and backup diesel-powered 
compressor 

• Mechanical breakdown of all process air compressors 

t A break in the main distribution line downstream of the compressed 
air tanks. 

It is postulated that such a loss occurs and results in a suck-back of a 
process solution in a steam line, thus producing abnormal radiation levels 
in the operating gallery. Assumptions are: 

1 One gallon of 12.5 KCi/gal Cs solution is sucked back into the 
operating gallery environment (cesium feed solutions for WESF are 
jetted to WESF using "fail-safe" gang valves) 

• The solution is contained in 33 in. of 3 in. I.O. pipe extending 
33 in. from the floor of the operating gallery. 
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9.15.2 Eneroy Release 

There will be no contamination hazard to personnel, because the cesium 
solution is contained entirely within the piping system. There is, however, 
an exposure hazard. One gallon of 12.5 KCi Cs solution is located in 33 in 
of a 3 in. ID pipe extending 33 in. above the operating gallery floor. 

9.15.3 Containment System Effects 

The cesium solution will contaminate the steam line, thus requ1r1ng 
decontamination of the line by flushing per existing approved procedures. 

9.15.4 Occupational Personnel Effects 

Contamination of the subject steam line by 1 gal of 12.5 KCi Cs 
solution will produce an exposure hazard. Dose rates to personnel standing 
at various distances from the pipe are as follows: 

Distance Dose rates 
from pipe 

(ft) rem/h R/min R/s 

1 32,000 540 9.00 
2 . 11,000 190 3.10 
5 2,100 35 0~58 

10 I 550 9.1 i 0.15 
20 140 2.3 I 0.04 

Most of the indicated values are above Rockwell guidelines (Ref. 9-4). 
However, these values are the case only after the source pipe has completed 
filling. In actuality, as the source material is being sucked back, 
increased radiation will cause the CAMs to alarm, thus providing time for 
evacuation of personnel from the operating gallery. 

In addition, as the solution and pipe cool, essentially all of the 
solution will drain back to the cell, because of the piping configuration. 
The only solution remaining will be a thin film on the internal pipe wall. 
There is no recorded instance in which as much as one gallon of solution has 
been sucked back in ·s Plant. Assuming conservatively that 0.1% of the 
solution remained on the pipe walls, dose rates are 0.001 of the values 
given in the above table. 

9.15.5 Confinement System Effects 

No confinement system effects are expected, because all hazardous 
material is contained within the eduction system piping. 
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9.15.6 Onsite/Offsite· Personnel Effects and Environmental Effects 

No effects of these types are expected, because there is no impact to 
the confinement system. 

9.15.7 Secondary Effects 

Personnel will be evacuated from adjacent areas and approved emergency 
procedures will be invoked. Personnel access will be permitted only for 
those required for operations essential to plant safety. Decontamination 
efforts will be required for restoring the area to normal radiation levels, 
such as shielding, flushing, and/or removal of the affected systems. 
Hydrogen and ammonia purges will be curtailed. 

9.15.8 Preventives 

Loss of process and instrument compressed air is mitigated by the 
following features: 

• The instrument air compressor is fed by the emergency power supply 
line 

• With total loss of all electrical power, the backup diesel-driven 
compressor automatically starts 

• The process air system is equipped with redundant compressors 

• The instrument air system automatically ties into the process air 
system if the instrument air system fails • 

. The following procedures and design features are established to ensure 
' · appropriate safety aspects if a total compressed air loss is experienced: 
~ 

t All processing operations will be suspended 

• A: 1 electric motors, located in process cells where hydrogen 
generation is possible, will be shut down to minimize sparking 
sources. The motors will .not be restarted until after air purging 
has resumed and continued sufficiently to reduce vessel 
atmospheric hydrogen below flammable concentration 

• All remote maintenance operations in the process cells will be 
discontinued 

, Since the primary ventilation exhaust fan damper settings at 291-8 
are controlled by pneumatic instrumentation, arrangements are 
provided for a fail-safe condition 

- The electric motor-driven exhaust fans are stopped, and their 
dampers are closed 

- The emergency steam turbine exhaust fan automatica11y starts. 
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• All diaphragm-operated critical valves are engineered and 
installed to realize a fail-safe position. 

9.15.9 Risk 

Several combinations of operational failures can result in total loss 
of compressed air. These are: 

• Total electrical failure (see Section 9.9) 

• Loss of all process air systems 

• Break in main process air header. 

The probabilities of these combinations are determined and discussed 
separately. 

• Total electrical failure--Such a failure can be produced by a 
tornado or an earthquake. The probabilities for these, as 
discussed in Section 9.8, are: 

Design basis tornado 
1/2 safe shutdown earthquake 

6.0 x 10-7/yr (Ref. 9-20) 
3.3 x 10-3/yr (Ref. 9-10) 

• Loss of all process air compressors--The failures necessary for 
this scenario, and their probabilities, are: 

Failure of primary process air 
compressor system 

Failure ·of secondary process air 
compressor system 

Failure of backup process air 
compressor system 

TOTAL 

2.6 X 

1.0 X 

1.0 X 

2.6 X 

100/yr (Ref. 9-2) 

10-3/demand (Ref. 9-2) 

10-l/demand (Ref. 9-2) 

10-4/yr 

The combined probability of this scenario is 2.6 x 10-4/yr or once 
every 3.85 x 103 yr. 

• Break in main process air header. The failure necessary for this 
scenario is simply a broken header pipe. The probabi l ity for this 
failure is 2.6 x 10-4/yr (Ref. 9-2) or once every 3.85 x 103 yr. 

Of the above combinations of failures, the one with the highest 
probability is the 1/2 SSE, 3.3 x 10-3/yr, which is discussed in 
Section 9.8. For operational failures, maximum risk is to an individual 
standing 1 ft from the affected pipe in the operating gallery. This 
scenario is considered to be low hazard, and risk is determined to be 
acceptable (Ref. 9-5). 
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• 9.16 TEMPERATURE EXCURSION 

Prior to solvent extraction processing, current acid wastes (CAW) are 
treated to remove solids and to recover the strontium and rare earths 
associated with the solids. The treatment process contains three steps 
during which solids, containing large quantities of radionuclides, are 
allowed to settle or to be centrifuged and the liquid decanted from the 
vessel. If proper controls are not maintained, the heat generated from the 
settled solids can produce local temperatures sufficiently. high to vaporize 
radionuclides such as strontium and ruthenium. 

9.16.1 Cause and Source 

The postulated cause of a temperature excursion is failure of 
engineering safeguards coupled with improper operation, i.e., permitting 
centrifuged solids to dry out by failure to promptly continue the processing 
step. 

It is postulated that 2,000 gal of CAW solution has been jetted to 
TK-11-2, then transferred and centrifuged in G-12-2 centrifuge. Rather than 

-· continue processing at this point, the centrifuge cake is allowed to self
heat and the situation is not recognized for 8 h. The CAW solution is 
assumed to contain, nominally, the following activities of . radionuclides 
(Ref. 9-27): 

Total Ci 
Seecies Ci Lga 1 {2 2000 aal} 

Pu 3.5 X 10-3 7.0 
Am 3.9 X l0-2 78.0 
u 2.2 X l0-7 4.4 X l0-4 
Np 8.85 X lQ-5 0.177 
Sr 44.5 8.9 X 104 
Cs 49.5 9.9 X 104 
TRE* 100.5 2.0 X 106 
Ru 150 3.Q X 105 

*TRE = Total Rare Earths as cerium 
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-After centrifugation, essentially no cesium and only about 3% of the ~ 
• strontium remain with the solids cake, and solids volume will be about one , 

percent of the original solution volume (Ref. 9-24). At this point, the 
solids are assumed to be characterized as follows: 

Total Ci 
Species Ci/oal (20 ga 1) 

Pu 0.35 7.0 
Am 3.9 78.0 
u 2.2 X l0-5 4.4 X lQ-4 
Np 8.85 X lQ-3 0.177 
Sr 133.5 2 .67 X lQ3 
TRE 1.0 X lQ5 2.0 X lQ6 
Ru 1.5 X 1Q4 3.0 X lQ5 

Without further processing, the self-heating cake can increase at an average 
of approximately 1° to 2°C/h, and it is assumed that a final temperature of 
29°C will be reached after 8 h (Ref. 9-26). 

9.16.2 Energy Release 

According to Reference 9-26, the approximate maximum quantities of the 
materi a l_s expected to be re 1 eased from the centrifuge in an 8 h peri ad are 
as follows: 

Ci released 
Soecies to filter 

139pu 2.0 X 10-7 
241Am 9.0 X 10-6 
23Bu 8.0 X 10-13 
237Np 2.0 X 10-9 
90sr 2.0 X 10-23 
TRE fas l41,144ce) 1.0 X 10-2 
103, 06Ru (as Ru02) 1.0 X 10-l 

The 141,144ce is present in the ratio 1 O 14lce/10 O l44ce, and the 
103,106Ru is present in the ratio 0.13 lo3Ru/0.17 l06Ru. These ratios are 
the same ratios as those for PUREX decladding waste. 

B Plant operating history indicates that the only times when gaseous 
ruthenium release (as Ru04) has been a hazard has been during americium 
separations. The reason is that a possibility existed for inadvertent 
introduction of an oxidizing chemical (such as a persulfate) to the 
ame~icium-separation process at a particular place where conditions would 
cause oxidation of ruthenium and its evolution as gaseous Ru04. These 
conditions do not exist in the CAW process, so evolution of Ru04 is not a 
hazard. 
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9.16.3 Containment System Effects 

The exhausted vaporized materials will be vented out of the cell, but 
some plating of contaminants will undoubtedly take place on the inside of 
the centrifuge, as well as the vessel ventilation system, the air tunnel, 
and the exhaust filter ductwork/housing. However, this phenomenon is not 
expected to preclude proper functional operation of these portions of the 
facility. 

9.16.4 Occupational Personnel Effects 

All portions of the facility expected to be subject to plate-out from 
the vaporized materials are located in non-accessible or remote-accessible 
areas only. It is not anticipated that significant occupational personnel 
effects will result. However, should effects occur, monitoring 
instrumentation and/or RPTs will identify the situation and it will be 

"°rectified, if required, by normal procedures for handling these effects • 

. 9.16.5 Confinement System Effects 

Released materials will impact the VVSHl filters and the exhaust 
filtration filters. No significant abnormal effects are expected, other 
than possible plugging of the VVSHl pre-filter. Such an event has occurred 
several times, and will be handled per normal approved procedures. 

The vaporized inventory of centrifuge cake will impact the exhaust 
filter systems; it will be exhausting through a pre-filter and one HEPA 

~· filter of VVS#l, and two HEPA filters of the canyon exhaust filtration 
system. Two HEPA filters will provide a decontamination factor of 106. {No 

·- credit is taken for the VVS#l HEPA filter, because it cannot be in-place OOP 
tested.) Operating experience indicates that the pre-filter of the VVS#l 
captures, by de-entrainment, essentially all of generated aerosols. It is 
assumed that this value is actually 99.9%, resulting in a decontamination 
factor of 1 x 103. The total decontamination factor is then determined to 
be 1 x 109. 

9.16.6 Onsite/Offsite Personnel Effects and Environmental Effects 

At one-half maximum air flow, the canyon ventilation system exhausts at 
37,500 cfm, which t~anslates, on a total weekly volume basis to: 

37,500 ft3 j 50 min 168 h I 28,3i6 ml 
--------------.----- = 1.07 x 1013 mL/11Jk 

min h I wk I ft3 
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According to the quantities of the materials released (Section 9.15.2), j 
and the decontamination factor of 109, the absolute quantities of the ~ 
materials released to the atmosphere, and their concentration averaged over 
one week, are as follows: 

Absolute qty. Weekly Table II value 
Species (RHO-MA-139) released (Ci) cone. (µCi/ml) µC i /ml 

239pu 2.0 X 10-16 1.9 X 10-23 6.0 X 10-14 
241Am 9.0 X 10-15 8.4 X 10-22 2.0 X 10-13 
238u 8.0 X 10-22 7.5 X 10-29 5.0 X 10-12 
237Np 2.0 X 10-18 1.9 X 10-25 1.0 X 10-13 
90sr 2.0 X 10-32 1.9 X 10-39 3.0 X 10-ll 
TRE fas 141,144ce) 1.0 X 10-ll 9.3 X 10-19 2.0 X 10-8 (14lce) 
103, 06Ru (as Ru02) 1.0 X 10-10 9.3 X 10-18 2. 0 X 10-10 ( 106Ru) 

In all cases the absolute quantity released is less than the Table II 
values. These volumes indicate that this accident is classified as low 
hazard (Ref. 9-5) • 

9.16.7 Secondary Effects 

Significant secondary effects are not expected other than as previously 
mentioned in Section 9.16.5. 

9.16.8 Preventives 

The following preventives reduce the probability of this accident: 

• Administrative procedures require that the centr i fuge operation 
not be started unless it can be completed without delay 

• No mare than 2,000 gal of CAW slurry is processed through the 
centrifuge before removal of the precipitate 

• Solids in a centrifuge are covered with water at the end of a 
batch, if not immediately processed further. 
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9.16.9 Risk 

Necessary failures for this scenario, and their probabilities, based on 
250 centrifugations/yr are as follows: 

Failure of operator to continue procedure 
after centrifugation 

Failure of supervisor to recognize 
failure 

Supervisory non-recognition lasts 8 h 
Total Probability 

2.5 x 100/yr (Ref. 9-3) 

2.5 x 100/event (Ref. 9-3) 
3.0 x 10-4/event (Ref. 9-3) 
1.9 X 10-3 

This "accident" occurs several times per year as an abnormal event, but not 
with consequences of this high a magnitude. The probabilities indicated are 
based on circumstances required for a release of the indicated magnitude. 
Total probability of this scenario due to operational failures is, therefore, 
determined to be 1.9 x 10-3/yr, or once every 526 yr. As mentioned in 
Section 9.16.6, this accident is classed as low hazard (Ref. 9-5), because 
all release values are less than those of Table II guidelines (Ref. 9-1). 

,With such low values, this scenario demonstrates acceptable risk with 
operational malfunctions. 

, ' 9.17 CELL DRAIN LINE FAILURE 

Process solutions which find their way to the cell floors via leaks, and 
~ overflows, flow through 6-in.-diameter vertical drains le1ding into a 

24-in.-I.O. vitrified clay pipe which traverses the length of the canyon 
below the cells. Leaks from the hot-pipe trench also flow into the cell 
drain line. This line is embedded in concrete between 3 and 9 ft below the ~· cell floors. The concrete is at least 12 in. thick around the entire pipe; 
soil surrounds the concrete encasement. The pipe drains with a 1% slope down 
from each end of the canyon to the deep cell (Cell 10) collection tank. 
Solution in this tank is periodically jetted to the waste handling system, 
or, if sufficiently high in radionuclides, is reprocessed for fission product 
recovery (Ref. 9-13). If the drain line were cracked or broken, the 
potential exists, under normal operation with time, for high concentrations 
of radionuclides to accumulate in the soil. 

9.17.1 Cause and Source 

It is postulated that the cell drain line loses integrity by physical 
deterioration. A basis in fact for this postulation is that the original 
B Plant facility was built with a 40-yr life expectancy. This time span has 
already elapsed. 

Assuming that 150 gal of 90sr solution becomes released due to an 
accident, and enters the soil through the breached cell drain line in a 
matter of hours, decay heat will be generated by this solution. Even if the 
drain line breach were small, and relatively small quantities of material 
leaked through, a relatively larger amount of time is required to obtain the 
same essential results. 
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9.17.2 Enerqy Release 

Depending on the particular source cell, 150 gal of 90sr solution can 
generate about 28,000 Btu/h of decay heat, based on 8,000 Ci/gal of 90sr 
(Ref. 9-13). This solution will leak into the soil and is assumed to form an 
approximately spherical-shaped contaminated zone, with the leak at the top of 
the sphere, and with the diameter of the sphere approximately 13 ft. 

9.17.3 Containment System Effects 

Determination of the cause of the catastrophic release of 90sr from its 
containment system will be required. Because repair or replacement of the 
failed portion of the system will be virtually impossible, decommissioning of 
the system, or a portion of the system; will be required. 

