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EXECUTIVE SUMMARY 

Thii safety assessment (SA) addresses each of the required elements associated with the 
installation, operation, and removal of a mixer pump in Tank 241-SY-101. This tank, 
which contains -3785 m3 (1 million gal.) of high-level radioactive waste, is located 
within the Hanford Site in Richland, Washington. The action was initiated as part of an 
ongoing evaluation of various mitigation concepts developed to eliminate episodic gas 
releases resulting in hydrogen concentrations in the tank dome space that exceed the 
lower flammability limit. In addition, the scope of this SA covers the installation, 
operation, and removal of the water-lance assembly (used during mixer pump 
installation) and the water wands (used during mixer pump removal). The installation, 
operation, and removal of the multiport riser, multiport flange, in situ viscometer, and 
voidmeter also are covered within the scope of this SA. 

The pump was installed on July 3, 1993, and was tested through several phases of a test 
plan designed to increase the pump’s operating speed and duration slowly. The test 
program was effective in demonstrating that, under present tank conditions, the mixer 
pump will minimize gas suspended in the waste and maintain the waste in the tank at  a 
low level. The SA continues to be modified to take into account information learned 
from the test program. The earlier revisions of this SA were written before the mixer 
pump was installed. Thus, operations were tightly restricted so that tank conditions 
would not deteriorate beyond initial conditions. As information has been gained 
through continued operation, new problems have been identified and have been 
addressed in revisions to this SA. This SA currently is in transition from covering the 
testing over a limited time span to continued long-term operations to maintain tank 
mitigation. The mixer pump appears to be effective in keeping the tank mitigated; 
however, the pump must be operated routinely to mitigate the tank and prevent pump 
failures as a result of plugging. 

In this SA, potential hazards associated with the proposed action were identified and 
evaluated systematically. Several potential accident cases that could result in 
radiological or toxicological gas releases were identified and analyzed and their 
consequences assessed. Administrative controls and procedures required to eliminate 
or reduce the potential of hazards were identified. 

Most accident sequences were evaluated using deterministic methods. The sequences 
were found not to result in radiological, toxicological gas, or structural consequences 
that would cause a breach of the tank below the level of the waste. 

The load capacities of the pump structure, 106.68-an (42-in.) tank riser, tank bottom, 
tank wall, tank dome, and pump pit were computed. The drop loads of the pump with 
the shock absorber installed were found to be within the capacity limit of the structures, 
provided that procedural controls for pump lifting are maintained. The seismic and 
rollover loads were found to be within the capacity limits of the pump and tank. The 
misalignment loads associated with pump installation and removal were computed and 
compared with the riser capacity; controls and procedures then were developed to 
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prevent unacceptable damage to the riser. The loads associated with the possible 
accident scenario of missile ejection caused by disintegration of the pump assembly 
were found to be within the capacity limits of the tank bottom and side wall. Criticality 
associated with the concentration of fissile material in the tank was examined and found 
to be impossible. We found the loads associated with a postulated hydrogen burn in 
the pump support column to be within the capacity limits of the pump support column. 
The structural loading associated with a burn in the tank was found to be within the 
capacity limits of the tank structure, provided that the gas release is limited by waste 
level controls. 

Accident sequences that could result in either radiological or toxicological gas releases 
were analyzed and found to be within the risk acceptance guidelines, provided that the 
activities were performed in accordance with approved procedures and specified 
administrative controls. These accident sequences consisted of the following: 

gas releases and burns during pump installation or pump removal; 

gas releases and burns during pump operation; 

spills of radioactive material associated with contaminated pump removal; 

release of radioactive material associated with a spray of waste outside the 
tank, resulting in failure of pressure-sensing devices; and 

release of radioactive material associated with drops of a contaminated pump 
assembly. 

Mitigation by mixing requires that the pump continue to be operated routinely to 
prevent excessive gas accumulation and plugging. If the pump fails and cannot be 
replaced, the tank could revert back to its unmitigated condition. Furthermore, time is 
limited to remove the pump and replace it with a spare. This time becomes critically 
short if the waste level is allowed to rise because of a lack of pump operation. If pump 
removal and installation are not performed quickly, the waste may even reach a level 
where pump replacement could not be performed, and the replacement work would 
have to be delayed until after a natural gas release event. In this case, we would 
experience gas releases, if ignited, that could result in tank failure. Mitigation of the 
tank using a mixer pump is not without risk; however, we believe (as demonstrated by 
this SA) that the risks associated with mixer pump operation are preferable to allowing 
the tank to revert back to its unmitigated state. 

Also, the waste properties are changing slowly with time, with or without pump 
Operations. How operations interfere with expected long-term changes in the waste 
properties is not fully understood. As a result, the pump may not be a successful long- 
term mitigation tool. For instance, the waste is expected to cool with time, independent 
of pump operations. In a few years, the temperature may fall below a threshold value 
where additional precipitation of solids or an increase in the viscosity and strength of 
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the waste could reduce the pump's success in mitigahng the tank. Consequently, it is 
extremely important that the tank and pump parameters be monitored closely while 
evaluating the long-term trends as mitigation operations continue. 
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1.0. SCOPE 

1.1. General Introduction 

This SA addresses each of the proposed elements required to (1) eliminate episodic 
gas releases that result in hydrogen concentrations that exceed 25% of the LFL in 
Tank 101-SY, (2) characterize the waste, and (3) provide access to the tank for added 
instrumentation and mitigation concepts. The subject tank is located within the 
Hanford Site, Richland, Washington. Specifically, this SA addresses the proposed 
action to install, operate, and remove a mixer pump; the installation, operation, and 
removal of the MPR also is addressed in this SA. Addendum 1 (included in 
Rev. 10) addresses the action necessary to install, operate, and remove an in situ 
viscometer. Addendum 2 (which begins in Rev. 11) addresses installation, 
operation, and removal of the voidmeter. 

The mixer pump provides the primary means for mitigation of the episodic gas 
releases. Figure 1-1 illustrates the mixer pump as installed in Tank 101-SY. The 
addition of the MPR provides tank access to (1) test other mitigation concepts; and 
(2) increase tank instrumentation, while retaining provisions for tank venting. The 
design features of the MPR are shown in Fig. 1-2. Deployment of the in situ 
viscometer is expected to provide crucial knowledge of the rheological properties of 
the waste material (see detailed discussion in Add. 1). Waste void fraction data from 
the different layers also are required to develop and validate predictive models of 
the flammable gas-producing events and to support analyses of the behavior of the 
waste under accident conditions (see detailed discussion in Add. 2). 

The objective of this SA is to (1) systematically identify each of the potential hazards 
associated with these proposed actions, (2) analyze each of the resultant accident 
sequences, (3) assess the consequences of the accident sequences, and (4) identify the 
controls and procedures necessary to eliminate or reduce the potential hazards. 
Specifically, this SA (1) presents a physical description of the SY Tank Farm, which 
includes Tank 101-SY, and a detailed description of the proposed actions; ( 2 )  
identifies potential hazards associated with the proposed actions; (3) analyzes each of 
the hazards relative to their potential severity; (4) calculates the anticipated 
consequences related to each potential hazard; (5) assesses the consequences; and 
(6) describes the controls necessary to minimize the probability of any significant 
accidents occurring. 

1.1.1. Background and Purpose of the Proposed Action 
DOE is responsible for the management and storage of the waste accumulated from 
processing defense reactor irradiated fuels for plutonium recovery at the Hanford 
Site. These wastes, consisting of liquids and precipitated solids, are stored in under- 
ground storage tanks pending final disposition. A systems approach, managed as 
part of the HTWRS, has been adopted to address the complex and interrelated 
activities associated with the management and disposal of Hanford tank wastes. 
The goal of the HTWRS is to reduce the environmental, safety, and health risks 
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inherent in the Hanford tank waste operation ana remediation. The highest 
priority for this program is to identify a corrective action strategy for each Priority 1 
waste tank safety issue and to mitigate known safety concerns. The four Priority 1 
safety issues include (1) hydrogen gas generation and concentrations that exceed the 
LFL;' (2) tanks containing mixtures of ferrocyanide compounds and nitrate/nitrite 
materials that could, if specific concentrations and conditions were to occur, support 
an exothermic reaction leading to an explosion; (3) tanks containing organic 
compounds that could, if locally concentrated, support an exothermic reaction; and 
(4) Tank 241-106-C, which contains a strontium source generating high heat that 
requires periodic cooling.2-3 

There currently are 23 Hanford waste tanks on the watchlist that can generate, store, 
and periodically release various quantities of hydrogen and other gases. Some tanks 
release larger amounts of gas than others, but only Tank 101-SY has been found to 
release concentrations greater than the LFL during episodic events. In the unlikely 
event that an ignition source were present during these periods, a burn or explosion 
could occur, with a conceivable release of nuclear waste possibly resulting in 
exposure to onsite or offsite personnel. A Waste Tank Safety Logic Program has 
been developed for dispositioning the safety issues listed in the DOE response to 
Congress on Public Law 101-510, Sec. 3137. This logic program lists the hydrogen gas 
issue as the first item on the priority list and identifies Tank 101-SY for "accelerated 
evaluation" leading to either a mitigation or remediation resolution. 

The primary objective of the overall mitigation project for Tank 101-SY is to 
eliminate gas releases that result in a hydrogen concentration in the tank exhaust 
header >25% of the LFL in the gas mixture of interest. Several mitigation concepts 
intended to reduce the frequency of large gas releases from the waste involve 
maintaining a near steady-state condition between the rate at which gas is generated 
within the waste and the rate at which gas is released from the waste to the tank 
dome space and ventilation ~ystem.~-5 These include (1) mitigation by ultrasonic 
agitation, (2) mitigation by heating the waste, (3)  mitigation by diluting the waste, 
and (4) mitigation by mixing using various pumping concepts.6 These concepts 
have been developed using the information available from the tank to identify the 
primary conditions believed responsible for gas retention within the nonconvecting 
bottom layer and an understanding of the processes needed to alter these conditions 
to release the gas. Although each of these concepts appears plausible, many 
developmental requirements currently preclude the deployment of the first three 
mitigation concepts in the tank. This SA addresses one of the proposed mitigation 
concepts: the installation, operation, and removal of a mixer pump in Tank 101-SY. 
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Rise, 13A 

Not to scale 

Fig. 1-1. Cross section of Tank 101-SY showing the MPR and MPF. [C and NC 
layers represent the approximate waste configuration before mitigation 
(see Sec. 1.3.)1 

In summary, the primary purpose of this proposed action was to (1) evaluate the 
efficacy of pump mixing to promote the sustained release of gas to the tank dome 
space, (2) limit the amount of gas retained in Tank 101-SY, and (3) reduce the 
concentrations of hydrogen released during episodic events to <25% of the LFL. In 
addition, the data and information gathered from this demonstration are used to 
evaluate the waste and tank hardware responses to the pump mixing operation. 
Detailed designs, operational procedures and controls, and performance 
requirements are developed as a result of the planned evaluations. Finally, the 
information acquired during this evaluation may be used to develop design 
modifications to enhance the effectiveness of pump mixing and to establish 
whether pump mixing is a feasible, long-term mitigation concept. 

As discussed later, after nearly 2 yr of testing, the mixing concept appears to be 
successful in mitigating the episodic releases in Tank 101-SY under the present tank 
conditions. Therefore, the purpose of the proposed action has shifted from testing 
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and evaluating the mixing concept to using the mixing concept as a long-term 
mitigation tool. 

1.1.2. No-Action Alternative 
In addition to the proposed action, a "no-action'' alternative was considered. For 
this alternative, Tank 101-SY would continue to generate flammable gases, and 
episodic gas releases exceeding the LFL would be likely to occur, unmitigated, until 
the controlling processes and mechanisms were abated. These episodic releases 
could have lead to a burn or deflagration, potentially resulting in a release of 
radioactive material. The no-action alternative would not have provided the 
information needed to evaluate the effectiveness of pump mixing in promoting the 
gradual release of gas from the nonconvecting bottom layer or in reducing the 
concentration of gas released during an episodic event. This alternative would have 
delayed development of a mitigation approach for reducing the concerns pertaining 
to a Priority 1 waste tank safety issue and would have precluded pump mixing from 
further consideration as a mitigation option until data on the effects of mixing on 
the waste and on the waste tank structural components could be obtained. This 
option would not have satisfied the specific need for the proposed action and would 
have delayed an accelerated evaluation of a possible mitigation approach. 

Decontamination Spray 

Fig. 1-2. Perspective view of the MPR assembly. 
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Currently available data indicate that mixer pump operations are successful in 
mitigating the episodic gas release problem. Consequently, the no-action alternative 
of halting mixing operations would not be acceptable because the tank would revert 
back to its historic behavior. Mixer pump operations may be stopped if (1) the data 
indicate that mixing operations are creating long-term problems in the tank and/or 
(2) a more efficient and effective mitigation alternative (such as sonification, 
dilution, or heating) can be found for continued mitigation, and/or (3) the waste 
properties change in such a way that the mixer pump may no longer keep the tank 
mitigated. 

If the MPR or MPF is not installed on the tank as planned, the ability to apply a 
variety of new instruments simultaneously in the tank will be precluded because of 
a lack of access. Any additional mitigation devices to be tested, such as the sonic 
probe or heating equipment, will further limit the availability of instrumentation 
access required to measure the mitigation effectiveness or to monitor tank 
conditions. 

REV '2 

1.1.3. Safety Assessment Approach 
The approach implemented in the development of this SA incorporates a systematic 
evaluation of the potential hazards related to installation, operation, and removal 
of a mixer pump. Evaluations were completed to establish the potential severity of 
these hazards and the resultant consequences of accidents that may arise. These 
evaluations consisted of detailed analyses using analytical and numerical 
techniques, engineering calculations, and/or a review of existing information to 
establish the consequences of these hazards. Finally, the SA identifies the 
procedures and controls necessary to prevent or mitigate the consequences. 

Section 2 of the SA provides detailed descriptions of the processes and systems 
associated with the tank farm and the implementation of the mitigation pump test. 
Section 3 presents the results of a HazOp analysis conducted to identify the hazards 
associated with the hydrogen mitigation pump test. Section 4 presents an 
evaluation of the postulated accidents associated with the proposed action. Section 5 
presents the consequences associated with each postulated accident scenario. 
Section 6 discusses the controls used in the pump test to ensure an additional level 
of safety beyond that provided in the design of the pump structure. These controls 
include a description of the safety features associated with the pump, special 
training, and procedures. 

1.2. 

The SY Tank Farm consists of three similar 4391-m3 (1.16-million-gal.) DSTs (Tanks 
101-, 102-, and 103-SY) located just east of the 2424 Evaporator in the 200-West Area 
(Fig. 1-3).7 Tank 102-SY is the feed tank for the 242-5 Evaporator. The tank farm was 
constructed from 1974 to 1976 and became operational in 1977. Primary waste 
containment for each'tank is provided by an inner carbon-steel tank with a diameter 
of 22.9 m (75 ft) and a height of 14.0 m (46 ft). An outer steel tank with a diameter of 

Facility Overview: Description of SY Tank Farm 
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24.4 m (80 ft) serves as secondary containment to the primary tank and protects the 
environment from direct leaks from the primary tank. The gap between the inner 
and the outer tanks, termed the annulus, is 76.2 cm (30 in.). The outer tank is 
completely encased within reinforced concrete. There are -55 to 60 risers in the 
primary tank and annulus. These risers are used to monitor the tank contents and 
support waste processing activities. The risers for the primary tank are required for 
performing liquid level, sludge level, temperature, and pressure measurements and 
for remote observations. In addition, risers for the primary tank and annulus are 
required for processing operations, including tank ventilation, slurry distribution, 
supernatant pumpout, drainage collection from various pits, encasements, and leak 
detection monitoring. A minimum of 2 m (6.5 ft) of earth overburden covers each 
tank. The operating specifications for the SY Tank Farm tanks limit the waste level 
to -4391 m3 r1.16 million gal., or equivalent to a height of 10.7 m (422 in.)] to prevent 
overfilling the tank and overstressing it as a result of hydrostatic head. To prevent 
exceeding this limit, the tank is equipped with a high-level alarm set to annunciate 
at -4353 m3 [1.15 million gal., or equivalent to a height of 10.6 m (419 in.)]. 

Gaseous emissions from the tanks during steady-state conditions are removed by 
the continuous operation of a ventilation system that is common to all three tanks 

200 Earl Area 

. r e *  a- - 
Y * F . *  

(0) DoubbShell TMII F m  
(s) ShgIShell  Tank F m  

Fig. 1-3. Location of the 241-9’ Tank Farm within the 200-West Area. 
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in the SY Tank Farm. The ventilation system consists of two completely separate 
systems: a primary tank ventilation system and an annulus ventilation system. 
The primary ventilation system maintains a pressure inside the tank slightly less 
than the atmospheric pressure outside the tank [generally, -2.5 to -10.2 cm (-1 to 
-4 in.) w.g.1. The offgas is processed by means of a moisture separator and heater 
followed by two stages of HEPA filtration. The primary system is capable of 
handling flow rates of 28.3 m3/min (1000 ft3/min). The primary exhaust stack 
contains C A M S  for radiation and routine air sampling. The annulus ventilation 
system cools the tanks, minimizes moisture condensation in the annular space, and 
serves as a sensitive method for detecting leakage of radioactive materials from the 
primary tank. The annulus system is capable of handling maximum flow rates of 
243.5 m3/min (8600 ft3/min) through two HEPA filters. Both subsystems are 
equipped with ports in the ductwork that allow in-place testing of the filter integrity. 
Differential pressure gauges, which monitor the pressure drop caused by the buildup 
of particulates on the filters, and ports for psychrometric testing of the primary 
system also are provided on the ventilation system. 

1.3. 

Tank 101-SY contains -3785 m3 (1 million gal.) of waste that was concentrated at the 
242-S Evaporator and placed in the tank between 1977 and 1980. Initially, 1073.2 m3 
(274,000 gal.) of double-shell slurry (the most concentrated material produced by the 
evaporators and containing high concentrations of hydroxide, nitrate, and 
aluminate) was pumped into the tank. Subsequent additions of waste to the tank 
included complexed concentrate waste (an evaporator product similar to 
double-shell slurry but not as concentrated and containing significant organic 
complexant concentrations) and double-shell slurry waste through 1980.’ Shortly 
after the waste was pumped into the tank, the waste began to expand from the 
generation of gases, which include hydrogen, nitrous oxide, nitrogen, and 
ammonia. In 1990, this tank was declared to have an Unreviewed Safety Question 
because (1) the gas release was not addressed in the SA& for the tank facility; (2) the 
episodic release of hydrogen and nitrous oxide into the tank dome space periodically 
exceeds the LFL; and (3) there is only a limited understanding of the physical and 
chemical processes controlling gas generation, storage, and release mechanisms. 
Efforts to characterize the tank contents have included gas sampling and analyses, 
temperature monitoring, displacement monitoring, core sampling to characterize 
the tank contents, and remote video observations. 

Between rollovers, the waste used to settle into two distinct layers. The C layer (see 
Fig. 1-1) is assumed to be mobile and remains mixed as a result of convective 
motion. Consequently, gases generated in this layer are assumed to be released 
steadily. The bottom NC layer (see Fig. 1-1) does not move and is assumed to retain 
all of the gas that is generated in this region until a rollover. The C- and NC-layer 
terminology is inferred from the observed axial temperature profiles in the tank 
between rollovers. A flat temperature profile in the C layer indicates convective 

Description of Tank 101-SY Waste Contents and Gas Release Mechanisms 
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mixing, whereas an almost parabolic temperature profile in the NC layer represents 
conductive heat transport. 

Several mechanisms have been proposed to explain the generation, retention, and 
release of gas.4 Although considerable uncertainty exists with these mechanisms, 
the existing data suggest that a "rollover" of the NC layer occurs periodically, which 
releases the gas.8 

The chemical reactions occurring in the tank that result in gas generation have not 
been fully characterized. However, it is known that the reactions involve the 
organics and are assisted by the radiation. In the C layer, the motion of the fluid 
brings the gas generated in that layer up to the surface, where it can be released; as a 
result, the gas does not accumulate in the fluid layer. However, in the NC layer, the 
waste does not move, and most of the gas formed in this layer is retained. As gas 
accumulates, the NC layer becomes less dense. The temperature rises, with several 
possible consequences: (1) the accumulated gas expands, further decreasing the 
density; (2) the viscosity of the material decreases; (3) some of the solid material 
redissolves in the warmer temperature; and (4) the chemical reaction rate may 
increase. As a result of some or all of the above occurrences, the NC layer reaches a 
critical density and becomes buoyant. This causes instability, and the lower region 
rolls over to the top (Rayleigh-Taylor instability, as discussed in Ref. 8). When this 
happens, the hydrostatic head decreases, the pressure on the accumulated gas drops, 
and the bubbles expand, which further increase the buoyancy. The gas releases 
when it reaches the surface. 

Eventually, enough of the accumulated gas is released so that the density increases 
and the solids settle out. The NC layer forms again on the bottom, and the cycle 
begins again. 

The description provided above summarizes the understanding of the episodic gas 
release mechanisms before mixer pump operation. In <lo0 h of operation in the 
17 months following installation, the mixer pump appears to have broken the cycle 
described in the previous paragraph. As of November 1, 1994, the waste level 
remains quasi-steady between 10.16 and 10.21 m (400 and 402 in.), and the 
temperature profiles indicate fully mixed waste except at the top and bottom 76.2 to 
101.6 cm (30 to 40 in.). Figure 1-4 illustrates the axial temperature profiles measured 
before the GRE in June 1993 shortly before installation of the mixer pump in 
comparison to the axial temperature profiles measured in October 1994 (15 months 
after pump installation). As shown in this figure, in October 1994 there is only an 
apparent NC layer of 4.016 m (40 in.) at the bottom of the tank as compared to 6.1 m 
(240 in.) of NC layer observed before pump installation. Before mixer pump 
operation, the historical minimum waste level recorded was 10.21 m (402 in.). 
During the first 17 months, no episodic releases resulting in hydrogen 
concentrations >25% of the LFL have been observed. After November 1993, gas 
releases during or immediately after pump operation resulted in maximum gas 
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concentrations of ~ 1 0 0 0  ppm (0.1%) in the dome space. Presently, we believe that 
the gas being generated is released continuously as a result of pump operation. 
When averaged over multiple pump operations, the rate of storage for the 
generated gas is nearly zero. Further details for the level and gas release data during 
pump operation may be found in Refs. 9 and 10. If during a 20-month period the 
mixer pump had not been used, we would have expected at least four or five 
episodic releases with hydrogen concentrations >25% of the LFL and possibly 
exceeding the LFL. 

1.4. Summary of Significant Characteristics of the SY Tank Farm and Its 
Environment 

A detailed and comprehensive description of the Hanford Site is presented in 
documents developed by ERDA, DOE, and PNL.”-13 This section summarizes 
results presented in these references and others as they apply to the 200 Areas. The 
DOE Hanford Site lies within the semiarid Pasco Basin of the Columbia Plateau in 
southeastern Washington State. The Hanford Site occupies an area of -1450 km2 
(570 mi2) north of the confluence of the Snake, Yakima, and Columbia Rivers. This 
land, with restricted public access, provides a buffer for the smaller areas currently 
used for the production of nuclear materials, waste storage, and waste disposal; only 
-6% of the land area has been disturbed and is actively used. The Columbia River 
flows through the northern part of the Hanford Site, and, turning south, it forms 
part of the Site’s eastern boundary (Fig. 1-5).14 

Rev. 14 1-9 March 31,1995 



The SY Tank Farm is located within the ZOO-West Area, -8.0 km (5mi) from the 
Columbia River and outside the 100- and 500-yr floodplain. The terrain of the 
central and eastern parts of the Hanford Site is relatively flat, with evidence in the 
central part of the Site (including the ZOO-Area Plateau) of minimal erosion since the 
deposition of Hanford Formation sediments by glacial floodwaters -13,000 yr ago. 
The soil beneath the tank farm consists of silt, sand, and gravel. The principal 
geologic units beneath much of the 200-West Area are, in ascending order: (1) the 
Columbia River Basalt Group, with interbedded sediments of the Ellensburg 
Formation; (2) the Ringold Formation; (3) the l'lio-Pleistocene unit; and (4) the 
Hanford Formation. The Ringold Formation is -47.2 m (155 ft) below the surface of 
the SY Tank Farm.15 

Two areas of shallow, swarm seismic activity, Coyote Rapids and Cold Creek, are 
located within 16.1 km (10 mi) of the 200-West Area. The Coyote Rapids swarm area 

Fig. 1-5. .Location of 200-West Area within the Hanford Site. 
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has been the site of eight swarms consisting of 91 shallow seismic events during the 
period between 1969 and 1986. The depth distribution of these seismic events is 
bimodal, with maximum activity occurring near the surface and at a depth of 4.0 to 
6.9 km (2.5 to 4.3 mi). The Cold Creek swarm area, located 12.9 km (8 mi) south of 
the 200-West Area, includes 32 events from 1979 to 1986 that occurred at depths up 
to 4.8 km (3 mi). 

Several surface ponds and ditches associated with fuel and waste processing 
activities are present within the 200-West Area (Fig. 1-6).16 These ponds and ditches 
are used primarily as wasteways for process and cooling water and sometimes 
contain small quantities of radionuclides (both fission products and transuranic 
elements). Cold Creek and its tributary, Dry Creek, are ephemeral streams within 
the Yakima River drainage system along the southern boundary of the Hanford Site. 
Both streams drain areas to the west of the Hanford Site and cross the southwestern 
part of the Site toward the Yakima River. The potential for flash flooding from the 
Cold Creek drainage system has been examined, and a maximum flood depth of 
2.1 m (7 ft) was estimated along the southwestern part of the 200-Area plateau. 
However, the maximum probable flood has not been well-defined for the Cold 
Creek drainage system. A 100-yr peak stage flood, estimated to be -0.9 m (3 ft) above 
the Cold Creek Valley floor, would not reach the 200-West Area." 

Wastewater ponds on the Hanford Site have recharged the unconfined aquifer 
below the 200-West Area artificially. The increase in water table elevations was 
most pronounced from 1950 to 1960 and had approached equilibrium between the 
unconfined aquifer and the recharge between 1970 and 1980, when only small 
increases in water table elevations occurred. Wastewater discharges from the 
200-West Area were reduced significantly in 1984 (Ref. 18) with an accompanying 
decline in water table elevations. Depth to groundwater currently is -50 to 60 m 
(164 to 197 ft) in the 200-West Area. Groundwater flow direction is generally in an 
easterly and southeasterly direction, toward the Columbia River. 

Lateral groundwater movement occurs within a shallow, unconfined aquifer 
consisting of fluvial and lacustrine sediments lying on top of the basalts and within 
deeper confined-to-semiconfined aquifers consisting of basalt flow tops, flow bottom 
cones, and sedimentary interbeds.18 Sources of natural recharge to the unconfined 
aquifer are rainfall and runoff from the higher bordering elevations, water 
infiltrating from small ephemeral streams, and river water along influent reaches of 
the Yakima and Columbia Rivers. Artificial recharge to the unconfined aquifer 
results from the disposal of wastewater to the ground below the 200 Areas from the 
surrounding highlands. This recharge to the aquifer [5.5 by 104 m3/ d 
(1.5 by 107 gal./d)] is -10 times the natural recharge entering the unconfined aquifer 
below the 200 Areas.ls Beneath the disposal ponds, groundwater mounds have 
developed in response to the artificial recharge. Beneath U Pond, located in the 
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Fig. 1-6. Locations of surface-water ponds, ditches, and ephemeral streams on 
the Hanford Site. 

200-West Area, the water table rose -24.4 m (80 ft) from the start of disposal 
operations in 1944 (Refs. 19 and 20) until U Pond was decommissioned in 1985. 
From the recharge areas to the west, the groundwater flows down the gradient to the 
discharge areas along the Columbia River, interrupted locally by the groundwater 
mounds in the 200 Areas. The horizontal and vertical extent of these mounds 
appears to be related directly to the surface discharge of wastewater from facilities in 
this area.21 

Climatological data are available from the HMS, which is located between the 
200-East and 200-West Areas. Data have been collected at this location since 1945. 
Temperature and precipitation data also are available from nearby locations for the 
period of 1912 through 1943. A summary of these data through 1980 has been 
published by Stone et a1.22 Data from the HMS are representative of the general 
climatic conditions for the region and describe the specific climate of the 200-Area 
Plateau. 

The prevailing winds on the 200-Area Plateau are from the northwest. Secondary 
maxima occur for southwesterly winds. Diurnal and monthly averages and 
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extremes of temperature, dew point, and humidity are contained in Stone et a1.22 
Ranges of daily maximum temperatures vary from normal maxima of 2°C (36°F) in 
early January to 35°C (95°F) in late July. The record maximum temperature is 46OC 
(115"F), and the record minimum temperature is -32.8"C (-27.0'F). Relative 
humidity/dew-point temperature measurements are made at the HMS and at the 
three 61.0-m (200-ft) monitoring tower locations. The annual average relative 
humidity at the HMS is 45%. It is highest during the winter months (averaging 
-75%) and lowest during the summer (averaging -35%). At the Hanford Site, the 
severe-weather phenomenon that occurs most frequently and has the greatest effect 
is the dust storm.23 The maximum recorded peak gust at 15 m (50 ft) above ground 
was 128 km/h (80 mi/h), which occurred in January 1972. A 100-yr return period 
peak gust of 138 km/h (86 mi/h) has been calculated at the 15-m (50-ft) elevation. 

Precipitation measurements have been made at the HMS since 1945. Average 
annual precipitation at the HMS is 16 cm (6.3 in.). Most of the precipitation occurs 
during the winter, with nearly half of the annual amount occurring in the months 
of November through February. Rainfall intensities of 1.3 cm/h (0.5 in./h) 
persisting for 1 h are expected once every 10 yr. Rainfall intensities of 2.5 cm/h 
(1.0 in./h) for 1 h are expected only once every 500 yr. The Hanford Site is not a 
major thunderstorm area. On average, only about 10 thunderstorm days per year 
are recorded at the Hanford Site, although this number has varied from a low of 3 to 
a high of 23 thunderstorm days per year. Thunderstorms theoretically can occur 
during any month of the year; however, they occur most frequently from April 
through September. The largest number of thunderstorm days recorded in a single 
month is eight, which has occurred in both June and August. Large differences in 
electric potential can occur during thunderstorms, which, in turn, can lead to 
lighining strikes. In general, -20% of lightning strikes are cloud-to- 
ground/ground-to-cloud discharges. Lightning strikes in the summer have 
occasionally ignited range fires in the Hanford Site region. Estimates of the extreme 
thunderstorm winds, based on peak gusts observed from 1945 through 1980, are 
given in Stone et al.21 Using the National Weather Service criteria for classifying a 
thunderstorm as "severe" [Le., hail with a diameter 220 mm (0.8 in.) or wind gusts 
293 km/h (84.8 ft/s)], only 1.9% of all thunderstorm events observed at the HMS 
have been "severe" storms; all met the criteria based on wind gusts. 

The nearest volcano is in the Cascade Range, more than 100 km (62 mi) from the 
Hanford Site, and most eruption products are deposited within 50 km (31 mi) of 
their source. There is no evidence that volcanic lava flows, debris flows, or 
mudflows from the Cascade Range volcanoes reached the Pasco Basin during the 
Quaternary period. 