9.17.4 Occupational Personnel Effects 

Assuming that a "hot spot" has been formed as described in 
Section 9.17.1, a potential exposure hazard exists. The upper surface of the 
"hot spot'' is assumed to be located 3 ft below the cell floor and such that 
minimum barriers exist between the hot spot and an individual standing in the 
canyon. With the top of the sphere 3 ft below a 6-ft-concrete floor and 
1.2 x 106 _Ci 90sr in a 13-ft-diameter soil sphere, a dose rate of 
3.1 x 10-13 rem/hat 3 ft above the concrete is given. This value is 
substantially below natural background levels (Ref. 9-17). 

9.17.5 Confinement System Effects 

Significant effects expected to the confinement system involve 
replacement or substitution of the entire cell drain line, as well as 
decommissioning and decontaminating the breached line. Such effects will 
require major considerations, because of the inaccessible location of the 
present line. 

9.17.6 Onsite/Offsite Personnel Effects and Environmental Effects 

· There will be no effects to onsite/offsite personnel due to atmospheric 
release, nor can an exposure hazard result to onsite personnel who are near 
the building. Assuming that a person is standing one foot from the outside 
wall of the canyon,· and directly opposite the 11 hot spot, 11 his dose rate is 
significantly below natural background levels (Ref. 9-17). Environmental 
effects are expected to be nil because of the depth of the water table and 
the fact that the strontium is trapped in the soil (Ref. 9-17). 
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~ 9.17.7 Secondary Effects 

Temperatures in the soil and concrete encasement could approach l,100°C 
after two or three weeks (Ref. 9-11). Such a temperature is adequate to cause 
dehydration of concrete, and thereby result in additional deterioration of 
the concrete encasement and drain line integrity. Subsequent transfer of 
solutions could then enlarge the ~hat spot,'' and ultimately endanger the main 
structure. After a ~hot spot'' has formed, leaking organic solvent could result 
in an explosion. 

9.17.8 Preventives 

The following safeguards are provided to m1n1m1ze the quantity of solution 
which enters the cell drain system and for ensuring integrity of the cell 
drain line. 

o • All new transfer routes are leak checked before transfer of solutions 
through them is permitted. 

• Leak detectors are installed in the cell floor drain openings, and 
will detect less than one cup of solution entering the drain. Per
sonnel are alerted to the situation by an alarm, so that immediate 
corrective action can be initiated. 

• Integrity of the cell drain line is determined quarterly by a volu
met~ic measurement technique. 

• Volume of solution in process vessels is required administratively 
to be less than 80% of maximum capacity to limit the potential for 
overflow. 

• High level alarms are installed on all tanks. 

• Solution transfer volumes are verified both from -shipper and from 
receiver tank volume measurement systems. 

• Each time cell cover blocks are removed, a visual inspection of 
process equipment is made for evidence of leaks. If any are found, 
they are corrected. 
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9.17.9 Risk 

The failures required for this accident scenario, and their 
probabilities, are as follows: 

Failure of tank integrity (assumed 
from operating experience) 

Failure of cell drain line 
(50 yr life expectancy) 

Failure of leak detector 

TOTAL 

2.0 X 10-l/yr 

2.0 X 10-2/yr 

8.8 X 10-2ltr 

3.5 X 10-4/yr 

(Ref. 9-2} 

The combined probability of these operational 
once every 2.9 x 103 yr. As no onsite/offsite 
scenario presents acceptable risk (Ref. 9-5). 

failures is 3.5 x 10-4/yr, or 
effects are expected, this 

9.18 NITRIC ACID MISROUTED TO ION EXCHANGE COLUMN 

Nitric acid can be accidentally misrouted relatively easily to an ion 
exchange column containing an organic-base resin. Only the opening of a 
wrong valve, leading from a tank containing nitric acid to the appropriate 
scale tank is required. 

9.18.1 Cause and Source 

It is postulated that the wrong valve is opened when preparing to 
operate an ion exchange column in the cesium recycle process. This action 
allows 400 gal of 12.2M nitric acid to be introduced to empty scale tank 
TK-17-2A. The acid is-then added to TK-17-2, which contains cesium feed. 
The resulting solution is then jetted to metering tank TK-18-3 for 
introduction to the ion exchange column. Assumptions at this point are as 
follows. 

• The cesium-nitric acid solution contains 3 MCi cesium. 

• 400 gal of 12.2M nitric acid are mixed with 1,000 gal of cesium 
solution yielding a solution of the following concentrations: 

- 3.5M nitric acid 
- 2.14 KCi Cs/gal 

• Flow rat~ into the column is 20 gpm. 

As the cesium-nitric acid solution i s fed to the co l umn, cesium will be 
adsorbed on the resin. In addition, the nitric ac id wi ll begin react i ng wi t h 
the resin, evolving heat and gaseous chemical react ion products. As the 
temperature increases, contained liquids will boil, causing physical 
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~ .. evolution of additional gaseous products. As the resin is destroyed by both 
heat and chemical reaction, previously adsorbed cesium will again be 
dissolved in the resident aqueous solution. 

I 

I 

I 
I 

I 

Column effluent normally is directed to TK-18-1, which is vented through 
VVS#2. In this scenario, however, evolved gases force liquid from the 
remainder of the column and the effluent transfer line, thus allowing direct 
introduction of solution-entrained gases to TK-18-1 and-the VVS#2. At this 
point, the following is assumed. 

• Each cubic meter of evolved gas suspends a maximum of 1,000 mg of 
aerosol/mist (Ref. 9-14). 

1 A single HEPA filter will reduce the exiting concentration of 
aerosol/mist in the gas to 0.14 mg solution per cubic meter 
(Ref. 9-15). 

N The entrained solution in the evolved gases are highly acidic." Even 
though some of the nitric acid is consumed in chemical reactions with the 
resin, physical variables (e.g., temperature and pressure) preclude precise 
determination of acid concentration in the solution. It is assumed that this 

. concentration is 3.0M. The evolved mist/aerosol and gases will impact the 
VVS#2 system, and then be exhausted to the 24 in. sewer line. ~· 

~ 9.18.2 Energy Release 

• The document, ARH-2626 (Ref. 9-28) indicates the following infor~ation 
I ~ concerning nitric acid reaction with Duolite ARC-359 resin,* assuming 50 ft3 

of resin. In actual processing, approximately 300 ft3 of resin is used, 
~• which will further dilute the significance of the following values: 

~~ 

~ 

Nitric Acid Molarity 

6M 8M lOM 12M 15.7M 

Maximum offgas rate, ft3/min 64 165 436 846 985 

Maximum temperature, oc 55 91 98 99 99 

Extrapolation of this information indicates that approximately 15 ft3/min of 
offgas will be generated per 50 ft3 of resin if 4.0~ nitric acid is used, and 
maximum temperature will be approximately 25°C to 30°C. 

*T.M. Diamond Shamrock Chemical Co. 
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9.18.3 Containment System Effects 

Reference 9-28 indicates that the gas-removing capacity of TK-18-1 is 
completely capable of handling the volume of gas generated in this reaction, 
and that the maximum temperature attained is only a few degrees above 
ambient. Containment system effects are thereby expected to be well within 
normal operating parameters. 

9.18.4 Occupational Personnel Effects 

No such effects are anticipated beyond normal operating parameters. 

9.18.5 Confinement System Effects 

No such effects are anticipated beyond normal operating parameters. 

9.18.6 Onsite/Offsite Personnel Effects 

No such effects are anticipated beyond normal operating parameters. 

9.18.7 Secondary Effects 

No such effects are anticipated other than a process upset, producing 
relatively minor problems. 

9.18.8 Preventives 

Administrative operating procedures are in effect. 

9.18.9 Risk 

Risk is judged to be no higher than that experienced in normal 
operations, and is therefore acceptable (Ref. 9-5). 

9.19 NITRIC ACID BULK STORAGE TANK COLLAPSE 

Nitric acid is strong acid possessing powerful oxidizing and corrosive 
properties. Its vapor, as well as contained oxides of nitrogen, can cause 
extreme burns to all body tissue. Nitric acid can also react strongly, 
sometimes violently, with a variety of organic materials, as well as with 
some inorganic materials and chemicals. 
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9.19.l Cause and Source 

It is postulated that the three nitric acid bulk storage tanks collapse, 
such as caused by a heavy vehicle impact. This action allows, if all tanks 
are full and rupture, the spillage of 18,000 gal (202,500 lb) of 57% nitric 
acid. Assuming the spill creates a shallow puddle averaging 1/2 in. deep, 
the liquid covers an area of 57,600 ft2 (1.3 acres). · 

9.19.2 Environmental Effects 

Nitric acid will attack vigorously any alkaline material which it 
contacts, such as concrete and local soil. It is assumed that 1/4 of the 
spillage area (14,400 ft2) consists of asphalt pavement from which only 
1,000 gal (11,250 lb) of the acid remains until it is washed off, the 
remainder having run off to surrounding soil. In addition, if any acid comes 
in contact with carbon steel, such as pipes or the railroad tracks, NOx will 
be generated at a greater rate than for contact with other materials. 

If the 18,000 gal seeps into or is washed onto the soil, which is 
alkaline and contains carbonates, the acid reacts with the soil to release 
carbon dioxide. If all the acid reaching the soil reacts accordingly, the 

~· quantity of carbon dioxide released is calculated to be as follows: ... 

18,000 gal 11.25 lb 0.57 ' 1 lb mol 1 lb mol CO2 
---------------------- = 916 lb mol COz HN03 gal 63 lb 2 lb mol 

916 lb mol CO2 44 lb 
--------- = J'40,300 lb CO2 

lb mol 
A .. 

0-- At standard conditions, this quantity of carbon dioxide is calculated to 
approximate 

40,300 lb CO2 454 g 1 mole 22.4 L 1 gal 1 ft3 
------+----+----+----+---+---- = J'327 ,000 ft3 

lb 44 g mol 3.8 L 7.5 gal carbon dioxide 

If this reaction is assumed to be complete in two hours, the average 
rate of evolution of carbon dioxide is 2,725 ft3/min. The nitrate portion 
of the nitric acid will remain in the soil, to be diluted by water 
percolating into and through the soil. 
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9.19.3 Occupational Personnel Effects 

Until the nitric acid seeps into and reacts with the soil, nitric acid 
vapors and nitrogen oxides evolve into the air. In addition this phenomenon 
will occur with the 1,000 gal remaining on the asphalt pav i ng until it is 
washed off. 

The nitric acid used in B Plant contains as much as 0.05¾ nitrogen 
oxides (NOx) (Ref. 9-31), and there will be very little degradation of the 
acid to produce additional NOx at ambient conditions. Assuming that half of 
the NOx contained in the 17,000 gal and all the NOx contained in the 
1,000 gal is evolved into the atmosphere in two hours, after which the 
problem is alleviated, then an average rate of evolution is 0.5 lb/min. 

The nitric acid, per se, will also vaporize to an extent. According to 
Ref 9-33, it is not expected that HN03 or NOx concentration in the air, if 

LO drawn into B Plant by the ventilation system, to be threatening to life or 
health. On the other hand, it is expected to produce an environment not 

C' suitable for working. According to Ref. 9-5, this accident is considered to 
be classified as low hazard. 

In addition, the possibility exists that the spilling acid can splash 
someone. It is conceivable that the acid could even flow into the basement 
shop area if the tank fell appropriately and the spillage flooded in that 
direction_. 

9.19.4 Onsite/Offsite Personnel Effects 

The following indicated concentrations of nitric acid (HN03) and 
Nitrogen Dioxide (N02) are guidelines used in this analysis (Ref. 9-33, 
unless noted otherwise). 

Substance , TWAl (ppm) , STEL2 (ppm) 

HN03 2 4 

N02 3 5 

CO2 5,000 15,000 

IDLH3 (ppm) 

100 

50 (Ref. 9-34) 

50,000 (Ref. 9-34) 

lTime-weighted ave~age, continuous exposure. 

2short term exposure limit, 15 min exposure. 

3rmmediately dangerous to life and health. 
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9.19.4.l Onsite Personnel Effects. Reference 9-33 indicates a HN03 
concentration in air of 24 ppm at the onsite, nonoccupational location of 
Building 2704-E. Although this concentration is not one in which a person 
would be advised to work, it is not immediately life-threatening. This 
concentration of HN03 is present in the air for approximately one hour at 
this location, and would probably be noticed by people, because of its 
irritating properties to the eyes and mucous membranes. 

The NOx released by this accident over a period of two hours is at a 
concentration of approximately 5 ppm (Ref 9-33), which is the STEL. Because 
this limit is 15 min, personnel are not advised to remain at their work 
stations in 2704-E, but the situation is not immediately life-threatening. 

The HN03 spilled in this accident will react with carbonates in the 
soil. The following conditions are assumed (Ref 9-33): 

Soil porosity= 25% 
Contained calcium carbonate (CaC03) = 2.0 wt% 

Soil density= 1.65 

Under these conditions CO2 ~ill be released for approximately 30 min, 
with an air concentration at 2704-E of 1400 ppm. This concentration is 

~ only 0.3 of the TWA for CO2. 

~-
Maximum concentrations expected onsite are indicated as ·follows: 

Nitric Acid 
Carbon Dioxide 
NOx 

11 ppm 
910 ppm 

3 ppm 

Because the air concentrations of any of the above substances is not 
immediately dangerous to the life or health of workers in the occupied 

~ building nearest to 8 Plant, this aspect of the accident is determined to be 
low hazard with acceptable risk. 

9.19.4.2 Offsite Personnel Effects. Of offsite persons subjected to the 
effects of this accident, those located on Highway 240 experience greater 
effects than those located at the site boundary. Reference 9-33 indicates a 
HN03 concentration in air of approximately 0.5 ppm at the Highway 240 
location closest to 8 Plant. This concentration is well below the TWA for 
HN03. 

The NOx released by this accident over a period of two hours is at an 
air concentration of approximately 0.1 ppm at the Highway 240 location. 
This concentration, as well, is below the TWA for HN03. 

The CO2 released as a result of the HN03 reaction with the soi l 
produces an air concentration at the Highway 240 location of approx imate ly 
26 ppm. This concentration, too, is well below the TWA value. 
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Maximum concentrations expected offsite are indicated as follows: 

Nitric Carbon NOx 
Acid (ppm) Dioxide (ppm) (ppm) 

Offsite (Hwy. 240) 0.21 17 0.06 

Offsite (Site Boundary) 0.13 11 0.03 

Because all of the values indicated above are well be l ow the TWA values 
for the respective materials, this part of the accident is determined to be 
low hazard with acceptable risk. 

9.19.5 Secondary Effects 

This accident will require the affected area to be washed down for 
immediate acid concentration dilution. In addition, structures potentially 
affected by dilute acid concentrations will require neutra l ization measures 
to be taken. 

9.19.6 Preventives 

Administrative procedures are in effect to mitigate effects of normal 
wear and tear, and to allow for appropriate shutdown of processing and 
evacuation of personnel. 

9.19.7 Risk 

It is postulated that the tank supporting structure is comprised by 
impac t from the nitric acid truck. For this to be accomp l ished, it is 
assumed to be from a human error on the part of the truck driver after he 
has finished filling the tank. It is also assumed that he rema ins in the 
tank area 30 min before leaving. Probability is determined to be as 
follows: 

Driver human error (typical) 
Amount of year in area after 

filling tank 
Total Probabil4ty 

1.0 X l0-2/yr 

1.0 X lQ-3/yr 
1.0 X 1Q-:J/yr 

With the indicated probability, this acc ident i s determined to be l ow hazard 
with acceptab le risk (Ref. 9-5). 
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9.20 ANHYDROUS AMMONIA BULK STORAGE TANK COLLAPSE 

Anhydrous ammonia is a liquified gas which is always stored under 
pressure. While any liquid ammonia is present, the tank pressure will 
approximate 110 psig. In addition, anhydrous ammonia is an extremely 
reactive chemical, especially with acidic substances. · 

9.20.1 Cause and Source 

It is postulated that the anhydrous ammonia bulk storage tank supports 
collapse, such as caused by impact by a heavy vehicle. This action causes, 
if the tank is full and the multiple relief valve is knocked off, the 
forcible release of approximately 40,000 lb of anhydrous ammonia as a 
mist/vapor. The liquid ammonia in the tank is normally under an internal 
pressure of approximately 110 psig. The ammonia will be released through 
the resulting 2-in.-dia. orifice at an initial rate of 8,700 lb/min, and 
will continue for 4.6 min (Ref. 9-33). 

9.20.2 Environmental Effects 

Anhydrous ammonia has a very high vapor pressure as a liquid and, 
unless stored under pressure and kept very cold, will vaporize extremely 

0-- rapidly. Storage pressure, self-generated by the ammonia in the tank, is 
~ ,... typically 110 psig. As it discharges from the 2-in. orifice, created when 
, the multiple relief valve is knocked off, a plume of ammonia will be created 

in the atmosphere. · ~ 

9.20.3 Occuoational Personnel Effects 

If the released ammonia travels toward B Plant, and is drawn into the 
ventilation system, a life-threatening situation can develop. Under worst 

a,. case conditions, sufficient oxygen in the air can be displaced by the 
ammonia, so that there is insufficient oxygen to support normal respiration. 
At best, such a quantity of released ammonia will produce concentrations in 
air which far exceed the IDLH value of 500 ppm (Ref. 9-33). 

9.20.4 Onsite/Offsite Personnel Effects 

Elevated ammonia concentrations in air can be experienced by personnel 
both onsite and offsite. These concentrations can exceed TLV and IOLH 
levels. 

9.20.4.l Onsite Personnel Effects. The closest building to B Plant housing 
non-occupational workers is 2704-E. Ammonia concentrations can be expected 
at this location from this accident of 130,000 ppm (13%) in air (Ref. 9-33) 
if the plume does not rise. This value greatly exceeds the IDLH value of 
500 ppm. It is conceivable that personnel in any building in the 200-E Area 
can experience elevated ammonia levels. However, because ammonia 
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is lighter than air, it is possible that the plume will rise sufficiently 
that IDLH values are not attained for most of the 2750-E area. It is 
expected, however, that attained concentrations will be uncomfortable , if 
not unbearable, to the sensory organs at many locations in the 200 East 
Area. According to Reference 9-5, this aspect of the seismic event is 
assessed a moderate hazard classification when considered in conjunct ion 
with the probability of occurrence (Sec. 9.20.7). 

9.20.4.2 Offsite Personnel Effects. References 9-33 indicates that the 
closest offsite location can experience ammonia concentrations in air of 
approximately 2,500 ppm if the ammonia plume is at ground level. However, 
it is also indicated that, since ammonia is lighter than air, plume r i se has 
the effect of reducing ammonia concentration at ground level by a factor 
of 3 to 100. With such a reduction, then offsite concentrations can 
approximate 25 to 800 ppm. This situation is worst case, and actual ground 
level concentrations of ammonia will be less than the IDLH value of 500 ppm 
with a reduction factor of 20. It is, therefore, determined that this 
aspect of the accident indicates moderate hazard (Ref. 9-5). 

9.20.5 Secondary Effects 

In addition to toxic effects produced by this accident, the entire 
200-E work force might require immediate evacuation to avoid such effects. 
Of course, the ammonia storage facility will require replacement. 

9.20.6 Preventives 

The ammonia storage tank is filled by tank truck, thus requiri ng an 
access road. However, the road is only a spur, thereby not used except for 
service vehicles. There is no through traffic. In addition, access is 
blocked by a barrier chain, which must be physically removed when access is 
required. 

9.20.7 Ri sk 

For the tank supporting structure to be compromised, it is postulated 
that such is accomplished by being impacted by the ammonia tank truck. For 
this to be accomplished, it is assumed to be from a human error on the part 
of the truck driver after he has finished filling the tank. It is also 
assumed that he remains in the tank area for 30 min before leaving. 
Prob ab i1 i ty is dete·rmi ned as fo 11 ows: 

Driver human error (typical) 
Amount of .year in area after filling tank 

Total Probability 

l.Q X l0-2/yr 
1.0 X lQ-3 
1.0 x 10-5 /yr 

The indicated probability of this accident from this cause of 
1.0 x 10-S;yr equals once every 105 yr, and it is classed as a moder ate 
hazard with acceptable risk (Ref. 9-5). 
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9.21 {ARBON DIOXIDE BULK STORAGE TANK COLLAPSE 

Carbon dioxide is a liquified gas which is always stored under 
pressure. While any liquid carbon dioxide is present, the tank pressure 
will approximate 300 psig. 

9.21.1 Cause and Source 

It is postulated that the liquid carbon dioxide bulk ·storage tank is 
severely disturbed, such as caused by impact by a heavy vehicle. This 
action causes, if the tank is full and is broken free from a 1 1/2 in. 
connecting line, the forcible release of approximately 12,000 lbs of carbon 
dioxide as a mist/vapor. The carbon dioxide will be released through the 
resulting 1 1/2 in. dia. orifice at an initial rate of 11,365 lb/min and 
will continue for approximately one minute (Ref. 9-33). 

0 
9.21.2 Environmental Effects 

c-
. Liquid carbon dioxide has a very high vapor pressure and, unless stored 

' under pressure and kept very cold, will vaporize extremely rapidly. Storage 

~-

. pressure, self-generated by the carbon dioxide in the tank, is typically 
300 psig. As it discharges from the 1 1/2 in. orifice, created when it 
breaks loose from a 1 1/2 in. line, a plume of carbon dioxide will be 
created in the atmosphere. 

9.21.3 Occupational Personnel Effects 

As indicated in Section 9.19.4, guidelines used in this analysis for 
CO2 concentrations are: 

TWA (ppm) STEL (ppm) 1 IOLH (ppm) 

5,000 15,000 50,000 

If the released carbon dioxide travels into the 8 Plant ventilation 
system, a life-threatening situation can develop. Such a quantity of 
released carbon dioxide will produce concentrations in air which far exceed 
the IOLH value of 50,000 ppm (Ref. 9-33, 9-34). However, as indicated in 
Section 9.21.7, the probability of such an accident is 1 x 10-5/yr. 
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9.21.4 Onsite/Offsite Personnel Effects 

Elevated carbon dioxide concentrations in air can be experienced by 
personnel both onsite and offsite. 

9.21.4.l Onsite Personnel Effects. Non-occupational workers in 2704-E can 
expect to experience carbon dioxide levels of 68,000 ppm, which exceeds by 
36% the IDLH value for carbon dioxide. Reference 9-5 indicates a moderate 
hazard classification for this part of the scenario when considered in 
conjunction with the probability of occurrence (Sec. 9.21.7 ) . Most of the 
people in the 200-E area, however, are not likely to exceed the IDLH value, 
because of rate of diffusion of carbon dioxide, and the fact that the IDLH 
value is relatively high. 

9.21.4.2 Offsite Personnel Effects. The nearest offsite location 
(Highway 240) receives the highest concentration of carbon dioxide expected 
offsite, 1,300 ppm, which is well within the TWA value of 5,000 ppm 
(Ref. 9-33). This aspect of the accident is thereby classi f ied as low 
hazard (Ref. 9-5). 

9.21.5 Secondary Effects 

All personnel within approximately 1,000 ft of the accident will 
require -immediate evacuation to avoid the high CO2 concentrations in the 
air. In addition, the CO2 bulk storage facility will require replacement. 

9.21.6 Preventives 

The CO2 storage tank is filled by tank truck, thus requiring an access 
road. As in the case with the ammonia tank, the access road is a spur, 
thereby not used except for service vehicles; there is no through traffic. 
However, there is no barrier chain at its entrance. 

9.21.7 Risk 

For the tank to be compromised, it is postulated that such is 
accomplished by being impacted by the CO2 tank truck as resulting from a 
human error on the part of the truck driver after he has finished f i lling 
the tank. It is also assumed that he remains in the tank area 30 mi n after 
filling the tank before leaving. Probability is determined to be the same 
as for the ammonia tank accident, and on the same basis, namely 
1.0 x 10-5/yr, which is the same as once very 105 yr. This accident is 
determined to be of acceptable risk (Ref. 9-5). 

9.22 through 9.29 (Reserved) 
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10.0 CONDUCT OF OPERATIONS 

10.l ROCKWELL POLICY 

Rockwell Hanford Operations (Rockwell) activities are conducted in such 
a manner as to protect the safety and health of all e~ployees and the 
public, and to prevent loss or damage to plant facilities or the surrounding 
environment. Operations are conducted in compliance with applicable health 
and safety requirements of the U.S. Department of Energy (DOE), and adhere 
to generally recognized and accepted high standards for environmental 
protection, and for performance of nuclear, radiological, industrial, and 
fire safety (Ref. 10-1, 10-2). The implementation of these safety 
requirements is effected by a plant-wide commitment to safety, staffing by 
qualified individuals, on-going. training programs. conduct of operations 
according to competently reviewed procedures, maintenance of necessary logs, 

'°and adequate emergency planning. 

10.2 B PLANT ORGANIZATION 

The manager of Fission Products Processing is accountable for the 
~ effective integration of all functions required to assure safety, quality, 

schedule, effectiveness, and economy of B Plant operations. 

The five shift managers are responsible for the shift-to-shift 
operation (Fig. 10-1). 

,.. 10.3 PERSONNEL SAFETY RESPONSIBILITIES 

10.3.l Key Individuals 

CJ"' RHO-MA-258 (Ref. 10-3) directs that responsibilities will be 
established for individual positions. The safety responsibilit ies for 
B Plant management personne1 are as indicated below. 

10.3.1.1 Manager, Fission Products Processing. Safety responsibilities 
are: 

t Promote safe operation of B Plant 

t Administer Rockwell policies. Enforce safety, housekeeping, and 
general plant rules 

• Implement the training of B Pl ant operations personnel 

10-1 



...... 
0 
I 

N 

9 
,. 

7 

-
FISSION PRODUCTS 

OPERATIONS 

' MANAGER 

r--------~---------- ---------T--------~----I I I I 
I I I I 

I I I 

QUALITY FISSION PRODUCTS 
HEAL TH, SAFETY ASSURANCE PROCESSING PROCESS PRODUCTION 
& ENVIRONMENT QUALITY CONTROL ENGINEER SUPPORT 

MANAGER 

A SHIFT B SHIFT CSHIFT D SHIFT DAY SHIFT 
MANAGER MANAGER MANAGER MANAGER MANAGER 

OPERATORS OPERATORS OPERATORS OPERATORS OPERATORS 

FIGURE 10-1. Organizational Chart - Fission Products Operations. 

----- ... 
I 

PLANT ENGINEER 

PS84-3225-1 

-- ---

V) 

CJ 
I 

:E 
3: 
I 

V) 
)> 
;;o 
I 

0 ...... 
w 



SD-WM-SAR-013 

• Conduct operations according to established procedures 

• Meet quality assurance requirements. 

10.3.1.2 Shift/Shift Suoport Manager. Safety responsibilities of the 
Shift/Shift Support Manager are as tallows. 

t Supervise, coordinate and direct the activities of personnel on 
his shift for the safe operation of production a~d production 
support activities in B Plant. 

1 Maintain control over processing operations in accordance with 
established procedures and specifications. 

t · Recognize non-standard conditions and take appropriate action. 

• Administer company policy as it relates to his crew. 

t Train or arrange training for members of his crew. 

• Maintain essential records. 

• Assume charge in B Plant during emergencies until he is properly 
relieved by the following Shift Manager, by the Group Manager, or 
by the Emergency Director. 

• Monitor potential situations where large quantities of radioactive 
materials could be accidentally discharged into the environs and 
take action as required. 

10.3.2 Operations Personnel 

10.3.2.1 Operator Trainee. An operator is designated as such between hire
o-,. in date and 6 mo service, and must demonstrate, at the end of that time, 

fundamental knowledge of: 

• General radiochemical operations 

• Specific plant operation 

• Emergency procedures and abnormal plant conditions. 

10.3.2.2 Nuclear Operator. An operator is designated as such between 6 and 
54 mo of service, and must demonstrate annually increased overall knowledge 
of the same areas as in 10.3.2 .1. 

10.3.2.2 Nuclear Process Ooerator. An operator is designated as such after 
54 mo of service and after satisfying all requirements for a Nuclear 
Operator, and must demonstrate every two years comprehensive knowledge of 
the same areas as in 10.3.2.1. 
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10.3.2.4 Lead Worker. An operator is designated as such, at the discretion 
of management, for such assignment . as management deems appropriate. 

10.3.3 Support Functions 

Those functions providing requisite support for B Plant are as follows. 

• Safety and Quality Assurance Function provides environmental 
protection, radiation monitoring, radiological engineering, 
industrial hygiene and safety support, analytical laboratory 
services, quality specifications and standards information, and 
audit functions. 

• Process Engineering provides engineering support for operation of 
the processes, in addition to overall technical expertise. 

• Plant Engineering provides design services for engineering 
requirements. 

• Production Support provides craft personnel to maintain the plant 
and spare equipment in a safe operating condition. 

-
10.4 OPERATIONS PLANNING AND EXECUTION 

• 

Operations planning meetings are scheduled routinely. Safety aspects 
are included in the discussion of: 

• Production Plans 

• Pre-job safety planning 

• Maintenance planning. 

Pre-job planning, in accordance with Accident Prevention Standard #2, also 
precedes every non-routine operation to ensure that all involved personnel 
are fully aware of any unusual safety or process considerations. Pre-job 
planning will address the unusual circumstances, as well as the methods to 
be used for minimizing the risk to personnel, property, or plant equipment. 

Operations logs and crane logs are maintained continuously to ensure 
availability of new and changed items and information to all operations 
personnel. Various records of information and data are also completed for 
all aspects of the processes in which this knowledge is necessary for 
safety, legal, or historical purposes. These aspects include: 

• Off-normal events 

• Unusual occurrences 
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1 Radiation occurrences 

• Internal surveillance procedures 

, Lock and tag book 

• Data books and sheets 

1 Radiation Survey reports 

1 Routine radiological surveys 

1 Routine process data 

• Air samples. 

0 10.S TRAINING PROGRAMS 

· 10.5.1 Initial Training 

, All new Rockwell employees attend a new employee orientation which 
includes subjects related to employee safety. New employees' on-the-job 
training is augmented by scheduled formal classroom sessions, which are 
taught by qualified personnel and deal with specific aspects of B Plant 
operation. Inexperienced employees are assigned to work with experienced 

•employees ~o are knowledgeable in a particular aspect of B Plant op~i~tions 
for on-the-job training on a one-to-one basis. An examination is given at 

·each major step of progression, and certification is required for each of 
these steps in each functional operations area. The program provides 

- training and examinations on: 

1 Process emergency 

1 Facility emergency 

• General 

, Building services 

1 Ventilation system (HVAC) 

• Sampling 

, Packaging and handling Low-Level Waste 

• Aqueous Make-up Unit (AMU) 

• Equipment testing 
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1 Special processes 

• Solid waste cycle 

1 Strontium cycle 

1 Cesium c·ycle 

• Capsule handling 

1 Storage basins 

1 Manipulators 

• Crane and hoist operations 

• Services 

• Auxiliary operations 

• Emergency procedures and abnormal plant conditions 

t General radiochemical operation 

• ·· Specific plant operations 

• Specific job and task activities. 

' The operator trainer is required to be certified as a trainer. This 
certification is conducted by the Employee and Organizational Development 
Group. A grade of 70% is required to pass the written examination. All 
incorrect answers are reviewed and discussed with the operator trainer as a 
matter of course. 

10.5.2 Retraining and Reexamination 

These activities are conducted as indicated in Section 10.3.2 in the 
areas of emergency procedures, abnormai plant conditions, general 
radiochemical operations, specific plant operations, and job 
recertifications. 

10.6 OPERATIONS PROCEDURES 

Responsibility is assigned and authority is delegated to each member of 
the General Manager•s staff of Rockwell for issuance of f ormal i zed 
procedural manuals covering their respective assigned activities for 
implementing policy, functional programs, and management directives 
affecting the manner in which contractual activities are performed. These 
procedures are written for B Plant by the Fission Produc t s Processing 
Manager and approved by Fission Products Operations Manager. 
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In addition to the general procedures applicable to all Rockwell Plants 
and workers, there are operating procedures that are specific to B Plant. 
These procedures are of several types: 

• Job Performance Aids (JPA) 

• Standard Operating Procedures (SOP) 

• Process Operating Procedures (POP) 

• Operability Test Procedures (OTP) 

• Process Test Procedures (PTP) 

• Multifunction Operating Procedures (MOP). 