Flows of lava, debris, and mud tend to be confined to existing drainage channels, 
and because no streams flow directly from the Cascade Range to the Hanford Site, 
these types of volcanic deposits are not considered likely at the 200-West Area. 
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Tornadoes are infrequent and generally small in the northwest portion of the 
United States. The HMS climatological summary and the NSSFC database list 
22 separate tornado occurrences within 161 km (100 mi) of the Hanford Site from 
1916 through August 1982. Two additional tornadoes have been reported since 
August 1982. 
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2.0. DESCRIPTION OF ACTION 

Several mitigation and/or remediation concepts are being considered to reduce the 
frequency and concentration of large gas releases from the nonconvecting bottom 
layer in Tank 101-SY.1 Many of these concepts incorporate approaches that attempt 
to maintain a near steady-state condition between the rate at which gas is generated 
within the waste and the rate at which gas is released from the nonconvecting 
bottom layer to the tank dome space and ventilation system. These concepts have 
been developed using (1) tank information currently available to identify the 
primary conditions believed to be responsible for gas retention within the 
nonconvecting bottom layer and (2) an understanding of the processes needed to 
alter these conditions and release the gas. 

The actions described below consist of the operations necessary to support the 
installation, operation, and removal of a mixer pump in Tank 101-SY. These 
operations are governed by a management plan, test plans, and procedures that 
prescribe the sequence of steps necessary to complete the pump installation and 
operation safely and with minimal environmental impact. Procedures also have 
been developed for removal and disposal of the mixer pump. 

This section also covers the actions planned for installation of the MPR on Riser 5A. 

2.1. 

The SY Tank Farm consists of three 4391-rn3 (1.16-million-gal.) tanks (101-, 102-, and 
103-SY) that are connected by a common ventilation system (Fig. 2-1). These tanks 
essentially are identical, with the exception of two additional process pits in 
Tank 102-SY. The tanks are of the same basic construction and consist of three 
concentric structures:2 (1) an outer, reinforced concrete tank designed to sustain 
induced loads from soil, seismicity, and thermal gradients between the radioactive 
wastes and the outside soil; (2) a secondary carbon-steel tank that lines the concrete 
tank and is designed to serve as a leak barrier; and (3) a free-standing carbon-steel 
primary tank resting on an insulating concrete pad within the secondary tank 
(Fig. 2-2). The primary tank contains the waste material; the secondary tank, which 
is 1.52 m (5 ft) larger in diameter, encloses the primary tank to create the annulus. 
The completely enclosed annulus serves as the containment barrier for primary 
tank leaks. The annulus is ventilated and monitored constantly for evidence of 
primary tank leakage. If a leak should occur, the secondary tank is designed to 
contain the liquid waste until i t  can be removed and stored in a different tank. 

The primary tank is 14.0 m (46 ft) high and 22.9 m (75 ft) in diameter. It rests on a 
slotted, insulating concrete pad that is designed to (1) provide drainage to leak 
detection equipment, and (2) permit airflow for leak detection and cooling purposes. 

Tank Farm Design and Contents 
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241-SY-103J I 

Fig. 2-1. Configuration of the 241-SY Tank Farm. 

The thickness of the welded carbon-steel plate used for construction varies from 
2.54 cm (1 in.) on the floor to 0.925 cm (0.364 in.) on the dome.3 The primary tank is 
designed to withstand up to 15.24-cm (6-in.)-w.g. vacuum and 152.4-cm (60-in.)-w.g. 
internal pressure. Other design features include a maximum design tank wall 
temperature of 107°C (22SoF), a heat generation rate of 52,752 kJ (50,002 Btu) per hour 
per tank, a pH range from 8 to 14, and a specific gravity of the waste material of 1.7. 

The secondary tank is 14.0 m (46 ft) high and 24.4 m (81 ft) in diameter. It surrounds 
the primary tank and also is constructed of welded carbon-steel plates that vary in 
thickness from 1.27 to 0.953 cm (0.5 to 0.375 in.). The secondary tank is encased 
completely in 46 cm (18 in.) of reinforced concrete. The gap between the primary 
and secondary tank, or annulus, is 76 cm (30 in.). The annulus is used to extract heat 
from the primary tank shell and to provide leak detection for the primary tank. The 
annulus requires a separate ventilation system. The secondary tank rests on a 
concrete foundation that contains drain slots to remove any liquid that might leak 
from the secondary tank. Any significant volume of liquid that reaches the 
foundation is drained. to a leak detection pit. 
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Each tank contains several risers extending vertically from the tank domes into pits 
or extending above grade level (Fig. 2-2). The risers consist of various sizes of pipe, 
some of which are blind-flanged at the top, and are used a5 tank accesses for 
monitoring devices, observation points, sample ports, and sludge measurements. A 
general list of the process pits for the SY Tank Farm include (1) central pump pits, 
(2) annulus pump pits, (3) leak detection pits, (4) drain pits, (5) flush pits, (6) service 
pits, (7) ventilation pits, and (8) sluice pits. These pits (1) contain the processing 
equipment necessary for operating the tanks, (2) protect equipment from weather, 
(3) provide shielding for workers, and (4) function as secondary containment. In 
addition, Tank 102-SY has two extra process pits: the 02D drain pit, which surrounds 
the riser that receives liquid draining from the 241-5-152 diversion box and SY valve 
pits; and the 02E feed pump pit, which surrounds the riser from which the 
evaporator feed was pumped. 

The SY Tank Farm contains six cleanout boxes associated with waste-transfer lines 
and three buried seal pots. A cleanout box consists of a metal structure that contains 
nozzles to connect transfer cleanout lines. The cleanout line flush pipes are tied 
directly into the transfer line. When the transfer pipes are under pressure, the flush 
pipes also are under pressure. If the transfer line becomes plugged, a water hose is 

Maximum Liquid Lare 
( 1 . 1 6 ~  106gal) 

TmHte Barer 

Concrete foundallon 

Leak Delecoon 
Pump P,, 

Encased Pipdie 
Annulus 
Pump p ~ l  

I f Pump Pit 
I 

, Gmae 

Fig. 2-2. Generalized cross section of a DST showing approximate configuration 
and dimensions. 
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fed into the cleanout box flush lines and then into the waste-transfer line. Water 
then is pumped into the hose to dissolve the plug. The seal pots are small buried 
tanks that function as large drain traps to collect drainage from several sources; each 
pot has one overflow drain line extending to the final receiver tank. The seal pots 
are used to isolate two systems of dissimilar vapor environments while still 
allowing liquid to drain. 

The ventilation system for the SY Tank Farm consists of two completely separate 
subsystems: a primary tank ventilation system and an annulus ventilation system. 
Both subsystems are common to all three tanks. The systems have no redundancy; 
unlike other tank farms, the duct work is above ground. The two subsystems 
combined can remove nominally 105,500 kJ (100,000 Btu) of heat per hour from each 
tank. The exhaust systems use HEPA filters to maintain low radioactive particulate 
emissions. Ductwork routes the ventilation air from the primary tank and annulus 
of each tank to the respective exhaust fans. Both subsystems are equipped with ports 
in the ductwork that allow in-place testing of the filter integrity. Differential 
pressure gauges, which are installed to monitor the pressure drop caused by the 
buildup of particulates on the filters, and ports for psychrometric testing of the 
primary system also are provided on the ventilation system. 

The primary tank ventilation system is designed to remove vapors from the 
primary tank and to maintain a pressure inside the tank that is slightly less than the 
atmospheric pressure outside the tank [generally -2.5 to -10.2 cm (-1 to -4 in.) w.g.1. 
Slight positive tank pressures have been measured during episodic gas releases. 
This constant negative pressure is maintained by exhausting the infiltration air 
from the tanks at flow rates of up to 0.47 m3/s (16.66 ft3/s). Operational ventilation 
rates are monitored; rates for Tank 101-SY typically range between 0.19 and 0.28 m3/s 
(6.5 and 10 ft3/s). The exhaust unit contains a deentrainment pad to remove 
entrained moisture; a steam heater to prevent condensation on the filters; a 
prefilter; two HEPA filters in series; and an exhaust stack with a flow measuring 
device, air sampler, and radiation monitor. The HEPA filters are commonly used 
for nuclear service because of their high efficiency in removing particles as small as 
0.3 pm in diameter. For this installation, the HEPA filter package must pass a leak 
test to remove 99.95% of exhaust particles that have a mean particle size of 0.5 pm. 

The existing instrumentation associated with the ventilation system includes 

1. a hydrogen monitor in the extension of the ventilation system that 
connects to Tank 101-SY, 

2. a differential pressure indicator for determining if the exhaust fan is 
running, 

a differential indicator across each of the two HEPA filter banks, 3. 
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4. a radiation monitor placed immediately before the location where the 
exhaust exits the system, 

a relative-humidity probe that extends into the Tank 101-SY ventilation 
header. 

5. 

6. a gas chromatograph sampling system (two gas chromatographs) off the 
Tank 101-SY ventilation header, 

two continuous ammonia monitoring systems, one off the Tank 101-SY 
ventilation header (also measures nitrous oxide) and one off the exhaust 
stack, 

a cryogenic sampling system off the Tank 101-SY ventilation header, 

a temperature element in the Tank 101-SY ventilation header, and 

7. 

8. 

9. 

10. an OVM that samples from the SY Tank Farm primary exhaust stack 

The safety characteristics of the hydrogen monitor and the technical basis for its use 
are well documented.4 All differential pressure indicators are connected to an alarm 
panel in Building 241-5Y-271 and to the CASS. The radiation monitor is connected 
to alarms in the 241-S and 242-5 control rooms. The hydrogen monitor is to be used 
for observation only and is not alarmed; during operations, an operator is assigned 
to monitor this meter. A backup portable exhaust unit is connected to the 
ventilation line near the existing primary exhauster. 

The annulus ventilation system cools the tanks, prevents condensation in the 
annular space, and serves as a sensitive method to detect leakage of radioactive 
materials from the primary tank. Outside air is supplied through carbon-steel pipes 
located inside the annulus and embedded in the insulating concrete material 
underneath the primary tank bottom. From the center of the insulating concrete, 
the air flows radially outward to the annulus through slots in the insulation under 
the primary tank. The exhaust unit filtration system used for the annulus contains 
a deentrainment pad to remove entrained moisture; an electric heater to prevent 
condensation on the filters; two HEPA filters; and an exhaust stack with a flow 
measuring device, air sampler, and radiation monitor. 

Each tank is equipped with an automatic liquid level gauge located on a primary 
riser This gauge uses a plummet suspended in the primary riser. A continuous 
electrical circuit is maintained between the plummet and the liquid surface. Daily 
level readings are accomplished by lowering the plummet until it contacts the waste 
surface. The tape reading is converted automatically to an electrical signal for 
remote readout, and the tape then is repositioned 5.08 cm (2 in.) above the waste. 
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Each tank also is equipped with TCs that are distributed vertically and radially for 
monitoring temperatures within the tank waste and tank dome space. There are 
-126 TCs; however, some of them may not be functional or are located in areas that 
will not be influenced by the mixer pump operation. Two MIT probes containing 22 
TCs each are used to monitor waste temperatures at two different azimuthal 
orientations (95 and 135 deg). One MIT (in Riser 178) ha5 TCs distributed axially 
from 10.16 cm (4 in.) to just under 1021 cm (402 in.) above the tank bottom. The 
other MIT (in Riser 17C) has TCs distributed axially from 10.16 to 1082.04 cm (4 to 
426 in.) above the tank bottom. The concrete walls and dome contain 24 TCs located 
at the outer surfaces. Twenty-four additional TCs are located in the interior next to 
the steel in the primary tank dome and the steel liner. Nine TCs are located in the 
concrete slab base. Twenty-four TCs are located in the insulating concrete layer next 
to the bottom of the primary tank. 

Three pole-mounted ARMS provide overall surveillance of radiation levels in the 
SY Tank Farm. In addition to the leak detection provided by the CAMS, 
conductivity probes have been installed in the annulus, process pits, and 
encasements. These areas normally are dry; the presence of any liquid indicates a 
leak and causes the probe to sound an alarm in the instrument building. 

2.2. Tank 101-SY 

Under undisturbed conditions, the contents of Tank 101-SY settle into a bottom, NC 
layer of sludge and slurry -508 cm (200 in.) thick.5 A liquid C layer -533 cm (210 in.) 
thick lies on top of the NC layer. After more than 20 months of intermittent pump 
operations, the waste appears to be almost fully suspended. The temperature 
profiles indicate that the NC layer no longer exists except, perhaps, at the bottom 1 to 
1.27 m (40 to 50 in.). Figure 1-4 (in Sec. 1) shows the temperature profile under 
mitigated tank conditions in comparison with the temperature profile that existed 
before Window I when the mixer pump was installed. The waste in Tank 101-SY 
consists of "double-shell" slurry and complexed concentrate waste (Table 2-1). 
Double-shell slurry is waste that has been concentrated using crystallizer 
evaporators. The product of this process consists of a solution high in NaOH, 
NaN03, NaN02, NaA102, dissolved organic complexants (EDTA, HEDTA, NTA, 
etc.), and minor concentrations of other salts (sulfates and phosphates).6 The slurry 
also contains solids consisting primarily of NaN03, NaN02, and NaA102. The 
slurry, or "complexed concentrate," contains -6 M organic carbon, again from 
organic complexants, with salt concentrations that are not as high as in the 
double-shell ~ l u r r y . ~  

Instrumentation for monitoring tank behavior during the mixer pump operations 
is provided at various locations throughout the tank (Fig. 2-3). Of primary 
importance to determining success of the test is the measurement of the waste level 
and gas concentrations within the tank and vent header. In addition, the remaining 
instrumentation provides information that is used to control the test, provide abort 
capabilities, and protect equipment. 
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Component 
NaOH 

NaA102 
NaN02 
NaNO? 
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Amount of Waste in Tank 
3.22 M 
1.90 M 
3.28 M 
4.23 M 

Na2C03 
Na2S04 
Na3P04 
Pu 
Sr 
cs 

TOC 
H20 

0.62 M 
0.12 M 
0.19 M 
713 g 

2.187 x 1011 pCi 
3.10 x 10l2 pCi 

26.24 g/L 
594,600 gal. 

The tank contains a total of three 1.07-m (42-in.)-diam risers. The mixer pump is 
installed in the central riser (Riser 12A) located in the central pump pit. Before 
mixer pump installation, Risers 5A and 5B contained TV camera and light 
assemblies. To mitigate the consequences of an unexpectedly large gas release and 
burn, the light assembly in Riser 5A was removed and the riser was fitted with a 
cover so that this riser would open as a result of the tank pressure increase. An 
anchoring system was installed in the riser to constrain the relief riser during a 
burn The relief riser later was replaced with an MPR assembly. A new camera 
subsequently was installed into the MPR. 

Based on the results of an NFPA-Classified Locations for a Hydrogen Atmosphere 
study, the unmitigated Tank 101-SY was divided into several NFPA-classified 
locations. 

The tank dome space above the liquid level is a hydrogen environment 
approaching hazardous conditions at somewhat unpredictable intervals 
and accordingly is classified as a Class I, Div. 1, Group B space. This SA is 
based on the assumption that all equipment in this area meet applicable 
requirements and be rated for use under these hazardous, albeit 
temporary, conditions. If a prompt release could result in hydrogen 
concentration 260% of the LFL, all electrical equipment in the dome space, 
or directly communicating with the dome space, that does not meet Class 
I, Div. 1 must be deenergized or otherwise placed in a safe condition. 
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Fig. 2-3. Plan view of Tank 101-SY showing locations of risers and sensors 
currently in tank. 

The space in the pump pit is classified as having a possible hydrogen 
environment at certain times and is classified as a Class I, Div. 2, Group B 
space. Equipment located in this environment was designed for use in an 
explosive environment and must be intrinsically safe. 

The tank space below the liquid is nonhazardous. Equipment located in 
this area is not required to be intrinsically safe. Although this area is 
considered nonhazardous according to NFFA-classified location divisions, 
confined voids within the liquid space are potentially hazardous. 

The open space above the pump pit is classified as a nonhazardous 
location. Equipment located in this area is not required to be intrinsically 
safe.8 

The NFPA hazard classification requirements for the temporary equipment placed 
in the dome under the current mitigated tank conditions are discussed in App. AA. 
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2.3. Pump Design and Description 

The final design report for the mixer pump9 provides a detailed description of the 
pump that was installed in Tank 101-SY. The pump has been designed with many 
specific safety features incorporated that are summarized in Table 2-2. The 
remainder of this section presents a detailed description of the mixer pump 
characteristics. 

A Hazelton submersible pump with an overall length of 17.1 m (56 ft) and an 
112-kW (150-hp) motor was installed through Riser 12A into Tank 101-SY (Tables 2- 
3 and 2-4; Fig. 2-4).9 The pump construction materials are primarily austenitic steels. 
The pump assembly weighs -9070 kg (20,000 Ib). The twin-volute, single-stage 
centrifugal pump with close-coupled suction is driven by a submersible, 460-V, 
three-phase, 176-amp motor with a VSD that allows the speed of the motor to be 
controlled over a range of 100 to 1180rpm. The pump has a flow capacity of 
0.18 m3/s (46.67gal./s) and develops a total dead head of 34.75 m (114 ft). Particles up 
to 5 cm (2 in.) in diameter may pass through the pump without damaging the 
impeller. The submergence rating of the pump (i.e., the allowable external fluid 
pressure on the seals) is 22.9 m (75.1 ft). The pump intake is submerged to a waste 
depth of -3.7 m (12 ft). If seal leakage occurs, it may be detected by the moisture 
monitors in the motor cavity. 

Electrical power is supplied to the pump assembly through conduits inside the 
support column. These conduits are rated for use in an explosive hydrogen 
environment, and the support column is filled with inert nitrogen. The support 
column also acts as a raceway for various instrument leads from the motor, pump, 
and discharge piping locations, through the dome, and out the pump pit to the 
control system trailer. All motor connections, cable, wire, and conduit connections 
are located below the surface of the waste (C layer) in a nonhazardous location 
within the tank. Only the upper column passes through the tank vapor space, 
terminating 0.61 to 0.91 m (2 to 3 ft) below the waste. The upper column is sealed 
completely by seal welds around all conduit or water line penetrations. Guiderails 
or bumper assemblies incorporate nylon wear pads in the upper column to preclude 
sparking during pump installation, operation, and removal. All motor connections 
are contained in the motor shroud. 

The three-phase, squirrel-cage induction motor was manufactured by the Reliance 
Electric Company to Hazelton specifications. This design uses no brushes and does 
not spark during operation. The motor chamber has been filled with mineral oil 
and sealed. Moisture detectors installed in the motor chamber to detect in-leakage 
have been wired into the DACS, which provides the required flexibility for alarms 
and automatic shutdown. The motor chamber-to-shaft seal is a multispring, John 
Crane, 8-1s double mechanical seal. The seal housing contains a barrier fluid that 
provides double protection against external liquid entering the seal. The barrier 
fluid (mineral oil) is fed by gravity from a reservoir on the side of the pump. 
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8. Pump Vibration 
Accelerometers 

9. Pump Nozzle Flow 

10. Pump Discharge Pressure 
Indication 

TABLE 2-2 
PUMP DESIGN AND OPERATIONS SAFETY FEATURES 

" "  - 
the pump column exceeds its infinite fatigue life load. 
Provide early detection of pump failure and cavitation and any 
other condition that would cause excessive vibration, leading to a 
pump failure. 
Detects plugged nozzle, asymmetrical flow, or other failure 
leading to reduced flow or asymmetrical loads. 
Detects plumed nozzle, frozen jet, asymmetric nozzle flow, or 

Safety Feature I Desaiption 
1. Hydrogen Monitoring I Pump operation should not cause a release of hydrogen gas >25% 

2. Grounding/Bonding Straps 
and Cables 

of the LFL for the gas mixture of interest. (All ele&ic;l 
equipment in the dome is designed to operate in a Class I, Div. 1, 
Group B environment.) Hydrogen monitors (existing) in the 
ventilation and dome space of the tank are provided to detect H2 
gas and determine when the hydrogen concentration exceeds 25% 
of the LFL. 
All pump equipment should be grounded to control and/or 
eliminate static electricity; these straps and cables are in place 

I and checked by administrative procedures. 
I Eight centering jacks are mounted on the pump collar to align and 3. Pump Collar Stabilizers 

1 .  

prevent side iovemen t  in the riser and to transfer load to iank 
dome. (Jack shoes are made of bronze to prevent sparks.) Prevents 
the overload of the uumu flanee mountine bolts and mssible 

& . "  1 failure of tank riser during normal or abnormal pump operation. 
I Monitors, alarms, and controls pump operation and local and 

" 

4. Pumpchamber . . .  
Instrbmentation 1 emergency manual shutdown of all pump operations. 

I Provides an inert environment in the support column. (The support 5. Nitrogen-Filled Support 
column contains electric cables in conduits that carry large 
electrical loads for the pump motor and instrumentation.) Note: 
Conduits meet NEC code for use in an explosive, hydrogen 

overcurrent protection circuitry, the fastest response time IS 4 ms 

support column other abnormal loading on the support column. Operations will be 
terminated if the strain eauees show that the oscillating load on 

11. PumpMotorSpeed 

12. Waste Temperature Limits 

13. Pumpto-Riser Seals 

1 other abnormal conditions leading td asymmetnc loads. 
Monitor pump motor speed, and, if necessary, shut down motor 
before unsafe conditions develop. Provides controlled starhip of 
pump motor. 
Pump operation will cease if waste temperature exceeds 57.2.C 
(135T): annulus exhaust must be cauable of handline temcerature Q r  
increase up to 57.2.C (135T). 
A series of seals is provided. These are metal disks attached to 
the pump assembly with rubber wipers. The wipers seal against 
the inside of the riser as the pump is lowered. At least one seal is 
in the riser at all times. Use of the seal ensures that the uumu . .  I will be centered in the riser. 
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TABLE 2-2 (CON") 
PUMP DESIGN AND OPERATIONS SAFETY FEATURES 

Safety Feature 
14. Internal and External Water 

Flush Capability 

15. Video Camera 

17. Pump Vibrator System 

Description 
Internal flush bars and nozzles are provided to decontaminate the 
interior of the pump assembly while it is still in the tank. 
External nozzles will decontaminate the external portions of the 
pump while the pump is extracted through the riser/pit area. The 
flush water will be demineralized and will be provided at the 
following conditions: 65.5.C (150F) and 20,700 kPa (3000 psi) 
pressure. 
Pump operation should not cause foaming. A video camera will 
monitor conditions inside dome area to allow for the 
identification of foaming and permit early shutdown of the pump. 
The pump vibrator system was developed to ensure that any 
blockage to the pump nozzles can be c l e a d  away. The pump 
vibrator system consists of two rotary vibrators attached near the 
nozzle end of the pump discharge lines. The vibrators consist of 
rotating cylindrical weights whose center of mass is offset from 
the center of rotation. Rotation of the cylinder, which is driven 
by compressed air, produces a periodic force that causes vibration 
in the structure to which the device is a t t a c h d  An additional 
vibrator is installed to provide impetus to start the two main 
vibrators. 

TABLE2-3 
CHARACTERISTICS OF MIXER PUMP 
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Instrumentation 
Strain Gauge 

Motor Temperature 
Transmitter (2) 
Pump Discharge 
Pressure Sensors (4)' 
DC Alarm 
Pump Flowmeters (4)- 

WHC-SO-WM-SAD-033 
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Manufacturer Range Location 
JP Technologies 0 to 9999 p support Column 
WSG-RK 06H-0622C-350- in./in. 

Translogic 5261 0 to 100°C Motor Oil 

Hottinger-Baldwin P6P-20 0 to 2030 P a  Absolute Discharge 

Moore Industries 
Controlotron 191 NW 0.03 to 12.2 Upper Discharge Leg (2) 

m/ s  (1 to40 Lower Discharge Leg (2) 

F6C-50 

(0 to 294 psi) Pressure 

I I ft /s ,  I 
Vibration Monitor I Scientific Atlanta 5499-3 I 0.1 to80g I Support Column 
Moisture Detector I B/W Controls I 1 Motor Od Resewow 

aThese instruments are located in the waste material. 

5300-P-v-OC 
Pump Discharge Translogic 5261 0 to 100°C Upper Discharge Leg (2) 
Temperature (4)a Lower Discharge Leg (2) 
Pumv Discharge Ames Suvwrt Column 
Ultraknic M&ulesa 
Discharge Leg Pressure Precise Sensors 2071 kPa Upper Discharge Leg (2) 

401-300-01-S-340-2M-Q2719 (0 to 300 psia) Lower Discharge Leg (2) 
Column Pressure Omega PSW-521 No Contact Purge Gas 

aThese instruments are located in the waste material. 

The DACS controls the variable-frequency drive. The output from the power 
supply is fed through a circuit breaker. The breaker, which supplies power t o  the 
variable-speed drive, also is tripped by shutdown signals from the DACS. This 
provides redundant electrical shutdown and isolation for the pump motor to 
ensure that power to the pump is interruptable (assuming that one breaker is subject 
to a single failure). Each breaker is operated by a control circuit that can trip the 
pump from the DACS, both by a shutdown switch and by a remote shutdown switch 
that is "locked and tagged" when the pump is not operating, to prevent inadvertent 
pump startup. The DACS itself uses duplicate computer systems to provide reliable 
control and safety functions. 

The pump is equipped with vibration monitors, flowmeters, and pump discharge 
pressure meters to detect abnormal conditions resulting from a plugged nozzle, 
frozen jet, or other malfunction. A 40.6-cm (16-in.bdiam support column suspends 
the mixer pump assembly from the upper support structure. Strain gauges are 
mounted on the column to detect abnormal loading from a plugged nozzle, frozen 
outlet jet, or other abnormal loads. 
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Fig. 2-4. Schematic of the submersible pump for the mitigation test. 

The load distribution frame is designed to support all loading experienced by the 
pump structure. The load distribution frame also serves as a base for the 
decontamination spray ring and the riser-to-pump transition piece. The transition 
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piece is required because the pump's mating flange originally was machined for use 
in Tank lOZ-AP, which has different mounting dowels than those on Tank 101-SY. 
The frame was designed to be adjustable because the actual pump pit "as-built'' 
dimensions were not available. The load frame is made of 15.2-cm (6-in.)-square 
tubing 1.27 cm (0.5 in.) thick and weighs -1364 kg (3000 lb). The frame is constructed 
to carry all the downward and side loading placed on the pump. The load frame 
transfers vertical loading of the pump to the pump pit floor. The pump transition 
piece is bolted to the load frame, and the load frame is secured to the pump pit to 
prevent uplift of the pump in the event of a burn in the tank. To prevent the 
overload of the pump flange mounting bolts, "Stabilizers" were added to the pump 
section that interfaces with the riser. 

The stabilizers are designed to transfer side movement to the riser. The stabilizers 
consist of eight hydraulic button jacks that expand to firmly fix the pump column in 
the center of the riser. A total of eight jacks will be mounted to interface with the 
riser. After the pump is installed in the pump pit, the jacks are pressurized to fix 
and center the pump in the riser. The jacks are tied into a common manifold. After 
the jacks are pressurized, each jack is isolated from the other, and redundancy was 
maintained. To prevent sparks, the jack "shoe" is bronze. During a rollover or 
seismic event, side loadings or moments induced into the pump structure will be 
transformed into a force couple. The forces then will be carried by the riser, the 
supporting dome concrete, and the pump load frame. 

An impact limiter mitigates damage to the bottom of the tank if the pump drops 
during installation or removal. The impact limiter consists of two honeycomb 
impact limiter structures (Fig. 2-5). 

The pump support column includes the inner (lower) impact limiter, which is 
mounted between two crush plates. A machined notch in the pump's upper 
mounting plate is designed to fail at an impact load of 266,893 to 667,233 N (60,000 to 
150,000 lbf). Failure of the notch will result in the pump column crushing the inner 
impact limiter and transferring -1,334,466 N (300,000 lbf) impact load via the bottom 
crush plate and upper pump mounting assembly to the pump support frame. The 
outer (upper) impact limiter is located under the pump support frame and is 
designed to transfer a total of 2,440,070 N (548,550 Ibf) impact load to the pump pit 
floor. This impact load includes 1,361,070 N (305,980 lbf) from the pump's upper 
column and rotating mechanism. The impact limiters will attain a maximum 
crush distance of 30.5 cm (12 in.) under the design impact load of -2,440,070 N 
(548,550 lbf); this distance will maintain a nominal 15.2-cm (6-in.) clearance between 
the bottom of the pump and the tank bottom. 

The pump has a 92-cm (36-in.)-diam steel plate mounted on the bottom of the 
discharge nozzles to protect them during installation. Twin discharge piping 
connects the volute with two nozzles to discharge liquid horizontally at right angles 
to the mixer pump axis. The 15-cm (6-in.)-diam discharge piping, which is -6.1 m 
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BOTTOM CRUSH PLATE 

Fig. 2-5. Cross section of impact limiter with top and bottom crush plates and 
pump support column. 

(20 ft) long, extends vertically. This piping is stiffened by the addition of two 
dummy legs and connections to the intake to the pump. The two discharge nozzles 
are located in a plenum at the end of the discharge piping, -81 cm (32 in.) above the 
bottom of the tank; their inlet ports are located in the convective fluid (under 
unmitigated conditions). 

The pump and motor assembly has a drive mechanism that rotates the pump. This 
mechanism consists of a (1) I-hp motor, (2) worm gear, (3) gearbox, and (4) ring-and- 
pinion gear. The ring-and-pinion gear connects the support column to the pump 
assembly. The drive mechanism rotates the support column (and thus, the pump 
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discharge nozzles) through a 190-deg arc. Because of the gearing ratios of the drive 
mechanism, up to 2 min are required to rotate the pump support column the full 
190 deg. A Selsyn resolver provides position information to the controller and 
readout throughout the 190-deg rotation. 

A replacement pump was designed to replace the test mixer pump. The 
replacement mixer pump is identical in concept and operation to the presently 
installed mixer pump. Design modifications have been introduced into the new 
pump based on experience with the test pump and the need to more thoroughly and 
easily decontaminate the device when removed from the tank. Because the existing 
pump has been analyzed exhaustively, the replacement pump was compared to the 
present pump for modifications that could have adverse safety impacts. The 
methodology was to determine whether any modification degraded the safe 
installation, operation, or removal of the pump or the toxicological and radiological 
impacts of the modification. This evaluation of the design modifications of the 
replacement pump is described in App. Z .  

2.4. 

The DACS has been designed to control the Tank 101-SY hydrogen mitigation 
testing systems, ancillary systems, and equipment (see App. S for details). The DACS 
consists primarily of a computer-based system, including Cl'Us, CRTs, user 
keyboards, and data storage devices, as well as other peripherals to complete the 
system. The DACS can display data in real time, as well as graphically, on CRT 
monitors so that the information is easily understood. The system records the data 
as fast as is practical for the signal type. The DACS data files are archived in the 
system and are backed up periodically. 

The DACS provides appropriate alarms and initiates corrective actions required to 
maintain the tank testing systems in a safe mode of operation. If conditions 
deteriorate, the DACS also will safely shut down equipment to prevent equipment 
damage. The operator is able to interface with the various test and auxiliary systems 
through operator stations or by controls located on a control panel, both of which 
will be located in a control area in a utility trailer near the tank site. 

2.5. Mixer Pump Installation 

Installation of the mixer pump includes (1) installing the load distribution frame, 
(2) installing the mixer pump, and (3) reinstalling the cover blocks on the pump pit. 
These operations are controlled by the mixer pump installation procedure, which 
specifies the requirements for the pump installation process. The safety features 
prescribed by the procedures controlling pump installation are summarized in 
Table 2-5. 

Data Acquisition and Control System 

The current mixer pump successfully was installed through a 107-cm (42-in.)-diam 
riser (Riser 12A) located 91.44 cm (36 in.) from the center of the tank (see Fig. 2-3) in 
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July of 1993. The replacement pump will be installed in the same riser after the 
current pump is removed. 

During installation, the load distribution frame, with the PSlCSF installed, is 
offloaded from the truck and positioned next to the pump pit so that the lifting 
crane can raise the frame over the pit. The load distribution frame is raised, and the 
removal cable, attached to the SDRCSF, is threaded through the load distribution 
frame and the PSICSF. The load distribution frame then is installed according to the 
design drawings listed in the final design report.lO 

The mixer pump is offloaded from the truck and moved with a boom crane to a 
position above the riser. A load path is established to minimize the consequences of 
a drop as the pump is moved over the tank. The PSICSF is opened, the pump is 
lowered into the tank and positioned on the guide pins on the load distribution 
frame, and the flange bolts are installed and torqued. The cover blocks, with sleeves 
for routing the hydraulic and water lines and electrical cables to the exterior of the 
pump pit, are installed on the pump pit. 