Operations procedures are developed by the functional operation 
responsible for the activity described in the procedure, and are approved by 

- any or all, depending on the particular applicability of the procedure, of 
the Process Engineering, Process Design, Production Processing, Program 

'Engineering, and Quality Engineering and Control Departments, as well as the 
Safety and Quality Assurance Function. ~, 
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11.0 OPERATIONAL SAFETY REQUIREMENTS (OSR) 

11.1 INTRODUCTION 

The Operational Safety Requirements (OSR) in this chapter define accept
able conditions, safe boundaries, and management controls required to assure 
safe operation of B Plant during the processing of radiochemical wastes. 
Operations outside of the specified boundaries and conditions could result 
in an unacceptable level of risk to the public and site workers; facility 
integrity could also be compromised. These OSRs are divided into the 
following sections:(l) 

1 Title 

1 Applicability 

• Objective 

• Requirements 

• Bases 

• Recovery 

• Audit Point. 

These sections are defined and explained below. 

11.2 DEFINITIONS 

c,,,. 11.2.1 Title 
. --

This is the title of the individual OSR being defined. 

11.2.2 Applicability 

Applicability applies to that portion of the process/activity/facility 
addressed in the particular OSR. 

11.2.3 Objective 

The objective is the reason for the OSR and the specific condition(s) 
it is designed to prevent or promote. 
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11.2.4 Requirements 

The r~quirements are concerned with actual safety limits, control set
tings, inventory maxima, temperatures, inspections, test frequencies, etc., 
being controlled. This section provides the safety limits for control set
tings, limiting conditions for operations, surveillance requirements, design 
features, and administrative controls which must be in place and observ~d to 
assure safe conduct of the activity. According to OOE-RL Order 5480.l,t2) 
the OSRs are binding upon operations of the facility. 

11.2.4.l Safety Limits and Limiting Control Settings. The Safety Limits 
refer to those values of measurable safety-related variables outside of which 
serious consequences may occur. Violation of a Safety Limit constitutes 
violation of an OSR. The Limiting Control Settings are established within 
Safety Limits to allow for activation of alarms and for subsequent correc
tive action before the Safety Limit is reached. 

Exceeding a Limiting Control Setting is not an OSR violation, but failure 
to respond to the agreed-upon recovery plan for a Limiting Control Setting 
violation is an OSR violation. Violations of Safety Limits or Limiting 
Control Settings shall be dealt with according to any specific recovery 
steps provided with the requirement as well as the provisions of 
Section 11.2.6.1 or 11.2.6.2. 

11.2.4.2 Limiting Conditions for Operations. The specifications in this 
section define the minimum acceptable operating conditions and practices 
consistent with the required assurance of safety of the environs, public, 
and operating personnel. 

The Limiting Conditions for Operation are, in general, action restric
tions or requirements as opposed to specific limits, and an infraction could 
constitute a breach of a safety barrier or, if repeated frequently, could 
lead to a serious hazard. An infraction of a Limiting Condition for Opera
tions, therefore, requires immediate investigative and corrective action, 
and notification of appropriate Rockwell management. 

11.2.4.3 Surveillance Requirements. The specifications in this section 
define the minimum requirements for testing of backup or emergency equipment 
and the minimum frequencies of calibration of instruments and equipment neces
sary for verification of operation within the boundaries of the Safety Limits 
and Limiting Control Settings. Upon determination that these requirements 
are not met, the recovery steps _provided in Section 11.2.6.3 shall be followed. 

11.2.4.4 Oesiqn Features. The design features addressed in this section 
are limited to those equipment characteristics specifically required by safety 
considerations. Violations of these requirements shall be dealt with accord
ing to Section 11.?.6.4. 
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11.2.5 Bases 

This section is a discussion of the bases from which the objective and 
specification are derived. They refer to the accident analysis, 
Chapter 9.0, and may include reference to equipment, inventory, physical 
conditions, personnel qualifications, DOE Orders, or Rockwell Policy. 

11.2.6 Recovery 

The recovery constitutes steps taken to return to normal operation if 
OSRs are violated; it defines the time allowed for recovery and the required 
notification or approval sequence. Violation of a requirement is normally 
detected at the time of occurrence of an accident because the specific con
trol ·features provide early warning. Violation of a requirement can, 
however, be detected after the violation during routine process control 
review or periodic inspection or audit. Actions to be taken in response to 

..o OSR violations are delineated in the following general recovery steps. 

,,.._, .. 

• -
lt'O 
I 

11.2.6.1 Violation of a Safety Limit. When a violation of a Safety Limit 
is detected, the following action shall be taken: 

, Immediate action shall be taken to initiate a prompt and order1y 
shutdown of that portion of the operation involved. This may · 
require a shutdown of the entire facility. If the violation or 
responsible action is addressed in an emergency procedure, that 
procedure shall be foilowed 

• Notification of the Rockwell management and DOE-RL shall be made 
in accordance with Rockwell procedures 

• Circumstances of the violation shall be investigated, the cause 
shall be established, and appropriate corrective action shall be 
determined. A report shall be prepared by the Rockwell investiga
tion team for review and -approval by Rockwell management 

, Facility startup shall be permitted only after the fallowing 
action items have been completed satisfactorily, as determined by 
the appropriate review committees, and approved by Rockwell 
management with concurrence of DOE-RL Waste Management Division 

- Action to return facility, system, or process to a safe 
condition 

- Action or controls have been established to reduce the proba
bility of a recurrence. 
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11.2.6.2 Violation of a Limiting Control Setting or Limiting Condition for 
Operation. When a violation of a Limiting Control Setting or Limiting Condi
tion for Operations requirement is detected, the following action shall be 
taken: 

1 Immediate action shall be in accordance with the recovery statement 
provided with the requirement. Additional actions taken shall be 
in compliance with a recovery plan approved by Rockwell 
management. Continued operation without implementation of the 
above recovery actions is considered an OSR violation and shall be 
treated as a Safety Limit violation (Ref. Section 11.2.6.1) 

• Notification of Operations, Research and Engineering, and Safety 
and Quality Assurance shall be made as soon as possible 

1 The incident shall be investigated and reported by Rockwell 
management or specified delegate. If the incident involved 
shutdown of a portion of the operations, restart shall require 
approval of Rockwell management. 

11.2.6.3 Violation of a Surveillance Requirement. Upon determination that 
a Surveillance requirement has not been met, management shall take immediate 
corrective action to resolve the failure to perform the surveillance 
requirements. Investigation and recovery of both surveillance and design 
feature requirements shall be in accordance with Rockwell Nonconformance 
Reporting System. Continued operation without implementing this recovery 
action is considered an OSR violation and shall be treated as a Safety Limit 
violation (see Section 11.2.6.1). 

11.2.6.4 Violation of Design Feature Reauirement. Upon determination that 
a design feature has not been provided or implemented, management sha l l take 
immediate corrective action to resolve the failure to provide or implement 
the design feature. Continued operation without implementing this recovery 
action is considered an OSR violation and shall be treated as a Safety Limit 
violation (see Section 11.2.6.1). 

11.2.7 Audit Point 

The physical records (e.g., log sheets) used to demonstrate compliance 
with OSRs are identified, and the responsible organization that maintains 
the records is also specified. The retention period shall be according to 
Rockwell requirements. 

11.3 REVISIONS 

Revisions to the OSR document to correct discrepancies, reflect process 
flowsheet or equipment changes, etc., shall be initiated by B Plant Process 
Engineering. This group will also apprise the Safety Ana lysis Group of the 
revision. Review and approval of revisions to the OSR shall be at the same 
organizational level as these OSRs. 
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11.4 INDIVIDUAL OSRs 

11.4.l Radiolytic Hydrogen Concentration 

11 .4.1.1 Applicability. The primary source of hydrogen generation is by 
radiolysis of aqueous solution or comp9unds containing hydrogen within tanks 
in the canyon cells. Dilution of hydrogen by purge air in tanks and 
operation of the off-gas system, as well as continuous operation of the 
exhaust system maintains hydrogen concentration levels below flammability 
and explosive limits. This OSR is applicable to hydrogen concentration in 
process vessels, as controlled by dilution-air-flow rate. 

11.4.1.2 Objective. The objective is to reduce the possibility of hydrogen 
concentration in tanks to a level not to exceed the flammability and 
explosive concentration limit, and thus lessen the probability of a hydrogen 
explosion incident within process vessels. 

11.4.1.3 Reauirements. 

11.4.1.3.l Safety Limits. 

• Hydrogen concentration in vessel atmospheres shall not exceed 
4.0% by volume during normal operation of the hydrogen-dilution 
system. Hydrogen generation rates are calculated using solution 
compositions and volumes (from B Plant operating specifications 
and procedures), and the appropriate dilution flow rates are then 
established. 

11.4.1.3.2 Limiting Control Settings (LCS). 

• Hydrogen concentration in vessel atmosphere shall not exceed 
3.0 vol%. Hydrogen generation rates are calculated using solution 
compositions and volumes (from B Plant operating specifications 
and procedures), and the appropriate dilution flow rates are then 
established. 

11.4.1.3.3 Limiting Condition for Ooeration (LCO). 

• Dilution flow rates shall provide a minimum flow necessary to 
maintain hydrogen concentration below the safety limit. 

• In the event of failure of the dilution system alarm(s), phys ical 
surveillance of relevant flow meters on the dilution system sha l l 
be conducted hourly until the alarm(s) is (are) functional. 

11.4.1.3.4 Design. An alarm system, with indicat ing fai l ure mode, 
shall be installed ta respond audibly and visually at the flow rates which 
represent Safety Limit and LCS values far hydrogen concentrat i on in vessels 
where hydrogen evolution could exceed these limits between routine 
surve i llances. Rockwe l l Management will soecify the surveillance frequency 
and the vessels which require alarm systems. 
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11.4.1.3.5 Surveillance. Hydrogen-dilution instrumentation 
calibration and functional checks shall be according to approved procedures. 

11.4.l.4 Basis. Evolution of hydrogen by radiolysis occurs in all aqueous 
solutions containing radioactive isotopes. The lower flammability limits of 
hydrogen in air saturated with water vapor at room temperature and atmo
spheric pressure are 4.1, 6 and 9 vol% for vertical, horizontal, and 
downward propagation respectively, of the flame front. For the basis of 
this OSR, the lower flammability limit is conservatively assumed to be 4%. 

11.4.1.5 Recovery. If a safety limit is violated, required actions are as 
outlined in Section 11.2.6.1. 

Recovery from LCS violations is as follows: 

• If any hydrogen concentration rises above its LCS, management 
shall be notified immediately for determination of appropriate 
corrective action. -All processing with affected vessels shall be 
shut down, and remain so, until the problem has been corrected 

• Additional actions required shall be as indicated in 
Section 11.2.6.2. 

Recovery from LCO violations is as follows: 

• If the hydrogen.dilution system cannot be operated normally, or 
fails to operate normally, all electrical equipment in the associ
ated system and cell(s) shall be deactivated and processing shall 
be terminated, except as deemed essential by management. 
Processing which has been terminated shall not be restarted until 
the hydrogen-dilution system has been made properly operational, 
and affected vessels have been purged to a calculated 3.0 vol% 

• Additional actions required shall be as indicated in 
Section 11.2.5.2 

If a surveillance requirement is determined to be violated, actions 
shall be taken as specified in Section 11.2.6.3 

If a design requirement is determined to be violated, actions shall be 
taken as specified in Section 11.2.6.4. 

11.4.1.6 Audit Points. 

• Dilution-air-flow meter readings are recorded on Shift Data Sheets 
which are kept by Operations. 

• instrument calibration records are kept by Product ion Control. 
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11.4.2 Ammonia Concentration 

11.4.2.1 Apclicabilitv. This OSR applies to ammonia accumulation in vessels. 

11.4.2.2 Objective. The objective is to prevent the occurrence of an ammonia 
fire and/or explosion in the vessels and the Off-Gas System. 

11.4.2.3 Requirements. 

11.4.2.3.l Safety Limits. 

• The vapor phase composition of ammonia in any vessel shall be less 
than 15 vol% or greater than 28 vol% at temperatures of 40°C to 
49°c. 

11.4.2.3.2 Limiting Control Settings. 

• The temperature of tanks containing or which could potentially 
contain ammonia shall be maintained at less than 39°C. 

• The temperature of concentrators containing or which could contain 
ammonia shall be maintained above 52°C during operation. 

• The vapor phase composition of ammonia in any vessel shall be less 
than 13 vol% or greater than 30 vol%. 

11.4.2.3.3 Limiting Conditions for Operations. 

• The temperature of tanks containing or potentially containtng 
ammonia shall be maintained below 35°C as indicated by the 
temperature measuring and indicating system. 

• Concentrators sha 11 be started on 'N'ater before ammonia-bearing 
feed is introduced such that the temperature when ammonia is 
introduced is above SS°C, as indicated by the temperature 
measuring and indicating system. 

• Concentrators shall be operated for a sufficient time to 
concentrate t'N'O concentrator volumes, as measured by the process 
condensate generation rate. 

• Instrumentation shall alarm at the LCS values. 

11.4.2.3.4 Oesicrn. The alarm systems, with indicating failure mode, 
shall respond audibly and visually at the LCS and LCO values for temperature 
on those vessels involved in ammonia processing. 

11.4.2.3.5 Surveillance. Temperature instrumentation calibration and 
functional checks shall be according to approved procedures. 
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11.4.2.4 Basis. Ammonia is flammable in the range of about 15% to 
30% ammonialndry air. Water vapor effectively decreases the range of 
flammability, so that at about 44°C, the vapor pressure of water over an 
aqueous solution is sufficient to render all ammonia and air mixtures 
nonflammable. At a temperature of 44°C, the moisture content of saturated 
air is 10 vol%. 

The critical ranges for flammable or explosive mixtures is 15 to 
28 vol% ammonia in air and temoerature between 40 and 49°C. The vapor phase 
above 3,t1 (NH4)2C03 - 2~ NH40H eluent {the most concentrated ammonia-bearing 
steam at B Plant) is fla1TUT1able when the temperature of the solution is 
between 39 and 49°C, based on empirically determined partial pressures of 
CO2, NH3, and H20 and flammability data of air - NH3 - N2 - H20. 

Air dilution is maintained in all process vessels for hydrogen gas 
control. This purge of the vapor space above ammonia-bearing solutions 
provides additional assurances that the flammability region of ammonia-air
water mixtures will not be reached, because the air purge stream contains 
significant amounts of water vapor which renders ammonia and air mixtures 
nonflammable. Air dilution is not used to control ammonia vapor levels, per 
se, because of the equilibrium existing with ammonia between the dissolved 
vs. vaporized states. 

Flammable and explosive mixtures require a significant ignition source 
as well~ Some potential ignition sources are located in the process cells 
(electrical sources from pumps, agitators, etc.), but the proximity to the 
vapor space of the tanks and the ignition mechanism is not direct. 

11.4.2.5 Recovery. If a safety limit is violated, required actions are as 
outlined in Section 11.2.6.1. 

Recovery from LCS/LCO violations is as follows: 

1 If the temperature in any tanks which contain or potentially 
contain ammonia exceed the LCS/LCO value, all processing shall be 
safely and immediately terminated. Cooling coil flow shall be 
maximized to lower the temperature. All electr-ical systems will 
be deactivated in the relevant process cells. Water may be added 
to the relevant tank. 

• For concentrator operations involving ammonia, feed introduction 
to the concentrator shall be terminated if the LCS/LCO temperature 
limit is violated. Water shall be introduced and concentrated 
until two concentrator volumes have been processed as measured by 
process condensate generation. 

• In the eve·nt of temperature alarm failure, surveillance of the 
relevant vessel temperatures shall be conducted on a frequency 
determined by management. If the temperature measuring and 
indicating system fails, al l relevant processing will be shut down 
until temperatures monitoring capability is restored. 
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1 Additional actions required shall be as indicated in 
section 11.2.6.2. 

11.4.2.6 Audit Point. 

• Vessel storage shift data sheets are kept by Operations. 

, Concentrator operation data sheets are maintained by Operations. 

• Instrument calibration records are kept by Production Control. 

11.4.3 Flammable QrQanic Solvents 

11.4.3.l Applicability. This OSR applies to all areas in which processing 
involves Normal Paraffin Hydrocarbon (NPH), Di (2-ethylhexyl) Phosphoric 
Acid (D2EHPA), and/or Tributyl Phosphate (TBP), or other separate phase 
organic liquids. 

11.4.3.2 Objective. The objective is to prevent the occurrence of an 
(',, organic fire and/or explosion in a process vessel or cell. This includes 

prevention of "red oil" (nitrated TBP) formation, which can be explosive 
under certain conditions. 

"""' .. "' 

11.4.3.3 Requirements. 

11.4.3.3.l Safety Limit. 

• The temperature in all vessels shall not exceed 90% of the flash 
point of the organic liquid contained in the vessel. This does 
not apply to solvent extraction product concentrators. 

11.4.3.3.2 Limiting Control Settino. 

• The temperature in all vessels shall not exceed 70% of the flash 
point of the organic liquid. This does not apply to solvent 
extraction product concentrators. 

• For solvent extraction product concentrators that are operated 
above 90% of the flash point of the organic liquids that could be 
introduced into the system, the following LCSs apply: 

- The maximum solution temperature of any solution which has 
contacted an organic phase shall be l40°C, as measured by in
cell thermohms or by control of the steam supply pressure to 
less than 39 psig 

- The solvent extraction product concentrator shall be operated 
at or below 39 psig tube bundle pressure, which are 
controlled by preset pressure reducing valves. 
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11.4.3.3.3 Limitinq Conditions for Ooeration. 

• The temperature or pressure measurement and alarm systems shall be 
operating properly. 

• For solvent extraction product concentrators the following LCOs 
apply: 

- Organic shall be separated (as by decanting) from any 
influent liquid process stream 

Steam stripping shall be initiated prior to addition of 
process streams to solvent extraction product concentrators. 

11.4.3.3.4 Desiqn. An alarm system, with indicating failure mode, 
shall respond audibly and visually to safety limit and LCS temperatures and 
pressures. 

• Interlocks shall be provided to shut off the steam to solvent 
extraction product concentrators upon high steam pressure or high 
temperature readings. 

11.4.3.3.5 Surveillance. Flammable organic liquid temperature 
instrumentation and solvent extraction steam pressure system calibration and 
functional checks shall be according to approved procedures. 

11.4.3.4 Basis. Organic liquids exposed to temperatures at or above the 
solution flash point can form flammable vapor mixtures. Process solvent 
consists of materials with_predictable vapor pressure/temperature 
relationships. The safety boundary organic concentration in vapors and/or 
aerosols in dry air (46 mg/L) is the established lower flammability limit 
for hydrocarbons of chain length Ca or greater. This limit therefore 
applies to normal paraffin hydrocarbon (NPH). The similar limit for pure 
tributyl phosphate (TBP) is 88 mg/Land is not reached until the temperature 
in an unagitated vessel reaches 146~c. 

The d6 mg/L concentrat ion due to the vapor pr~ssure contribution of NPH 
is reached at a minimum temperature of ao 0 c. Calculations based on 
conservative assumptions for available vapor space, agitator aerosol 
generation rates, and aerosol settling rates are made to determine the 
maximum aerosol contribution towards the vapor phase organic concentration. 
A temperature limiting control setting based on the worst case is then 
selected to assure ~hat 70% of the 46 mg/l value is not exceeded in any 
tank. 

Red Oi1 

Vigorous exothermic reactions can occur between nitric acid or heavy 
meta l nitrates and some TBP diluent mixtures under conditions that m~ght 
arise during the concentration of waste and product solutions. Violent 
reactions resulting in equipment damage were experienced during early 
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developmental work and were verified in laboratory studies. More recent 
laboratory work in which various diluents were studied has extended the 
knowledge of the nature of solvent nitration reactions. While the exact 
reactions have not been determined, certain characteristics have been 
observed and the conditions under which these can be expected to occur have 
been defined as follows. 

• The explosions or rapid reactions have involved the evolution of 
oxides of nitrogen, and the two incidents occurred only after 
concentration had proceeded to the point of incipient calcination 
of the uranyl nitrate (greater than 135°C). 

• In each incident, solvent was present in the concentrated product 
and a dense, second organic phase was present in the concentrator 
11 bottoms 11 liquid. This second organic phase commonly called "red 
oil, 11 is the intermediate product of the nitration reactions and 
is a complex mixture of degraded organic and organic nitrate 
compounds. 

• In the laboratory studies, the temperature at which the reactions 
were initiated (as evidenced by the evolution of oxides of 
nitrogen) varied, depending on the nature of the diluent and 
whether heavy-metal nitrates were present. With a naphthenic-type 
diluent, such as was used during the first 10 yr Pu-REX operated, 
rapid reactions have occurred at temperatures of 135°C in the 
presence of heavy-metal nitrates and 150°C in the absenc~ of 
heavy-metal nitrates. In more recent laboratory studies{ll~l4) 
with straight-chain-saturated or NPH-type diluents, such as the 
NPH diluent used during the last 7 yr of plant operation, no 
vigorous, exothermic reactions were encountered at temperatures up 
to 150°C in the presence of heavy-metal nitrates. These later 
studies did not investigate the solvent nitration reaction in the 
absence of heavy-metal nitrates. However, it is reasonable to 
assume that the relationship reported earlier (i.e., higher 
initiation temperature in the absence of heavy-metal nitrates) 
would be equally valid with normal paraffin-type diluents. 

The control features are designed to preclude violent solvent-nitrate 
reactions by preventing solvent from entering the concentrators and 
maintaining an always-safe temperature. Decanting or steam stripping 
prevents solvent entry and the interlocks assure a safe temperature. 

11.4.3.5 Recovery. If a safety limit is violated, required actions are as 
outlined in Section 11.2.6.1. 

Recovery from LCS violations is as follows: 

• Associated processing shall be shut down, and remain so, until the 
problem has been corrected 

11-11 



SD-WM-SAR-013 

• Additional actions required shall be as indicated in 
Section 11. 2. 6.2 

If a design requirment is determined to be violated, actions shall be 
taken as specified in Section 11.2.6.4. 

If a surveillance requirement is determined to be violated, actions 
shall be taken as specified in Section 11.2.6.3. 

11.4.3.6 Audit Point. 

• Temperature readings are recorded on Shift Data Sheets. These 
records are kept by Operations. 

• Instrument Calibration records are kept by Production Control. 

11.4.4 Confinement Systems 

The ventilation system, in association with the physical containment of 
the radioactive solutions, comprises the confinement systems. The two 
essential features of the ventilation systems are pressure differentials and 
HEPA filtration. The essential features of radioactive solution containment 
are volume, temperature and pressure of the storage vessels. 

11.4.4.1 Applicability. This OSR applies to all HEPA filters used in 
B Plant, as well as essential pressure differentials necessary for 
sufficient air flow in the appropriate direction. 

11.4.4.2 Objective. The objective is to maintain confinement of 
radioactive material within B Plant. This is done by maintaining a system 
of pressure differentials, which thereby direct building air flow from areas 
of least potential contamination to areas of greatest potential 
contamination. The air is then directed through HEPA filters for 
radionuclide removal before exhausting to the atmosphere. In addition, 
monitoring of radioactive solution storage vessels is done to minimize 
contamination migration to the ventilation systems. 

11.4.4~3 Requirements. 

11.4.4.3.1 Safety Limits. 

• The canyon-to-atmosphere differential pressure shall not increase 
above -0.02 in. w.g. during normal operations. 

• Air impacting a HEPA filter shall not exceed 300°F. 

11.4.4.3.2 Limiting Control Settings. 

• The canyon-to-atmosphere differential pressure shall not sustain 
above -0.04 in. w.g. during normal operations. 

• Air impacting a HEPA filter shall not exceed 250°F. 
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11.4.4.3.3 Limiting Conditions for Operation. 

• Methods shall be available to measure the temperature, pressure, 
and the volume of the storage vessels. 

11.4.4.3.4 Surveillance. Readings of HEPA filters OPs; air sampling, 
radiation detectors; and storage vessel volumes, temperatures and pressures; 
as well as calibration and functional checks of related instrumentation, 
shall be according to approved procedures. 

11.4.4.3.5 Design. 

1 The canyon air supply shall automatically shut down to maintain 
canyon-to-atmosphere differential pressure at or greater than the 
Safety Limit. 

• Canyon-to-atmosphere differential pressure deviations from LCO 
alarms and safety limits shall result automatically in audible and 
visible alarms. 

1 Canyon-to-atmosphere differential pressure indicators shall 
indicate failure mode both audibly and visibly. 

1 A stack sampling and monitoring system shall be installed to 
indicate continuously the rad1ation level of air exhausting from 
B Plant, and to provide air samples as necessary or required. The 
monitor shall alarm both audibly and visibly when radiation levels 
exceed a predetermined va 1 ue. · · 

• A temperature, pressure and volume measuring and indicating system 
shall be installed for all storage vessels. 

11.4.4.4 Basis. Excessive contamination is controlled by directing 
internal air flow toward areas of increasingly greater contamination 
potential. Before exhaust to the atmosphere, HEPA filters provide the final 
barrier of containment of airborne radionuclides. Maintaining storage 
vessels within the described heat, volume, and pressure limits minimizes 
migration of radionuclides to the ventilation systems. 

11.4.4.5 Recovery. If a safety limit is violated, required actions are as 
outlined in Section 11.2.6.1. 

Recovery from LCS violations is as follows: 

1 If any ventilation system LCS value is exceeded, management shall 
be notified immediately for determination of aopropriate action. 
If recovery cannot be accomplished in 8 h, all processing shall be 
shut down, and remain so until the problem has been corrected. 

• Additional actions required shall be as indicated in 
Section 11.2.6.2. 
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Recovery from LCO violations is as follows: 

• If any relevant temperature, pressure or volume measurement and 
indicating system fails to operate normally, all relevant 
operations shall be shut down, until and unless management has 
determined that safe operations can continue based on calculated 
volumes and temperatures (i.e., transfer volumes , cooling coil 
(jacket duties)). 

If a surveillance requirement is determined to be violated, actions 
shall be taken as specified in Section 11.2.6.3. 

If a design requirement is determined to be violated, action~ shall be 
taken as specified in Section 11.2.6.4. 

11.4.4.6 Audit Point. The control differential pressure indicators are 
located through the facility, and their readings are recorded on a shift 
data sheet. These records are kept by Operations. 

• Vessel-surveillance readings are recorded on shift data sheets. 
These records are kept by Operations. 

1 Instrument Calibration records are kept by Production Control. 

11.4.5 - Fire Protection System 

11.4.5.1 Applicability. This OSR applies to -all areas of B Plant 
processing and hazardous chemicals handling. 

~' 11.4.5.2 Objective. The objective for the fire protection system is to 
maintain an 11 improved risk" level of fire protection, to achieve the least 
possible probability and/or consequence, consistent with cost/risk factors, 
of fire-caused impacts. 

11.4.5.3 Requirements. 

11.4.5.3.1 Limiting Conditions for Ooeration. Fire protection 
equipment indicated in Section 11.4.5.3.2 shall be operable. 

11.4.5.3.2 Design. 

• Dual heat detectors shall be installed in cells which contain 
organic liquids, in the air tunnel entrance, and in the exhaust 
duct before the high efficiency particulate air (HEPA) filters. 
Heat detectors shall respond to a temperature of 160°F. 
Activation of one detector shall audibly and visually alert 
operating and fire department personnel. Activation of both 
detectors shall do the above, as well as automatically initiate 
operation of the fire suppression system. 
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• Single heat detectors shall be installed in all other cells and 
shall respond to a temperature of 225° ± l0°F. Activation of the 
detector shall audibly and visibly alert operating and fire 
department personnel. 

• A foam spray system shall be installed in cells which contain 
organic liquids. 

• A water spray system shall be installed in all other cells. 

• An effective water spray system shall be installed in the canyon 
exhaust air tunnel. The system shall be manually initiated, or 
automatically initiated in response to signals from the heat 
detectors at the air tunnel entrance or in the exhaust duct before 
the HEPA filters. 

• All fire protection systems shall audibly and visually respond to 
system failure. 

C' 11.4.5.3.3 Surveillance. Frequency of fire protection system 
inspections and calibrations shall be in accordance with OOE-RL requirements 
to verify that the system is operational. 

11.4.5.4 Recovery. Upon impairment of the fire protection system, B Plant 
""" management shall inform Industrial Hygiene and Safety and the fire 

~ department, indicating planned corrective measures. The situation shall . be 
, ~ analyzed to determine the necessary precautions and possible interim 

alternative protection. When a system is taken out-of-service for a period 
~~ longer than 8 h, a caution tag shall be attached noting the reason, system 
C"' affected, the time and the name of the authorizing individual. 

11.4.5.5 Basis. Fire suppression systems are required for the safe 
operation of the facility. The unavailability of direct access to many 

;r potential fire locations in B Plant necessitate use of the described 
c,.. systems. 

11.4.5.6 Audit Point. Inspection of the B Plant fire protection systems 
and administrative controls are conducted periodically by fire protection 
engineers and the Hanford Fire Department. The results of the inspection 
are formally documented and kept in the offices of both the Fire Protection 
Engineer and Operations Manager. 

11.5 REFERENCES 

11-1 OOE Order 5480.lA, Chapter V, "Safety of Nuclear Facilities,'' 
August 13, 1981, U.S. Department of Energy, Washington, D.C. 

11-2 DOE Order 5480.lA, Chapter VII, "Fire Protection," August 13, 1981, 
U.S. Department of Energy, Washington, D.C. 
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. 12.0 QUALITY ASSURANCE 

SCOPE 

This Quality Assurance chapter is provided to identify quality 
assurance elements associated with the operating programs developed for the 
Waste Fractionization Facility (B Plant). The Quality Assurance Program was 
established through a Quality Assurance Program Plan to confirm that design 
quality requirements for B Plant have been accomplished in a safe and 
reliable manner. 

12.1 ORGANIZATIONS 

Organizational structures and respective charters for Rockwell 
functions participating in this operation are contained in the Rockwell 
Policies Manual (Ref. 12-1). These policies identify functional 
responsibilities, lines of communication within the individual organization, 
and the interface with peer groups for activities affecting quality and 

~ safety. The Quality Assurance organizational structure is shown in 
Figure 12-1. 

0'- 12.2 QUALITY ASSURANCE PROGRAM 

The Quality Assurance Program for 8 Plant is based on the ANSI/ASME 
~. Standard NQA-1 (Ref. 12-2), as endorsed by DOE-RL Order 5700.lA (Ref. 12-3). 

~• A series of policies and procedures, prepared collectively by Rockwell 
functions as a proper response to the quality and safety aspects of the 

- endorsed Standard, is shown in Table 12-1. 

Elements and events described in the Quality Requirements Control Chart 
O' (Table 12-1) for B Plant are applicable when imposed by program management 

with functional management concurrence or when specified in Quality Assurance 
Program Plans for 8 Plant and WESF (Ref. 12-4, -5). 

12.3 PERSONNEL TRAINING 

Quality Assurance shall assure that personnel scheduled to perform or 
observe operations associated with 8 Plant are trained and qualified as 
specified by Plant Safety Policies (Ref. 12-1). As a minimum, those 
performing tasks in radiation areas shall have successfully completed 
training requirements specified in Section 6.0 of the Radiological Controls 
Manual (Ref. 12-6). 

Quality Assurance personnel shall also be trained as specified in 
Quality Assuranc~ Manual (Ref. 12-7) Procedure 4-201 in accordance with Plant 
Safety Policies. 
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12.4 DESIGN SUPPORT 

Engineering provides an effective design support system in the 
Engineering Procedures Manual (Ref. 12-8) that addresses the quality and 
safety aspects associated with operating B Plant. 

Quality Assurance groups review and approve design documentation and 
utilize released documents to prepare quality verification plans for the 
acceptance of prescribed design attributes in accordance with the 
instructions in Quality Assurance Manuals (Ref. 12-9, -10, -11). 

12.5 PROCUREMENT 

Procurement Quality Assurance (PQA) conducts surveys of potential 
suppliers and monitors the performance of suppliers under contract to assure 
that the level of quality is planned for, and maintained commensurate with 
the quality and safety standards designated for B Plant Programs. 