Specific measures are taken during installation of the mixer pump to mitigate the 
potential for excessive personnel exposures or releases to the environment of 
radioactive or other hazardous material. These measures incorporate factors related 
to weather conditions, monitoring requirements, lifting, rigging, and handling (see 
Sec. 6 for more detail). Similar measures will be taken during subsequent pump 
replacement activities. 

2.6. Mixer Pump Operation 

Similar to the current mixer pump, a "run-in" test of each mixer pump will be 
completed to demonstrate that the modified mixer pump and the associated 
instrument and control subsystems mounted on the mixer pump are operable and 
functioning properly." A secondary objective of the "run-in" test is to provide 
preparatory training for (1) handling the mixer pump using critical lift procedures, 
(2) installing the mixer pump and associated equipment, (3) preoperational 
verification and checkout of installed equipment, and (4) operating the mixer pump 
system. 

The safety features prescribed in the procedures controlling the operation of the 
pump are summarized in Table 2-6. The current mixer pump has been successfully 
operated in Tank 101-SY for more than 20 months. The logic in developing the 
safety envelope for various phases of mixer pump operation has evolved as mixing 
tests progressed and more information was gained about the tank behavior with or 
without mixing. The safety logic of each phase is discussed in detail in App. R and 
summarized here. 
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1 ASLh 2-5 
PUMP INSTALLATION PROCEDURAL SAFETY FEATURES 

Systems or Conditions 
1. Pump Assembly/Support 

Equipment 

2. Maximum and Minimum Lift 
Loads 

3. Lift Heights 

4. Primary Tank Breach Mitigating 
Features (Pump Drop) 

Description of Safely Feature 
The pump must be lifted into place (or removed from the 
tank) so as to preclude damage to critical safety equipment 
if a drop were to occur. 
The lift loads of the pump (both maximum and minimum 
loads) will be limited, a i  specified in Sec. 6. If these loads 
are exceeded, operations will be terminated, and the pump 
will be placed in a safe shutdown condition. 
Lift heights using the crane should be the minimum 
practicable, and maximums have been specified as 
conditions for operation. 
During installation and removal, several design features 
will protect against breach of the primary liner as a result 
of a pump drop accident: 
( 1 )  The pump will have a drag plate on the bottom of the 

(2) An impact load on the pump pit will be distributed over 
discharge nozzles. 

an annular region around the riser, the pump mounting 
flange, and the load-limiting crushable matenal. 

loads on the riser area of the pump pit to less than 
813,500 N-m (600,ooO ft-lbf). The design will include 
the capability to withstand a 17.7-m (58-ft) drop from 
1.98 m (6.5 ft)  above the riser flange. 

(4)  The design of the pump support column will prevent any 
part of the pump assembly from escaping the riser, 
falling over, and impacting the side wall of the 
nrimarv liner. 

(3)  An energy absorber or impact limiter will limit drop 

In earlier phases, a very cautious test plan was developed and was motivated 
primarily by the following short- and long-term considerations: 

Analyses estimating the gas inventory in Tank 101-SY have indicated that 
a considerable amount of gas might be retained in the tank, even after a 
large GRE.12 We postulated that the mechanisms of a gas release during a 
natural tank rollover may be different than during a pump-induced gas 
release. In a natural release, the density instability is driven by gas 
buildup. In a pump-induced event, the pump introduces lower-density C 
layer material into the NC layer. This dilutes the NC layer, which has two 
effects: (1) the diluted waste becomes buoyant in the NC layer and (2) large 
decreases in the viscosity are created. These differences in basic behavior 
could cause an induced GRE larger than what historically has been seen if 
the assumed quantity of gas is present. To avoid large induced releases, 
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TABLE 2-6 
PUMP OPERATION PROCEDURAL SAFETY FEATURES 

Syskms or Conditions 
1. Pump Assembly Restraints 

2. Excessive Hydrogen 
Concentration in Dome 

3. Excessive Dome Pressure 

4. Foaming of Liquid Layer 

5. Waste Level Too High 

6 .  Excessive Heating of Waste 

7. Pump Flow Rates 

8. High Pump Pressures 

9. High Motor Speed 

10. Excessive Vibration of Pump 
and Cnlumn 

11. Excessive Bending or 
Vibration on Support Column 

12. Loss of Nitrogen in Support 

13. Overload Electric Power 
COlUmn 

14. Portable Exhauster 

15. Waste Level Low 

16. Excessive Ammonia. 
Concentration 

~ 

Description of Safety Feature 
The pump assembly is attached to the load distribution frame 
and bolteb to the pump pit to prevent ejecrion. 
Hydrogen concentration is monitored by existing detectors. I f  
the hydrogen level exceeds 25% of the LFL of hydrogen in a 
nitrous-oxide atmosphere, the pump operation will be 
terminated. 
Dome pressure is monitored by existing instruments. If the dome 
pressure increases to a level ereater than -250 Pa (-1 in. w.E.), ., " .  
pump operation will be terminated. 
Foaming is monitored by the video camera. If foaming occurs, 
pump operation will be terminated. Foaming also is monitored 
by level measurements. Experience to date indicates that pump 
operations do not cause excessive foaming. 
Waste level is detected by existing measurement devices, 
including radar ranging. I f  the waste level exceeds 10.3 m 
(406 in.). the ourno owration will he terminated 
Heating of the waste is monitored by existing thermocouples. If 
any location in the tank exceeds 572°C (135°F). Dum0 ooerations 

1 a .  

will be terminated. 
The pump flow rate is monitored by pump outlet pressure 
measurements and pump rpm's. I <he waste level is high, pump 
operation will be terminated. 
Pressures are monitored by pump outlet pressure measurements 
using mounted transducers to determine that the pressure is 
within the operating range and the flow IS evenly distributed. 
Motor s p e d  is monitored by a pump speed indicator. If the 
motor speed limit is surpassed, pump operahon will be 
terminated. 
Vibration is monitored by outlet nozzle pressure and a pump . .  
accelerometer. 
Support-column-mounted strain gauges and outlet nozzle 
pressure are used to detect any bending or vibration. Operations 
would be terminated if the strain gauges show that the 
oscillating load on the pump column exceeds the column's 
infinite fatigue life load. 
Nitrogen is measured by column internal pressure. 

Overload electnc power is prevented by circuit breakers and 
fuses located on pump electrical power lines. 
A portable exhauster is available if the primary ventilation 
system fails. 
In earlier tests, if the waste detected by existing measurement 
devices was too low, pump operation would beTerminated. This 
requirement later was eliminated in favor of keeDine the eas . "  " 
inventory in the tank as low as possible. 
Pump operation will be terminated if ammonia concentration is 
> 3 0 0  oom. 
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18. Primary Ventilation Flow 
Rate Low or High 

TABLE 2-6 (CONT) 
PUMP OPERATION PROCEDURAL SAFETY FEATURES 

the aver,, waste temperature is >11O0F, bump operation will 
terminate. 
Pump operation will be terminated i f  the primary ventilation 
flow rate is <400 ft3/min or >700 ft3/min. 

Systems or Conditions I Description of Safety Features 
17. Waste Temperature Low I Wasrc temperature is monitored by existing thermocouples If 
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of episodic gas releases; therefore, slowing down or termlnatmg these operations in 
favor of a postulated situation does not appear to be warranted. The tests and data 
for Phase A, Phase 8, and full-scale testing are discussed in detail in Refs. 14 and 15. 

Following full-scale testing, the safety logic changed to require that we keep the tank 
mitigated and the tank levels as low as possible. Keeping the waste inventory (and 
thus, the waste level) as low as possible by operating the pump enhances our 
confidence that, upon failure, the pump may be replaced successfully and mitigation 
may continue. Within this logic, we use the pump and the mixing concept as a 
method of mitigating the postulated accident where future GREs may be worse than 
the historical GREs. Thus, we removed the minimum waste level control, which 
was implemented in the earlier safety logic as partial protection from some of the 
long-term concerns. The safety logic and resulting envelope for long-term pump 
operation also are discussed in App. R. 

Also, the waste properties slowly are changing with time, with or without pump 
operations. How pump operations interfere with the expected long-term changes in 
the waste properties is not fully understood. As a result, the pump may not be a 
viable long-term mitigation tool. For instance, the waste is expected to cool with 
time, independent of pump operations. In a few years, the temperature may fall 
below a threshold value where additional precipitation of solids or an increase in 
the viscosity and strength of the waste may reduce the pump's success in keeping 
the tank mitigated. Consequently, the tank and pump parameters must be 
monitored closely while evaluating the long-term trends as mitigation operations 
continue. Many long-term monitoring controls are included in Sec. 6 of the SA. 

2.7. Mixer Pump Removal 

The process of removing the mixer pump after completion of the mitigation test is 
similar to that followed during the installation process but in reverse order. These 
operations must be controlled by approved procedures that specify the requirements 
for (1) bonding the mixer pump and cover blocks with the waste tank, (2) attaching 
conductive plastic to each component removed, (3) lifting each component, 
(4) flushing each component for decontamination, and (5) disposing of or storing 
each component as appropriate. The safety features prescribed in the procedures 
controlling the removal of the mixer pump are similar to those controlling the 
pump installation and are summarized in Table 2-5. 

The pump pit cover blocks will be removed to permit access to the mixer pump. 
Airborne contamination and radiation levels will be surveyed as the cover blocks 
are removed. The dose rates at ground level with the cover blocks removed range 
from 300 to 800 mrem/h, based on previous measurements taken with the cover 
blocks off. The bottom surfaces of the cover blocks are expected to be slightly 
contaminated. The cover blocks will be wrapped in plastic to prevent the spread of 
contamination. . 
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The mixer pump will be removed from the tank using a boom crane. A load path 
will be established to minimize the consequences of a drop as the pump is moved 
over the tank. Water wands decontaminate the pump during pump removal before 
the pump enters the riser. The assessment of the hazards associated with 
installation, operation, and removal of the water wands is described in App. W. A 
spray ring in the tank riser flushes the external surfaces of the mixer pump before 
the pump is removed from the tank. Flush lines will be used to decontaminate the 
internal pump volume and the pump discharge legs. We estimate that the amount 
of water required for decontamination16 is -45 m3 (8900 gal.), which includes the 
required flush for all exposed surface areas (including the portion of the pump 
assembly exposed to the vapor space of the tank). The spray ring delivers 55°C 
(130'F) demineralized water at a pressure of 20,684 kPa (3000 psi) and at a rate of 
0.48 m3 (120 gal.)/min. Dose rate levels will be measured as the mixer pump is 
raised from the riser. 

The mixer pump will be drawn into a flexible receiver as it is raised from the riser. 
A "blast shield" is an integral part of the flexible receiver assembly that prevents the 
high-pressure water jets on the spray ring from damaging the plastic receiver bag. 
The flexible receiver is sealed against the load distribution frame and provides 
confinement for liquids as the pump is removed from the tank. The mixer pump 
and flexible receiver will be lowered into a shipping container before being 
transported out of the tank farm for storage before disposal. 

Specific measures taken during removal of the mixer pump will minimize the 
potential for excessive personnel exposures or releases to the environment of 
radioactive or other hazardous material. These measures incorporate factors such as 
related weather conditions, monitoring requirements, lifting, rigging, and handling. 
These and other safety measures are discussed in greater detail in Sec. 6. 

2.8. MPR-Description of Action 

Plans exist for additional mitigation devices and instrumentation for Tank 101-SY, 
and currently there are insufficient access points to install all of these devices. The 
MPR and MPF have been designed to fit onto the existing 1.07-m (42-in.)-diam 
Risers 5A and 5B, respectively. The MPR already is installed and provides 
additional but smaller access points into the tank and facilitates the installation, 
operation, removal, and decontamination of these devices/instruments in the tank. 
As of this revision of the SA, the MPF is not yet installed. 

The actions to install, operate, and remove the MPR and/or MPF from Tank 101-SY 
are governed by the procedures and controls contained in Sec. 6 of this SA. WHC 
has developed detailed operating procedures to accomplish the installation, 
operation, and removal of either the MPR or the MPF in accordance with this SA. 
Similar procedures must be developed for MPF installation, operation, and removal 
before installation of the MPF. 
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2.8.1. Effects on Tank 101-SY 
Section 2.2 describes the composition of the waste inside Tank 101-SY and lists the 
instrumentation that currently is installed in the tank and available for monitoring 
tank behavior during mitigation procedures. The primary changes to this 
description as a result of implementing the MPR are the replacement of the cover 
on Riser 5A with an MPR and the replacement with an MPF of the existing TV and 
lights assembly in Riser 5B. The pressure-relief features of the existing cover on 
Riser 5A are provided by the vent doors on the MPR. A new TV camera and light 
assembly already is installed into the MPR. 

2.8.2. MPR Design and Description 
This section paraphrases the requirements contained in WHC multiport design 
documents to provide insight into issues that are addressed in this SA. 

With the increase in mitigation and detection tools as part of the Hydrogen 
Mitigation Test program, the 1.07-m (42-in.)-diam risers in the Hanford waste tanks 
must to be used more efficiently. The addition of multiple penetrations through the 
available 1.07-m (42-inJ-diam risers allows a greater number and more diverse set of 
test probes, as well as equipment access to the tanks. The MPR or the MPF assembly 
replaces existing 1.07-m (42-in.)-diam riser assemblies with an assembly providing 
four smaller ports. Each small port can be used independently for access to 
Tank 101-SY with equipment and instruments as needed. 

The MPR assembly is a steel fixture placed directly over a 1.07-m (42-in.)-diam riser 
and sealed to the existing riser flange. The assembly structurally is supported by the 
concrete pad around the riser. Multiple penetration ports (one 30.48-cm [lZ-in.]-, 
one 50.8-m [20-in.l-, and two 20.32 cm [&in.]-diam ports) provide access to the tank 
environment through a shielding plate. A decontamination spray system attached 
to each penetration port is available for the spray-washing of each test probe, each 
instrument, or other equipment during removal operations from the MPR. The 
decontamination spray system is designed such that it does not interfere with the 
operation of the pressure-relief function of the MPR. 

The MPR assembly’s three main functions are to (1) contain the vapor/gas contents 
of the tank under all normal operation conditions, (2) provide pressure relief in case 
of a burn accident, and (3) provide multiple penetration risers into Tank 101-SY. 
The MPF differs from the MPR in that the MPF does not provide any pressure-relief 
capability. Also, the MPF mounts directly to the 1.07-m (42-in.)-diam riser flange; 
therefore, all loads on the MPF are carried directly by the 1.07-m (42-in.bdiam riser 
instead of being transferred to the concrete pad around the riser. 

The FDC document17 and the final design review’s provide a detailed description of 
the MPR and its functional requirements. The design includes many specific safety 
features, as listed in Table 2-7.17 The MPF is similar to the MPR in that it seals to the 
1.07-m (42-inJ-diam riser and provides one 30.48-cm (124n.), one 50.8-cm (20-in.), 
and two 20.32 cm @-in.) risers through the existing 1.07-m (42-inJ-diam riser. The 
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MPF does not include the pressure-relief panels or the load-carrying base of the 
MPR; therefore, the entire load of the MPF is supported by the existing 1.07-m 
(42-inJ-diam riser. 

Because the MPF does not include pressure-relief panels and because the MPF 
mounts directly to the 1.07-m (42-in.I-diam riser, those items in Table 2-7 that apply 
to the pressure-relief panels, the supporting equipment, and the supporting 
structure of the MPR and the concrete pad do not apply to the MPF. 

The three pressure-relief panels for the MPR are each 76.2 cm wide by 60.96 cm high 
(30 in. wide by 24 in. high). As specified in Ref. 17, the relief panels provide 
containment of the tank vapor and gas environment up to 6.0 psig, and the panels 
do not open below this pressure. This containment function is met for all design 
and environmental conditions, including earthquake, wind, ash fall, ice storms, 
snow storms, and sand storms. 

The pressure-relief panels for the MPR provide pressure relief during a burn 
accident by opening to the atmosphere an area determined by the accident analysis, 
nominally the equivalent area of an open 1.07-m (42-in.)-diam riser. The pressure- 
relief panels open to full flow within 0.1 s after the pressure reaches 41.38 kPa 
[6.0 (fl) psigl. The pressure-relief function meets the intent of NFPA 68. 

2.8.3. MPR and MPF Installation and Removal 
The MPR was installed as follows. 

1. The MPR is supported by three legs, each of which contain individual 
height-adjusting jacks. A remotely positioned mobile crane lifts the MPR 
from its transportation case; the operator then places the MPR over the 
tank surface. 

2. The mobile crane moves the MPR over the surface of the tank to Riser 5A. 

3. The MPR is placed over Riser 5A using the mobile crane; the unit then is 
lowered onto its three jacks. This operation places the MPR 2.54 cm (1 in.) 
above the riser flange interface. 

4. The MPR jacks then are used to lower the MPR into position, compressing 
the closed-cell rubber foam gasket 0.3 to 0.64 cm (0.125 to 0.25 in.). This 
sealing gasket serves to isolate mechanically the 1.07-m (42-in.)-diam riser 
from combined motions of the MPR and its massive concrete support pad. 
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.‘anels must not open 
during a GRE 
(without bum) 

Pressure release panels 
and structural components 
that ensure proper 
functioning of release 
panels during a bum event 

Premature vent door opening 
during a GRE projects an 
explosive mixture of hydrogen 
gas across tank surface in area 
of spark sources, creating an 
unacceptable hazard. ‘This 
hazard may lead to a major 
tank bum event that endangers 
the tank structural integrity. 
Premature venting also exposes 
personnel to an unacceptable 
level of ammonia gas. 

Pressure release panel 
retention features that 
maintain closed doors 
during a GRE 

Forms part of 
confinement 
boundaly for tank 
and provides 
shielding. 

Concrete anchor, base 
plate, and assembly 
NPport 

The SC-2 tank ventilation 
system will provide adequate 
in-flow to prevent SC-2 
(significant onsite) release 
should the assembly develop 
leakage paths. Loss of 
confinement or shielding 
presents an ALARA or SC-3 
hazard.  

Remainder of multiport 
assembly body 

TABLE 2-7 
MPR DESIGN SAFETY FEATURES 

Safety 
Classification 

s c - 2  

sc-2 

sc-2 

s c - 3  

Safely Functions 1 RationalelComments 
Safety Issues 

Relieve tank 
overpressure from a 
bum event 

Tank venting is required to 
mitigate pump ejection during 
removal/ installation. Venting 
does not provide much 
additional margin for tank 
structural limit during bum 
event; consequently, the lack of 
venting functionality does not 
compromise SC-1 tank 
containment system. 

Anchor assembly to 
concrete pads, 
restrain assembly 
from becoming 
missile during 
hydrogen bum event, 
isolate assembly 
loads from tank 
riser. 

Support prevents assembly fron 
becoming a missile during a 
hydrogen bum event. Loads 
transmitted to tank dome durini 
bum event will not rupture tank  
liner below the waste level. 
Reimpaction of airborne debris 
will not impair tank SC-l 
criteria. 
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s c - 3  

TABLE 2-7 (CONT) 
MPR DESIGN SAFETY FEATURES 

Provide for 
decontaminating 
equipment before 
removal from riser. 

Items 

s c - 3  

Leveling jack and crank 

Protect tank farm 
workers from injury 
horn opening 
pressure release 
panels. 

Decontamination rings 

Grids around pressure 
release panels 

Grounding and bonding 
connections 

Safety I Safety Functions 
Classification Safety Issues 

s c - 3  Aligns and 
temporarily support: 
assembly during 
installation to ensure 
that proper seal is 
established. 

Prevent static 
discharges from 
igniting tank burp. 

sc-2 I 

RationalelComments 

The tank ventilation system 
limits release of material to 
less than SC-2 limits if seal is 
not well established. However 
such a release presents ALARA 
(SC-3) concerns. 

No SC-I or SC-2 implications. 
Control is provided upstream to 
limit the quantity and pressure 
of water sprayed into the tank. 
The decontamination rings are 
ALARA (SC-3) items because 
they limit worker exposure 
when workers are maintaining 
or replacing equipment inserted 
throuah the MPR. 

Item protects facility workers 
from injury. 

Radiological consequences of a 
burp with bum could approach 
5 rem at onsite receptor 
location. 

The soft gasket also provides added protection against a drop of the MPR, 
although the primary protection comes from the jacks impacting the 
concrete support block, not from the MPR impacting on the riser flange. 
These features ensure against unpredictable extraneous loads being 
imposed on the riser. The mobile crane then is disconnected and 
removed. 

5. The bolts that anchor the MPR support jacks to the concrete support block 
are installed and torqued to the manufacturer's recommended torque 
values. 

At this point, MPR installation is complete. 
preceding sequence of steps. 

Removal of the MPR reverses the 
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The MPF unit is installed and can be removed in a manner similar to the above 
sequence, except that the MPF is bolted directly to Riser 5B, as opposed to the support 
jack concept used on the MPR. 

2.8.4. MPR and MPF Operation 
The MPF has no active features; it provides ports for increasing the equipment 
access to the tank. Operations for 
decommissioning this flange unit are beyond the scope of this document. 

The MPR functionally is comprised of the vent door system and the 
decontamination spray rings for the individual riser ports. Before removing an 
instrument or probe from the MPR, hot-water valves will be opened to cleanse the 
unit. Through controls imposed in Sec. 6.0, we avoid introducing excessive water 
into the tank. The MPR vent door system is conceptually simple, involving door 
static seals and door fracture retention clips. Vent door actuation does not occur 
unless there is a GRE with burn. To ensure future functionality of the vent system, 
the doors are inspected periodically. The MPR uses two static seals to maintain the 
integrity of the tank confinement. The external seal is visible; periodic checks can 
verify that no deterioration occurs over time. The vent door FDC require that the 
seals be replaced once in their 20-yr life span. Controls in Sec. 6.0 provide for the 
necessary inspections and maintenance functions. 

2.9. Principal Safety Criteria 

WHC standard controls include a series of WHC documents that define the safety 
envelope for the tank farm. The primary document is the HASP rnanual;'g other 
documents include the double-shell flammable gas watchlist tank safety basis 
documentzoand the interim safety basis document.Z1 

The relevant and applicable principal safety requirements established by DOE Orders 
for controlling the mixer pump operations have been evaluated to determine the 
degree to which the proposed operations comply with the requirements (App. A). 
The results of this evaluation indicate that the design, operation, and removal 
processes meet the intent of the requirements established in the DOE Orders. The 
design, operation, and removal processes were reviewed against the relevant 
requirements of the following DOE Orders: 

Thus, it has no operational considerations. 

1. 
2. 
3. DOE Order 5400.5, "Radiation Protection of the Public and the 

4. DOE Order 5480.4, "Environmental Protection, Safety, and Health 

5. 
6.  
7. 

DOE Order 6430.1A4, "General Design Criteria"; 
DOE Order 5400.1, "General Environmental Protection Program"; 

Environment"; 

Protection Standards"; 
DOE Order 5480.5, "Safety of Nuclear Facilities"; 
DOE Ordei 5480.7, "Fire Protection"; 
DOE Order 5480.10, "Contractor Industrial Hygiene Program"; 
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8. 
9. 
10. DOE Order 5820.2A, "Radioactive Waste Management." 

DOE Order 5480.11, "Radiation Protection for Occupational Workers"; 
DOE Order 5700.6C, "Quality Assurance"; and 
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3.0. IDENTIFICATION OF HAZARDS 

This section presents the results of a HazOps study' used to formally identify all 
hazards associated with the proposed action. 

The primary condition of concern is the release of radioactive and toxic materials, 
with the direct consequence being exposure of the public sector and/or onsite 
personnel to unacceptable hazards. Airborne, underground, and surface release 
pathways are considered in the study. In addition, any structural damage of the tank 
that would cause major damage in the dome area or leaks in the liquid region is 
evaluated in lieu of analyses of the long-term radiological and toxicological releases 
associated with these types of tank structural damage. 

The results of the HazOp analysis (described in Sec. 3.1) indicate that the potential 
hazards contributing to the release of radioactive and toxic materials and structural 
damage to the tank can be combined as follows: 

1. flammable and/or toxic gas release; 

2. flammable gas release with burn; 

3. releases from the ventilation system, tank penetrations, and dropped 
components; 

4. external events, e.g., flooding, fire, and seismic; 

5. nuclear criticality; 

6. larger-than-normal release of flammable and/or toxic gases because of 
pump operation; and 

7. other hazards associated with pump operation. 

3.1. Methodology 

The hazards associated with the proposed actions were identified through a 
HazOps.1 HazOp is a qualitative hazard analysis technique used to conduct a 
structured review of process operations; its principal purpose is to identify hazards.2 
The HazOps divides the overall process into discrete "study nodes" that may include 
an operational procedure (e.g., mixer pump installation) or the physical regions 
associated with certain process equipment (e.g., exhaust stack and gas dome). At 
each node, key process parameters (e.g., toxic gas concentration and hydrogen 
concentration) are identified, and the potential consequences from any deviation 
(e.g., public and worker exposure to toxic gas via stack release) are characterized. The 
consequences may include one or more of the hazards of concern from the study. 
The HazOps is documented through tables identifying the key parameters, 

Rev. 14 3-1 March 31, 1995 



WHC-SO-WM-SAD-033 
LA-UR-92-3196 Revised REV 2 

deviations, causes, and consequences, along with other information that may be of 
importance for a particular application (e.g., means for detection and approaches for 
prevention/ mitigation). 

A HazOps is qualitative and deliberately does not attempt to quantify the likelihood 
of a contributing cause, nor does it express the potential consequences in 
quantitative terms. It does not provide a detailed breakdown of the contributing 
causes at the root-cause level unless the root cause is important in differentiating 
potential consequences. 

Several potential hazards, including burn below the crust, burn of the crust, and 
burn in the liquid, were eliminated from consideration during the HazOps. A 
previous analysis3 considered the possibility of a burn of gas trapped between the 
liquid and crust. This analysis assumed that the crust was solid and could trap gas 
between the liquid and the crust. Recent observations have shown that the crust is 
porous (not an impermeable solid); thus, trapping significant quantities of gas under 
the crust is not possible. A previous analysis3 also considered the possibility of crust 
combustion during the burning of gas in the dome. The results showed that the 
crust does not sustain combustion and that the surface of the crust is charred only to 
a depth of 0.001 m (0.04 in.) by a burn in the dome. The analysis was based on a very 
conservative estimate of the organic content of the crust. Core samples4 show that 
the actual organic content is much less than the sample used in the analysis. A gas 
burn of any substantial magnitude within the C or NC layers was not considered 
credible. A substantial burn requires that the gas coalesce into a large bubble. 
Diffusion rates are too low to account for the formation of large bubbles. We believe 
that the gas distribution is approximately uniform throughout the tank, so bubbles 
must migrate horizontally to coalesce. If the bubbles are sufficiently mobile to 
coalesce, they also will be rising because of their buoyancy. Large bubbles cannot 
form and be retained in the waste; therefore, a substantial gas burn in the waste is 
not considered credible. 

The final result of the HazOps is a list of potential hazards and their causes, as 
discussed in the next section. The results are summarized in Tables 3-1 through 3-3. 

3.2. 

The original HazOp analysis' conducted for the proposed action in Tank 101-SY 
examined four processes: (1) removal of the slurry distributor from Tank 101-SY, 
(2) installation of the mixer pump into Tank 101-SY, (3) operation of the mixer 
pump, and (4) removal of the mixer pump from Tank 101-SY. The slurry 
distributor already has been removed from the tank. Thus, the hazards associated 
with slurry distributor removal no longer are addressed in the SA. The analysis 
does not consider the hazards associated with transportation of the contaminated 
pump from the tank farm or its ultimate decontamination and disposal. This 
activity is included in the SA& for site transportation and waste storage and 
handling. 

Results of Mixer Pump HazOp Analysis 
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TABLE 3-1 
TANK 101-SY HAZARDS IDENTIFICATION FOR INSTALLATION OF MIXING PUMP 

Hazard 
Gas Release 

Gas Release with Burn 

Pump Ejection 
Filter System Release 
rank Penetration 

Spill during Removal (Failure to 
[nstall) 
Zontamination from Droowd 
Pump (Failure to Installj 
qooding of Tank 

Jnfiltered Release through Open 
7iser 

F a y  of Waste into Dome Region 

Cause . Unexpected GRE from Tank 101-SY (window burp) 
* Unexpected GRE from neighboring tank 

Gas release induced by localized mixing during installation 
operations 
Gas release AND ignition source 

e Gasaccumulation AND ignition source 
Ignition sources 
- Ignition within tank 

. Metal-on-metal spark (pump assembly/riser contact) 

. Static electricity 

. Lightning 

. Instrumentation or power system cable/equipment 
short or failure 

- Ignition in HVAC system 
Fan blade strikes housing 

. Fan overheating 

. Instrumentation or power system cable/equipment 
short or failure 

- Ignition in pump pit 
. Metal-on-metal spark (pump assembly/riser contact) 
. Instrumentation or power system cable/equipment 

short or failure 
- Ignition at surface 

. Tooldrop 

. Vehicle/equipment impact 

. Vehicle/equipment operation 

. Instrumentation or power system cable/equipment 
short or failure 

. Lightning 
8 GRE with a bum 
1 Filter train failure caused by gas release and bum 
1 Small parts drop 
b External event (earthquake) 
I Pump drop 

- Internal 
- External 

' Spill from contaminated pump assembly after removal 

Drop of contaminated pump assembly after removal 

Inadvertent water addition to tank 
External event (flood) 
Overpressure in tank releases material through open riser 
- Unexpected GRE 
- HVAC failure 
- Bum or detonation 
Exhaust HEPA filters failed 
External evc'nt (earthquake. tornado, high wind, flooding) 
Splashing in C laver during pump assembly installation 
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TABLE 3-2 
TANK 101-SY HAZARDS IDENTIFICATION FOR PUMP OPERATION 

PumpInduced Gas 
Release 

Induced Releases 

Cause 
Unexwcted GRE in Tank 101-SY (window bum) 
Unexpected GRE in neighboring tank 
Gas release AND ignition source 
Gas accumulation AND ignition source 
Ignition sources 
- Ignition within tank 

. Metal-on-metal spark (pump assembly/riser contact) 

. Static electricity 

. Lightning 

. Instrumentation or power system cable/equiprnent short or failure 
- Ignition in HVAC system 

. Fan blade strikes housing 

. Fan overheating 

. Instrumentation or power system cable/equipment short or failure 

. Metal-on-metal spark (pump assembly/riser contact) 

. Instrumentation or power system cable/equipment short or failure 
- Ignition at surface 

. Tooldrop 

. Vehicle/equipment impact 

. Vehicle/equipment operation 

. Instrumentation or power system cable/equipment short or failure 

. Lightning 

- Ignition in pump pit 

n Pumpinduced waste chemical changes 
@ Pumpinduced waste heating 

Pumpinduced modified eas uroduction 
Y .  

Pump-induced modified gas retention 
See above AND ignition source 

Pump-induced waste densification and relocation 
Filter train failure caused by hydrogen release with bum 

m Pump-induced waste foaming 
Dropped pump assembly 
- Support column failure 
- External event (earthquake) 
Catastrophic failure and disassembly of pump (missiles) 

b Failure of discharge pipe assembly 
1 Descaling of tank wall 
’ Tank wall erosion resulting from jet impact 
@ Accelerated corrosion resulting from mixer pump operation 
I Inadvertent water addition to tank 
1 External event (flood) 
b Discharge manifold leak 

1 Pump control system failures 
1 Electrical failures 
1. Mechanical failures 
b Mechanical failures 
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TABLE3-3 
TANK 101-SY HAZARDS IDENTIFICATION FOR MIXER PUMP REMOVAL 

Hazard 
;as Release 

;as Release with Burn 

'ump Ejeetion 

ilter System Release 
ank Penetration 

pill during Removal 
ontamination from Dropped Pump 
looding of Tank 

nfiltered Release from Tank 
trough Open Riser 

>ray of Waste into Dome Region 

Cause 
Unexpected GRE from Tank 101-SY (window burp) 
Unexpected GRE in neighboring tank 
Gas release induced by localized mixing during pump 
removal operations 
Gas release AND ignition source 
Gas accumulation AND ignition source 
lgni tion sources 
- Ignition within tank 

. Metal-on-metal spark (pump assembly/riser contact) 

. Static electricity 

. Lightning 

. Instrumentation or power system cable/equipment 
short or failure 

- Ignition in HVAC system 
. Fan blade strikes housing 
. Fan overheating 
. Instrumentation or power system cable/equipment 

short or failure 
- Ignition in pump pit 

. Metal-on-metal spark (pump assembly/riser contact) 

. instrumentation or power system cable/equipment 
short or failure 

- Ignition at surface 
. Tooldrop 
. Vehicle/equipment impact 
. Vehicle/equipment operation 
' Instrumentation or power system cable/equipment 

short or failure 
. Lightning 

GRE with a bum 
Pumpinduced GRE, even with a bum 
Filter train failure caused by hydrogen release with burn 
Small parts drop 
External event iearthquake) 
Dropped pump assembly 
- Internal 
- External 
Spill from contaminated pump after removal 
Drop of contaminated pump assembly after removal 
Inadvertent water addition to tank 
External event (flood) 
Overpressure in tank releases material through open riser 
- Unexpected burp 
- HVAC failure 
- Burn or detonation 
Exhaust HEPA filters failed 
External event (earthquake, tornado, high wmd, flooding) 
Splashing in  C layer dunng pump assembly removal 
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The breakdown of the overall process into study nodes is based partly on the types of 
activities required to complete each of the individual processes. The additional 
rationale for node selection includes explicit consideration of important flow paths 
(such as individual release pathways to the environment) and physical tank regions 
(e.g., the C layer and pump pit). 

Key parameters in the HazOps are those physical parameters that characterize the 
operations associated with individual processes. For example, key parameters for 
the nodes associated with the HVAC process include airflow, pressure, temperature, 
and relative humidity. Also included are parameters that are a measure of potential 
hazards, such as hydrogen concentration, toxic gas concentration, and radioactivity. 
The key parameters for the fluid mixing process are temperature, level, flow, 
pressure, and hydrogen concentration. Additional operability parameters for the 
mixer pump include electrical and mechanical integrity. 

Tables 3-1 through 3-3 list the hazards identified in the HazOp analysis. These tables 
are organized according to the life-cycle phases identified above and have been 
grouped into hazard categories. These hazard categories are analyzed further in 
Sea. 4 and 5 of this report. 

3.3. MPR-Identification of Hazards 

3.3.1. Hazards Appraisal 
This section of the SA document identifies hazards associated with installation and 
removal of the MPR and its pressure relief function in Tank 101-SY. The release of 
radioactive and toxic materials, direct radiation exposure to personnel, or structural 
damage to the confinement vessel during the installation or removal of the MPR 
(or its failure to properly function) is possible. Accident scenarios and specific 
events of documented concern that lead to these events are included in Sec. 3.0. 
Specific events of documented concern are: 

flammable and/or toxic gas release; 

flammable and/or toxic gas release with burn; 

releases from the ventilation system, tank penetrations, and/or dropped 
components; 

external events, e.g., flooding, fires, seismic, windstorms, and lightning; 
and 

direct personnel radiation exposure owing to streaming. 

Hazards associated with future decontamination and transportation of the MPR 
upon removal of the MPR are covered by standard WHC procedures and not by this 
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HAZARD CAUSE 
a m b l e  
id/or Toxic 
as Release 

Loss of tank vapor containment 
coupled with unexpted GRE 

Riser open during MPR 
installation or removal 

MPR door actuation by 
deantamination spray system 

Vent door retention failure and/or 
opening below pressure 
differential specifications, causing 
premature actuation 

seals 
Radiation or chemically damaged 

document. Also, this analysis does not address hazards associated with work-related 
injuries, e.g., normal industrial hazards associated with lifting heavy objects. 

3.3.2. Hazards Identification 
Table 3-4 identifies hazards for the MPR assembly. The first column of the table 
identifies the hazard of concern. The second column identifies the cause(s) of the 
hazard. The third column summarizes the hazards analysis performed to ensure 
mitigation of the issues involved. This process of hazards evaluation has lead to 
adaptations in the MPR design, extensive design analyses, inspection verification, 
and implementation of administrative controls to ensure that the SC-1 integrity of 
the Tank 101-SY is not compromised. These considerations are contained in Sec. 4.6; 
references to appropriate sections are contained in Table 3-4. 

We require that only those functions essential to monitoring the behavior of 
Tank 101-SY are operating when the MPR installation and removal tasks are in 
process. All potential sources of spark generation must be effectively controlled to 
minimize the hazards identified in Table 3-4. 

SAFETY ANALYSIS 

Toxicological and radiological issue mitigated by virtual1 
no pressure difference (Sec. 4.6.3.1). Installation/removaf 
controls in Sec. 6.0 on waste level to ensure against 
unexpeaed GRE 

analysis performed on spra momenta revealed insufficient 
pressure force to dislodge &or 

Product testin and periodic inspedion are used to ensure 
a ainst vent &or prematurely opening (Sec. 4.6.4.1). Sec. 
h%,Controls, requires inspection 

MPR spray ring design arranged to preclude accident. WHC 

Seal materials selected to withstand strin ent environmental 
conditions; materials s p s  contained in dtHC documentatio 
(Ref. 5, SES. 3.2.2) 

TABLE 3-4 
HAZARDS IDENTIFICATION FOR INSTALLATIONlREMOVAL AND 

FUNCTIONALITY OF THE MPR 

.... 
MPR ignition source at tank 
surface - Static electricity discharge 

Mechanical impact from tools, 

Lightning strike 
eyipment, etc. 

Properly rounded equipment (Ref. 5, k. 4.3.4; k. 6.0, 
Controls? 
Use of nonsparking materials (300 SS), (Ref. 5, Sec. 2.2) 

Electrically grounded equipment (Sec. 6.0, Controls) 
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TABLE 3-4 (CONT) 
HAZARDS IDENTIFICATION FOR INSTALLATION/REMOVAL AND 

FUNCTIONALITY OF THE MPR 

HAZARD I CAUSE I SAFETY ANALYSIS 
&System 
lea% from 

MPK drop onto HEPA filtcr - IVork plan contrul for transit of M I X  Over vulnerable 
'IruLturrS t S c ~  4 6 3 3 and SKK 6 0 Controls) 

cts or HEPA 
p e r  (not I 

ssociated with 

Structural dynamic response studies of seismic events show 
no loss of containment (Sec. 4.6.4.3) 

Insufficient vent area 

Sec. 4.6.4.4; Ref. 5, k. 5.1.4; Ref. 6 documents dose rate 

ion spray confined to internal surfaces; 

Inadequate shielding provisions 

Removal and decontamination 
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4.0. HAZARDS ANALYSIS 

In Sec. 4.1, we develop accident sequences based on the hazards identified in Sec. 3. 
The methodology used to analyze these hazards is presented in Sec. 4.2. Hazards 
that have been identified but do not have sequences shown in the analyses are 
assessed in Sec. 4.3. Hazards that have sequences will be discussed in Sec. 5. 

4.1. Accident Sequence Development 

Accident sequences with potential consequences based on the hazards and causes 
identified in Sec. 3 are developed in this section. 

The accident initiators were derived from the Cause columns in Tables 3-1 through 
3-3. Some hazard causes were grouped and considered as single initiators. The 
ignition sources from Tables 3-1 through 3-3 were considered conditional events 
and are required for all accident sequences involving burns. Accident sequences 
were developed using the identified accident initiators. All accident sequences 
except those involving a GRE are single-initiator, single-consequence sequences. 
For the GRE-initiated accident sequences, there are multiple consequences; 
therefore, a generic event tree, as shown in Fig. 4-1, is used to develop the accident 
sequences. Their outcomes depend on whether (1) an ignition source is present, (2) 
the ventilation system is operating, and (3) the MPR panel inadvertently opens 
without a burn. The generic event tree is applicable to the GRE cases for all phases 
of the operations considered in this SA. 

The results of the accident sequence development are presented in Tables 4-1 
through 4-3. Each row in Tables 4-1 through 4-3 represents an accident sequence 
that has been evaluated. The evaluation of the accident sequences resulted in the 
sequences being classified as either (1) accidents that have radiological, toxicological, 
and structural consequences or (2) accidents that have none of these consequences. 
Accidents in the first category are analyzed in Sec. 5. Accidents in the second 
category are analyzed in Secs. 4.3 through 4.5. Appendix J provides the sources for 
the accident initiator and sequence frequencies used in these tables. 

The frequencies listed in Tables 4-1 through 4-3 have not been determined rigor- 
ously, and estimates have been used in several cases. The use of these frequencies is 
limited to providing relative frequencies, which are used to compare the conse- 
quences with acceptance criteria in Sec. 5. 

Several GRE-initiated accident sequences in Tables 4-1 through 4-3 reflect the 
variations in the conditions assumed for each analysis (i.e., analysis conditions) as 
part of the accident evaluation. 
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- no pump ejection 
Fig. 4.1, Branch 2 
Flammable gas accumula- 

- ignition source 
- ventilation operable 

tion 

Flammable or 
Toxicological 
Gas Release 

Toxicological 
Gas Release 

Toxicological 
Gas Release 

Toxicological 
Gas Release 

Gas Release 
With Bum 

Gas Release 
With Bum 

Flammable 
Gas Release t- With Bum 

Rev. 14 

TABLE 4-1 
ACCIDENT SEQUENCES DURING PUMP INSTALLATION 

Accident 
Initiators 

GRE during 
installation window 
(level S404 in.) 

Accident Sequence/ 
Event Tree 

- n o  ignition source 
- ventilation operable 
- closed MPR panel t -no  pumv eiection 

(level 5404 in.) - ventilation operable 
- open MPR panel 
-no  pump epaion 

I Fig. 4.1, Branch 4 
GRE durinn I GRE 

v 

installation window -no ignition source 
(level 5404 in.) - ventilation inoperable 

-closed MPR panel 
-no pump ekction 

I Fig. 4.1, Branch 5 
GRE durina I GRE 

-no  pump e w o n  
- no longer considered to ;RE in neighboring 

ank result in bum 

level 1404 in.) - ventilation operable 

Mean 
Frequency 

1.5 x 1 U 3 / y ~  

7.2 x lU6/yr 

3.5 1 0 - 9 / ~  

9.6 x 10-lO/yr 

2.8 x 10-4fyr ~ 

2 x 10-6/yr 

Reference 
Section 

5.4.2 

5.4.2 

5.4.2 

5.4.2 

5.4.2 

5.4.2 

4.3.1 

4.3.2 

5.4.3 
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Outcome 
Flammable or 
Toxicological 
Gas Release 

Flammable or 
Toxicological 
Gas Release 

WHC-SO-WM-SAD-033 
REV 2 

Initiators Event T&e Frequency Section 
GRE duringpump GRE 4.2 x I(r3/yr 5.5.1 
operation (level GO6 in.) - no ignition source 

- ventilation operable 
- closed MPR panel 
Fig. 4.1, Branch 3 

- no ignition source 
- ventilation operable 
- open MPR panel 
Fig. 4.1 ,Branch 4 

GRE during pump GRE 2 . 0 ~  10-6/yr 5.5.1 
operation (level M06 in.) 

TABLE 4-1 (CON") 
ACCIDENT SEQUENCES DURING PUMP INSTALLATION 

I Accident I Accident I Accident Sequence 
Outcome I Initiators I Event Tree 

Filter System I Flammable gas 

ertent watcr 

Section 
5.2.4. 

3.8 10-51F 5.4.5 --I- 

4.3.6 I 
TABLE 4-2 

ACCIDENT SEQUENCES DURING PUMP OPERATION 

I Accident I Accident I Accidentsequence I Mean I Reference 1 
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Accident Sequence 
Event Tree 

GRE 

WHC-SD-WM-SAD-033 
REV 2 

Mean Ref erencc 
Frequency Section 

2 . 0 ~  1@5/yr 5.5.1 Rammable or 
Toxicological 
Gas Release 

Fig. 4.1, Branch 5 

- no ignition source 
GRE L Flammable or ~ . 7 ~  10-9iF 5.5.1 

Toxicological 
Gas Release 

Flammable Gas 
Release with 
Bum 

Flammable Gas 
Release with 
Bum 

Flammable or 
Toxicological 
Gas Release 

Flammable or 
Toxicological 
Gas Release 

Flammable or 
Toxicological 
Gas Release 

Flammable or 
Toxicological 
Gas Release 

Flammable Gas 
Release with 
Bum 

- ignition source 
- ventilation 

inoperable 
Fig. 4.1, Branch 2 
GRE 
- n o  ignition source 
- ventilation operable 
- closed MPR panel 
Fig. 4.1, Branch 3 
GRE 
- no igninon source 
- ventilation operable 
- open MPR panel 
Fig. 4.1, Branch 4 
GRE 
- n o  ignition source 
- ventilation 

inoperable 
- closed MPR panel 
Fig. 4.1, Branch 5 
GRE 
- n o  ignition source 
- ventilation 

inoperable 
. closed MPR panel 
Fig. 4.1, Branch 6 
ZRE 
.ignition source 

ventilation owrable  

TABLE 4-2 (CONT) 
ACCIDENT SEQUENCES DURING PUMP OPERATION 

1.0 x 1 0 - 3 / ~  5.5.2 

4.8 x I(r7Iyr 5.5.2 

4.0 x 10-6/yr 5.52 

2 . 3 ~  lVY/yr 5.5.2 

1 . 3 ~  1O&/yr 5.5.2 

Accident 
Initiators 

GRE during pump 
operation (level a06 in.) 

GRE during pump 
opration;ieveI.a06 in.) 

GRE during pump 
operation (level M06 in.) 

GRE during pump 
operation (level a406 in.) 

GRE during dome 
intrusion 

GRE during dome 
intrusion 

GRE during dome 
intrusion 

:RE during dome 
intrusion 

;RE during dome 
ntrusion 

- no imition source I - 1  
Y 

- ventilation 
inoperable 

- closed MPR Dane1 

- ventilation 
inoperable 

- open MPR panel 

- ignition source 
- ventilation operable 
Fig. 4.1, Branch 1 
GRE I 2 . 6 ~  10-8/vr I 5.5.1 

Fig. 4.1, Branch 1 I 
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TABLE 4-2 (CONT) 
ACCIDENT SEQUENCES DURING PUMP OPERATION 

I I 5.0E-3 I 
pump Pump control system 
Owration- I - failures 

I lnhuced Releases - Electrical failures 
- Mechanical failures I I I 
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Accident 
Outcome 

Flammable or 
Toxicological Gas 
Re I ease 

Flammable or 
Toxicological Gas 
Release 

Flammable or 
Toxicological Gas 
Release 

WHC-SD-WM-SAD-033 
REV 2 

Accident 
Initiators 

GRE during 
removal window 
(level 5404 in.) 

GRE during 
removal window 
(level 5404 in.) 

GRE during 
removal window 
(level 5404 in.) 

TABLE 4-2 (CONT) 
ACCIDENT SEQUENCES DURING PUMP OPERATION 

Section 

through -Leak in pump discharge 5.5.3 

TABLE4-3 
ACCIDENT SEQUENCES DURING PUMP REMOVAL 

Release (level 5404 in.) 

(level 5404 in.) 

Accident Sequence1 
Event Tree 

GRE 
-no  ignition source 
- ventilation operable 
-closed MPR panel 
- no pump ejection 
Fig. 4.1, Branch 3 
GRE 
-no  ignition source 
- ventilation operable 
- open MPR panel 
- no pump ejection 
Fig. 4.1, Branch 4 
GRE 
-no ignition source 
- ventilation 

inoperable 
- closed MPR panel 
- no pump ejechon 
Fig. 4.1, Branch 5 
GRE 
-no  ignition source 
- ventilation 

inoperable 
-open MPR panel 
- no pump ejection 
Fig. 4.1, Branch 6 
GRE 
-ignition source 
- ventilation operable 
- no pump ejection 
Fig. 4.1, Branch 1 I 
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Accident 
Outcome 

WHC-SD-WM-SAD-033 
REV 2 

Accident Accident Sequence/ 
Initiators Event Tree 

TABLE 4-3 (CONT) 
ACCIDENT SEQUENCES DURING PUMP REMOVAL 

Release with Burn 

Flammable Gas 
Release with Burn 

qammable or 
roxicological Gas 
ielease 
' ump  Epction 

%Iter System 
telease 

:ank Penetration 

I 

removal window -ignition source 
(level 5404 in.) - ventilation 

inoperable 
-no pump epction 
Fig. 4.1, Branch 2 

Flammable gas Flammable gas 
accumulation in accumulation 
dome, riser, or - ignition source 
ventilation duct - ventilation 

inoperable 
- no pump e m o n  
- no longer considered 

to result in bum 
GRE in 
neighboring tank 

GRE during GRE 
removal window -ignition source 
(level 5404 in.) - ventilation 

inoperable 
- pump epction 

Filter train 
failure caused by 
gas release with 
turn 
- Dropped pump 

assembly, inter- 
nal or external 

- Small parts 
droo 

;pill during 
:emoval 

- External events 
Spill from 
contaminated 

- Inadvertent 
water addition 

lnfiltered Release 
irough Open Riser 

- Loss of negative 
tank uressure 

Mean 
Frequency 

2.0 x 10-6/yr 

- .  

pray of Waste into 
ome Region 

2.8 x 104/yr 

2 x 10-6/yr 

- External events 
Splashing in C 
layer during pump 
installation 

6.OE-4/yr 

3.8E-5/yr 

0.125/yr 

Referenct 
Section 

5.6.2 

4.5.1 

4.5.2 

5.6.3 

5.2.4. 

4.5.4 

5.6.4. 

5.4.4 

4.5.5 

5.6.1 

4.5.6 
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Initiating 
Event 

Ignition Source Ventilation MPR Panel 
Present Operable Closed No. 

No Burn I 4  

Fig. 4-1. Generic event tree for GRE accidents. 

Similarly, these accidents are modified to reflect the difference in the assumptions 
for the volume of gas released to the tank dome space during an episodic event. 
These assumptions are discussed in Sec. 4.2. The Event Tree column of Tables 4-1 
through 4-3 includes assumptions about the ventilation system and whether a burn 
occurs. 

The level of detail used in analyzing the accident sequences was a function of the 
frequency of the initiator, the frequency of the different accident sequences resulting 
from an initiator, and the potential consequences. Initiating event frequencies and 
event-tree branch-point split fractions often are difficult to assess and require 
subjective opinion if actual operational data are unavailable. Some frequencies 
were developed in this SA using UORs obtained from WHC to derive estimates 
based on actual operating experience. In addition, other WHC SAs and SARs were 
used to obtain estimates as needed. 

Each accident initiator identified for pump installation, operation, and removal was 
screened before detailed analyses were completed. This results in screening out all 
external event-related accidents associated with installation and removal activities 
because the exposure time during these periods is -8 h/yr (0.001 yr/yr). When 
combined with the frequency of the external events, the frequencies are <10-6/yr. 
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4.2. Accident Analysis Methodology 

The methodology used to evaluate the accident sequences that have consequences 
reportable in Sec. 5 is discussed here. 

4.2.1. Flammable or Toxic Gas Release 
A release of flammable gas that exceeds the LFL could occur while many of the 
actions required to conduct the mixer pump mitigation test are being performed. 
Although each of these actions is evaluated fully in the SA, the processes and 
mechanisms resulting in the generation and subsequent episodic release of gas are 
not completely understood. Therefore, a conservative approach has been adopted 
for defining the safety analyses included in this SA and for defining the input 
parameters for actions that may produce a postulated gas release and/or the 
potential for an ignition source. Data were used to determine the maximum gas 
release as a result of a naturally occurring CRE. The gas release for all other GREs 
was determined from an empirical model described in App. C. 

In developing the analysis methodology, several factors were considered: (1) the 
phenomena to be modeled, (2) the complexity of data transfer between codes or 
models, and (3) the accuracy in the results that could be achieved. For the postulated 
GREs with no combustion (no ignition source), we assumed that the gas from a 
release event went into the dome space and was released to the atmosphere through 
available leakage paths. For the postulated burn events, an ignition source was 
assumed to exist at the time when the released gas had mixed with the air to form a 
worst-case combustion event. Tank 101-SY has a ventilation system that affects the 
amount of mixing and limits the flammable gas concentration in the dome space. 
The operation and capacity of the ventilation system and its connection to Tanks 
102- and 103-SY were considered in the analysis. 

The GRE analysis methodology (Fig. 4-2) consists of 

using the gas release model in App. C to determine the maximum gas 
released and adjusting for the particular accident conditions; 

using HMS/TRAC to model the dome-space mixing, including the 
ventilation system; 

analyzing a dome-space combustion if required, including its effects on the 
ventilation system and the other two tanks; 

calculating the resulting radioactivity and toxic gas concentrations in the 
dome-space atmosphere; 

calculating the release of dome-space gas to the atmosphere through tank 
out-leakage.and the ventilation system; 
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using the AI-RISK results with the HMS/TRAC results to calculate the 
radiological doses and toxic gas concentrations, both onsite and at the Site 
boundaries; and 

using ABAQUS with the HMS/TRAC dome pressure boundary conditions 
to determine the structural effects on Tank 101-SY, including whether the 
tank fails as a result of the burn. 

Four major computer codes are used to perform these analyses: (1) HMS,' which is 
linked to (2) TRAC2 and (3) AI-RISK3 for the dispersion and dose analysis, and (4) 
ABAQUS4 (used to analyze the structural response). These codes are described in 
Apps. D, K, and G. The injection and mixing of the release gas within the dome- 
space atmosphere is modeled in the HMS/TRAC analysis. If combustion could to 
occur, the calculation is performed for the period when a maximum flammable gas 
inventory is reached. The radioactivity source term in the dome-space atmosphere 
considers the convective entrainment of waste particles from the surface. In 
analyzing leakage to the atmosphere, four paths were considered: (I) leakage 
through tank penetrations that are inlets under normal conditions, (2) flow through 
the ventilation system with a HEPA filter (assumed to have failed during the 
combustion cases), (3) releases from any potential failures in risers or in the tank 
itself and from risers that could be open during the window activities, and (4) an 
inadvertently opened MPR panel (without a burn). The release of radionuclides to 
the atmosphere was determined with HMS by integrating the mass flow rate leaving 
the tank, as determined by TRAC. AI-RISK combines the calculated atmospheric 
release and a dispersion model combined with the Hanford Site meteorology to 
predict onsite doses for the closest facilities and offsite doses at the Site boundaries. 

4.2.2. Drops and Spills 
The methodology used to compute the consequences of drops and spills consists of 
computing the source term, estimating a release fraction, and then computing the 
consequences using the unit release quantities shown in App. G. 

4.2.3. Pump Ejection 
A pump ejection accident could occur during the installation and/or removal of the 
pump assembly. This accident is possible only when a CRE with a burn occurs 
because the pressure rise in the dome in a CRE is not sufficient to elevate the pump 
column. The analysis method considered pump motion caused by the burn 
pressure in the dome. The 
acceptance criterion for a CRE with burn during pump installation and removal is 
set such that the maximum allowable release, if ignited, does not result in upward 
pump motion as a result of pressure forces exceeding the pump weight. 

The ejection accidents are discussed in App. M. 

Rev. 14 4-10 March 31, 1995 



LA-ZJR-92-3196 Revised 
WHC-SD-WM-SAD-033 
REV 2 

GAS RELEASE I MODEL I - 101-SY Gas Mixture and 
Densiy Data 

MaximumTotd Gas Release 
Amount of Retained Gas 

I 
Ventilation System Flws 

Dome Pressure Amount of Material Released 

Flow Raes 
Dome Temperature Gas Composhwns 

I 
I AI-RISK Resuits I 

Volume Expansion ol the Dome 
Tank Structural Response TwicGas Consequences 
Corrected Pressure due to 

Volume Expansion 

Radiological Doses 8 

Fig. 4-2. Analysis methodology. 

4.3. Accident Assessment-Pump Installation Accidents 

In Sec. 4.1, accident sequences were developed for all accident initiators identified 
from the HazOp analysis. In Sec. 4.2, the methodology for analyzing the accidents 
was presented. All accident sequences developed in Table 4-1 (Accident Sequences 
during Pump Installation) have been analyzed; the analysis results discussed in this 
section are for those consequences having no radiological, toxicological, or 
unacceptable structural consequences. The analysis of accident sequences with 
radiological, toxicological, or structural consequences is discussed in Sec. 5. 

4.3.1. Flammable Gas Release with Burn (Flammable Gas Accumulation) 
This case considers a condition where flammable gas accumulates in a pocket and is 
ignited by a source present at that location. The main concern is that a stagnant 
pocket can exist for a long time, thus increasing the likelihood that if a random 
spark source were to occur there would be a combustible quantity of flammable gas 
at that location, which would cause a deflagration. We considered three conditions 
to determine if a pocket is hazardous. First, there could be an accumulation in an 
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area because of the unique geometry such that the area is not ventilated by normal 
ventilation flow. Second, pockets could accumulate if the normal ventilation flow 
is lost. Third, a pocket could have unique features that make a burn at that location 
potentially more hazardous than flammable gas accumulation in the tank and a 
burn. We considered accumulations in the risers, pump pit, and ventilation system. 

During pump installation or removal, the pump pit is open, and accumulation 
cannot occur in the pump pit. Controls are established for the minimum 
ventilation flow for operations when the tank is open. If ventilation flow is lost, all 
operations will stop so that possible spark sources associated with work in progress 
will be minimized. The auxiliary ventilation fan will be started, and other 
corrective action will be taken to restore full ventilation flow. If the riser is open, it 
will be closed. If the equipment being removed or installed is suspended from a 
crane and ventilation cannot be restored quickly, the equipment will be placed in 
the safest condition by either reinstalling the item or completing the removal 
operation. However, during pump removal, the ventilation system intentionally 
may be turned off to prevent the excessive contamination of the system as a result of 
entrained droplets. The ventilation system will be started quickly if excessive 
ammonia or hydrogen concentration is detected in the dome space. 

We concluded that additional risk associated with accumulations of pockets of 
flammable gas during installation and removal operations is minimized by the 
controls that are in place for these operations and that the hazards are bounded by 
the analyses for burns during installation and removal operations discussed in 
Secs. 5.4 and 5.6. 

4.3.2. Flammable or Toxic Gas Release with or without Burn (GRE in the 

The SY Tank Farm consists of three separate tanks (101-, 102-, and 103-SY) connected 
by a common ventilation system. Most of the accidents identified in this SA are 
restricted to Tank 101-SY. The neighboring tank GRE analyses consider the 
possibility of accidents that are initiated or are in combination with accidents in the 
other two tanks in the SY Tank Farm. Tank 102-SY has been monitored previously, 
and there is no indication that it exhibits periodic releases. However, Tank 103-SY 
does have indications of gas releases. A potential concern is that Tank 103-SY could 
affect the accidents being analyzed for Tank 101-SY. This section investigates the 
potential for Tank 103-SY to affect accidents being postulated for pump installation 
in Tank 101-SY or to provide an initiator for accidents. 

Tank 103-SY has been identified as the second tank in the SY Tank Farm that has 
demonstrated evidence of crust drops, indicating possible gas releases. It also is 
believed that organic material was part of the waste originally stored in the tank. 
Organic material has been identified as a leading contributor to, or an important part 
of, generation and storage of flammable gas in a tank. On this basis, Tanks 101- and 
103-SY are the only- tanks in the tank farm that can release large qualities of 
flammable gas. The information obtained from Tank 103-SY indicates that crust 

Neighboring Tank) 
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drops are between 1.78 and 5.84 cm (0.7 and 2.3 in.); 10 GREs occurred between March 
27, 1989, and January 20, 1992.5 The differences in the Tank 101-SY vs Tank 103-SY 
GREs are that (1) events are smaller in magnitude [ 5.1 cm (2-in.) maximum crust 
drop in Tank 103-SY vs -25.4 cm (IO-in.) drops in Tank 101-SY); (2) Tank 103-SY has 
more free volume in the dome space [the waste height is -10.16 m (400 in.) in Tank 
101-SY and is -6.86 m (270 in.) in Tank 103-SY]; (3) Tank 103-SY events do not 
correlate well with tank pressure rise and waste temperature changes to strongly 
suggest a rollover event; and (4) events appear to occur in a cycle of two GREs -120 d 
apart, followed by one gas release in -80 d. The largest GRE, which had a crust drop 
of 5.84 cm (2.3 in.), only produced a 6.4-mm (0.25-in.)-w.g. pressure change. Two of 
the largest GREs occurred in October 1990 and January 1992, with estimated gas 
releases of 65.1 and 79.3 m3 (2300 and 2800 ft3) (as calculated by the FATHOMS code). 
If we assume that the gas composition is the same as in Tank 101-SY and that a 
release of 79.3 m3 (2800 ft3) occurs, the calculated peak hydrogen concentration is 
0.06%.5-6 The LFL for the Tank 101-SY release gas mixture is 3.5% (see App. B); 
therefore, the peak hydrogen concentration is -7% of the DOE limit of 25% of the 
LFL and provides a margin to account for any data uncertainties. 

Mixer pump installation can have three possible effects: providing an initiation 
source for a burn in Tank 101-SY, providing a source for additional flammable gas in 
Tank 101-SY, and changing the pressure or ventilation system flow to Tank 101-SY. 
Four observations from the discussions of gas releases support the conclusion that 
Tank 103-SY should not affect the pump installation. 

1. The largest GRE to date did not exceed 25% of the LFL and therefore would 
not be an ignition source. 

2. Even if there were simultaneous gas releases in Tanks 101- and 103-SY, the 
effect on pump installation would be small because the Tank 103-SY 
concentration is far below the LFL, and there is little pressurization from a 
gas release. 

3. The probability for simultaneous gas releases is small. 

4. The ventilation system flow rate and pressure in Tank 101-SY would not 
be affected because the pressurization in Tank 103-SY during a gas release 
is small. 

Pump installation will occur immediately after removal of the current mixer pump; 
therefore, because the tank has been mitigated for an extended period of time and 
the level has been maintained at -10.16 m (400 in.), the chances of a natural or a 
pump-induced GRE are greatly reduced. Using the above information, we 
calculated the frequency for a gas release in Tank 103-SY to be -3.4/yr. The 
probability of having a combined GRE in both tanks is <2.4E-5 without a burn and 
-2.4E-8 with a burn: The accident with a burn is of concern because without the 
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burn there would be very small effects. 
pressurize or release a large gas volume that could affect Tank 101-SY. 

4.3.3. Filter System Release 
The filter system release accident sequence is assumed to be caused by a gas release 
with a burn that could occur during the pump installation operation. No  other 
accident initiators are considered because these additional initiators are considered 
part of normal tank farm operations. As described in Ref. 7, the primary ventilation 
system removes vapors from the primary tank and maintains a negative internal 
tank pressure relative to atmospheric pressure. Above-ground piping in the 
SY Tank Farm connects one primary riser from each tank to the tank farm's primary 
exhaust system. The primary exhaust system in the SY Tank Farm consists of a 
moisture separator (deentrainer), a heater to prevent condensation on the filters, a 
bank of HEPA filters, and a fan. Radionuclide collection on the HEPA filters creates 
a radiation field in the vicinity of the filter bank. As described in Ref. 7, 
administrative controls prevent this field from exceeding 200 mrem/h. 

The radiological consequences of filter system release are discussed in Sec. 5.2.4. 