The Materials Function and PQA maintain procedural manuals (Ref. 12-9, 
-10, -12, -13) that provide the necessary procurement guidance for ensur i ng 
that all technical elements associated with B Plant are performed as ordered 
by engineering documentation. 

Procurement Quality Assurance maintains a quality verificat i on system 
that confirms compliance of the received product. 

12.6 INSPECTION 

Quality Assurance Manuals (Ref. 12-9, -10) and Quality Program Plan 
(Ref. 12-5) dictate the planning for inspection and the practices to be used 
by inspectors to assure compliance with design requirements. 

Verification media may range from visual surveillance to complex 
machine set-ups, the prime consideration being the document ed acceptance of 
quality and safety requirements. To that end, inspections : 

• Are planned in a concise manner to minimize the potential for 
error 

• Take place at the earliest practical point in the work sequence 

• Are recorded and maintained readily available when significant to 
the history of the item or applicable to subsequent operations 

• Are applied commensurate with the potential impact on personnel or 
environmental protection. 
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12.7 CALIBRATION AND CONTROL 

Instruments, test equipment, and working standards are calibrated to 
recognized national standards. Instruments in use, other than those 
identified for "indication only," shall have valid evidence of a current 
calibration. · 

Laboratory instrument calibration is conducted to approved laboratory 
procedures (Ref. 12-11). Recalibration frequency is determined by the 
Applied Technology staff based on the instrument manufacturers recommendation 
and equipment performance records. Actual calibration work is performed by 
trained technicians or chemists. 

12.8 INCIDENTS, NONCONFORMANCES, ANO CORRECTIVE ACTION 

...c, Nonconforming conditions noted by Quality Assurance during material, 
component, or equipment acceptance are reported and dispositioned on the 

,-, Nonconformance Report {NCR) in accordance with Quality Assurance Procedures 
(Ref. 12-9, -10). 

Incidents that occur during the (B Plant) operational phase which could 
affect safety are reported as Unusual Occurrences per Accident Prevention 
Standard 32 (Ref. 12-14), or Off-Standard Conditions when noted in the 
Analytical Laboratories (Ref. 12-11). 

Where corrective action is required to prevent a discrepancy re~urrence 
beyond the scope of the NCR disposition, and Corrective Action Requests 

~, {Ref. 12-9, -10) are generated by the individual recognizing the need, 
~ 

coordinated by Quality Engineering and responded to by responsible 
- management. 

12.9 QUALITY ASSURANCE LABORATORY 

Analytical Laboratories {AL) are responsible for maintaining a safe and 
effective operation in accordance with approved plans and procedures 
(Ref. 12-9, -11). Analytical Laboratory Management reviews AL operations on 
a continuing basis to maintain the safe condition status. 

12.10 REFERENCES 

12-1. RHO-MA-100, June 1983, Rockwell Hanford Ooerations Policies 
Manual, 0. J. Cockeram, Rockwell Hanford Operations, Richland, 
Washington. 

12-2. ANSI/ASME NQA-1-1983, Quality Assurance Reauirements for Nuclear 
Facilities, The American Society of Mechanical Engineers, United 
Engineering Center, New York, New York. 
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12-3. RL 5700.lA, July 1983, Quality Assurance, The U.S. Department of 
. Energy, Richland Operations Office, Richland, Washington. 

12-4. RHO-QA-PL-1, December 1983, Project Quality Reauirements Plan, 
L. T. Murphy, Rockwell Hanford Operations, Richland, Washington. 

12-5. RHO-CD-863, May 1981, Waste Fractionization and Encaosulation, 
Rev. 1, E. F. Serabia, Rockwell Hanford Operations, Richland, 
Washington. 
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Operational Controls, Rev. 1, 8. E. Knight, Rockwell Hanford 
Operations, Richland, Washington. 
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R. D. Hammond, Rockwell Hanford Operations, Richland, 
Washington. 

12-8. RHO-MA-115, June 1983, Enoineering Procedures Manual, 
J. H. Roecker, Rockwell Hanford Operations, Richland, 
Washington. 

12-9. 
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RHO-MA-150, August 1983, Quality Assurance Manual, 
R. D. Hammond, Rockwell Hanford Operations, Richland, 
Washington. 
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RHO-MA-256, August 1983, Quality Assurance Instruction Manual, 
R. 0. Hammond, Rockwell Hanford Operations, Richland, 
Washington. 

RHO-MA-138, May 1982, Analytical Laboratories Operating 
Instructions Manual, C. P. Sutter, Rockwell Hanford Operations, 
Richland, Washington. 

12-12. RHO-MA-135, June 1983, Material Policy and Procedures Manual, 
J.M. Carey, Rockwell Hanford Operations, Richland, Washington. 

12-13. RHO-MA-212, January 1982, Guide for Preparing Purchase 
Requisitions and Store Orders, J.M. Carey, Rockwell Hanford 
Operations, Richland, Washington. 

12-14. RHO-MA-221, May 1982, Accident Prevention Standards - Vol. 1 
and 2, B. E. Knight, Rockwell Hanford Operations, Richland, 
Washington. 

12-15. RHO-MA-112, May 1983, Drafting Standards Manua l , J. H. Roecker, 
Rockwell Hanford Operations, Richland, Washington. 

12-16. RHO-MA-181, July 1979, Weldina Procedures Manual, L. Serl, 
Rockwell Hanford Operations, Richland, Washington. 
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12-18. RHO-MA-106, February 1981, NOE Soecial Process Procedures 
Manual, H. H. Kohl, Rockwell Hanford Operations, Richland, 
Washington. 

12-19. RHO-PS-MA-2, August 1983, Utility Operations and Services 
Manual, J. D. Molnaa, Rockwell Hanford Operations, Richland, 
Washington. 

12-20. RHO-MA-136, January 1983, Nuclear Criticality Safety Standards, 
B. E. Knight, Rockwell Hanford Operations, Richland, Washington. 

12-21. RHO-PO-MA-2, August 1983, Fabrication Services Manual, 
J. W. Matthews, Rockwell Hanford Operations, Richland, 
Washington. 

12-22. RHO-PS-MA-4, June 1983, Productive Support Calibration 
Procedures, G. R. Board, Rockwell Hanford Operations, Richland, 
Washington. 

12-23. RHO-PS-MA-1, July 1983, Instrumentation Calibration Control 
Manual, G. R. Board, Rockwell Hanford Operations, Richland, 
Washington. 
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Packaging, Storage, and Disposal Program, Rev. 1, F. E. Masa, 
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TABLE A-1. (Sheet 1 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use ARC-9-3S9 Ion Exchange Resin 

- stored in central stores - cesium recovery in cell 18 

II. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating * 
B. Flammability Rating 

C. Reactivity (Stability) Rating 

0. Special Categories (Answer "yes" or "no") 

1) Reacts with H20 No (Table 6) 

2) Oxidizer No (Table 7) 

3) Limited shelf-life/ No (Table 8) 

Peroxidizable No (Table 8) 

I NOTE: A single rating of 3 or 4 or a 11 yes 11 in II requires further evaluation. 
I 

'Evaluation: 

III. Material Compatibility (indicate which materials the chemical i s 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon steel 

C. Other meta l s ( 

0. Pl astics 

A-1 

Contact Compatible 

Yes 
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TABLE A-1. (Sheet 2 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

s 
s 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer "yes" or "no") 

A. Personal contact possible Yes 

B. PH + 5. 0 or • 9. 0 No 

C. Contains peroxides (particularly H2O2) No 

D. Contains oxidizing agents (e.g., KMnO4, K2Cr2O7) No 

E. Contains heavy metal or toxic elements (e.g., 1 ead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A "yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, Not particularly harmful. 
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TABLE A-1. (Sheet 3 of 66) 

V. Criticality Concerns (Answer 11yes 11 or 11 no 11
) 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear po~son 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A 11yes 11 answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 4 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Carbon dioxide (CO,) 

Jiquified gas - bulk storage in outside tank - make-up of ammonium 
carbonate solution 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 0 {Table 2} 

B. Flammability Rating a (Table 4} 

C. Reactivity (Stability) Rating 0 {Table 5} 

0. Special Categories (Answer "yes" or "no") 

1) Reacts with H20 No {Table 6} 

2) Oxidizer No {Table 7} 

3) Limited shelf-life/ No {Table 8} 

Peroxidizable No {Table 8} 

NOTE: A single rating of 3 or 4 or a 11 yes 11 in II requires further evaluation. 

Evaluation: 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon steel 

C. Other metals 

D. Plastics 

A-4 
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Yes 
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TABLE A-1. (Sheet 5 of 66) 

Contact Compatible 

E. Elastomers 

F. Concrete 

G. Protective clothing Yes 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

G CO2, re .. se, is cot iocompatibJe, b11t pcernatioos sb011Jd be taken 

because of its possibJe very Jew temperat11ces at time of cootact 

IV. Safety Concerns {Answer "yes" or "no") 
• 

A. Personal contact possible 

8. PH + 5. 0 or + 9. 0 

C. Contains peroxides (particularly H2O2) 

D. Contains oxidizing agents (e.g., KMnO4, K2Cr2O7) 

E. Contains heavy metal or toxic elements (e.g., lead, 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas 

. No 

No 

No 

No 

No 

No 

NOTE: A "yes" answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: 
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TABLE A-1. (Sheet 6 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed • 
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TABLE A-1. (Sheet 7 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Ci t ric acid - HQC 

(CH2C00H)2C0OH 50 Jb bags = compJexaot for 'tad Olis impprity c0 movaJ; 

decoctaminatioo 

II. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 1 (Tab 1 e 2) 

8. Flammability Rating 0 (Table 4) 

C. Reactivity (Stability) Rating 0 (Table 5) 

o. Special Categories {Answer "yes" or "no") 

1) Reacts with H20 NQ (Table 6) 

2) Oxidizer NQ (Table 7) 

3) Limited shelf-life/ NQ (Table 8) 

Peroxidizable NQ (Table 8) 

NOTE: A single rating of 3 or 4 or a "yes" in II requires further evaluat ion. 

'Evaluation: 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

8. Carbon stee l 

C. Other metals ( 

D. Plastics 

A-7 
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TABLE A-1. {Sheet 8 of 66) 

Contact Compatible 

E. El astomers 

F. Concrete Yes 

G. Protective clothing Yes 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns {Answer 11 yes 11 or 11 no 11
) 

A. Personal contact possible Yes 

B. PH + 5.0 or • 9.0 Yc::.s 

C. Contains peroxides (particularly H202) No 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g .• lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, B · lloder accide,,t or emergency conditions rarofoJJy 
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TABLE A-1. {Sheet 9 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

8. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

0. Substance will interfere with laboratory detection 
of nuclear poison 

Na 

Na 

Na 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. {Sheet 10 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Oearcide 717 - 55 aal drums 

- algicide used to pr~vent algae growth in cooolina water 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2 , 3, or 4) 

A. Toxicity Rating 1 {Table 3) 

B. Flammability Rating 0 (Table 4) 

C. Reactivity (Stability) Rating 0 {Table 5) 

o. Special Categories {Answer "yes" or "no") 

1) Reacts with H20 No {Table 6) 

2) Oxidizer No {Table 7) 

3) Limited shelf-life/ No {Table 8) 

Peroxidizable No {Table 8) 

NOTE: A single rating of 3 or 4 or a "yes" in II requires further evaluation. 

Eva1uation: 

III. Material Compatibility (indicate which materials the chemical i s 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon stee l 

C. Other meta l s ( 

0. Plast i cs 

A-10 
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TABLE A-1. {Sheet 11 of 66) 

E. El astomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

s 
s 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

- . IV. Safety Concerns {Answer 11 yes 11 or "no") 

A. Personal contact possible Yes 

8. PH + 5. 0 or .. 9. 0 Ne 

C. Contains peroxides (particularly H202) No 

D. Contains oxidizing agents (e.g. , KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., 1 ead, No 
cadmium, chrorr.ium) 

F. Material evolves or generates harmful or exp losive gas No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Eva luation: A. Noc parti cu larly harmfu l . Should be washed off 

after contac-: . 
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TABLE A-1. (Sheet 12 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A ''yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. {Sheet 13 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Hyctroxyacetic acid -

HQCH2COOH - solvent co•ctitinning far saJveot extraction 

II. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. 

B. 

C. 

D. 

Toxicity Rating 

Flammability Rating 

Reactivity (Stability) Rating 

Special Categories (Answer "yes" 

1) Reacts with H20 

2) Oxidizer 

3) Limited shelf-life/ 

Peroxidizable 

1 (Table 3) 

0 (Table 4) 

0 (Table 5) 

or "no") 

No (Table 6) 

No (Table 7) 

No (Tab 1 e 8) 

No (Table 8) 

I • NOTE: A single rating of 3 or 4 or a "yes" in II requires further evaluation. 
I 

('. Evaluation: 

. ., 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

8. Carbon steel 

C. Other metals ( 

D. Plastics 

A-13 
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TABLE A-1. (Sheet 14 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibilit~ or special precautions here: 

E, G QnJy llnder accident ar emergency canditiaas, E Wi]J carrade 

caocrete G May oat be campatibJe with same types af pratpctive 

IV. Safety Concerns (Answer 11 yes 11 or 11 no 11
) 

A. Personal contact possible 

B. PH + 5. 0 or ~ 9. 0 

C. Contains peroxides (particularly H202) 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) 

E. Contains heavy metal or toxic elements (e.g., lead, 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas 

Yes 

Yes 

Na 

Na 

Ne 

Na 

NOTE: A "yes" answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, S QnJy 11•der accident ar emergency r-aoditions 

Caref11]]y baod]Pd per existing 0 ngine 0 red aod administrative barr~ors 
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TABLE A-1. (Sheet 15 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

8. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear po,son 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 
No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed • 

• 
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TABLE A-1. (Sheet 16 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Nitric acid 57% - HN03 -

b11Jk storage in rn,tside tank - acidification of various solutions 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 1 (Tab 1 e 2) 

B. Flammability Rating 0 {Tab le 4) 

C. Reactivity (Stability) Rating 2 {Table 5) 

0. Special Categories (Answer 11yes 11 or 11 no 11
) 

1) Reacts with H20 No (Tab 1 e 6) 

2) Oxidizer Yes (Table 7) 

3) Limited shelf-life/ No (Table 8) 

Peroxidizable No (Table 8) 

NOTE: A single rating of 3 or 4 or a 11yes 11 in II requires further evaluation. 

~ Evaluation:· 02 used only per careful administrative control and engineered 

barriers. 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon stee l 

C. Other metals ( ) 

D. Plast i cs 

A-16 
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TABLE A-1. (Sheet 17 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

A. Not compatible if concentrated and at elevated t@mperatures. 

Appropriate engineered and administrative controls in effect. 

E, G, Contact only under accident or emergency conditions, Current 

procedures in effect for appropriate response at such times, 

Safety Concerns (Answer "yes" or 11 no 11
) 

.. 
A. Personal contact possible Yes 

B. PH + 5.0 or + 9.0 Yes 

C. Contains peroxides (particularly H202) No 
o. Contains oxidizing agents (e.g., KMn04, K2Cr207) Yes 

E. Contains heavy metal or toxic elements (e.g., lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas Yes 

NOTE: A "yes" answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluat ion: A, B, Fnginefred and administrat i ve barrie~s are in 

0 .= tect ta prer 111de persona 1 contac-, O. F, Mater i a 1 i t se 1 f is 3.n 

axj di zpr and can generate harmfu l ~ases wit h var ious mater ials. 

E1g i ne 0 red harriers and administr3tiv 0 rontra l~ i n PfFoc t to pr~c 1 ude 
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TABLE A-1. (Sheet 18 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 19 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Normal parnffin hydrocarbon 

(NPH) - b11Jk storage in 011tside tank - diJ11ent far solvent @xtractian 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 0 {Table 2) 

B. Flammability Rating 3 (Table 4) 

C. Reactivity (Stability) Rating 1 (Table 5) 

0. Special Categories (Answer 11 yes 11 or 11 no 11
) 

1) Reacts with H20 No (Table 6) 

2) Oxidizer No (Tab 1 e 7) 

3) Limited shelf-lire/ No (Table 8) 

Peroxidizable No {Table 8) 

NOTE: A single rating of 3 or 4 or a "yes 11 in II requires further eva luat ion. 

i valuation: Material is high boiling {200-400°F) mixture of CJo to C14 . 
hydrocarbons. These materials are not highly volatile. but will burn. 