4.3.4. Tank Penetration 
The accident sequences associated with the pump installation discussed in Sec. 4.1 
were evaluated using deterministic methods and resulted neither in tank 
penetration below the level of the waste nor penetration of the dome region. 

The capacities of the pump structure, the 1.07-m (42-in.) riser, tank bottom, tank 
wall, tank dome, and pump pit were computed (see Apps. L and N). The drop loads 
of the pump with the shock absorber installed were compared with these capacities 
and found to be within the limits of the structures, provided that the controls for 
the pump lifting heights were maintained (see Sec. 6 and App. L). The seismic and 
rollover loads on the pump structure were computed and found to be within the 
capacity of the pump (see App. N). The misalignment loads associated with pump 
installation and removal were computed and compared with the riser capacity, and 
lifting limits were developed to prevent damage to the riser (see Sec. 6 and App. L). 
The structural loading associated with a burn in the tank was computed for pump 
operation (see Sec. 5.3.2 and App. K). These burn loads bound the maximum 
loading that could occur during pump installation. We found that the tank's 
structural integrity was maintained both below the level of the waste and in the 
dome region. 

We concluded that tank-penetration accident sequences during pump installation 
do not warrant further analysis. 

4.3.5. Flooding the Tank 
In Ref. 8, flooding of the 200-West Area (the location for Tank 101-SY) was 
examined. Probable maximum floods on streams and rivers, surge and seiche 
flooding, flooding resulting from ice dams and tsunamis, and flooding resulting 

The Tank 103-SY gas release does not 
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from dam failures were examined. The worst-case flood was found to be caused by a 
hypothetical direct-hit detonation of a nuclear warhead on Grand Coulee Dam. In 
this case, we concluded that the elevation of the floodwaters [-140.2 m (460 ft)] 
would be well below the elevation of the 200-West Area [-213.4 m (700 ft)]. As a 
result, we eliminated flooding as an external initiating event. 

Inadvertent excessive water addition to the tank during washing operations is a 
possible accident initiator that could lead to a loss of waste from the tank. In Ref. 9, 
the safety issues associated with the addition of water to Tank 101-SY, including the 
hydrostatic, chemical, and physical effects, were addressed. Several operations 
require the addition of water to the tank to flush and decontaminate the mixer 
pump. To ensure that excessive water will not be added to the tank, controls in Sec. 
6 require monitoring of water addition and limitations on the amount of water that 
can be added to the tank. 

We concluded that external events leading to flooding of the tank can be eliminated 
from further consideration and that adequate controls will be established to monitor 
and limit water addition to the tank that is required for flushing and 
decontamination of equipment. 

Water lancing may be required for pump installation. The hazards and controls are 
evaluated in Apps. U and V. However, if the pump were removed immediately 
after installation, pump decontamination also would be required. If water addition 
were required, the amount of water added would be limited to the quantity specified 
in Sec. 6. 

4.3.6. Spray of Waste into Dome Region 
This accident sequence assumes that waste could be sprayed in the dome region of 
the tank during pump installation. In Sec. 5.6.4, a spill of waste external to the tank 
is discussed. 

No mechanism has been identified that would cause a spray of waste into the dome 
region during pump installation that would be larger than the spill discussed in 
Sec.5. We reasoned that the consequences of a spill inside the tank would be 
several orders of magnitude lower than the consequences of a spill external to the 
tank. We concluded that no further analysis of the spray of waste into the dome 
region during pump installation is warranted. 

4.4. Accident Assessment-Pump Operation Accidents 

In Sec. 4.1, accident sequences were developed for all accident initiators identified as 
a result of the HazOp analysis. In Sec. 4.2, the methodology for analyzing the 
accidents was presented. All accident sequences developed in Sec. 4.1, Table 4-2 
(Accident Sequences during Pump Operation) have been analyzed; the analysis 
results discussed in this section are for those sequences having no radiological, 
toxicological, or unacceptable structural consequences. The analysis results of 
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accident sequences with radiological, toxicological, or structural consequences are 
discussed in Sec. 5. 

4.4.1. Flammable Gas Release with Burn (Flammable Gas Accumu1ation~- 
Flammable Gas Leak into the Pump Motor or Support Column 

The area between the pump and the column consists of (1) a short pipe 76.2 cm 
(30 in.) in diameter and (2) a conical section between the 40.6-cm (16-in.) and 76.2-cm 
(30-in.) pipes. The 76.2-cm (30411.) pipe, which contains the electrical connections 
between the cable and the pump, connects to the pump with a flanged and gasketed 
joint. Because of the radiation and vibration environment in which these flange 
gaskets are operating, the possibility and consequences of leakage were examined. 
Leakage here seems possible, and because uninsulated electrical connections exist in 
this area, a burn was considered. A burn in this area and the structural effects were 
analyzed in App. N. We determined that the burn would be contained and that the 
pump column would remain intact. 

Flammable gas leakage into the motor has been examined. The motor is filled with 
oil and has two shaft seals. The space between the seals is filled with oil supplied by 
a pipe from a 0.07-m3 (18-gal.) oil reservoir. A moisture detector in the pump motor 
and two temperature detectors near the upper bearing will detect a loss of oil or 
accumulation of waste in the motor area before bearing failure or deflagration 
occurs. A burn in the motor volume was analyzed; we do not expect the burn to 
cause structural damage, but we expect it to render the pump inoperative because of 
fire damage. 

An additional postulated scenario is that flammable gas could accumulate in the 
pump casing and leak past the seals into the motor housing. The pump and motor 
housings actually are separate in the vicinity of the shaft, and the shaft passes 
through an intervening space that contains waste. Thus, any gas accumulating in 
the pump and leaking past the seals would return to the waste. Therefore, we 
consider accumulation of flammable gas in the motor housing from this source 
impossible. 

4.4.2. Flammable or Toxic Gas Release with or without Burn (GRE in the 

As discussed in Sec. 4.3.2, the gas releases from Tank 103-SY do not pressurize the 
dome and are not large enough to affect Tank 101-SY. 

4.4.3. Criticality 
The conditions necessary for criticality are summarized in App. I .  Based on a 
calculated total 239Pu inventory of 910 g, which was based on core sample data, and 
using highly conservative assumptions of a 239Pu-water solution, we found that the 
inventory would need to be concentrated 16,000 times before a critical configuration 
could be obtained. There is no conceivable physical or chemical process that could 
cause the total 239Pu inventory to be so concentrated. We performed a more realistic 
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calculation with a *39Pu-sludge mixture and we found that no amount of 
concentration of the 239Pu inventory could cause criticality. Based on these analyses, 
we concluded that the 239Pu inventory in Tank 101-SY does not present a criticality 
hazard under any conceivable condition. 

4.4.4. Filter System Release 
We assumed that the filter system release accident sequence is caused by a GRE with 
a bum that is postulated to occur during pump operation. No other accident 
initiators are considered because these additional initiators are considered part of 
normal tank farm operations. This is the same accident sequence discussed in more 
detail in Sec. 4.3.3. 

4.4.5. Foaming 
Because foaming was observed in simulated waste studies, previous assessments of 
long-term effects considered the possibility of foaming as a result of both induced 
rollovers and continuous pump operation. However, no foaming ever was 
observed in the tank or during natural rollovers. Phase B testing induced several 
rollovers during which no foaming was observed, even under periods of extended 
pump operation at the maximum allowable speed. Based on the observed tank 
behavior, foaming is not considered a safety problem. 

4.4.6. Tank Penetration 
The accident sequences associated with the pump operation discussed in Sec. 4.1 
were evaluated by deterministic methods and found to result neither in tank 
penetration below the level of the waste nor penetration of the dome region. 

The seismic and rollover loads on the pump structure were computed and found to 
be within the capacity of the pump (see App. N). Loads associated with missiles 
from a breakup of the pump assembly were computed and found to be below the 
tank bottom and side wall capacities (see App. N). A postulated burn in the pump 
support column was computed and found not to result in failure in the pump 
support column (see App. N). The structural loading associated with a burn in the 
tank was computed for pump operation (see Sec. 5.3.2 and App. K). These burn 
loads bound the maximum loading that could occur during pump operation, 
provided that the test operation is limited to limit the maximum allowable release 
(see Sec. 6). We found that the tank structural integrity is maintained both below 
the level of the waste and in the dome region. 

Additional modes of tank penetration are discussed in the following subsections: 
Sec. 4.4.6.1 (erosion/corrosion), Sec. 4.4.6.2 (wall descaling), Sec. 4.4.6.3 (jet 
impingement), and Sec. 4.4.6.4 (detonation). 

We concluded that tank penetration accident sequences during pump operation do 
not warrant further analysis. 
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4.4.6.1. ErosionlCorrosion. Testing, conducted at PNL evaluated the potential for 
erosion/corrosion in other DSTs as part of the Hanford DST Retrieval Technology 
program. In tests using two (different simulated wastes, carbon-steel coupons were 
exposed to impinging jets of the siniulants over a range of temperatures [82 to 103°C 
(180 to 217'F)I and fluid jet velocities [0 to 16.76 m/s (0 to -55 ft/s) for the NCRW 
simulant test and 0 to 4.57 m/s  (0 to 15/ft/s) for the NCAW simulant test]. These 
tests and their results are described in detail in Ref. 10. 

In general, accelerated weight loss of carbon steel was observed in either case for 
coupons exposed to the fluid jets as compared with control coupons exposed to the 
same fluids and temperatures but under quiescent conditions. The increase was 
attributed to increased mass transport because when the coupon's surfaces were 
examined after testing, it was apparent that the surfaces of the coupons had not been 
worn away by an abrasive fluid. Rather, the weight loss appeared to be solely a 
result of typical aqueous corrosion of the carbon steel. This was evidenced by 
scratches on the surfaces of the coupons created by the original surface finishing that 
was not eroded away but preserved in the surface oxide layers after the tests. 

"Miller tests" for flurry abrasivity" performed on the simulants (slurries) also 
confirmed that the waste simulants tested should not be abrasive compared with 
other typical slurries (Le., sand/water, limestone/water, and bauxite/water). This 
low abrasivity probably can be attributed to very fine particle sizes of the solids in the 
simulants (and in most cases, the actual DST wastes). This is significant because if 
the solids in Tank 101-SY also are very small, the Tank 101-SY slurry probably will 
not be abrasive at similar jet impingement velocities. In that case, typical aqueous 
corrosion of the carbon steel likely will be controlling and probably would be 
accelerated to some degree because of the greater mass transport occurring with the 
moving fluid, as was seen in the erosion-corrosion studies. 

One of the two simulants tested was a simulated NCRW, and the other was a 
simulated NCAW. However, they were similar in that they had relatively high 
concentrations of NaOH to match the caustic solution, which purposely was added 
to the wastes for corrosion control in the carbon-steel tanks. Therefore, if corrosion 
of the 101-SY steel tank containing complexant concentrate waste were inhibited in a 
similar manner by the addition of a caustic solution (pH -12 to 13), similar slightly 
accelerated corrosion of the carbon steel likely would occur as a function of increased 
mass transport from mixer pump action. 

Quiescent corrosion rates observed on the control coupons in the NCRW and 
NCAW tests were -7.6 pm/yr (0.3 mil/yr). Corrosion rates measured for the 
impingement coupons ranged from 25.4 to 101.6 pm/yr (1 to 4 mil/yr). If we assume 
(1) a similar result with the Tank 102-SY waste, (2) that the mixer pump will be 
operated such that the velocities a t  the tank wall are much lower than the 
maximum tested, and (3) that the pump will be operated only intermittently to limit 
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energy addition to the tank, then accelerated corrosion of the tank wall should be 
minimal. 

4.4.6.2. Descaling the Walls. If the tanks inner wall has an incipient leak or if a 
leak has gone undetected in the past and has resealed with saltcake, pumping the 
waste could initiate a leak by descaling the walls. There is no indication that these 
conditions exist; however, the condition of the tank walls is not well characterized. 

To reduce the possibility of initiating a leak as a result of pump operation, initial 
pump operation was limited to minimize the velocity at the walls. After nearly 2 yr 
of testing, occasionally at pump speeds as high as 1000 rpm, there is no indication 
that the pump jets are descaling the wall and causing a leak in the primary liner. 

After more than 100 h of pump operation, transient temperature data indicate that 
the bottom 0.3 m (1 ft) of sludge does not appear to be disturbed at the MIT 
Iocations.12 

4.4.6.3. Jet Impingement. If we assume that the jet from the pump nozzles will 
behave like a fully turbulent buoyant jet, the resulting impact velocities on the wall 
will be small. The conservative maximum magnitude for the impingement 
velocity is -1.83 m/s (6 ft/s), which results in an impingement pressure of 2760 Pa 
(0.4 psi). However, this estimate ignores the finite yield strength and the non- 
Newtonian nature of the fluid. The worst-case scenario is that the jet forms a 
channel in the sludge where the size of the channel is determined by the yield 
strength of the sludge. In the case of such channeling behavior, the jet 
impingement velocity may be as high as 18.3 m/s (60 ft/s). This magnitude 
corresponds to an impingement pressure of 152 kPa (22.0 psi) acting over a circular 
area 8.13 cm (3.2 in.) in diameter. The resulting stresses are very small compared 
with the yield strength of the tank wall, which is 240 MPa (35,000 psi). Thus, the 
impingement is not a safety concern in the wall failure. Because the pump has been 
installed and operated for nearly 2 yr, the tank temperature profiles show that the 
tank is well mixed by pump operation; therefore, the turbulent jet is the best model 
of jet behavior under the current mixed conditions. 

4.4.6.4. Evaluation of Detonation. Based on work performed at SNL, we have 
quantified the relative risk of a DDT. Details are reported in App. E. The SNL 
methodology found two parameters to predict the likelihood of DDT. First, the 
closer a hydrogen-air mixture was to stoichiometric, the more likely that a DDT 
could occur. SNL listed five categories for mixtures related to equivalence ratios. 
The second key parameter was the geometry. SNL found that confined geometries 
with obstacles promoted flame acceleration and DDT; thus, they developed five 
classes for the geometric effects. The equivalence ratio can be calculated 
quantitatively, but the geometric effects are subjective. Based on these two 
parameters, SNL developed a matrix of the likelihood of DDT, as discussed in 
App. E. 
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We calculated the equivalence ratios of the hydrogen, nitrous oxide, and oxygen for 
the worst locations in the Tank 101-SY dome and for the connection to the 
ventilation system. 

We found that there were no mixture class 1 concentrations for the 296.77-m3 
(10,480-ft3) release and that the total volume of mixture classes 2+3 was <3%. This 
small percentage justifies the assumption that the volume is open and unrestricted 
and therefore is the least likely geometry class. This assumption yields a DDT 
probability of highly unlikely to impossible. 

For the 370.96-rn3 (13,100-ft3) release at the point where H2/N20/N2 is injected into 
the dome space, we calculated that the mixture is in the most sensitive category for a 
short period of time; however, we found that the percentage of the dome volume 
that had this sensitive mixture was a small fraction of the total dome volume 
(1.5%). From this small percentage, we concluded that the geometry is open and 
unconfined and therefore is in the least sensitive geometry class with the lowest 
potential for DDT. Using the Table E-2 results and considering the SNL experiments 
and the fact that the equivalence ratio is just over the threshold of mixture class 1, 
we judge the probability of DDT as possible but unlikely. 

The ventilation system components (both the inlet filter ventilation stack and the 
exhaust ductwork) were examined because they are considered confined geometries 
and were judged to be class 2. An analysis of the equivalence ratio shows that the 
ventilation system is never below mixture class 5. With a class 2 geometry, the 
ventilation system has a results class 4, which characterizes the DDT probability as 
possible but unlikely. 

In the SNL studies, experimental data were obtained for Hz/air mixtures. In our 
system with Hp/air/NzO, the equivalence ratios developed for HZ/air mixtures are 
not expected to be directly applicable, although the geometry classes are applicable. 
In the tank dome during a 371-m3 (13,100-ft3) GRE, the gas concentration in the 
computational cell where the gas is released reaches 29%. Even though the 
equivalence ratios are not directly applicable, this gas concentration in a nitrous- 
oxide environment is considered a sensitive mixture. In the ventilation system, the 
hydrogen concentration reaches 10%. There is no dilution of this value in the 
ventilation system from the other tanks because the gas release pressurizes the 
ventilation system, and flow is toward Tanks 102- and 103-SY. 

On the basis of these considerations, we conclude that DDT is possible but unlikely. 
This assessment of the likelihood of DDT occurring is based on the assumption that 
ignition has occurred with a probability of one. If we consider that the probability of 
an ignition also is unlikely, then the probability that detonation will occur is 
possible but very unlikely. 
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4.4.7. Flooding the Tank 
As described in more detail in Sec. 4.3.5, we concluded that external events leading 
to flooding of the tank can be eliminated from further consideration and that 
adequate controls required for decontamination of equipment will be established to 
monitor and limit the water addition to the tank. 

No water addition is planned as part of pump operation. However, water may be 
added during pump operation to flush or unplug the pump or instrument lines. If 
it became necessary to add water to the tank, the amount added would be limited to 
the quantity specified in Sec. 6. These operations have been analyzed and controls 
established in App. T. 

4.4.8. Spray of Waste into Dome Region 
This accident sequence assumes that waste could be sprayed in the dome region of 
the tank during pump operation. The only conceivable mechanism for the spray of 
waste in the dome region, beyond the normal spray that occurs as a result of 
rollovers, is a rupture of a pump discharge, causing the waste to be ejected into the 
dome space. This accident sequence is considered incredible because the pump 
discharge pipes are near the bottom of the tank, and no conceivable rupture could be 
expected to cause significant spraying in the dome region. Even if spraying were to 
occur, it is highly unlikely that any significant amount of radioactive material 
would escape the tank and the HEPA filters in the ventilation system. We 
concluded that no further analysis of a spray of waste into the dome region during 
pump operation is warranted. 

4.4.9. Pump-Operation-Induced Releases 
Although the mixer pump was designed to be operated safely in a flammable gas 
environment and the test plan was prepared with an emphasis on safety, accidents 
still are possible and are identified in Sec. 3, Hazards Identification. The 
consequences of potential accidents related to pump operation are analyzed in this 
section to evaluate the risks of the pump operation. We have considered various 
mechanical faults in the pump, electrical faults, and failures of the control system. 
We concluded that even though the pump may be damaged and further operation 
is prevented, none of the accidents considered will lead to a burn in, or structural 
damage to, the tank. In this sense, the hazards associated with these accident 
initiators are within the acceptance criteria. 

4.4.9.1. Pump Startup Overload. During startup, the pump will be operated and 
controlled from the DACS. Pump speed, motor current, flow rate, discharge 
pressure, pump vibration, support column strain, and motor temperature will be 
monitored. Normal operating ranges for these parameters have been determined; if 
operation outside the normal range is detected, the pump will be shut down. The 
pump is protected further by breakers between the variable-speed power supply and 
the pump and also by breakers at the power supply. Thus, overload conditions will 
be detected and terminated and will not lead to accident conditions with any safety 
consequences. This case could lead to disabled equipment and the inability to 
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continue pump operations; however, these consequences are unlikely because of the 
redundant breakers and trips. 

4.4.9.2. Pump Overspeed. Pump overspeed can occur from two sources. First, 
failure of the power supply could result in a high-frequency condition, causing the 
pump to overspeed. For a pump that discharges a liquid, the pump power is 
proportional to the speed cubed. As this power increases, the electrical breakers 
discussed in the previous section would trip the power supply and terminate the 
accident case. Second, fluids could be forced through the pump at high velocity, 
which can occur under certain conditions in a pressurized water reactor. Because no 
high-pressure fluid sources exist in Tank 101-SY that could cause the pump to 
operate at high velocity, this case is not considered credible. 

Although a severe overspeed case is considered incredible (the control system will 
be protected from being a single-point failure with over-rotation of the pump 
because of procedural and control features described in App. N), we analyzed a 
postulated breakup of the pump impeller under these conditions. The analysis 
examined the largest missiles that could be expected from the pump and the 
consequences of the missiles. We assumed that the full rotational energies of the 
pump parts are available at the maximum pump velocity. The pump rotates at 
1180 rpm, and the 45.7-cm (lb-in.)-diam rotor has a peripheral velocity of 430.5 m/s  
(100 ft/s). At this velocity there is insufficient energy to fracture the pump or motor 
housings. Details of this calculation are presented in App. N. 

4.4.9.3. Pump Shaft Break. We have examined the possibility of a break of the 
pump shaft to see if this could cause a missile that might puncture the tank or 
initiate a burp and burn. The pump shaft is designed such that the shaft has various 
diameters, with the largest diameters being at the top. This design prevents the 
pump shaft from falling out of the bottom of the pump if the shaft were to break. 

We also examined the pump design features that make missiles unlikely for pump 
shaft break. The design of the 15.2-cm (6-inJ-diam outlet pipes tend to contain and 
reduce the velocity of any pump parts that could fail. 

4.4.9.4. Bearing Failures. The pump and motor are mounted on a common shaft 
supported by two bearings. The bearings are located in the motor housing, and the 
pump impeller is mounted outboard from the lower bearing. The motor and both 
bearings are located in the motor casing, which is sealed and filled with oil. Two 
temperature detectors are located near the upper bearing; one moisture detector is 
located near the bottom bearing. The temperature detectors can sense hot oil at the 
top of the motor, and the moisture detector can sense a leak of waste into the motor. 
The normal pump operating parameters are monitored by the DACS to detect 
abnormal operation and prevent bearing failures. If a bearing failure occurred, the 
two concerns would be a broken shaft or a locked rotor. 
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We have examined the possibility of a locked rotor by assuming that the full 
rotational energy of the pump is transmitted to the pump column. The resulting 
torque would cause the pump assembly to rotate on the column support bearings. 
The torque would be resisted by the rotation gear, which has a shear pin in the drive 
shaft. This pin would break, and the column would rotate. The electrical and 
instrumentation cables above the tank could be torn out and whipped around above 
the tank, creating a fire and personnel hazard. The electrical cables are isolated by 
their respective breakers. 

4.4.9.5. Loss of Pump Oil. Failure of the pump motor casing or cooling circuit 
could result in leakage of pump oil into the waste or intrusion of waste into the 
pump. The concern is that this mixture could produce an exothermic reaction. To 
address this issue, PNL performed compatibility studies using sodium nitrate/nitrite 
as a waste simulant and two oils under consideration for use in the mixer pump, 
Chevron Turbine Oil GST IS0 32 and Chevron Turbine Oil GST IS0 68.13 
Stoichiometric mixtures of both oils and the dry nitrate/nitrite salts were subjected 
to differential scanning calorimetry and TGA (including differential TGA) over a 
temperature range of 50 to 550T (122 to 1022°F). The results indicate that no 
exothermic reactions occur below 350°C (662OF). Further, the loss of oil by 
vaporization in the test configuration suggests that no reaction would occur in an 
unconfined mixture over the entire temperature range. From these results, we 
concluded that oil/waste compatibility is satisfactory and that there are no energetic 
consequences associated with the leak of pump oil. 

4.4.9.6. Motor Shorts to Ground and Electrical Cable Failures. The electrical 
design of the pump is described in Sec. 2. The pump motor is located in the liquid 
waste area and is oil-filled. The electrical cables are contained in conduits where 
they pass through the support column, and the column has an inert nitrogen 
atmosphere. Electrical faults to ground are not expected to occur in flammable 
atmospheres and quickly will be isolated by the redundant supply breakers. 

If these precautions are inadequate, we have considered the possibility of explosion 
in the support column and have analyzed the consequences. We assumed also that 
flammable gases and nitrous oxide are present in the column or the column-to- 
pump pump-transition piece where the electrical connection to the pump is made. 
We assumed that the flammable gases and nitrous oxide are at the submergence 
pressure and then ignited. This results in a pressure of 1930 kPa (280 psi), regardless 
of the volume involved. The analysis concluded that structural integrity is 
maintained. Therefore, gas leakage into any volume of the mixer pump and 
subsequent ignition are within the acceptance criteria and will not propagate outside 
of the pump structure. 

4.4.9.7. Inlet Line Plugging and Loss of Suction. The pump inlet suction port is 
designed so that the impeller is open directly to the waste. If the port becomes 
clogged, the pump could be damaged. However, the impeller is designed with large 
clearances for slurry operation, and pump damage to the extent of pump 
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disintegration is unlikely. The result of a blocked inlet would be a loss of outlet 
pressure, which would be detected by the DACS; thus, the pump still could be shut 
down safely. If the inlet were plugged, the pump also could become unbalanced. 
This would be detected by the pump vibration monitor or pump column strain 
gauges, resulting in pump shutdown. The pump decontamination nozzles could be 
used to try to clean out the pump if the port became plugged. Loss of suction may be 
an operational problem, but i t  is not considered a safety issue because i t  can be 
detected before it causes a mechanical failure. Any resulting accidents are bounded 
by cases analyzed for the pump overspeed and locked rotor. 

4.4.9.8. Pump Outlet Nozzles Plugged. Several cases of outlet nozzle plugging 
were considered. The pump assembly was designed using the structural analysis of 
a single outlet nozzle being plugged as an asymmetrical load; this was not a limiting 
case. A single nozzle being plugged can be detected in two ways. First, the pump 
operating parameters would fall outside the normal operating range; second, the 
strain gauges on the pump column would indicate a bending moment. 

If both nozzles are plugged, the pump discharge pressure would go to shut-off head 
and be detected. Pumps are safe at this position, provided that they do not overheat; 
overheating would be detected with installed temperature detectors and alarms. 
Therefore, plugging of both nozzles would not cause a safety hazard. During the 
early phases of pump operations, the outlet nozzle was plugged. The plug was 
successfully detected and cleared with the injection of water.14 

The discharge nozzles also would become plugged if the non-Newtonian nature of 
the waste caused one jet to freeze at one of the nozzles, break loose, and start flowing 
again; this process repeats with another jet, resulting in alternating jet loads. This 
condition would be detectable with the discharge pressure, the support column 
strain gauges, and possibly the pump vibration monitor. The strain gauges on the 
pump column will be used to detect any strain exceeding an allowable value, which 
would result in shutdown. The allowable strain value will be chosen based on 
infinite fatigue life of the pump. This approach will eliminate failure resulting 
from oscillating loads, such as those produced by alternating jet loads. 

4.4.9.9. Loss of Electrical Power. We studied this situation to see if a power loss 
could create an accident or unsafe condition. This scenario is based largely on 
experience with reactor safety, where there are many vital electrical loads for 
shutdown and decay heat removal, and a loss of normal power can be a serious 
condition. Only one safety action can be taken during pump operations, which is to 
shut off the pump. Therefore, a normal power loss places the pump in a safe condi- 
tion. The control and instrumentation systems have a battery-based, uninterrupt- 
able power supply to monitor tank conditions. Thus, a normal electrical power loss 
inherently is safe for the pump, and instrumentation power is not interrupted. 

4.4.9.10. Loss of Control. The electrical design for the control system has been 
subjected to a single-failure analysis. The pump controls are redundant so that no 
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single failure can result in an inability to shut the pump down promptly if both a 
controlled variable and the shutdown logic call for a shutdown. This is described in 
more detail in Apps. N and S. 

4.4.10. Waste Discharge through Auxiliary Piping 
The possibility of waste discharge into the atmosphere from auxiliary piping has 
been considered, and the consequences have been analyzed. The piping system 
considered is the tubing used in the pump discharge pressure measurement system 
and the piping that connects to the flushing and decontamination system. These 
cases are described below. 

4.4.10.1. Pump Discharge Pressure Measurement System. This accident has 
consequences and is discussed in Sec. 5.5.3. 

4.4.10.2. Flushing and Decontamination System. The flushing and decon- 
tamination system consists of 25.4- and 50.8-mm (1- and 2-in.) pipes that connect to 
the flushing-and-decontamination ring near the pump suction and extend upward 
through the cover blocks. The upper end of the system contains a connector and 
valve where the line can be connected to a high-pressure water source. The pipes 
also contain two check valves. A functional specification requires that the two 
check valves in the pipes be located inside the tank. A serious discharge into the 
atmosphere could occur only if both check valves and the exit valve fail simulta- 
neously. This occurrence is judged to be incredible. Details of this analysis are in 
App. T. 

4.4.11. Vibrator Hazards 
The pump design was revised to add an air-driven vibrator -15.2 cm (6 in.) in 
diameter and 30.5 cm (E-in.) long mounted on the pump discharge nozzles. The 
vibrator was installed to unplug the nozzle if sludge buildup occurs and cannot be 
removed during pump operation. This SA treats the addition of the equipment in 
terms of sources of spills or leak paths and issues relevant to installation. However, 
the SA does not address operation of the vibrator. The controls detailed in Sec. 6 
require that the vibrator be flanged off and inoperable. Vibrator operation will 
require documented justification. A hazards assessment for vibrator installation 
indicates that there are no safety consequences. Details of the assessment are 
provided in App. T. 

4.4.12. 
Accumulation of flammable gas in the pump pit could lead to a burn in the pit, and 
the cover blocks could be blown off. The largest potential hazards exist during a 
GRE or burn condition in the tank dome. Two calculations were performed to 
bound this condition. We considered (1) the accumulation and burn of flammable 
gas in the pump pit and (2) the pressurization of the pump pit during a burn in the 
tank. For the most limiting case, we calculated the velocity of the pump pit cover 
blocks. Controls have been established in Sec. 6 to minimize the leakage flow paths 
so that the cover blocks cannot be launched. The analysis is presented in App. F. 

Flammable Accumulation Gas in the Pump Pit 
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4.5. Accident Assessment--Pump Removal Accidents 

In Sec. 4.1, accident sequences were developed for all accident initiators identified as 
a result of the HazOp analysis. In Sec. 4.2, the methodology for analyzing the 
accidents was presented. All accident sequences developed in Sec. 4.1 and Table 4-3 
have been analyzed; the analysis results discussed in this section are for those 
sequences having no radiological, toxicological, or unacceptable structural 
consequences. The analysis of accident sequences with radiological, toxicological, or 
structural consequences is discussed in Sec. 5. 

4.5.1, Flammable Gas Release with Bum (Flammable Gas Accumulation) 
This case considers a condition where flammable gas accumulates in a pocket and is 
ignited by a source present at that location. The treatment of this case for the pump- 
removal phase of the action is the same as the treatment for the pump installation 
phase (see Sec. 4.3.1 for a detailed discussion). 

We concluded that during installation and removal operations, additional risk 
associated with accumulations of pockets of flammable gas is minimized by the 
controls that will be in place for these operations and that the hazards are bounded 
by the analyses for burns during installation and removal operations discussed in 
Secs. 5.4 and 5.6. 

4.5.2. Flammable or Toxic Gas Release with or without Burn (GRE in the 
Neighboring Tank) 

As discussed in Sec. 4.3.2, the gas releases from Tank 103-SY do not pressurize the 
dome, nor are they large enough to affect Tank 101-SY. 

4.5.3. Filter System Release 
We concluded that the filter system release accident sequence could be caused by a 
gas release with a burn occurring during pump removal. No other accident 
initiators are considered because they are part of normal tank farm operations. This 
same accident sequence is detailed in Sec. 4.3.3. 

4.5.4. Tank Penetration 
The accident sequences associated with the removal operation are identical to those 
discussed for pump installation operations (Sec. 4.3.4). We concluded that tank 
penetration accident sequences during pump removal do not warrant further 
analvsis. 

4.5.5. Flooding the Tank 
As described in more detail in Sec. 4.3.5, we concluded that external events that 
could lead to tank flooding can be eliminated from further consideration and that 
adequate controls have been established to monitor and limit water addition to the 
tank, as required for decontamination of equipment. 
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Water addition is part of pump removal. The amount of water added to the tank 
will be limited to the quantity specified in Sec. 6. 