Normal precautions for handling flammable liquids shou ld prevail. 

II I. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

8. Carbon steel 

C. Other metals ( 

0. Plastics 

A-19 
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TABLE A-1. (Sheet 20 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

s 
s 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns (Answef "yes" or "no") 

A. Personal contact possible Yes 

8. PH + 5.0 or • 9.0 No 

c. Contains peroxides (particularly H202) No 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or tox i c elements (e.g., lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A "yes" answer in IV indicates a potential safety problem; 
however, this does not exclude ·the chemical from use. Evaluate 
each identified concern. 

Evaluation: A. No particular hazard. Possible ski n irritation 

ucon prolonged contact. Should be washed off after contact. 
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TABLE A-1. (Sheet 21 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear potson 

0. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 

A-21 



'"" 

..... 

a-

SD-WM-SAR-013 

TABLE A-1. (Sheet 22 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. · Chemical Identification and Intended Use Oxalic acid HOOC-COOH -

so Jb bags - impurities scavenger; decontamination 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 0 {Table 2) 

8. Flammability Rating 0 {Table 4} 

C. Reactivity (Stability) Rating 2 {Table 5) 

0. Special Categories (Answer "yes" or 11 no 11
) 

1) Reacts with H20 No {Table 6) 

2) Oxidizer {Tab le 7) 

3) Limited shelf-life/ No {Table 8) 

Peroxidizable No {Table 8) 

NOTE: A single rating of 3 or 4 or a "yes" in II requires further evaluation. 

Evaluation: C. May generate sufficient heat on contact with strong 

oxidizinq agents to ignite combustibles. 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon steel 

C. Other metals ( 

D. Plastics 

A-22 
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TABLE A-1. (Sheet 23 of 66) 

Contact Compatible 

E. Elastomers 

F. Concrete 

G. Protective clothing Yes s 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer "yes" or 11 no 11
) 

A. Personal contact possible Yes 

8. PH • 5.0 or • 9.0 Yes 

C. Contains peroxides (particularly H202) No 

0. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A. Not harmful as solid. Rinsina contact area is 

satisfactory. B. Not harmfu 1 if rinsed. Pro 1 onaed contact may be 

minor skin i rr itant. 
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TABLE A-1. (Sheet 24 of 66) 

V. Criticality Concerns (Answer 11 yes 11 or 11 no 11
) 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 

• 
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TABLE A-1. (Sheet 25 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemi ca 1 I dent if ication and Intended Use Pbospbat,mgs+ i c acid 

H3[P(W301Q)4J·J4H,O - b11Jk storage in precipitant in cesittm recovery 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 2 (Tables 2,3) 

8. Flammability Rating 0 (Table 4} 

C. Reactivity (Stability) Rating 1 (Estimated) 

D. Special Categories (Answer 11 yes 11 or 11 no 11
) 

1) Reacts with H20 No (Tab le 6) 

2) Oxidizer No (Table 7) 

3) Limited shelf-life/ No (Table 8) 

Peroxidizable No (Table 8) 

· NOTE: A single rating of 3 or 4 or a 11 yes 11 in II requires further evaluation. 

C''Evaluation: 

III. Material Compatibility (indicate which materials the chemical i s 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

8. Carbon stee l 

C. Other metals ( 

D. Pl ast ics 

A-25 
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TABLE A-1. (Sheet 26 of 66) 

Contact Compatible 

E. El astomers 

F. Concrete Yes 

G. Protective clothing Yes 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer 11 yes 11 or 11 no 11
) 

A. Personal contact possible Yes 

8. PH + 5.0 or .. 9.0 Yes 

C. Contains peroxides (particularly H202) No 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., lead, Yl')s 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, S May be s11f.:'icient acid ~a prod11ce acid b11ro 

Sbould be rirsad off immediateJy JJpoo cootac~, aod first aid admini-

0 '' 
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TABLE A-1. (Sheet 27 of 66) 

V. Criticality Concerns (Answer "yes" or 11 no 11
) 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

O. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 28 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Rare earth solution 2.5M -
bulk storage in 30 gal drums - used in strontium processing 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 1 {Table 2,3) 

8. Flammability Rating 0 {Table 4) 

C. Reactivity (Stability) Rating 0 {Table 5} 

D. Special Categories {Answer "yes" or 11 no 11
) 

1) Reacts with H20 No {Table 6} 

2) Oxidizer No {Tab le 7} 

3) Limited shelf-life/ No {Table 8} 

Peroxidizable No {Tab le 8) 

NOTE: A single rating of 3 or 4 or a "yes" in II requires further evaluation. 

Evaluation: 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

8. Carbon stee 1 

C. Other metals ( 

D. Plastics 

A-28 
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TABLE A-1. (Sheet 29 of 66) 

Contact Compatible 

E. El astomers 

F. Concrete 

G. Protective clothing Yes 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer "yes" or 11 no") 

A. Personal contact possible YPS 

8. PH • 5. 0 or -+ 9. 0 Yes 

C. Contains peroxides (particularly H202) No 

0 . Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., lead, Yes 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, B "'ay be s11fficieat acid to ca11se acid b1JC0 

Sbrn1Jd be rinsed a~f immediat01y 11po• contact, a•d first aid adrnini

srer0d Administrative controls in effoc; ro 2• s11ro r,raper baod1ing 
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TABLE A-1. (Sheet 30 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

8. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

.No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 31 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Scale clean descaler -

55 gal drums - used for cleanino scale from equipment 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 1 (Table 3) 

B. Flammability Rating 0 (Table 4) 

C. Reactivity (Stability) Rating 2 (Tab 1 e 5) 

0 D. Special Categories (Answer uyesu or 11 no 11
) 

1) Reacts with H20 No (Table 6) 

2) Oxidizer No (Table 7} 

3) Limited shelf-life/ No (Table 8) 
0--

,.. 

... 

Peroxidizable No (Table 8) 

NOTE: A single rating of 3·or 4 or a 11yes 11 in II requires further evaluation. 

. Evaluation: 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel 

8. Carbon steel 

C. Other metals ( 

0. Plastics 

- 304, 316, etc. 

) 
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TABLE A-1. (Sheet 32 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

IV. Safety Concerns (Answer "yes" or 11 no 11
) 

A. Personal contact possible 

B. PH + 5. 0 or • 9. 0 

C. Contains peroxides (particularly H202) 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) 

E. Contains heavy metal or toxic elements (e.g., lead, 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas 

Yes 

Yes 

No 

No 

No 

No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, 8, Material is acidic. Administrative controls 

and engineered ·barriers are in pffPct to pr 0 vent personal contact 

or to minimizp pffpc~s if such occurs, 
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TABLE A-1. (Sheet 33 of 66) 

Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

8. Substance will interfere with sol id nuclear poison 

C. Substance will interfere with soluble nuclear poison 

0. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 34 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use $odium citrate 

Na2[HQC(CH2COOH)2COOHJ - 50 Jb bags - compJexant for various impurity 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 1 {Table 3) 

8. Flammability Rating 0 {Table 4} 

C. Reactivity (Stability) Rating 1 {Table 5} 

o. Special Categories {Answer 11yes 11 or 11 no 11
) 

1) Reacts with H20 No {Table 6) 

2) Oxidizer No {Tab le 7} 

3) Limited shelf-life/ No {Table 8) 

Peroxidizable 
• 

No (Table 8) 

NOTE: A single rating of 3 or 4 or a 11yes 11 in II requires further evaluation. 

Evaluation: 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon steel 

C. Other metals ( 

D. Plastics 

A-34 

Contact 

Yes 

Compatible 

s 

~ 
I 

I 



I 

~ 

.... , 

IV. 

, ~ 

,. 
"' 

SO-WM-SAR-013 

TABLE A-1. {Sheet 35 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

s 
NOTE: A chemical must be compatible with all materials contacted. 

Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer "yes" or 11 no") 

A. Personal contact possible Yes 

8. PH + 5.0 or -+ 9.0 No 

C. Contains peroxides (particularly H202) No 

0. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, Nat •articularly harmfu l , Shou ld be washed off 

after contact, 
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TABLE A-1. (Sheet 36 of 66) 

V. Criticality Concerns (Answer "yes" or "no 11
) 

A. Substance will alter water moderation 

8. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 37 of 66) 

· CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Sodium gJuc•nate - 50 lb 

bags - c•mgJexant for various impurity removals; decantamjnatian 

II. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 0 (Table 3) 

8. Flammability Rating 0 (Table 4) 

C. Reactivity (Stability) Rating 0 (Table 5) 

D. Special Categories {Answer 11 yes 11 or 11 no 11
) 

1) Reacts with H20 No (Table 6) 

2) Oxidizer No (Table 7) 
,,,., , 

,. 

3) ,Limited shelf-life/ No (Table 8) 

Peroxidizable No (Table 8) 

NOTE: A single rating of 3 or 4 or a 11 yes 11 in II requires further e¥alu~tion. 

Evaluation: ---------------------------

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

8. Carbon steel 

C. Other metals ( 

0. Plastics 

A-37 
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TABLE A-1. (Sheet 38 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

NOTE: A chemi~al must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer "yes" or "no") 

A. Personal contact possible Yes 
8 • PH + 5.0 or + 9.0 No 
C. Contains peroxides (particularly H202) No 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 
E. Contains heavy metal or toxic elements (e.g., lead, No 

cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 
NOTE: A "yes" answer in IV indicates a potential safety problem; 

however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A Not pa.r+-iCJ1Jar 1y barmf11J Sbrn1Jd be wasbed off 

after sontac+-

A-38 
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TABLE A-1. (Sheet 39 of 66) 

V. Criticality Concerns {Answer 11yes 11 or 11 no 11
) 

A. Substance will alter water moderation 

8. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

0. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 40 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Sodium hydroxide 50% -

I I. 

NaOH - bulk storage in outside tank - pH contra} in various processing 

t s 

Industrial Safety (Refer to instruction; Rate 0, 1, 

A. Toxicity Rating 3 (Table 2) 

B. Flammability Rating 0 (Table 4) 

C. Reactivity (Stability) Rating 0 (Table 5) 

D. Special Categories (Answer "yes" or "no") 

1) Reacts with H20 

2) Oxidizer 

3) Limited shelf-life/ 

Peroxidizable 

No (Table 6) 

No (Table 7) 

No (Table 8) 

No (Table 8) 

2, 3, or 4) 

NOTE: A single rating of 3 or 4 or a 11 yes 11 in II requires further evaluation. 

Evaluation: A. As solid material. Probability of inhaling this quantity 

is very low because of its solution form. 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon ste€1 

C. Other metals ( 

0. Plastics 

A-40 
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TABLE A-1. (Sheet 41 of 66) 

E. El astomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

L 

u 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

f. Contact only under accident or emergency conditions. Prolonged 

contact of material will corrode concrete. G. Contact onlv under 

accident or emergency conditions, Engineered and administrative 

barriers are in effect to preclude same, 

· IV. Safety Concerns (Answer 11yes 11 or 11 no 11
) 

(". . 
A. Personal contact possible • Yes 

8. PH + 5.0 or .. 9.0 Yes 

C. Contains peroxides (particularly H202) No 

o. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

·NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, B, Contact possible under accident or emeraency 

conditions, Engineered and administrative barriers in effect to 

pr2cJude same. 
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TABLE A-1. {Sheet 42 of 66) 

V. Criticality Concerns (Answer "yes" or ''no") 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 43 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use $odium nitrite NaN02 - so lb 

II. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 2 (Table 3) 

8. Flammability Rating 2 (Table 4) 

C. Reactivity (Stability) Rating 1 (Table 5) 

D. Special Categories (Answer "yes" or 11 no 11
) 

1) Reacts with H20 

2) Oxidizer 

3) Limited shelf-1 ife/ 

Peroxidizable 

No (Tab le 6) 

No (Table 7) 

No (Table 8) 

No (Table 8) 

- ""' NOTE: A single rating of 3 or 4 or a "yes" in II re.quires further evaluation. 

Evaluation: . .. . , 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

8. Carbon stee 1 

C. Other metals ( 

0. Plastics 

A-43 
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TABLE A-1. (Sheet 44 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

s 
s 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer "yes" or "no") 

A. Personal contact possible Yes 

B. PH + 5.0 or • 9.0 No 

c. Contains peroxides (particularly H202) No 

0. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11 yes" answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A. Not particularly harmful, Should be washed off 

aftrr rontact. · 
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TABLE A-1. (Sheet 45 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 46 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Sodium sulfate Na2S04 -

50 lb bags - precipitant in strontium process 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 1 {Table 3) 

8. Flammability Rating 0 {Table 4} 

C. Reactivity (Stability) Rating a (Tab 1 e 5) 

0. Special Categories (Answer 11yes 11 or 11 no 11
) 

1) Reacts with H20 No (Table 6} 

2) Oxidizer No {Table 7) 

3) Limited shelf-life/ No {Table 8) 

Peroxidizable No (Table 8) 

NOTE: A single rating of 3 or 4 er a 11 yes 11 in II requires further evaluation. 

Evaluation: 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stain less stee l - 304, 316, etc. 

B. Carbon ste~l 

C. Other meta ls ( 

D. Pl ast ics 
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TABLE A-1. (Sheet 47 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

s 
s 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

IV. Safety Concerns (Answer 11yes 11 or 11 no 11
) 

A. Personal contact possible Yes 

8. PH + 5.0 or -+ 9.0 No 

C. Contains peroxides (particularly H202) No 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., 1 ead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A "yes" answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A Nat partirnJarJy harmful. Should be washed off 

afte.,. caotact 
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TABLE A-1. {Sheet 48 of 66) 

V. Criticality Concerns {Answer "yes" or "no") 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use unt i l a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 49 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Sulfuric acid 92 wt% -

H2S04 - bulk storage in outside tank - demineralized water system 

regeneration 

II. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 3 (Tab 1 e 2) 

B. Flammability Rating 0 {Table 4) 

C. Reactivity (Stability) Rating 3 (Table 5) 

D. Special Categories (Answer 11 yes 11 or 11 no 11
) 

1) Reacts with H?O Yes (Table 6) 

2) Oxidizer No {Table 7) 

3) Limited shelf-life/. No {Table 8) 

Peroxidizable No {Table 8) 

NOTE: A single rating of 3 or 4 or a 11 yes 11 in II ·requires further evaluation. 

Evaluation: A, C. Carefully handled under existing engineered and 

administrative barriers. C. Will react violently with water, with rapid 

qeneration of heat if not carefully handled. 

II I. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon steel 

C. Other metals ( 

D. Plastics 
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TABLE A-1. (Sheet 50 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

u 

u 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

F, G. Contact only under accident or emergency conditions. Will 

react with concrete and most types of fabric. Carefully handled under 

existing engineered and administrative barriers. 

Safety Concerns (Answer "yes" or "no 11
) 

A. Personal contact possible Yes 

8. PH + 5.0 or -+ 9.0 Yes 

c. Contains peroxides (particularly H202) No 

0. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., lead, No 
cadmium, chromium) 

,. Material evolves or generates harmful or explosive gas No r. 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, B. Only under accident or emeraency conditions. 

Carefully hand1ed per existing engineered and administrative barriers. 
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TABLE A-1. (Sheet 51 of 66) 

V. Criticality Concerns {Answer 11 yes 11 or 11 no 11
) 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

0. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A 11yes 11 answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 

• 
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TABLE A-1. (Sheet 52 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Tetrasodium EDTA 38 wt% 

- bulk storage in outside tank - comolexant for various imourity 

removal 

II. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 2 {Table 3) 

8. Flammability Rating 0 (Table 4) 

C. Reactivity (Stability} Rating 0 (Table 5) 

0. Special Cate~ories (Answer · "yes" or "no") 

1) Reacts with H20 No (Table 6) 

2) Oxidizer No (Table 7) 

3) Limited shelf-life/ No (Table 8) 

Peroxidizable No (Table 8) 

NOTE: A single rating of 3 or 4 or a "yes" in II requires further evaluation. 