4.5.6. Spray of Waste into Dome Region 
This accident sequence assumes that during pump removal, waste could be sprayed 
in the dome region of the tank. This accident sequence is similar to the sequence 
discussed in Sec. 4.3.6. We concluded that no mechanism has been identified that 
would cause a spray of waste into the dome region during pump operation other 
than a spill of waste inside the tank. The consequences of a spill inside the tank 
would be several orders of magnitude lower than the consequences of a spill 
external to the tank. Thus, we concluded that no further analysis of a spray of waste 
into the dome region during pump removal was warranted. 

4.6. MPR-Hazards Analysis 

This section describes the analysis of hazards outlined in Sec. 3 for the MPR. For 
each class of hazard, the design features and controls necessary to eliminate the 
hazards are described. The consequences for hazards that result in potential accident 
sequences are provided in Sec. 5. 

4.6.1. 
Many hazards associated with MPR activities are similar, if not identical, to hazards 
associated with mixer pump activities. In this section, we address only those 
hazards specific to the MPR activities. 

4.6.2. Hazards Assessment-Riser Preparation 
Before installing the MPR on Riser 5A or the MPF on Riser 58, the equipment 
presently located in these risers must be removed. Only one riser may be opened at 
a time. A TV camera and light assembly were located in Riser 58. The activities 
associated with removal of the TV camera are beyond the scope of this document. 

4.6.3. 
When the controls in Sec. 6.0 are followed, the hazards associated with sparks or 
with personnel exposure to radiological or toxicological substances are mitigated. 
These controls are developed from the WHC standard controls for open-riser 
conditions, except that additional controls have been imposed to deal with the 
hazards of dropped equipment, which are detailed in subsequent subsections. 

4.6.3.1. Flammable or Toxic Gas Release (Unexpected GRE). A toxic gas release 
could occur at various stages of installing or removing the MPR and/or MPF, either 
from natural convective action of the dome gas or from a GRE with the tank riser 
open. This safety issue has been bounded by Sec. 5, which contains an evaluation of 
situations with and without the ventilation system operable and with a GRE. For 
example, free convection of the dome gas driven by a thermal source of the hotter 
bulk waste results in-a release through an open riser when the ventilation system is 
inoperable. However, as stated in Sec. 5, this gas release without a burn results in 

Hazards Analysis for MPR/MPF Activities 

Hazards Assessment-MPRIMPF Installation and Removal 

Rev. 14 4-27 March 31,1995 



WHC-SO-WM-SAD-033 
REV 2 LA-UR-92-3196 Revised 

insignificant radiological consequences. bection 5 states that the projected exposure 
will remain within acceptance guidelines. To mitigate this issue during MPR 
installation and/or removal, standard WHC procedures will be implemented 
through administrative controls to ensure that an unexpected GRE will be a highly 
improbable event. A GRE during installation and/or removal is mitigated through 
imposition of tank intrusion criteria. These control limits, as well as remaining 
anticipated environmental conditions that must be avoided, are contained in Sec. 
6.0. 

We believe that this situation does not present any new hazards that are not 
presently addressed with standard WHC administrative controls. The probability 
that a premature opening of an MPR may occur during a GRE without a burn has 
been analyzed and is discussed in Sec. 4.6.4.1. 

4.6.3.2. Flammable or Toxic Gas Release with Burn-MPR Installation and/or 
Removal Control Limits. During installation and removal operations of any 
equipment associated with Tank 101-SY, a spark source may exist in the proximity of 
a flammable gas pocket. This situation specifically was addressed in Sec. 4.3.1. 

After a review of these hazards, we concluded that installation and/or removal of 
the MPR or MPF do not introduce any new hazards. Controls in Sec. 6.0 ensure 
operability of the ventilation system to avoid flammable gas accumulation; if the 
ventilation system is inoperable, these operations immediately are placed in a 
secure mode and terminated until normal conditions are achieved. WHC has used 
nonsparking materials in both designs; this contributes to the mitigation of the 
hazardous elements involved. 

Neither the MPR nor the MPF assembly incorporates any instrumentation and/or 
electrical equipment. As presently configured, these units do not present any 
electrical ignition source hazards. 

Flammable gas buildup and tank level variations are mitigated through operation 
of the mixer pump. The tank waste level characteristically remains at -10.16 m 
(400 in.). Installation and removal of the MPR and/or MPF will be constrained to be 
within tank level limits <10.26 m (404 in.). This level provides a safe margin below 
the tank structural limit. 

We conclude that no new risks associated with sparks have been introduced and 
that hazards have been mitigated through implementation of adequate controls, as 
well as through design features that inhibit spark production. 

4.6.3.3. Filter System Release. A filter system release accident from a gas release 
with burn is discussed in Sec. 4.3.3; no new hazards related to this event are 
introduced from the MPR installation and/or removal operations. However, our 
hazards analysis indicates that the MPR could be dropped onto the filter system 
during installation or removal. If the MPR were dropped onto the HEPA filters 
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from a height of several feet or more, we would expect gross filter structural damage 
to occur. In this event, we believe that most of the radioactive material confined to 
the filter elements would be drawn into the ventilation system because of the 
ventilation system's initial negative pressure. The ventilation system likely would 
be operable after sustaining major damage; this would place tank operations under a 
state of emergency. Repair and waste cleanup would correct the damaged state, at 
some risk to personnel. This accident must be prevented by administrative control 
of the crane transit path. Under no circumstances should the MPR handling 
operations place external tank farm critical elements at risk. The controls that 
mitigate this hazard are contained in Sec. 6.0. 

We conclude that no new hazards will be introduced that currently are not 
mitigated effectively through standard WHC administrative controls. 

4.6.3.4. Tank and Riser Penetration. A confinement loss of the toxic and 
radioactive waste from a structural failure of the dome liner is an SC-I issue. 
Installation, removal, and/or decontamination operations potentially constitute 
hazards to the structural integrity of the tank. The following subsections discuss the 
assessments of these situations. 

4.6.3.4.1. Crane accident or infringement. An accident that would increase the 
dome loading either statically or from heavy impacts is a particularly serious issue. 
The present static tank dome loading is nearing a critical stage, and any operation 
that could alter this balance must be avoided. Placing the MPR on the tank riser 
requires a heavy lifting operation; thus, administrative controls must ensure against 
structural failure of the dome liner. A crane accident is possible. Procedures for 
installation and/or removal of the MPR must be followed to ensure that an 
accident, such as a crane overturning onto the dome or encroachment onto the 
dome's perimeter, does not occur. Administrative provisions have been identified 
in Sec. 6.0 to address this issue. 

4.6.3.4.2. Drop of MPR onto tank riser. We assessed the consequences of dropping 
the MPR onto the Tank 101-SY riser during installation or removal. The analogy 
used and the results obtained from these calculations are contained in Ref. 15. This 
bounding-type analysis established the probable results if the 29,330-N (6600-lb) MPR 
were dropped onto the 1.07-m (42-in.)-diam riser. A consequence of this study was 
to constrain the drop height to ensure that the tank integrity is not breached. 
Administrative controls derived from this accident assessment have been placed in 
Sec. 6. 

Handling controls are imposed to limit accidental drop exposure to values less than 
those cited in the study found in Ref. 15. This study shows that the drop height was 
limited by allowable dome material properties. The impact velocity is relatively low 
in comparison to high-velocity impact studies. Velocities >25.6 m/s  (84 ft/s) are 
required before rupture of the low-carbon steel-riser tubular section would occur. 
However, administrative controls ensure against drops of this nature. Inertia loads 
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of the impacting bodies also were not considered important in the velocity region of 
interest. Consequently, we equated the work performed by the falling body to the 
strain energy produced in the riser. Strains induced in the riser body were idealized 
using the analogy of axial loading of a tubular section under a static load. 

Although differing in diameter and overall length, the risers in Tank 101-SY share 
common support features. Each riser is anchored into the secondary concrete tank 
liner with horizontal studs. The riser also is butt welded into the primary tank 
dome liner. Similarly, the riser weld in the tank dome liner is anchored into the 
concrete overlayer through a large array of studs. As part of the analysis, we 
assumed that these welded interfaces resist the riser impact load through a shearing 
action. Thus, we assumed that the steel dome rigidly supports the riser. A useful 
consequence of this assumption was a first approximation of drop height in terms of 
weld strengths. As stated, the objectives are to neither breach the riser/dome 
circumferential weld nor damage to the dome. Failure of this weld conceivably 
would result in the riser being partially driven into the tank space. 

The long riser tubes are compliant in comparison to the individual weld sections. 
Because the horizontal riser studs are imbedded in concrete, the volume of material 
that can absorb energy is negligible in comparison to the riser tube. In our bounding 
calculations, we used the compliance in the riser tube section to absorb the energy of 
impact. The stress produced in the riser from this impact directly is proportional to 
the square root of the falling body kinetic energy and the material modulus of 
elasticity and inversely is proportional to riser volume. Thus, stress buildup in the 
riser pipe is influenced not only by the riser cross-sectional area, but by pipe length 
as well. 

The detailed results of the bounding calculations for the MPR are found in Ref. 15. 
This drop analysis was based on an MPR weight of 29,330 N (6600 Ib), which was 
supplied by WHC. We found that the riser weld to the dome liner will not be 
breached by dropping the MPR, based on a maximum drop height of 91.44 cm 
(36 in.). The studs that anchor the riser to the concrete secondary liner presumably 
would shear if the MPR were to drop from a height of 2.2 mm (0.086 in.). The eight 
studs do not offer significant protection to the dome liner from any reasonable drop 
height. This drop height produces a dynamic load of 576,190 N (129,643 Ibf) on the 
riser flange area. We assume that this load uniformly is applied to the riser flange 
interface in this simple model. 

If the riser studs were to fail as a consequence of this great of a drop height, the dome 
deflection under these large impact loads would be very significant. The situation of 
a large deflection considers how soil friction on the riser tube can reduce this impact. 
The choice of the friction coefficient will have a deciding effect on the result because 
(1) the final friction coefficient chosen is an ill-defined quantity and (2) including 
this term generally becomes somewhat suspect. Table 2 of Ref. 15 illustrates the 
effect of including this frictional term for an assumed soil density and friction 
coefficient. If the friction coefficient were 1.0 (a very high value by most standards), 
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the unbalanced force exerted on the dome liner would be 180,680 N (40,653 lb) 
(Ref. 16 gives a static friction value of 0.3 to 0.7 for iron on stone). This is close to the 
maximum allowable value [165,400 N (37,214 Ib)], which corresponds to the 
material's ultimate strength based on our elastic model. Thus, a drop height 
presumably approaching 91.44 cm (36 in.) for an MPR weight of 29,330 N (6600 lb) 
would not breach the dome liner. However, this conclusion is somewhat 
problematical; thus, this issue should be further analyzed if necessary. Because our 
administrative controls in Sec. 6.0 are based on a conservative 36,620 N (8240 lb) 
(+25% margin), this drop height currently must be limited to 73.66 cm (29 in.). 

In a more rigorous analytical approach, we could develop an analogy for plastic 
strain in the dome liner; including this effect may permit drop heights >73.66 cm (29 
in.) without breaching the dome liner. However, we must include the soil friction 
effect mentioned above, and it is doubtful that inclusion of this effect alone would 
prevent damage to the dome. Before we can consider compliance of the dome liner 
and soil friction resistance, we must be willing to shear the riser dome studs. This 
situation hardly seems reasonable, and more promising alternatives must be 
considered. 

Excessive stresses develop in the steel dome liner if the MPR is dropped from any 
significant height. The compliance estimate for the steel liner dome, although 
significantly greater than the axial tube compliance, does not sufficiently reduce the 
impact load to an acceptable level for the MPR. 

As a result of this bounding calculation of a postulated MPR drop, we recommend 
that an elastomer (or equivalent compliant means) be placed between Tank 101-SY's 
riser flange and the MPR during installation and removal. The compliant material 
and sizing should protect the riser studs from the impact load. Otherwise, the 
structural integrity of the dome liner could be challenged if the MPR is dropped. A 
thorough study using FEA techniques is warranted if the dome riser is not protected. 

WHC has developed an installation and removal scenario whereby the three 
leveling jacks protect the riser. The three leveling jacks will be adjusted to a height 
that prevents a riser impact if the MPR is dropped. The leveling jacks will absorb 
the impact. The elastomeric seal on the riser flange also will protect the riser during 
the final adjustment of the leveling jacks. 

The riser cannot be driven down below the waste level if the MPR is dropped onto 
the 1.07-m (42-in.)-diam riser from the heights cited above; thus, there will be no 
hazard to the tank bottom liner. This conclusion is valid, despite the angle at which 
the MPR could impact on the riser. We conclude that a rupture of the tank bottom 
liner wall will not occur from this postulated accident. 

4.6.4. Accident Assessment-Operations 
We determined MPR operation hazards considering the release of toxic or 
radioactive materials and the direct consequence of exposure of the general public or 
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onsite personnel. All MPR operation accidents have been analyzed; the analysis 
results discussed in this section are for those consequences having no radiological or 
toxicological consequences or unacceptable structural consequences. The analysis of 
accident sequences with radiological or toxicological consequences is presented in 
Sec. 5. 

4.6.4.1. Flammable or Toxic Gas Release (Unexpected GRE). The MPR must remain 
closed during a GRE condition without a burn to ensure that there is no release of 
toxic or radioactive gas. However, a GRE with a large release volume can build 
pressure in the tank. This pressure must not overcome the vent door latch 
mechanism. If we assume that there are no defects, unforeseen damage, or 
deterioration of the primary sealing mechanism, this issue should not be a problem. 
In our hazards assessment, we considered the possibility of a vent door malfunction 
or a leaking condition from seal deterioration during a conservative GRE condition. 
The following subsections discuss these conditions. 

4.6.4.1.1. Vent door unexpected opening-retention failure. Under a closed-tank 
situation, a GRE with a 371-m3 (13,100-ft3) release volume will lead to a gradual 
positive buildup in pressure, peaking at a differential of 3310 Pa (0.48 psig). The 
present MPR FDC17 states that a normally functioning door will not begin to release 
until the positive tank pressure becomes >34.5 kPa (5.0 psig). However, in this SA 
we itre concerned that a combination of events may interact to produce this release, 
such as (1) severe wind storms capable of driving airborne missiles and (2) seismic 
disturbances. These events may occur in conjunction with a GRE, although the 
probability is extremely remote. WHC has made specific calculations to ensure that 
an adequate design margin to prevent premature door actuation based on the high 
relief pressure exists. Nonetheless, because of a fundamental question concerning 
vent door reliability, we assessed the consequences surrounding this hazardous 
event, as will be presented. Also, we determined the vent door's reliability for two 
separate failure modes (premature opening and failure to open during a major burn 
event). The first failure mode is discussed in this section; the second is discussed in 
Sec. 4.6.4.2. 

Our initial assessment of the fracture clip initial design concept reliability's 
determined that 16 of the 18 clips intended to retain a vent door must fail on one 
door for one panel to open prematurely in a GRE. The overall failure probability for 
the pressure relief panels opening under less than design pressure is -3.1 x 10-3 per 
rollover event. Human error contributed significantly to the estimated failure rate. 
This failure rate was reduced to 4.8 x 10-4 when we included a simple pressure test of 
the finished assembly. 

We considered what the effect of this failure would be in relation to initiating a 
burn situation. A release at 3310 Pa (0.48 psig) would result in flammable gas being 
injected at ground level, where electrical apparatus is located. Because not all 
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equipment residing in the near vicinity of the MPR will meet NEC Class 1, Div. 2 
requirements, a burn condition could be initiated. 

An analysis was performed using a postulated vent door retention failure in 
conjunction with a GRE, where dispersion of flammable gas results. 

These results revealed that a positive retention scheme is essential to the MPR 
design. The fracture-clip-type panel retention system was adopted as the most direct 
method of overcoming the premature venting hazard. 

4.6.4.1.2. Radiation or chemically damaged vent door seals. Under normal closed 
conditions, the MPR vent door panel seals the inner-tank vapor space from the 
surrounding air environment. Because the tank is maintained at a slightly negative 
pressure, any leakage would be inward, not outward. Under a tank GRE condition, 
the tank could reach the slightly positive pressure cited earlier [3310 Pa (0.48 psi@]. 
Escape of hazardous gases in this situation is limited by the nearly leak-tight vent 
door capability. Vent doors will be tested to ensure that leakage under a positive 
tank pressure of 10.3 kPa (1.5 psig) will be <0.17 m3/h (0.1 ft3/min). 

The vent door seal interface is made of an elastomeric material that could be 
vulnerable to radiation damage and/or chemical attack. The seal material could 
deteriorate with time, which would increase the minimal leakage. To mitigate this 
probable hazard, the seal material selection criteria have been controlled by WHC in 
the functional design requirements (Ref. 17, Sec. 3.3.2). Seal materials used in the 
MPR must be demonstrated through an appropriate combination of testing, 
analysis, and operating experience and supported by auditable documentation to be 
capable of withstanding the environment. WHC has chosen seal materials based on 
previous mixer pump design experience. Because of current functional experience 
obtained on the mixer pump riser elastomeric seal, we know that appropriate seal 
materials exist. Periodic inspection and replacement of the elastomeric seal 
materials provide additional confidence that the hazard has been mitigated and that 
no new unforeseen conditions exist. 

4.6.4.2. Flammable Gas Release with Bum (Flammable Gas Accumulation). This 
SA documents discrete accident events that may produce burn events in the dome 
space. The MPR provides tank pressure relief and thereby reduces serious structural 
consequences up to the maximum allowable release limit (Sec. 5) that may occur in 
the tank liner. The intent here is to analyze whether the MPR could fail in this 
primary function. 

Consequences of a burn event and the resultant radiological and toxicological limits 
are addressed in Sec. 5, including the vented products. 

4.6.4.2.1. GRE with bum-vent area size adequacy. The assessment of structural 
consequences resulting from a GRE and burn was updated for a conservative- 
estimate, top-down burn event (Sec. 5). Tank structural calculations reported in 
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App. K illustrate how the tank response interacts adversely with the rapid pressure- 
rise transient during the initial phase of a GRE. As part of the MPR SA analysis, the 
standard tank structural analyses were repeated to establish what potential effect the 
MPR venting characteristics could have on the structural limit. The need for quick- 
moving MPR vent doors was part of this evaluation. 

The HMS/TRAC tank model simulated MPR vent door actuation for several cases: 
(1) at 20.7 kPa (3 psig), with instantaneous opening; (2) at 20.7 kPa (3 psig), with full 
opening occurring within 100 ms; and (3) at 67 kPa (10 psig), with full opening 
occurring within 100 ms. The lower-pressure door releases depart significantly from 
the present riser venting at -100 kPa (14.5 psig) and were selected to simulate quick- 
opening vent characteristics. To ascertain other potential benefits of the MPR on the 
mitigation of a burn event, vent areas corresponding to 0, 66, 100, and 200% were 
varied parametrically, while holding the volume of the GRE constant. The initial 
pressure-rise transient is a strong function of this gas release value, as were as other 
equally important gas kinetics parameters. Very sharp pressure transients were 
encountered at the higher gas release values. 

Several observations can be made from these HMS/TRAC solutions involving the 
new MPR characteristics. First, a vent area equivalent to two MPRs produces no 
appreciable effect on the rapid portion of the pressure-rise time. However, the peak 
pressure is influenced moderately by the vent area, with the 200% area producing a 
modest improvement over the 0% case. The most pronounced effect of the MPR is 
in tank depressurization, again with a 200% area producing the largest effect. The 
effect of MPR venting on establishing the tank structural MAB limits is detailed in 
Sec. 5. Also, there was no evidence that the early actuation time of the MPR was 
beneficial in mitigating the burn events. Release of the vent doors at a pressure 
>20.7 kPa (3 psig) would be within the acceptance criterion; this feature has been 
used to avoid hazards associated with a premature release during a burp without 
burn. 

The primary function of the MPR is to support the auxiliary equipment items (e.g., 
the sonic probe); in the process, the flow area through the MPR column may become 
partially blocked. The actual area for venting through the MPR may be reduced to 
-66%, which is why this particular percent vent area value is part of the displayed 
information. Little difference is observed between the 66 and 100% cases. 

The radiological and toxicological consequences of a GRE in conjunction with 
venting through the MPR has been assessed and are reported in Sec. 5. 

We concluded that the MPR does not present any new hazards, considering the 
possibility of a GRE with a burn. Three vent doors on the MPR provide adequate 
relief area, even with a fully assembled MPR where the area is rated at 66% of the 
present vent system area. 
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4.6.4.2.2. Vent door actuation failure. Failure of tne MI-K vent doors to actuate and 
relieve the tank pressure during a gas release and burn event is an SC-I1 issue. 
Design features and/or component failures from any event that precludes door 
actuation must be considered as SC-I1 items. The three pressure vent doors have 
been sized such that only two must open to be provide a flow area equivalent with 
the I .07-m (42-in.)-diam riser opening. This feature provides redundancy. 

Each MPR vent door is held in place with an array of 28 fracture clips, which are key 
elements in the quick-release mechanism for the door. Each fracture clip is 
composed of a structural element fixed at one end. The clips apply a restraining 
force to oppose door openings under pressure. Thus, to open a door, a pressure 
excursion up to 41.4 Pa (6 psig) will cause the 28 clips simultaneously to fracture. As 
a point of reference, the 28 fracture clips offer redundancy. Because it takes 
nominally 6 psig to fracture all 28 clips, only 6 clips are required to prevent 
premature opening up to nominally 6.9 kPa (1 psig), or roughly twice the pressure 
produced by a 371-m3 (13,100-ft3) release. This attribute was an important 
consideration in selecting the clip design. 

Door actuation in the MPR should occur at -41.4 (k6.9) kPa [6 (fl) psig], with a door- 
opening response time of 100 ms. This provides a release of pressure comparable to 
the present 100-kPa (14.5-psig) vent plug installed on the existing riser. Although 
vent door release is best under all environmental conditions, we have shown that a 
tank pressure transient in a burn case is affected insignificantly without venting. As 
a sensible precaution, WHC has included relief characteristics for all conditions in 
their preinstallation testing and periodic inspection activities. For completeness of 
the SA study, we have considered individual potential effects that may preclude 
door actuation and have evaluated the design concepts proposed for their 
mitigation. Also, damage to the door from seismic events is discussed in the 
following section. 

We evaluated the consequence of a major burn event without the MPR vent doors 
opening. For the failure analysis for this postulated event,lS we investigated the 
failure-to-open fault mode. This overall failure probability is -2.OE-03 per burn 
event, which occurs at a frequency of 5.5 x 10-6/yr for releases 2244.9 m3 (8650 ft3) 
with burn and ventilation operable. Combining these events, we obtained a 
frequency corresponding to 1.1 x 10-8/yr. This low value ensures that the 
combination of these events is highly improbable. We concluded that a door- 
opening failure because of manufacturing or assembly error is not likely. 

In the process of examining external influences that may prevent the door panels 
from opening, we considered the effect of vent door icing. Because our studies have 
shown that the tanks structural integrity is not affected by failure of the door to 
open, we did not incorporate any electrical power feature to ensure vent door 
functionality in the presence of an icing condition. We concluded that proposed 
thermal insulation can prevent icing and that heat tracing would present an 
unacceptable hazard to mitigate icing. The vent doors possess limited capability to 
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oppose a high internal pressure. internal pressures caused by a major burn event 
would rupture the doors, releasing the internal gas pressure. 

Obstructions to doors opening (drifting sand, debris, etc.) are possible problems that 
can be corrected through periodic surveillance or directed through simple 
administrative controls (Sec. 6). We concluded that by properly inspecting the vent 
doors periodically, monitoring the fracture clips, and inspecting for debris (debris 
would hamper door actuation), proper venting will occur under all tank burn 
situations. 

4.6.4.2.3. Vent door damage-seismic event. The fracture clips will not release 
during a seismic event. This attribute was an important consideration in selecting 
the fracture clip concept for door retention and ensures that the doors will not open 
prematurely from a burp or seismic event. Structural studies and component tests 
performed by WHC confirm this observation. We concluded that the MPR will 
perform correctly during a seismic event involving a no-burn situation. 

4.6.4.3. Loss of Confinement. A compliant seal between the MPR and the 
Tank 101-SY riser accommodates relative motion that may occur from 
environmental conditions. Events of concern are seismically induced relative 
motion of the concrete MPR mounting pad with respect to the dome riser and 
relative motion from soil expansion. Soil expansion may result from frost and/or 
soil moisture variances. A properly designed seal interface structurally will 
decouple the two components, thus avoiding potentially deleterious loading directly 
onto the dome liner. WHC analyzed these conditions; the conclusions are discussed 
in the next subsections. 

4.6.4.3.1. Dome liner failure-MPR concrete pad loads. The MPR shell was 
mounted onto a large concrete support pad through three leg structures. The legs 
are structurally bolted to the concrete pad; these concrete anchor bolts must be 
capable of resisting the MPR ejection force from a burn event. Consequently, the 
structural coupling of the MPR to the concrete pad is quite substantial. Under 
adverse environmental conditions, high strain conditions may develop in the 
dome liner. A compliant seal between the MPR sealing flange and the 1.07-m 
(42-inJ-diam riser connects with the dome liner. This seal structurally isolates the 
MPR from the tank dome. If the seal does not function correctly, a breach in the 
tank structural integrity and subsequent loss in containment may occur. 

There are several environmental effects that can transmit unacceptable loads to the 
dome liner. During a seismic event, a heave or lateral motion of the 
aforementioned concrete pad relative to the riser can occur. Relative motion 
between the two structural systems is likely to transmit a load through the MPR 
compliant sealing interface directly to the 1.07-m (42-in.)-diam riser. The riser then 
could transfer a sufficient load to create a structural failure of the dome liner, which 
would breach tank integrity. The WHC/ ADVENT engineering team assessed this 
potential structural dynamic interaction of the pad with the surrounding soil 
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combined with the tank dynamics. The results of their study clearly show that the 
compliant seal could weaken the effect of the relative motion between the two 
structures. Excessive dome strains did not occur. On the basis of this study, we 
concluded that the present MPR design effectively mitigated this SC-I1 issue. 

4.6.4.3.2. Dome liner failure-soil expansion effects. Another concern is the 
natural heave of the concrete pad with respect to the tank dome, either from 
thermal or moisture cycling of the soil. We 
determined that the adequacy of the compliant interface to absorb large relative 
motions without serious loads being imposed on the tank was acceptable. 

4.6.4.4. Radiation Exposure (Shine). During MPR installation and removal, there 
is a period when the 1.07-m (42-in.)-diam riser will be open. During this critical 
phase, personnel will be exposed to radiation and toxicological hazards from the 
open riser. Reference 19 states that the radiation streaming from an open 1.07-m 
(42-in.)-diam riser has been measured as 2 R/h. 

No new hazards are anticipated from the installation and/or removal procedures2() 
outlined for the MPR that would increase exposure to onsite personnel. 
Appropriate administrative controls for the MPR installation and/or removal are 
presented in Sec. 6. 

An installed MPR without appropriate shielding could present a radiation (shine) 
hazard to personnel performing maintenance functions (e.g., inspecting the vent 
doors for functionality). At various phases of use, the MPR likely will not be 
outfitted with a full suite of equipment (i.e., some openings will be closed off). To 
prevent personnel exposure to radiation (shine) under these situations, WHC has 
designed inserts to block the potential radiation paths. WHC19 performed dose rate 
calculations to ensure that this hazard was properly mitigated. This assessment 
required exposure limits around the MPR to be <lo0 mrem/h. At the closest 
reasonably acceptable distance l12.7 cm (5 in.) from the riser], the dose rate was 
calculated to be 46 mrem/h. The results of WHC's study pointed out that if a 
worker were to extend a hand underneath the riser, the dose exposure to the worker 
would increase to 173 mrem/h. A precaution to this effect has been included in the 
standard work controls. 

On the basis of design calculations and drawings presented in Ref. 17, there are no 
new hazards to be addressed in the evaluation process and in Sec. 6. 

4.6.4.5. Ejection of MPR. The MPR structurally is connected to the massive 
concrete support pad through three support brackets. A GRE with a burn will 
impose a large gas ejection load on these support brackets and concrete anchors. 
WHC/ADVENT engineering conducted structural dynamic studies based on the 
maximum expected gas loads and seismically induced loads to properly size these 
elements. Structural improvements to the MPR support leg design were 
incorporated to prevent failure modes, which would lead to ejection of the MPR. 

WHC also evaluated this issue. 
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These analyses also included the effects of wasteberg impacts in conjunction with 
the bum event in establishing their design margin. 

We concluded that the MPR will survive a hypothetical ejection from a gas release 
and burn event. 

4.6.4.6. Flooding of Tank. Decontamination operations connected with removing 
equipment from the MPR will introduce modest quantities of water into the tank. 
Adequate controls monitor and limit the water addition (Sec. 6.0). 
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1 if IO-' 2 ~ 2 1 ,  

0.2 x F-0.69897 if lo-' < F < lo-', 

1.0 x if 2 F < lo-', 

1.5625 x F-0.30'03 if I F < lo4, 

5.0. CONSEQUENCES OF ACCIDENTS 

In this section, the consequences of accidents are discussed. Section 5.1 presents the 
acceptance criteria. Analysis conditions are discussed in Sec. 5.2. Section 5.3 dis- 
cusses the radiological, toxicological, and structural consequences of differently sized 
GREs. Sections 5.4 through 5.6 present the consequences of accidents during pump 
installation, operation, and removal, respectively. The consequences of leaving the 
tank unmitigated by failing to replace the pump are discussed in Sec. 5.7. Finally, 
Sec. 5.8 provides a summary and conclusions of the consequence analyses. 

5.1. Acceptance Criteria 

This section defines the acceptance criteria used in determining the acceptability of 
accidents analyzed in this SA. These criteria are divided into three major areas: ra- 
diological EDE, toxic gas exposure, and structural acceptance criteria. Radiological 
dose limits and toxic gas (ammonia) exposure limits were taken from the material 
provided in the WHC "Nonreactor Facility Safety Analysis Manual"] and the WHC 
"Hanford Site Tank Farm Facilities Interim Safety Basis."* Structural limits were 
developed from these documents to maintain the integrity of the tank and prevent 
leakage of radioactive material. 

5.1.1. Onsite and Offsite Dose Acceptance Criteria 
Radiological dose acceptance criteria used in determining the acceptability of acci- 
dents with radioactivity released were obtained from Refs. 1 and 2. To use the risk 
guidelines, a frequency and consequence for the particular accident must be 
analyzed. The individual accident frequencies currently are not known precisely. 
The best estimates of the frequencies are given in Sec. 4, and the basis of the 
frequencies is discussed in App. J. These analyses reflect the best-estimate 
frequencies under current (mitigated) tank conditions. The present analysis was 
performed using conservative modeling assumptions, and the consequences have 
been judged using best estimates for the frequencies. References 1 and 2 provide the 
frequency-dependent, radiological dose limits shown in Table 5-1. Assuming a 
linear variation on a log-log scale within the frequency ranges shown in Table 5-1, 
the onsite acceptance criterion may be obtained as 

(5-1) 

where D is the dose in rems and F is the frequency per year. Likewise, the offsite ac- 
ceptance criterion is obtained as 
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Frequency Frequency 
Category Range 

(yr l )  

Anticipated 1 to 10-2 
Unlikely 10-2 to 10-4 

Extremely Unlikely 104 to 10-6 

EDE Organ Dose Organ Dose 
(rems) Equivalent for Equivalent for 

Lens of Eye All Other 
(rems) Organs (rems) 

Offsite Guidelines 
0.01 to 0.5 0.03 to 1.5 I 0.1 to 5 

0.5 to 4 1.5 to 12 I 5 to 40 
4 to 25 12 to75 1 40 to 250 

0.01 F-0.849485 if I O - ’ ~ F < I ,  

0.0625 x F-0.451545 if lo4 I F  < IO-’, 

0.1024~ F-0.39794 if lo4 I F  < IO4. 