Evaluation: A, C. Carefully handled under existing engineered and 

administrative barriers. C. Will react violently with water, with rapid 

generation of heat if not carefully handled . 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon steel 

C. Other metals ( 

D. Plastics 
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TABLE A-1. (Sheet 53 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

s 
s 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer "yes" or 11 no 11
) 

A. Personal contact possible Yes 

B. PH + 5.0 or .,. 9.0 Yes 

C. Contains peroxides (particularly H202) No 

0. Contains oxidizing agents (e.g., KMn04, K2Crz07) No 

E. Contains heavy metal or toxic elements (e.g., lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, B. Material is strongly alkaline and can produce 

caustic burns. Administrative controls and engineered barriers are in 

effect to prevent oersonal contact, or to minimize effects i f such 

occurs. 
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TABLE A-1. (Sheet 54 of 66) 

V. Criticality Concerns (Answer 11 yes 11 or 11 no 11
) 

A. Substance wi ll alter water moderation 

8. Substance will interfere with solid nuclear po i son 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A 11 yes 11 answer in V disqualifies a chemical from use unt i l a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 55 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use IributyJ phosphate (IBP) 

(CH3CH3CH2CH20)3P0 - b11Jk storage in rn1tside tank - extractant in 

strontium processing 

I I. Industrial Safety (Refer to instruction; Rate 0, 

A. Toxicity Rating 3 (Table 2) 

8. Flammability Rating 1 (Table 4) 

c. Reactivity (Stability) Rating 0 (Table 5) 

D. Special Categories (Answer 11 yes 11 or 11 no 11
) 

1) Reacts with H20 

2) Oxidizer 

3) Limited shelf-life/ 

Peroxidizable 

No (Table 6) 

No (Table 7) 

No (Table 8) 

No (Table 8) 

1, 2, 3, or 4) 

~ - NOTE: A single rating of 3 or 4 or a 11 yes 11 in II requires further evaluation. 

tvaluation: A. Inhalation - severe, mucous membrane and upper respira

tory tract; may cause pulmonary edema. Ingestion - headache, nausea, 

Pakness, muscle twitching. Skin and eye - dermatitis irritation, eye 

• :' burns, severe discomfort. 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

8. Carbon steel 

C. Other metals ( ) 

D. Plastics 

A-55 

Contact 

Yes 

Yes 

Compatible 

s 
s 



Ul 

,, . 

SD-WM-SAR-013 

TABLE A-1. (Sheet 56 of 66) 

E. El astomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

s 

L 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

F, G. Only under accident conditions. Carefully handled under 

existing engineered and administrative barriers to preclude same. 

G. May not be compatible with certain types of protective clothing 

under certain conditions. 

IV. Safety Concerns (Answer 11 yes II or 11 no 11
) 

A. Personal contact possible 

8. PH + 5.0 or -+ 9.0 

C. Contains peroxides (particularly H202) 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) 

E. Contains heavy metal or toxic elements (e.g., lead, 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas 

Yes 

No 

No 

No 

No 

No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, Only under accident or emeroencv conditions. 

Care~ully bandied per existing enoineered and administrative barriers. 
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TABLE A-1. (Sheet 57 of 66) 

V. Criticality Concerns (Answer 11yes 11 or 11 no 11
) 

A. Substance will alter water moderation 

8. Substance will interfere with solid nuclear poisoh 

C. Substance will interfere with soluble nuclear poison 

0. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

Ng 

NOTE: A 11yes 11 answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 
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TABLE A-1. (Sheet 58 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Trich]araethane CJ2CHCH2CJ 

ss gaJ drums - degreaser and cJeaoer 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 0 (Table 2} 

B. Flammability Rating 0 {Tab 1 e 4) 

C. Reactivity (Stability) Rating 1 (Table 5} 

D. Special Categories (Answer "yes" or 11 no 11
) 

1) Reacts with H20 No (Table 6} 

2) Oxidizer No (Table 7) 

3) Limited shelf-life/ No (Tab 1 e 8} 

Peroxidizable No (Table 8) 

NOTE: A single rating of 3 or 4 or a "yes" in II requires further evaluation. 

Evaluation: 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

B. Carbon steel 

C. Other metals ( 

D. Plastics 
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TABLE A-1. (Sheet 59 of 66) 

Contact Compatible 

E. El astomers 

F. Concrete 

G. Protective clothing 

Yes 

Yes 
' 

s 
s 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

IV. Safety Concerns (Answer 11 yes 11 or "no") 

A. Personal contact possible Yes 

8. PH + 5. 0 or -+ 9. O No 

C. Contains peroxides (particularly H202) No 

D. Contains oxidizing agents {e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements {e.g., 1 ead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A. Only under accident or emergency conditions, 

Should be •,1ashed off immediately upon contact, 
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TABLE A-1. (Sheet 60 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

8. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 

• 
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TABLE A-1. (Sheet 61 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use Trisodium HEDTA 41 wt% 

- bulk sta~age in outside tank - comalexant for varibus impurity 

r moval 

II. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating 2 (Table 3) 

B. Flammability Rating 0 (Table 4) 

C. Reactivity (Stability) Rating 0 (Table 5) 

O D. Special Categories (Answer 11 yes 11 or 11 no 11
) 

,. . 
·-

1) Reacts with H20 No (Table 6) 

2) Oxidizer No (Table 7) 

3) Limited shelf-life/ No (Table 8) 

Peroxidizable No (Table 8) 

NOTE: A single rating of 3 or 4 or a "yes" in .II requires further evaluation. 

Evaluation: 

III . Material Compatibility {indicate which materials the chemical is 
likely to contact and its chemical compat i bility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Stainless steel - 304, 316, etc. 

8. Carbon stee l 

C. Other metals ( 

D. Plastics 
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SD-WM-SAR-013 

TABLE A-1. (Sheet 62 of 66) 

E. El astomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Yes 

Compatible 

s 
s 

NOTE: A chemical must be compatible with all materials contacted. 
Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer 11yes 11 or "no") 

A. Personal contact possible Yes 
B. PH + 5.0 or + 9.0 Yes 
C. Contains peroxides (particularly H202) No 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A, 6 Material is strongly alkaline and can produce 

ca11stic b11r•s Administrative eontroJs and engine,,.red barriers are in 

"'tt~ct to pr,,.vent pe~sa•aJ rantact, or to minimize effects if such 
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TABLE A-1. {Sheet 63 of 66) 

V. Criticality Concerns (Answer 11 yes 11 or 11 no 11
) 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A 11yes 11 answer in V disqualifies a chemical from use until a 
comprehensive safety evaluation is completed. 

A-63 



· SD-WM-SAR-013 

TABLE A-1. (Sheet 64 of 66) 

CHEMICAL EVALUATION CHECKLIST 

I. Chemical Identification and Intended Use ZeoJoo 9QQ ion cxcbaoge 

resin - stored in General Stores - ccsi11m recovery in ceJJ 38 

I I. Industrial Safety (Refer to instruction; Rate 0, 1, 2, 3, or 4) 

A. Toxicity Rating NA* 

B. Flammability Rating 0 (Tab 1 e 4) 

C. Reactivity (Stability) Rating 0 (Tab 1 e 5) 

0. Special Categories (Answer 11yes 11 or 11 no 11
) 

1) Reacts with H20 No (Table 6) 

2) Oxidizer No (Table 7) 

3) Limited shelf-life/ No (Table 8} 

Peroxidizable No (Table 8) 

*NA - Not Available 
' 

.. NOTE: A single rating of 3 or 4 or a 11yes 11 in II requires f urther evaluation. 

Evaluation: 

III. Material Compatibility (indicate which materials the chemical is 
likely to contact and its chemical compatibility: S = satisfactory, 
L = limited use, and U = unsatisfactory) 

A. Sta i nl ess steel - 304, 316, etc. 

B. Carbon steel 

C. Other met al s ( 

D. Plastics 
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TABLE A-1. (Sheet 65 of 66) 

E. Elastomers 

F. Concrete 

G. Protective clothing 

Contact 

Yes 

Y~s 

Compatible 

s 
NOTE: A chemical must be compatible with all materials contacted. 

Discuss limited compatibility or special precautions here: 

Safety Concerns (Answer 11 yes 11 or 11 no 11
} 

A. Personal contact possible · Yes 

8 • PH + 5.0 or ~ 9.0 No 

C. Contains peroxides (particularly H202) No 

D. Contains oxidizing agents (e.g., KMn04, K2Cr207) No 

E. Contains heavy metal or toxic elements (e.g., lead, No 
cadmium, chromium) 

F. Material evolves or generates harmful or explosive gas No 

NOTE: A 11 yes 11 answer in IV indicates a potential safety problem; 
however, this does not exclude the chemical from use. Evaluate 
each identified concern. 

Evaluation: A Not partir11JarJy barmflJJ 
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TABLE A-1. (Sheet 66 of 66) 

V. Criticality Concerns (Answer "yes" or "no") 

A. Substance will alter water moderation 

B. Substance will interfere with solid nuclear poison 

C. Substance will interfere with soluble nuclear poison 

D. Substance will interfere with laboratory detection 
of nuclear poison 

No 

No 

No 

No 

NOTE: A "yes" answer in V disqualifies a chemical from use unt i l a 
comprehensive safety evaluation is completed. 
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TABLE A-2. Health Hazard Level Determined from TLV. 

TLY 

Hazard level 
Commonly used 

term 
ppm* mg/m3*• 

4 Extr_emely toxic S10 S0.25 

3 Highly toxic 11 to 250 0.26 to 2.5 

2 Moderately toxic 251 to 500 2.51 to 5.0 

1 Slightly toxic or 501 to 1,000 5. 1 to 10 
practically nontoxic 

0 Relatively harmless > 1,000 >10 

*Parts of contaminant per million parts of air/contaminant 
mixture. 

**Milligrams of contaminant per cubic meter of air. 

Sources : 

1. Bolton, N. E., et al., .. Report ORNUTM-5721, .. Oak Ridge, TN, Oak 

Ridge National Laboratory, May 1977. 

2. Union Carbide Nuclear Division, "Health and Safety Procedure 

70-202," Oak Ridge, TN, 1978. 
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TABLE A-3. Hazard Level Determined from Relative Toxicity Criteria. 

Simple oral 
Inhalation 4-hr 

Hazard Commonly used vapor exposure LDso*skin 
level term 

dose (rats) 
(rats) mortality of (rabbits) mg/kg 

mg/kg 2/6 to 4/6 ppm 

4 Extremely toxic S1 S10 S5 

3 Highly toxic 1.1 to 50 11 to 100 5. 1 to 43 

2 Moderately toxic 50.1 to 500 101 to 1,000 44 to 340 

1 Slightly toxic or 501 to 15,000 1,001 to 100,000 350 to 22,600 
practically nontoxic 

0 Relatively harmless >15,000 > 100,000 >22,600 

*That dosage of a substance that is lethal to 50% of a population of test animals. 

Source : 

U.S. Deoartment of Health and Human Resources, NIOSH, • Registry of Toxic Effects of 
Chemical Substances," Publication No. 80-111, Vol. 1 and 80-111, Vol. 2, 1979. 
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TABLE A-4. Flammability of Materials. 

Hazard level Ignition potential 

4 Very flammable gases, very volatile flammable liquids, and materials 

that will readily disperse in air and burn readily . This hazard level 

includes very flammable gases or very volatile flammable liquids 

with flash points below 22.S"C and boiling points below 37.suc. 

(NFPA Class 1A) 

3 Liquids that can be ignited under almost all normal temperature 

conditions. Solids that form coarse dusts, solids in shredded or 

fibrous form that create flash fires, solids that burn rapidly, and any 

material that ignites spontaneously at normal temperatures in air. 

This hazard level includes flammable liquids with flash points below 

22.S°C and having a boiling point at or above 37.8°C. (NFPA Class 18 

and 1C flammable liquids) 

2 Materials that must be moderately heated or exposed to relatively 

high a.mbient temperatures before ignition can occur. This hazard 

level includes liquids having a flash point above 37.8°C but not 

... exceeding 94°C . 

1 Materials that must be preheated before ignitior, can occur . Most 

combustible solids fall into this flammability hazard level. This 

includes solids, liquids, and semisolids having a flash po,nt above 

94"C. 

0 Materials that will not burn. This hazard level should include any -
material that will not burn in air when exposed to a temperature of 

816'C for a period of five minutes. 
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TABLE A-5. Reactivity (Stability) of Materials. 

Hazard level I Potential for energy release 

4 Materials that in themselves are readily caQable of detonation or of 
exolosive decom12osition or exolosive reaction at normal 
temoeratures and 12ressures. Includes materials that are sensitive to 
mechanical or localized thermal shock. 

3 Materials that in themselves are caoable of detonation or of 
explosive decomoosition or of explosive reaction but that require a 
strona initiating source or that must be heated under confinement 
before initiation. Includes materials that are sensitive to thermal or 
mechanical shock at elevated temperatures and pressures or that 
react explosively with water without requiring heat or confinement . 

. 
2 Materials that in themselves are normally unstable and readily 

undergo violent chemical change but do not detonate. Includes 
material~hat can undergo chemical change with rapid release of 
energy at normal temperatures and pressures or that can undergo 
violent chemical change at elevated temperatures and pressures. 
Also includes those materials that may react violently with water or 
that may form potentially explosive mixtures with water . . 

1 Materials that in themselves are normal Iv stable but that~ 
become unstable at elevated temoeratures and pressure or that mav 
react with water with some releases of energy but not violently . 

0 Materials that are normallv stable even under fi re exoosure 
conditions and that are not reactive with water . 
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TABLE A-6. Selected Materials that 
React Violently with Water. 

Calcium carbide 
Calcium metal 
Chlorosulfonic acid 
Lithium hydride 
Magnesium metal (powder or shavings) 
Sodium metal 
Sodium-potassium alloys (NaK) 

iABLE A-7. Selected Groups of Materials 
that are Oxidizers. 

Bromates Chlorine Nitrates Permanganates 

Bromine Fluorine Nitric acid Peroxides 

Chi orates Perch I orates HTH• 

*HTH - High Test Hypochlorite (calcium hypochlorite) . 
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TABLE A-8. Selected Peroxidizable Materials. 

Group 1 Peroxidizables Group 2 Peroxidizables 
(safe for 3 months) (safe for 12 months) 

Oiv,nyl acetylene Acetal 
lsopropyl ether Butadiene 
Potassium metal Chloroprene 
Sodium amide Chlorotrifl uoroethyl ene 
Sodium-potassium alloy (NaK) Cumeme 
Vinylidene chloride Cyclohexene 

Di acetylene 
Dicyclopentadiene 
Dioxane 
~thyl ether 
Ethylene glycol dimethyl ether 
Methyl acetylene 
Methylcyclopentane 
Methyl-iso-butyl ketone 
Styrene 
Tetra fl uoroethyi ene 
Tetrahydrofuran . Tetrahydronaphthal ene 
Vinyl acetate 
Vinyl acetylene 
Vinyl chloride 
Vinyl ethers 
Vinly pyridine 
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TABLE A-9. Examp1es of EPA Spill Hazard 
Classifications. 

0,emical Category I Quantity! lb (kg) 

Acetic acid C 1,000 (454.0) 

Aluminum sulfate D 5,000 (2,270.0) 

Ammonia B 100 (45.4) 

Ammonium citrate 0 S,000 (2,270.0) 

Ammonium hydroxide C 1,000 (454.0) 

EOTA D 5,000 (2,270.0) 

Ferric sulfate C 1,000 (454.0) 

Formaldehyde C 1,000 (454.0) 

Hydrofluoric acid D 5,000 (2,270.0) 

Nitric acid C 1,000 (454.0) 

Phosphoric acid • D 5,000 (2,270.0) 

Potassium permanganate B 100 (45.4) 

Sdoium dodecylbenzenesulfonate C 1,000 (454.0) 

Sodium hydroxide C 1,000 (454.0) 

Sodium hypochlorite B 100 (45.4) 

Sodium nitrite B 100 (45.4) 

Sulfuric acid C 1,000 (454.0) 

Toluene C I 1,000 (454.0) 

Xylene C 1,000 (454.0) 

*49 CFR Part 117 (1982) . 
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