Anticipa teda 1.0 to 0.1 
Anticipated 0 1 to 10-2 

Unlikely 10-2 to 10-4 
Extremely Unlikely 10-4 to 10-6 

(5-2) 

1 to 1 3 to3  10 to 10 
1 to5 3 to 15 10 to 50 

5 to 25 15 to 75 50 to 250 
25 to 100 75 to300 I 250 to 1000 

The onsite and offsite organ dose criteria are obtained by multiplying Eqs. (5-1) and 
(5-2) by 10. 

5.1.2. Toxicological Acceptance Criteria 
Toxicological acceptance criteria have been developed from the guidelines presented 
in Refs. 1 and 2. Ammonia has been detected and measured in the gas releases from 
Tank 101-SY. In the referenced materials, the onsite and offsite concentration limits 
are given in terms of ERPGs. The ERPG values for ammonia developed by the 
AIHA were obtained from the Hanford Environmental Health Foundation, as 
required by Ref. 1. ERPG-I is the maximum airborne concentration below which it 
is believed that nearly all individuals could be exposed for up to 1 h without 
experiencing anything other than mild transient adverse health effects or perceiving 
a clearly defined objectionable odor, which for ammonia has been determined to be 
25 ppm. ERPG-2 is the maximum airborne concentration below which it is believed 
that nearly all individuals could be exposed for up to I h without experiencing or 
developing irreversible or other serious health effects or symptoms that could 
impair an individuah ability to take protective action, which for ammonia has 
been determined to be 200 ppm (Table 5-21, ERPG-3 is the maximum 
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airborne concentration below which it is believed that nearly all individuals could 
be exposed for up to 1 h without experiencing or developing life-threatening effects, 
which for ammonia has been determined to be 1000 ppm. 

As with the radiological acceptance criteria, we assume that the toxicological accep- 
tance criteria vary linearly on a log-log scale within the frequency range shown in 
Table 5-2. Thus, the onsite acceptance criterion is obtained as 

C = 200 x F-0.1’65 for < F 2 1 , (5-3) 

where C is the ammonia concentration in parts per million and F is the frequency 
per year. Likewise, the offsite acceptance criterion is obtained as 

C = 25 x for lo6 2 F 2 1 . (5-4) 

5.1.3. Receptor Locations 
Reference 2 defines two receptor locations that are to be evaluated for comparison 
with the risk guidelines: a maximum onsite individual and a maximum offsite in- 
dividual. From Ref. 2, these individuals are defined as follows: 

For tank farm releases, the maximum onsite individual is the hypo- 
thetical receptor located 100 meters from the release in the sector with 
the highest ground level concentration (i.e., the highest atmospheric 
dispersion factor). WHC-CM-4-46 requires the maximum onsite indi- 
vidual to be at least 100 meters from the release point. In addition to 
being the most conservative choice, this simplifies the analysis by al- 
lowing use of a single onsite receptor distance rather than the varying 
distances from each tank to the facility boundary (i.e., tank farm fence). 
The maximum offsite individual is the hypothetical receptor at the site 
boundary location with the highest ground level concentration (Le., 
the highest atmospheric dispersion factor). The location of the maxi- 
mum offsite individual will be different for different release locations. 

Based on these criteria, the maximum onsite individual is taken to be 100 m (328 ft) 
from the tank, and the maximum offsite individual is taken to be 13.8 km 
(8.6 miles) west northwest of the tank farm. Highway 240, located 3.9 km (2.4 miles) 
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away from the tank, is the closest that the general public can come into contact with 
an airborn release. 

5.1.4. Structural Acceptance Criteria 
The structural acceptance criteria are based on predicting structural failure of 
Tank 101-SY. In general, the local strains are computed and compared with a limit- 
ing strain to determine whether the liner tears. If a tear starts, local stresses will be 
compared to a limiting stress to determine whether the tear can propagate. 

The failure criteria for Tank 101-SY are: 

1. No failure of the leak-tight integrity of either the primary or secondary 
steel liner below the "as-designed" liquid level of 10.67 m (420 in.) is 
allowed. Failure of the primary or secondary steel liner is assumed when 
the total plastic strain exceeds the limiting uniaxial strain value of 27% 
with the appropriate knock-down factor for strain concentrations at any 
localized area. 

2. No gross structural deformations of the primary or secondary steel liner 
are allowed above the "as-designed liquid waste surface: 

Rebar stresses must be maintained below ultimate strength to prevent 
excessive deformations. 

Deformations extending beyond the limit of 2.5[RtI1l2 (where R is the 
radius and t is the thickness) from the point of loading in either the 
meridional or circumferential direction in the plane of the tank's 
primary and secondary steel liner are considered gross deformations 
and are not allowed. 

Deformations shown to be below the limits stipulated above are 
considered localized effects that do not affect the overall behavior or 
response of the tank structure. 

3. No primary or secondary steel liner tears >0.254 m (10 in.) in length are 
allowed in the dome region or above the as-designed waste level. Failure 
is assumed when steel liner tears (cracks) exceed this critical flaw length. 
For cracks smaller than the limit stated above, assurance shall be made 
that under a beyond-design-basis burn event, the crack will not propagate. 

The basis for the structural acceptance criteria is discussed in App. K. 

5.2. Analysis Conditions 

Hazards are identified in Sec. 3, and accident sequences are developed in Sec. 4. 
Sequences are developed based on the different phases of the proposed action (i.e., 
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pump installation, operation, and removal). However, the actual analyses for GREs 
and bums are performed as a function of the size of the GRE; these results then are 
related back to the specific accident sequences analyzed. 

5.2.1. Ignition Location and Waste Compressibility 
In general, for the burn analyses, two different combustion locations for the initial 
ignition of the release gases are used: one at the top center of the vapor dome where 
the flame front propagates from the tank top to the waste surface (top-down burn) 
and the other at the side of the tank on the waste surface where the flame front 
propagates from one side of the waste surface to the tank exit ducts (bottom-up 
bum). The top-down burn calculations predict the fastest pressure-rise times because 
the flame area is maximum at any given time. Structural analyses indicate that the 
rate of pressurization is an important parameter for determining the structural lim- 
its of the tank. Therefore, the top-down burn results are used in the structural anal- 
yses. The bottom-up burn produce a longer pressure-rise time but results in greater 
radiological releases from the tank because particle transport from the waste surface 
to the tank exit ducts is enhanced by the sweeping path of the flame front. 

Figure 5-1 shows the pressure traces obtained from HMS/TRAC simulations using a 
top-down burn and a bottom-up burn with inoperable ventilation system and a 
245-m3 (8650-ft3) gas release. All top-down burn analyses (used to determine the 
tank’s structural limit) are performed with an inoperable ventilation system. The 
bottom-up burn calculations used to determine the radiological consequences are 
performed with both an operable and inoperable ventilation system. Earlier 
analysis indicated that the radiological consequences of a burn accident are very 
insensitive to the operability of the ventilation system. 

al M 

fi 
2 

4.5 

4 -  

3.5- 

Bottom-up bum 

0.5 I I I I I 
500.9 501 501.1 501.2 501.3 501.4 501.5 

0.5 I( 
500.9 501 501.1 501.2 501.3 501.4 501.5 

Time (s) 

Fig. 5-1. Pressure traces for top-down and bottom-up burns for a 245-m3 (8650-ft3) 
release. 
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Thus, the radiological consequences of a burn are bounded by the inoperable 
ventilation case. 

In some of the earlier analyses, we took credit for the compression of the retained 
gases in the liquid waste during the burn phase. We later removed this option from 
the burn model. In all current calculations, we assume that the waste is incom- 
pressible. 

5.2.2. MPR Flow Area 
Tank 101-SY utilizes an MPR with multiple access ports and pressure relief panels. 
If all access ports in the MPR are filled with additional equipment/instruments, the 
maximum flow area for pressure relief is 66% of the 1.07-m (42411.) riser flow area. 
Because this case provides the minimum relief area (maximum peak pressure), all 
structural-limit-determination burn cases are performed using a 66% relief area. As 
discussed later, the radiological and toxicological consequences are very insensitive 
to the relief area. For the accident sequences involving the inadvertent opening of 
the MPR, we use a single panel opening prematurely (GRE without a burn). 
Opening of a single panel corresponds to 50% of the riser area. 

5.2.3. Gas Composition and Gas Release Rate 
The consequences of the majority of accidents analyzed in this section are affected by 
the gas release volume. In addition to the total volume, gas composition and the re- 
lease rate also are important parameters that affect the consequences. In all accidents 
analyzed here, the conservative estimate for gas composition (see App. B) and the 
conservative gas release rate model (see App. D) are used. 

5.2.4. Radiological Consequence Analysis 
The radiological consequences at different locations of 1 kg (2.2 Ibm) of material 
release from the tank are computed in App. G for unfavorable meteorological 
conditions corresponding to a 95% interval. These unit dose calculations are used as 
multipliers to compute the total consequence, given the total amount of release. 
The critical organ dose may be obtained by multiplying the estimated doses by 15. 

WHC3 indicated that "Kr-81 and Kr-83m are the only radionuclides where the lens 
of the eye is limiting." Krypton-81 has a half-life of 210,000 yr and is produced by 
electron capture of BlRb or by activation of 80Kr. Krypton-83m has a half-life of 
1.83 h; thus, it is highly unlikely that any exists in the tank waste. WHC3 does not 
expect these two isotopes to be present in the tank waste. Therefore, the critical dose 
to the lens of the eyes will not be considered in these analyses. 

For all burn cases analyzed, we assume that a fixed amount of material is released 
from the filter system. The radiological consequences of a postulated filter system 
release is estimated based on the following assumptions: 
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Receptor Location 
SY Farm Area 

U Plant 
Hwy. 240 
Max. Offsite-Acute 
Max. Offsite-50-yr Committed 

2424 Evaporator 

Distance Riser Release EDE (rem) 
0.10 0.99 

0.30 W 0.20 
0.78 NE 0.042 
3.9 SE 0.0032 

13.8 WNW 0.00048 
13.8 WNW 0.0158 
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The radiological accident consequences evaluations did not take credit for any 
protective measures such as evacuations or respiratory equipment. This is a 
conservative assumption because shortly after a gas release, an alarm would sound 
that would be audible in the vicinity of the tank farm, and onsite workers would be 
trained in the appropriate alarm response to minimize the consequences of the gas 
release. As stated in previous sections, the assumed accident consequence analysis 
has numerous conservatisms, including the size of the gas release, the time period 
of the GRE, the meteorological conditions during the accident, and no credit taken 
for cleanup of the site to avoid future exposure from surface contamination. 

5.2.5. Toxicological Consequence Analysis 
The toxicological exposure factors corresponding to 1 g/s  (0.132 Ibm/min) of 
ammonia release rate are obtained from App. G and multiplied by the actual peak 
ammonia release rate to estimate the ammonia exposure factors at different 
locations. The multipliers obtained from App. G for ammonia exposure also 
correspond to unfavorable meteorological conditions resulting in a 95% interval. 
The toxicological consequences are sensitive to three primary inputs to the analysis: 
(1) ammonia concentration in the release gas, (2) volume of the release gas, and 
(3) the rate at which the gas is released. Conservative values were used for all of 
these parameters. 

The ammonia releases exist with the naturally occurring gas releases, and pump op- 
eration under worst-case conditions is only marginally expected to increase the ex- 
posure. During previous GREs, ammonia concentrations have been measured at 
the stack and the odor of ammonia has been detected, but no ammonia exposure 
consequences have been noted. For all the analyzed cases, the offsite toxicological 
consequences at 13.8 km essentially are zero (<1.0 ppm). The on-site ammonia 
concentrations are computed using the peak mass flow rate during a GRE. Figure 
5-2 shows the ammonia mass flow rate out of an open riser during a 296.8-m3 
(10,480-ft3) release with an inoperable ventilation system. For this case, we used a 
16.5-g/s (131-lbm/h) ammonia flow rate to compute the consequences. As shown in 
this figure, the flow rate remains >8 g/s  (63.5 Ibm/h) only for 3 min and >1 g/s  
(8 Ibm/h) only for 7 min. Considering that the acceptance guidelines are based on 
I-h exposure times, the current methodology is believed to be very conservative. 

5.2.6. Maximum Allowable Releases 
During each phase of the operation, maximum allowable releases are determined. 
For pump installation and removal, the most limiting accident in determining this 
maximum allowable release is the ejection accident discussed in App. M. As deter- 
mined in App. M, the maximum allowable releases for pump installation and re- 
moval are 103.4 m3 (3650 ft3) and 70.8 m3 (2500 f$), respectively. Conservative level 
controls are implemented (see Sec. 6 and App. C) to minimize the probability of 
exceeding these releases. The maximum allowable release during pump operation 
is limited by the tank structural analysis, as discussed in App. K. To meet the 
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Fig. 5-2. Ammonia mass flow rate out of an open riser during a 296.8-mS (10,480-ft3) 
release. 

structural acceptance guideline, the maximum allowable release during pump 
operation is set to 245 m3 (8650 ft3) (see App. K). A conservative level control is 
implemented (see Sec. 6 and App. C) to minimize the probability of exceeding this 
release. Using the maximum level control for intrusive activities with an open 
riser, we computed the maximum allowable release as 155.5 m3 (5490 ft3) (App. Y). 

Earlier revisions had a specific set of combustion analyses for each accident corre- 
sponding to the maximum allowable release for the specific phase of the activity. 
However, whenever one of the analyses that affected the maximum allowable re- 
lease changed, all analyses were affected. As a result, the revisions became a nearly 
endless loop of one analysis affecting the next until the last affected the first and the 
loop started again. In this current revision, the loop is broken by having different 
bounding analyses for different cases. 

5.3. 

For all cases, we analyzed the structural consequences using the inoperable 
ventilation case and 66% of the riser area for the pressure relief through the MPR. 
The pressure trace is the important parameter obtained from the HMS/TRAC 
calculations and is used in the ABAQUS model to predict the structural response of 
the tank (see App. K). 

In terms of toxicological consequences, we are concerned only with ammonia, 
which burns during the burn phase. Thus, the toxicological consequences were 
evaluated only during the gas release phase (without burn) (see App. D). As 
discussed in App. D, the analysis showed that the peak ammonia release rate is 

Consequences of Differently Sized GREs 
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insensitive to the open-riser area. Therefore, we discuss only the closed tank and 
1.067-111 (42-in.)-open-riser case in this section. These two cases were analyzed for 
both operable and inoperable ventilation conditions. For the operable ventilation 
case, we set the ventilation flow rate to 0.19 m3/s (400 ft3/min). The toxicological 
consequences were computed using the methodology described in App. G. Using 
the peak ammonia release rates given in App. D and the ammonia exposure factors 
given in App. G, we calculated the peak ammonia concentrations in various 
locations. 

The radiological consequences of a GRE without a burn are negligible. When the 
ventilation is operable, the initial peak fuel concentration in the dome before the 
bum is slightly less in comparison to the inoperable ventilation case. However, the 
differences are very small and are within the uncertainty range of the computations. 
Consequently, we evaluated only the consequences for the inoperable ventilation 
case, which are slightly more conservative than for the operable ventilation case. 
The radiological consequences associated with the releases were computed using the 
methodology described in App. G. For each gas release, the amount of gas released 
at the ground level, the inlet stack, and the exhaust stack was computed (see App. D 
for quantities). As discussed in Sec. 5.2.4, the radiological source term includes 0.36 
kg (0.79 lbm) of waste as  a result of the assumed filter train failure associated with 
the burn cases. It is not clear whether the ventilation system will survive the burn 
accident. Because the determination of whether the release occurs at  the ground 
level or at an elevated location affects the dose received at both onsite and offsite 
receptors, the consequences are calculated conservatively using the maximum dose 
dispersion factors between stack and ground releases. 

Because of this conservative approach in obtaining the dose rates, the radiological 
consequences for an open or closed tank are nearly identical (see App. D for details). 
The MPR opens during a burn phase. However, the radiological consequences are 
insensitive to the MPR area that is open. Consequently, only the closed-tank 
conditions are discussed in this appendix. 

In most cases, the consequences of a 296.8-m3 (10,480-ft3) release (discussed in 
Sec. 5.3.1) are used to make the bounding arguments. To provide bounding 
arguments for different accidents, similar calculations also were performed for a 
113.3-m3 (4000-fG) release and discussed in Sec. 5.3.2. The structural consequences of 
a 245-m3 (8650-ft3) release are discussed in Sec. 5.3.3. 

5.3.1. Consequences of a 296.8-rn3 (10,480-ft3) Release 
The December 1991 and September 1992 GREs are believed to be the largest GREs in 
the history of the tank in terms of the total gas release volume. The December 1991 
GRE resulted in a -271-rn3 (9570-ft3) total release, and the September 1992 GRE 
resulted in a -296.8-1113 (10,480-ft3) total release. Thus, we use the 296.8-m3 
(10,480-ft3) release as a typical large GRE representative of the tank's natural releases. 
This magnitude also bounds all maximum allowable releases discussed above. 
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Accident Sequence 
Operable Ventilation/Closed Tank 
Operable Ventilation/Open 42-in. Riser 
Inoperable Ventilation/Closed Tank 
Inoperable Ventilation/Own 42-in. Riser 

Next, we discuss the structural radiological and toxicoiogicai consequences of a 
296.8-m3 (10,480-fG) release. 

5.3.1.1. Structural Consequences. As discussed in App. K, and using the current 
conservative models, we determined that the structural consequences of a burn 
accident with a 296.8-m3 (10,480-ft3) release do not meet the acceptance criterion. 

5.3.1.2. Toxicological Consequences. Using the peak ammonia release rate from the 
HMS/TRAC calculations (App. D) and the toxicological consequences corresponding 
to a unit release rate from App. G, we estimated the ammonia concentrations at 
various locations (Table 5-4). 

5.3.1.3. Radiological Consequences. Using the total release from the HMS/TRAC 
calculations (App. D) and the radiological dose corresponding to a I-kg (2.2-lbm) 
release (App. G), we estimated the equivalent doses at various locations, which are 
shown in Table 5-5. All cases shown below correspond to an inoperable ventilation 
case. Also, we assume that 100% of the riser area opens for pressure venting during 
the burn phase. 

As shown in Table 5-5, the radiological consequences of a release without a burn are 
very small compared to the acceptance criteria even for accidents with a frequency of 
l /yr .  Therefore, we will not discuss this release mechanism for the other GRE sizes. 

5.3.2. Consequences of a 113.3-m3 (4000-ft3) Release 
The 113.3-ms (4000-ft3) release was chosen to represent a small release. This 
magnitude also bounds the maximum allowable releases during pump installation 
and removal. 

SY Farm 2 4 2 4  Evap. U Plant Hwy. 240 
63.2 49.47 19.2 2.0 

268.1 92.4 26.4 2.6 
64.8 50.5 19.5 2.1 

333.n 98.1 21  5 2 1  

Accident Sequence 

No Bum/open 42-in. Riser 

BumKlosed Tank . 

SY Fann 2 4 2 4  UPlant Hwy.240 Max. Max. 
Evap. Offsite’ Offsite” 

4.6E-01 9.3E-02 1.9E-02 1.4E-03 2.OE-04 6.78-03 

1.2E+01 2.4E+00 4.8E-01 3.5E-02 5.2E-03 1.7E-01 

b50-yr dose 

Rev. 14 5-1 1 March 31,1995 



WHC-SD-WM-SAD-033 
LA-UR-92-3196 Revised REV 2 

Accident Sequence SY Farm 
Operable Ventilation/Closed Tank 9.0 
Operable Ventilation/Open 42-in. Riser 22.5 
Inoperable Ventilation/Closed Tank 10.5 

53.2.1. Structural Consequences. 
(4000-ft3) release with burn meet the acceptance criteria. 

5.3.2.2. Toxicological Consequences. Using the same methodology as for a 296.8-m3 
(10,480-ft3) release, we determined the toxicological consequences of a 1 13.3-m3 
(4000-ft3) release, which are shown in Table 5-6. 

5.3.2.3. Radiological Consequences. Using the same methodology as for a 296.8-m3 
(10,480-ft3) release, we determined the radiological consequences of a 113.3-m3 (4000- 
ft3) release, which are shown in Table 5-7. 

I ne structural consequences of a 1 13.3-m3 

2424 Evap. U Plant Hwy. 240 
7.5 3.2 0.35 
12.7 5.0 0.52 
8.1 3.1 0.33 

5.3.3. Structural Consequences of a 245-m3 (8650-ft3) Release 
The release volume of 245 m3 (8650 ft3) is obtained from the window document7 as 
the maximum expected window release. The window document no longer is valid 
because mixer pump operations altered the statistical characteristics of the CREs. 
Presently, the criteria for waste-intrusive activities are discussed as a function of the 
pump operation schedule and waste level in App. Y .  Coincidentally, the 245-m3 
(8650-ft3) release also corresponds to the maximum allowable release during pump 
operations as a result of the structural response of the tank to a burn initiated at the 
dome apex. 

For the 245-m3 (8650-ft3) release, we discuss the structural consequences only. The 
pressure traces obtained from HMS/TRAC simulations for ignition locations at the 
dome apex and at the waste surface near the wall are shown in Fig. 5-1. In this 
figure, the top-down burn (ignition at the dome apex) results in a faster 

Accident Sequence SY Farm 

8.8 E+OO Burn/Clod Tank 

TABLE 5-6 
AMMONIA EXPOSURE (ppm) FOR A 113.3-1113 (4000-ft3) GRE 

242-5 Max. Max. 
Evap. U Plant Hwy. 240 Offsite” Offsiteb 

l.BE+W 3.6E-01 2.68-02 3.98-03 1.3E-01 

Inoperable Ventilation/Open 42-in. Riser 1 52.7 I 16.2 I 4.1 I 0.38 
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pressurization and becomes more limiting in terms of the structural response of the 
tank. Details of the structural analysis are provided in App. K. As shown in App. K, 
the deformation, stress, strain and dome displacement velocities for a 245-m3 
(8650 ft3) release with burn are within the structural acceptance guidelines discussed 
in Sec. 5.1.4. 

Because the structural response shows a strong dependence on the rate of 
pressurization (dynamic loading), it is important to discuss the conservatism in the 
HMS/TRAC predictions. The pressure traces shown in Fig. 5-1 correspond to flame 
velocities ranging from 46 to 55 m / s  (150 to 180 ft/s). Obviously, larger flame 
velocities result in faster pressure rise, resulting in a more restrictive structural 
limit. For nearly stoichiometric mixtures of hydrogen and air, the laminar flame 
velocities are typically 3 to 4 m/s (10 to 13 ft/s). For mixtures containing <lo% Hz, 
which are more representative of the flammable gas mixtures observed in the waste 
tank, the laminar flame velocities are <0.3 m/s (1 ft/s). Thus, the values computed 
by HMS/TRAC are -15 times the maximum laminar flame speed and >150 times 
the laminar flame speed for the lean mixtures typical of the waste. Assuming a 
ventilation flow of 0.19 m3/s (400 ft3/min), the temporally peaked, spatially 
averaged hydrogen concentration during a 245-m3 (8650-ft3) release is estimated (see 
Fig. AA-1 in App. AA) as 5.3% using conservative estimates for the gas composition 
(see App. B) and gas release rates (see App. D). The same figure shows that without 
an operable ventilation system, the temporally peaked hydrogen concentration in 
the dome space is slightly higher (5.5%). 

It is difficult to demonstrate that the flame speeds predicted by HMS/TRAC are 
conservative with direct comparison to data because there are no large-scale 
experiments measuring the flame velocity in mixtures containing air, hydrogen, 
nitrous oxide, and ammonia. There are only small-scale tests with these mixtures 
or large-scale tests with hydrogen-air mixtures. Small-scale tests8 indicate that 
adding nitrous oxide and ammonia has little impact on the flame speed. In 
addition, the literature indicates that the flame speed for hydrogen-air mixtures is 
greater than flame speeds of other flammable gases in air.9 

Although the laminar flame speeds are much lower than the HMS/TRAC 
predictions, much higher flame speeds can be achieved in large geometries as a 
result of turbulence. There are no significant obstructions in the dome space of the 
tank; thus, the turbulence is expected to have a relatively low intensity. 
Furthermore, the maximum ratio of the turbulent flame speed to the laminar flame 
speed is reported to be 16 if there are no obstacles to produce highly accelerated 
flames.lO Based on this ratio, 50 m/s (160 ft/s) is a conservative estimate of the 
flame speed for mixtures containing <lo% H2. Large-scale test data support this 
conclusion for mixtures with low hydrogen concentrations. 
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Receptor 
Location 

SY Farm Area 
242-S Evaporator 
U Plant 
Hwy. 240 
Max. Offsite-Acute Dose 
Max. Offsite-50-yr Dose 

WHC-SD-WM-SAD-033 
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Distance Riser Release 
(km) EDE (rem) 

0.10 4.Z-01 
0.30 W 9.4E-02 
0.78 NE 1.9E-02 
3.9 SE 1.5E-03 

13.8 WNW 2.3E-04 
13.8 WNW 7.5E-03 

5.4. 

The following accidents are analyzed for the pump installation phase: 

Accident Sequences during Pump Installation 

unfiltered release through open riser without a GRE (Sec. 5.4.1), 
GRE with an open 1.07-m (42-in.) riser with or without burn (Sec. 5.4.2), 
pump ejection during installation (Sec. 5.4.3), 
spill during removal (failure to install) (Sec. 5.4.4), and 
contamination from dropped pump (failure to install) (Sec. 5.4.5). 

The consequences of these accidents are compared with the acceptance criteria in 
Sec. 5.4.6. 

5.4.1. Unfiltered Release through Open Riser 
During installation of the pump, the tank is exposed to a fully open riser and the 
possibility of an inoperable ventilation system. Assuming a 1-h operation period 
while the riser is open, the probability of an inoperable ventilation system is 
-5.9 x 10-5. The frequency for pump installation is 0.125/yr. Thus, the frequency of 
this type of release is 7.4 x 10-6/yr. 

In the analysis, natural convection flow patterns are established owing to the heat- 
ing of the dome gas from the hotter waste surface. When we assume that 12 kW is 
being transferred continually from the waste surface, an HMS/TRAC analysis pre- 
dicts a 0.09 m3/s volumetric flow leaving the open 1.07-m (42-inJ-diam riser. If we 
assume that the concentration of waste suspended in the dome space is 
5.25 x 10-7 g/cm3 (3.38 x 10-5 Ibm/ft3) then in a I-h period, 170 g (0.375 lbm) of 
suspended waste is convected to the environment at ground level. 

Using the unit releases described in App. G, we determined the radiological 
consequences of an airborne release of 0.17 kg (0.375 Ibm) of material near the riser 
area, which are shown in Table 5-8. 
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For the toxic gas release, an exposure of <1 ppm is calculated from the concentration 
of ammonia in the dome space. 

5.4.2. GRE with an Open 1.07-m (42-in.) Riser with or without Bum 
For pump installation, a waste level control is established such that the inaximum 
allowable release is 103.4 m3 (3650 ft3). Thus, the radiological and toxicological con- 
sequences of the 113.3-m3 (4000-ft3) GRE case discussed in Sec. 5.3.2 bound this acci- 
dent during pump installation. If we assume that the level control for installation 
is 40.26 m (404 in.), the frequency of a GRE during pump installation (from App. J) 
is 1.5 x lO3/yr. The probability of the ventilation system being inoperable during 
the GRE also is given in App. J as 4.8 x From the same appendix, the 
inadvertent opening of the MPR panel without a burn is 4.8 x The probability 
of a spark during a GRE is 1.3 x 10-3. The combined frequencies of different accidents 
with radiological and toxicological consequences are shown in Sec. 5.4.6. 

The structural consequences of a 103.4-m3 (3650-ft3) release with burn meet the ac- 
ceptance criteria based on the analysis provided in App. K. 

5.4.3. Pump Ejection during Installation 
The pump ejection accidents are discussed in detail in App. M. The maximum al- 
lowable release is determined such that there is no pump motion during a1 burn ac- 
cident. The radiological and toxicological consequences of the ejection accident dur- 
ing installation are bounded by the consequences of an ejection accident during re- 
moval. 

5.4.4. Spill during Removal (Failure to Install) 
The pump is not contaminated during installation. Therefore, a potential spill 
accident is irrelevant during the installation phase and becomes an ismsue only 
during an emergency removal after parts of the pump assembly are contaminated. 
Considering the successful installation of the first mixer pump, we expect tihe proba- 
bility for an emergency removal to be much smaller than 1. Thus, the consequences 
and the frequency of this accident is bounded by the spill accident that is postulated 
to occur during removal. 

5.4.5. Contamination from Dropped Pump (Failure to Install) 
This accident is bounded by the spill accident. 

5.4.6. Comparison of the Installation Accident Consequences with the Radiological 
and Toxicological Acceptance Criteria 

The accidents with toxicological consequences are listed in Table 5-9, along with the 
estimated frequencies. The onsite toxicological consequences and the acceptance 
criterion for each accident also are provided in Table 5-9. All accidents resulting in 
toxicological consequences are analyzed without a burn. Also, the offsite 
consequences for ammonia are <I ppm for all cases and are not discussed. As 
shown in Table 5-9, all analyzed accidents meet the toxicological acceptance 
guidelines. 
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ACCIDENT 

GRE/Operable Ventilation/Open Riser 
GRE/Inoperable Ventilation/Open Riser 

Similarly, the accidents with radiological consequences are listea in Table 5-10, along 
with the estimated frequencies. The onsite, critical organ, and offsite radiological 
doses and the acceptance criterion for each accident also are provided in Table 5-10. 
In this table, all analyzed accidents meet the radiological acceptance guidelines. 

5.5. 

The following accidents are analyzed for the pump operation phase: 

Accident Sequences during Pump Operation 

GRE with or without burn (Sec. 5.5.1), 
GRE with or without burn during an intrusion (Sec. 5.5.2), and 
waste leak in pump discharge pressure measuring system (Sec. 5.5.3). 

The consequences of these accidents are compared with the acceptance (criteria in 
Sec. 5.5.4. 

Frequency Onsite Acceptance 
(yr-1) consequence Criterion 

1.5E-03 22.5 427 
7.2 E-06 52.7 795 

(ppm) 

5.5.1. G R E  with or without B u m  
For pump operation, a waste level control is established such that the maximum al- 
lowable release is 245 m3 (8650 ft3). Thus, the radiological and toxicological conse- 
quences of the 296.8-m3 (10,480-ft3) GRE case discussed in Sec. 5.3.1 bound this 
accident during pump operation. Given that the level control for operation is 
610.31 m (406 in.), we obtained the frequency of the maximum GRE during pump 
operation from App. J as 4.2 x 10-3/yr. The probability of having an inoperable 
ventilation system during the GRE also is given in App. J as 4.8 x 10-3. From the 
same appendix, we determined the inadvertent opening of the MPR panel without 
a burn as 4.8 x The probability of a spark during a GRE is 1.3 x '10-3. The 

ACCIDENT Freq. Onsite Limit Organ Limit Offsite 

Unfiltered Release 5.98-05 0.47 29 7.01 290 2.3E-04 
. (yr-l) (rem) (rem) (rem) (rem) (rem) 

GRE with Bum 2.OE-06 8.80 81 132.0 810 3.9E-03 

Limit 
(rem) 
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combined frequencies of different accidents with radiological and toxicological 
consequences are shown in Sec. 5.5.4. 

5.5.2. GRE with or without a Bum during Intrusion 
For intrusive operations, a waste level control was established such that the maxi- 
mum allowable release is <169.9 m3 (6000 f6'). Thus, the radiological and toxicolog- 
ical consequences of the 296.8 m3 (10,480 ft3) GRE case discussed in Sec. 5.3.1 bound 
this accident during an intrusive operation. Given the level control for intrusive 
operation is I 10.26 m (404 in.), we obtained the frequency of the maximum GRE 
during pump operation from App. J as 1.0 x lO-3/yr [frequency of a release between 
28.3 and 169.9 m3 (1000 and 6000 ft3)]. This frequency is high because it covers a wide 
range of release volumes. Nevertheless, the consequences are within the acceptance 
guidelines (as discussed in Sec. 5.5.4), and further refinement in the probabilistic 
model is not necessary. The probability of having an inoperable ventilation system 
during the GRE also is given in App. J as 4.8 x 10-3. From the same appendix, the 
inadvertent opening of the MPR panel without a burn is 4.8 x The probability 
of a spark during a GRE is 1.3 x 10-3. The combined frequencies of different accidents 
with radiological and toxicological consequences are shown in Sec. 5.5.4. 

5.5.3. Waste Leak in Pump Discharge Pressure Measuring System 
This system consists of a pressure tap at the pump discharge connected to a bellows- 
seal arrangement that isolates the waste from oil in a tube that extends through the 
cover block and terminates at a pressure transducer. There is also a flush line that 
extends from the waste side of the bellows seal upward through the cover block. In 
the unlikely event of a failure of the bellows seal and a failure of the pressure- 
tube/gauge connection, waste could be aerosolized at 3.20 kg/h (7.03 Ibm/h). 
Ammonia would be released at a maximum rate of 0.25 kg/h (0.54 Ibm/h). 

An operational requirement is the installation of a radiation-monitoring sensor 
within 3.05 m (10 ft) of the pump at a height of 0.46 m (1.5 ft) above grade. The 
alarm sensor should have an alarm set at a value according to Table 1-7 in App. I, 
based on the actual distance of the detector from the pump. The pump must be shut 
down if an alarm is triggered. The maximum discharge rate is low enough[ that the 
maximum possible ammonia release is acceptable, and the radnological 
consequences are shown in Table 5-11, assuming that the pump is shut down within 
15 min (App. I). For comparison to acceptance criterion, the frequency of this 
accident is conservatively -0.01 / yr (see App. 1). Functional design requirements to 
ensure the consequences of a pressure-tubing leak are discussed in App. I, and the 
corresponding controls are specified in Sec. 6. 

5.5.4. Comparison of the Operation Accident Consequences with Radio1oE;ical and 
Toxicological Acceptance Criteria 

Accidents with toxicological consequences are listed in Table 5-12, along with the 
estimated frequencies. The onsite toxicological consequences and the acceptance 
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ACCIDENT 

TABLE 5-11 
DOSES FROM PUMP PRESSURE DEITC7OR LEAKS 

(yr-1) Coll~equence I Critenon 
Frequency Onsite 

Location I Calculated Dose (rem) 
SY Tank Farm I 2.2E+00 

GRWOperable Ventilation 
GRE/Operable Ventilation/Open Riser 
GRE/Inoperable Ventilation 
GRE/Inowrable Venhlation/ODen Rispr 

criterion for each accident also are provided. All accidents resulting in toxicological 
consequences are analyzed without a burn. Also, the offsite consequences for 
ammonia are <1 ppm for all cases and are not discussed. As shown in Table 5-12, all 
analyzed accidents meet the toxicological acceptance guidelines. 

Similarly, the accidents with radiological consequences are listed in Table 5-13, along 
with the estimated frequencies. The onsite, critical organ, and offsite radiological 
doses and the acceptance criterion for each accident also are provided. As shown in 
this table, all analyzed accidents meet the radiological acceptance guidelines. 

4.2 x 1(T3 
1 . 0 ~  1 ~ 3  268.1 
2.0 x 10-3 64.8 
4 Rx 10-6 131 n 811 

ACCIDENT 

GRE with Bum 
Pressure Detector Leak . 

Freq. Onsite Limit Organ Limit Offsite Limit 
(yr-1) (rem) (rem) (rem) (rem) (rem) (rem) 

5 . 5 ~ 1 0 ~  11.8 60 I 7 7  600 5.2E-03 
1 . 0 ~ 1 0 - ~  2.2 5 33 50 9.5E-04 

I 1.0x10-L I 1.4 I = I Pressure Detector Leak 
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5.6. 

The following accidents are analyzed for the pump removal phase: 

Accident Sequences during Pump Removal 

unfiltered release through an open riser without a GRE (Sec. 5.6.1), 
GRE with an open 1.07-m (42-in.) riser with or without burn (Sec. 5.6.2), 
pump ejection during removal (Sec. 5.6.3), 
spill during removal (failure to install) (Sec. 5.6.4), and 
contamination from dropped pump (failure to install) (Sec. 5.6.5). 

The consequences of these accidents are compared with the acceptance criteria in 
Sec. 5.6.6. 

5.6.1. Unfiltered Release through an Open Riser without a GRE 
The consequences of this accident are identical to the unfiltered release accident 
discussed for pump installation in Sec. 5.4.1. The frequency of this accident is much 
higher than for the unfiltered release during installation because the vtentilation 
may be turned off intentionally during removal. Thus, the accident frequency 
becomes equal to the pump replacement frequency of 0.125/yr. 

5.6.2. GRE with an Open 1.07-m (42-in.) Riser with or without a Burn 
For pump removal, a waste level control is established such that the maximum al- 
lowable release is 70.8 m3 (2500 ft3). Thus, the radiological and toxicological conse- 
quences of the 113.3-m3 (4000-ft3) GRE case discussed in Sec. 5.3.2 bound this accident 
during pump removal. Given that the level control for removal is .:10.26 m 
(404in.), we determined From App. J that the frequency of a GRE during pump 
removal is 1.5 x lO-3/yr (identical to the pump installation case). Thus, all the GRE 
cases discussed in Sec. 5.4.1 for installation also are applicable to pump removal. 

5.6.3. Pump Ejection during Removal 
The pump ejection accident during removal is discussed in App. M. The maximum 
allowable release during pump removal is determined by the "no-motion'' criterion 
during a burn while the pump is being removed. Consequently, the maximum 
amount of material that can be entrained is that which is in the riser at the time of a 
GRE and burn during removal. This amount is bounded by 12.8 kg (28.2 Ibm), as 
discussed in App. M. The doses corresponding to the entrained material are esti- 
mated using the unit dose values from App. G. The results are shown in Table 5-14. 
The frequency of this accident (given the waste level control) is -2.0 x 10-6/'yr using 
the probabilistic model in App. J. 

To compute the total dose, the magnitudes calculated above must be added to 
releases from other locations resulting from a GRE and burn accident. 

The toxicological consequences are bounded by the spill accidents discussed in 
Sec. 5.6.4. 
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SY Tank Farm 

242-S EvaDorator 
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Calculated Dose (rem) 
35.2 
7.1 

TABLE 5-14 
DOSES FROM MATERIAL ENTRAINED DURING EJECTION ACCIDIENT 

Hwy. 240 
Offsite (acute) 
Offsite (50 yr) 

0.11 
0.017 
0.563 

U Plant I 1.4 I 

5.6.4. Spill during Removal 
The spill accident is discussed in App. L. This accident sequence assumes that a spill 
occurs during the handling of the pump following removal from the tank. The ra- 
diological consequences are estimated based on many conservative assumptions, as 
discussed in App. L. 

As described in App. I, the total amount of waste spilled is -916 kg (2020 Ibm), and 
assuming a release fraction of 2 x -0.18 kg (0.40 lbm) of material is expected to 
become airborne in the tank farm area. No credit is taken for the fact that the pump 
assembly will be enclosed in a flexible receiver as it is removed from the riser. 
Using the unit releases described in App. G, we determined the radiological 
consequences, which are shown in Table 5-15. 

The most likely location for a removal spill is in the pump pit. The ammonia 
release from a pump pit spill is small because the spill is confined to the pump pit. 
A spill outside the pump pit could result in a much larger ammonia release because 
the spill area could be much larger. To obtain a conservative estimate of the conse- 
quences of the ammonia release during a spill outside the pump pit, the spill is 
assumed to occur on a smooth flat surface, which is impermeable to the waste. To 
be conservative, the waste is assumed to be at the maximum allowable temperature. 
The mass-transfer model considers spreading of the liquid, but it neglects heat 
transfer. The dispersion calculations used to analyze this accident account for the 
fact that the pool has a finite diameter. The calculations are based on 95% 
metc7orology. The conservative results of the ammonia exposure calculations are 
shown in Table 5-15. 

The frequency of a spill during removal is -6 x 10-4/yr using a 0.125/yr pump 
removal frequency and a spill probability of 4.8 x 10-3 per removal. 

The foregoing analysis did not consider possible chemical reactions between the 
waste and the aluminum load-absorbing material that is in the pump pit. LANL 
experience with chemical waste simulants and aluminum suggests that if waste 
comcs in contact with the aluminum honeycombed load-absorbing material that is 
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TABLE 5-15 
CALCULATED RADIOLOGICAL AND TOXICOLOGICAL DOSES FOR PUMP 

REMOVAL SPILL 

SY Farm Area 
0.30 W 1.0E-01 

U Plant 0.78 NE 2.0E-02 
.240 3.9 SE 1.6E-03 

Max. Offsite-Acute Dose 13.8 WNW 2.4E-04 
M a r  r)ff+it-W-vr l h c e  118 WNW 7 9F41 

in the pump pit, chemical reactions between the aluminum and sodium hydroxide 
or nitrates could occur, which could heat the waste. The release fraction under these 
chemical reactions has not been quantified, so the potential radiological 
consequences of a spill have not been quantified. The maximum temperature that 
the waste could reach is unknown. We know that the reactions produce both 
hydrogen and ammonia; however, the potential flammable and toxic gas releases 
have not been quantified. 

There are several design and procedural features that greatly reduce the llikelihood 
of a spill during pump removal. 

1. The pump will be washed externally by both the water wands and spray 
rings before removal. 

2. Controls on radiation levels near the top of the riser have been developed 
that limit the amount of waste that can be expected external to ithe pump 
assembly. 

3. The pump will be flushed internally through several water injection loca- 
tions before pump removal. 

4. The pump will be drawn into a flexible receiver as it is removed from the 
riser. The flexible receiver will have been tested to assure that i t  is 
leakproof. The flexible receiver acceptance tests will include: 

a fill test to confirm that the flexible receiver bag will hold 9101 kg (2000 
Ibm) of water without breakage. 

a leak test whereby the bag is pressurized to 3450 Pa (0.5 psi), with no 
loss of pressure below 25% of initial pressure in 1 h. 
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Spill Accident 

a leak test whereby the blast shield is placed on a mock load frame and 
increasing amounts of water are added to confirm that no leakage 
should occur in the pump pit when water is added inside the blast 
shield or water is added between the bag and blast shield. 

5. Provisions will be made in the work plan for quick removal of the pump- 
pit drain plug in the event of a spill so that waste can drain into tlhe tank. 

6.  Contingency plans have been developed in the pump removal procedures 
such that if a spill in the pump pit occurs, the pump pit will be flushed 
with water. 

Frequency (yr-l) Onsite Acceptance 

(ppm) 
6.OE-04 86.4 475 

Consequence Criterion (ppm) 

5.6.5. Contamination from Dropped Pump 
The consequences of this accident are bounded by the spill accident discussed in 
Sec. 5.6.4. The drop frequency is less than the spill frequency. Consequently, the risk 
associated with the drop of a contaminated pump is bounded by the risk of a spill. 

5.6.6. Comparison of the Removal Accident Consequences with Radiological and 
Toxicological Acceptance Criteria 

The accidents with toxicological consequences are listed in Table 5-16, along, with the 
estimated frequencies. The onsite toxicological consequences and the acceptance 
criterion for each accident also are provided. All accidents resulting in toxicological 
consequences are analyzed without a burn. Also, the offsite consequences for 
ammonia are <1 ppm for all cases and are not discussed. As shown in Table 5-16, all 
analyzed accidents meet the toxicological acceptance guidelines. 

Similarly, the accidents with radiological consequences are listed in Table 5-17, along 
with the estimated frequencies. The onsite, critical organ, and offsite radiological 
doses and the acceptance criterion for each accident also are provided. As shown in 
this table, all analyzed accidents meet the radiological acceptance guidelines 
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ACCIDENT Freq. Onsite Limit 
(yr-l) (rem) (rem) 

Pump E-on 2.OE-06 44.0 81 
Spill 6.OE-04 0.5 13 

- .  - 
LA-UR-92-3196 Revised 

Organ Limit Offsite Limit 
(rem) (rem) 
720 810 
7.5 130 2.48-4 

5.7. 

Given the estimated lifetime of the mixer pump as 8 yr and the current schedule for 
the design of the spare pumps, we determined the frequency of failing to replace the 
mixer pump as -.012/yr (App. J). If the mixer pump is not replaced upon failure, the 
tank will revert to its episodic gas release behavior at a frequency of -3/yr. 

Because the long-terms effects of mixer pump operation on the waste behavior is 
not fully understood (see App. P), we cannot predict what the release of future GREs 
will be if the tank is left unmitigated. It is highly likely that future GRBs will be 
similar to the GREs before pump operation, with a maximum expected release of 
296. 8 m3 (10,480 f$) and an uncertainty of k70.8 m3 (2500 ft3). However, there also is 
a possibility that future GREs may be greater (App. P). Nevertheless, in this section 
we assess the consequences of a 296.8-m3 (10,480-fp) release assuming a frequency of 

Consequence Assessment for Failure to Replace the Pump 

O.D4//JT. 

As discussed in App. K and using the current conservative models, we determined 
that the structural consequences of a 296.8-m3 (10,480-ft3) gas release do not meet the 
acceptance criterion. On a conservative basis, we would predict a structural failure 
(possible dome collapse and possible tank penetration) for a 296.8-m3 (10,480-ft3) gas 
release with burn. 

The onsite toxicological consequences and the acceptance criterion for each accident 
also are provided in Table 5-1 8. All accidents resulting in toxicological consequences 
are analyzed without a burn. Also the offsite consequences for ammonia are 
<1 ppm for all cases and are not discussed. 

Similarly, the accidents with radiological consequences are listed in Table 5-19, along 
with the estimated frequencies. The onsite, critical organ, and offsite radiological 
doses and the acceptance criterion for each accident also are provided. 
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ACCIDENT 
(yr.1) consequence 

Frequency Onsite 

GRE/Operable Ventilation 

GRE/Inoperable Ventilation 
GRE/Operable Ventilation/MPR Open 

TABLE 5-19 
COMPARISON OF UNMITIGATED TANK GRE WITH RADIOLOGICAL 

ACCEPTANCE CRITERIA 

4.OE-02 
1.9E-05 268.1 
1.9E-04 64.8 
9 7F-08 7 ~ 4  n 

ACCIDENT 

GRE with Bum 

5.8. Summary and Conclusions 

All accidents with toxicological consequences are summarized in Table 5-20. The 
computed ammonia concentrations shown in Table 5-20 are plotted in Fig. 5-3 in 
comparison with the acceptance criterion. Only the accidents resulting in ammonia 
concentrations >lo ppm are shown in the figure. In Fig. 5-3, the numbers next to the 
data points correspond to the accident numbers in Table 5-3. As shown in Fig. 5-3, 
all conservatively computed ammonia concentrations fall below the acceptance 
guideline using the best-estimate frequencies. 

All accidents resulting in radiological consequences are summarized in Table 5-21. 
Comparisons with the onsite, organ dose, and offsite acceptance guidelines are 
shown in Figs. 5-4 through 5-6. Only the accidents with consequences >0.1 rem are 
shown in Fig. 5-4. Likewise, the ordinates of Figs. 5-5 and 5-6 are limited to 
minimum consequences of 1 rem and 0.0001 rem, respectively. In Figs. 5-4 through 
5-6, the numbers next to the data points correspond to the accident numbers given 
in Table 5-21. As shown in Figs. 5-4 through 5-6, all conservatively computed doses 
fall below the acceptance guideline using the best-estimate frequencies. 

Freq. Onsite Limit Organ Limit Offsite Limit 

5.2E-05 11.8 30 177 300 5.2E-3 
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TABLE 5-20 
SUMMARY OF ONSITE TOXICOLOGICAL CONSEQUENCES 

Rev. 14 

10’ I I I  
10.’ 1 0 . ~  I O - l  100 

Frequency Wyr) 

Fig. 5-3. Toxicological consequences. 

5-25 March 31,1995 



LA-UR-92-3196 Revised 

ACCIDENT 

WHC-SO-WM-SAD-033 
REV 2 

Frequency Onsite Dose Organ Dose 
(yr-1) (rem) (rem) 

1 
2 
3 
4 

Unfiltered Release 5.9E-05 0.5 7 
4 W f t 3  GRE/Burn/Installation 2.0E-W 8.8 132 
4000-ft3 GRE/Burn/Removal 2.08-06 44.0 720 
Spill 6.08-04 0.5 8 

Rev. 14 

0 1  0 4  
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Frequency Wyr) 

Fig. 5-5. Onsite organ doses. 

Frequency Wyr) 

Fig. 5-6. Offsite doses. 
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6.0. CONTROLS 

This section provides the controls to be used for the following mitigation activities: 
(1) mixer pump installation (including the installation, use, and removal of the 
water lance); (2) mixer pump operation; (3) mixer pump removal (including the 
installation, use, and removal of the water wands); (4) MPR installation and 
removal; (5) viscometer installation, operation, and removal; and (6) voidmeter 
installation, operation, and removal. 

A set of controls has been established for each of the activities for clearer and easier 
procedures development. The controls have been developed using WHC standard 
controls and the results, assumptions, and initial conditions of this SA. Those 
WHC standard controls important to the activities have been repeated in this SA for 
clarity; however, the set of controls listed in this SA is intended only to supplement 
the WHC standard controls, not replace them. WHC standard controls include a 
series of WHC documents that define the safety envelope for the tank farm. The 
primary document is the WHC Health and Safety Plan (HASP manuall), although 
other documents include the double-shell flammable gas watchlist tank safety basis 
document2 and the interim safety basis document.3 During the development of the 
procedures for each of the activities, the current OSRs and OSDs must be considered. 
The safety envelope established by the analyses shall not be changed unless 
approved by the Secretary of the DOE. The controls provided in this section can be 
modified if the appropriate organization grants approval. 

Each activity is to last for a finite time period. Therefore, the controls designated for 
a specific activity should be followed only for that specified period of time. The time 
period for the applicability of the specific controls appears in the discussion of the 
controls for the specific activity. 

Most of the controls presented in this section are based on the analyses conducted 
for this SA. These controls have been designed to ensure that the analysis 
assumptions and initial conditions are maintained throughout each of the 
mitigation activities. In a few cases, the controls have been developed to add an 
additional safety margin. Therefore, the controls should be an integral part of the 
procedure development process to maintain the level of safety demonstrated in this 
SA. 

Safe conditions for operation, surveillance monitoring, and administrative controls 
have been developed for each system or condition required to be controlled. Safe 
conditions for operation are defined as the limits within which each activity will be 
controlled. The surveillance monitoring requirements establish how the limit shall 
be monitored. Administrative controls are the procedural requirements that shall 
be followed io ensure that the activity stays within the bounds of the SA. Safe 
shutdown definitions also are provided for each of the mitigation activities. These 
instructions provide 'the guidance and recommended operator actions to be taken 
should it be discovered that any of the controls are no longer met. As such, these 
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sets of guidance and recommendations should be usea auring the development of 
the procedures for each activity. These actions are intended to restore the level of 
safety as rapidly as possible. 

Sections 6.1 through 6.8 provide the specific controls to be used for the activities 
covered by this SA. Of these activities, pump operations are the most complex. 
Instrument installation and removal activities in Tank 101-SY have been .performed 
several times and are more routine than those of the mixer pump operations. 
Therefore, more controls have been instituted for the operation of the miixer pump 
than for other processes. Because of the complexity of the mixer pump operation, 
these controls have been divided into three levels. Each control level requires a 
difterent level of approval for modification and for restarting operations after 
abnormal shutdowns. 

Pump operation controls are designated as either Level I, Level 11, or Level 111. This 
graded approach reflects the importance of a particular control, the level of approval 
required for modification, and the level of approval required to restart pump 
operation if a particular limit is exceeded. 

Lekel I controls are the most important and are under the most stringent 
management supervision. Level I controls ensure that the most important bounds, 
established in the SA, are maintained at all times, as demonstrated by the 
appropriate analyses for both potential prompt effects and post-operation effects. 
Changes to the Level I controls, if required, will be developed by the mixer pump 
support personnel. Any proposed change to the Level I controls must be approved 
by the TRG. Once approved by the TRG, the proposed change must be reviewed by 
WHC management. Upon WHC management approval, the proposed change must 
be reviewed and approved by the DOE/RL. Only when all approvals have been 
completed can the change to the Level I control be finalized. Test restart related to 
these controls will require TRG approval. 

Level I1 controls are the next level in importance. These controls maintain the 
initial conditions assumed in the safety analyses and prevent damage to the pump 
and the installed hardware. The TRG must approve modifications to Level I1 
control parameters and notify DOE/RL of the modifications and the technical bases 
for the modifications. Approval to restart pump operation after exceeding a Level I1 
control requires TRG approval. 

Level 111 controls are the lowest level in importance. These controls involve safety 
issues that can be controlled by administrative procedures. Changes to the Level I11 
controls will be approved by the TRG, and DOE/RL will be notified of th'e changes 
and their technical bases. Restart after a shutdown involving a Level I11 control can 
be approved by the Test Manager. 

Controls for other activities that are not designated as Level I, 11, or 111 will be treated 
administratively as Level I1 controls. Changes to these controls will require TRG 
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approval and WHC management review, and DOE/RL will be notifi'ed of the 
changes and their technical bases. Restart after shutdown involving a ccintrol that 
has no designated level will require TRG approval. 

The roles of the TRG and the Plant Review Committee for the safe conduct of 
operations are defined in the test management plan. The test management plan 
also describes the procedures that will be followed if a Level I, 11, or I11 controls 
violation is discovered. The composition of the TRG is defined in the test 
management plan.4 

6.1. 

To promote consistent work plan preparation, a set of mitigation standard controls 
has been developed for open-tank operations. Open-tank mitigation activities 
include pump installation or removal of the mixer pump, installation or removal 
of the water lance, installation, operation, or removal of the water wands, and 
installation or removal of the MPR. The standard mitigation controls for open-tank 
operations are presented in Table 6-1. Similarly, a set of mitigation standard 
controls has been developed for closed-tank operations, such as mixer pump 
operation, operation of the water lance, or water wands (if applicable). The standard 
mitigation controls for closed-tank operations are presented in Table 6-2. 

The standard control tables are referenced in the subsequent control tables 
developed for specific activities. Exceptions can be taken to the standard controls by 
explicitly annotating the activity-specific control tables. Likewise, the setpoints 
provided in the activity-specific table for a given control take precedence over the 
setpoints in the standard controls tables. 

These standard mitigation controls have been developed from WHC standard 
controls that may be found in the previous safety documentaltion for 
Tank 101-SY.1,2,3,5,6 These controls from past safety documentation are not repeated 
in total in this SA-only those controls considered particularly important to the 
activities covered by this SA are included. Several of the WHC standard controls 
have been modified to ensure their applicability to the activities covered by this SA. 
The modifications were required to match the assumptions and initial conditions 
used in this SA. 

Standard Controls for Tank 101-SY 

6.2. Pump Operation Controls 

6.2.1. Description of Activity 
The controls for mixer pump operation shall apply for the time period1 starting 
when the pump is bolted into place. Pump operation concludes when the pump is 
unbolted from the riser and the crane is attached for removal. By this definition, 
the operation period does not always mean the period during which the pump is 
running (bumping or mitigation operation). The operation period also applies to 
time periods when the pump is in a shutdown mode while residing in Tanlk 101-SY. 
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6.2.2. Controls 
The controls used for the pump operations are more numerous and complex. 
Therefore, levels of controls have been established for mixer pump operations. 
Each control is designated as Level I, Level 11, or Level 111. This graded ,approach 
reflects the importance of a particular control, the level of approval required for 
modification, and the level of approval required to restart pump operaition if a 
particular limit is exceeded. Tables 6-3, 6-4, and 6-5 provide the Level I, Level 11, and 
Level I11 controls for mixer pump operation, respectively. The controls provided for 
mixer pump operation are based on the modified WHC standard controls and the 
analyses presented in this SA. The controls, which are based on the SA, were added 
to the set of WHC standard controls. 

Pump bumping operations are subject to all controls for normal pump operation, 
except where specifically noted. During the operation period, we do not allow the 
tank to be open while the pump is running (including bumping). Open-tank 
conditions are allowed to exist when the pump is shut down, provided that the 
intrusion criteria and other applicable controls are met. 

6.3. Pump Installation and Removal Controls 

6.3.1.. Description of Activity 
The controls for the mixer pump installation process shall apply for the time period 
starting when the pump is attached to the crane and the riser is uncovered. The 
pump installation activity is complete when the pump is bolted down to the riser 
and the crane is disconnected. The controls for the mixer pump removal process 
shall apply for the time period starting when the pump is attached to the cmne. The 
pump removal activity is complete when the mixer pump is removed from the 
riser, cleared of Tank lOl-SY, and detached from the crane and the riser is covered. 

A lift path, in accordance with the lift path analysis,7 for hoisting the mixer pump 
should be followed so that it presents the least possibility of hitting risers or other 
safety-related equipment if the pump were dropped. The pump shLould be 
connected to the crane using a positive lock mechanism that ensures that the cables 
cannot be removed except by positive actions. The total weight on the tank dome 
should be considered during the designation of the crane placement and the 
determination of the mixer pump lift path. 

6.3.2. Controls 
The controls provided for the mixer pump installation and removal process are 
based on the modified WHC standard controls, the analyses presented in this SA 
and the WHC water addition safety evaluation report.6 The controls, which are 
based on the SA, were added to the set of WHC standard controls. Table 6-6 
provides a set of controls to be followed during the installation or removal of the 
mixer pump into Tank 101-SY, which is in addition to the WHC standard controls. 
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6.4. 

6.4.1. Description of Activity 
The controls for the water-lance installation, operation, and removal processes shall 
apply for the time period starting when the water lance is attached to the crane and 
the riser is uncovered. The water-lancing activity is complete when thLe riser is 
covered and the crane is disconnected. The description of this water-lancing 
operation, the accident analysis, and the associated bases for the controls are 
discussed in App. V, the WHC water-lance safety basis documents and the WHC 
water addition safety evaluation report.6 The plan for use of the water lance in the 
deployment of the viscometer and void fraction instrument are discussed in Adds. 1 
and 2, respectively. 

6.4.2. Controls 
The controls provided for the water-lance installation, removal, and (operation 
processes are based on the modified WHC standard controls, the WHC water-lance 
safety basis document,8 and the analyses presented in this SA and appear in 
Table 6-7. 

6.5. 

6.5.1. Description of Activity 
The controls for the water-wand installation, operation, and removal processes shall 
apply for the time period starting when the water wands are attached to the crane 
and the risers are uncovered. The water-wand activity is complete when the riser is 
covered and the crane is disconnected. The description of this activity, the accident 
analysis, and the associated bases for the controls are discussed in App. YJ and the 
WHC water addition safety evaluation report.6 

6.5.2. Controls 
The controls provided for the water-wand installation, removal, and operation 
processes are based on the modified WHC standard controls and the analyses 
presented in this SA and appear in Table 6-8. 

6.6. 

6.6.1. Description of Activity 
The controls for the MPR installation and removal processes shall apply for the 
time period starting when the MPR is attached to the crane and the riser is 
uncovered. The MPR activity is complete when the riser is covered and the crane is 
disconnected. The description of this activity, the accident analysis, and the 
associated bases for the controls are discussed in Sec. 4.6.3.2. 

Installation, Removal, and Operation of the Water Lance 

Installation, Removal, and Operation of the Water Wands 

Installation and Removal of the MPR or MPR Flange 
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6.6.2. Controls 
The controls provided for MPR installation, removal, and operation processes are 
based on the modified WHC standard controls and the analyses presented in this SA 
and appear in Table 6-9. 

6.7. 

6.7.1. Description of Activity 
The controls for the viscometer installation, operation, and removal processes shall 
apply for the time period starting when the viscometer is attached to the crane and 
the riser is uncovered. The viscometer activity is complete when the riser is 
covered and the crane is disconnected. The description of this activity, the accident 
analysis, and the associated bases for the controls are discussed in Add. 1. 

6.7.2. Controls 
The controls provided for the viscometer installation, removal and operation 
processes are based on the modified WHC standard controls and appear in 
Table 6-10. The analyses for these controls are presented in this 5A and in Add. 1. 

6.8. 

6.8.1. Description of Activity 
The controls for the voidmeter installation, operation, and removal proceijses shall 
apply for the time period starting when the voidmeter is attached to the crane and 
the riser is uncovered. The voidmeter activity is complete when the riser is covered 
and the crane is disconnected. The description of this activity, the accident analysis, 
and the associated bases for the controls are discussed in Add. 2. 

6.8.2. Controls 
The controls provided for the voidmeter installation, removal, and operation 
processes are based on the modified WHC standard controls and appear in 
Table 6-11. The analyses for these controls are presented in this SA and in Add. 2. 

6.9. Conclusions 

Installation, Removal, and Operation of the In Situ Viscometer 

Installation, Removal, and Operation of the Voidmeter 

Controls were developed for each of the following Tank 101-SY mitigation ,activities: 
(1) mixer pump installation (including the installation, use, and removal of the 
water lance); (2) mixer pump operation; (3) mixer pump removal (including the 
installation, use, and removal of the water wands); (4) MPR installation and 
removal; (5) viscometer installation, operation, and removal; and (6) vsoidmeter 
installation, operation, and removal. The controls for the these activities are based 
on WHC standard controls and the analyses presented in the SA. Mod.ifications 
were made to the WHC standard controls to make them specific to each of the 
activities analyzed in the SA. These modified standard controls were combined 
with those that were'based on the results of the SAs. The design of the hydrogen 
mitigation system, the conservative approach to the analyses, and the controls 
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established for each activity ensure that these hydrogen mitigation activities can be 
performed within the bounds of the SA. 
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TABLE 6 1  
MITlGATION ACTIVITIES STANDARD CONTROLS FOR OPEN-TANK CONDITIONS 

S stem or 
d n d i t i o n  

lentilation 
System 

Primiry 
Ventilation 
Flow Rate 

Hydrogen 
Concenhation 

;as 
:oncentrations 
All Locations) 

M;udmum 
Hydrclgen 
Concentration 

Maximum 

-oncentration 
&nlnl'"la 

sco 
Both the 
mmary 
?xhauster and 
iuxiliary 
zxhauster must 
,e available 
3efore 

lctlvlty 

Minimum flow 
1.19 m3/s 
400 ft3/min) 

:o- this 

nitiate 
)perations 
vhen H2 
:oncentration 
mppm 

~7500 ppm 

:3ooo ppm 

r, or per XfT C praedurc 

3ACS 

3ACS 

3ACS 

IACS or 
ocally 

IACS 

Administratiw 
Procedures 

Assure both 
exhausters 
operational 
before 

Alarm at 
0.20 m3/s 
(425 f?'/minl 

Place tank in 
safe shutdown 
mode if prim 
ventilation f 3  
and get auxil- 
iary exhauster 
on line 

Alarm at 
0.319 m3/s 
(675 f?'/mi$! 

Do not initiate 
activity if H2 
concentration t 
XQ PPm 

Alarm at 75% 
SCO value. 
Terminate 
activity if SCO 
value IS 
exceeded 

Alarm if SCO is 
exceeded. 
Terminate 
activity if SCO 
value IS 
exceeded 

Basis for 
Control 

WHC 
Wcdified 
Standard 
Z o n tr o 1 s 

WHC 
Standard 
Zontrols 

"C 
jtandard 
Zontrols 

Safe Shutdown 
Definition 

If activity has 1- 
do not start aclivit 
unless authorized gy TRC 

Termmate acrivities and 
hold assembly n place 
whle  tenhlatim flow is 
<O 19 m3/5 (400 ft-'/mm) 
dunng pnmar) exhauster 
invesngaoon If prunar) 
exhaurter how IS not 
available withm 1 h. 
~tarr  auxiliarv exhaubrer 
for \ enhlation If 
assembly IS in Ihe nSer 
iOnhnue imrallahon 
with auxiliary exhauster 
operatuig at 0 Y m3/, 
(WU f?'/ mini u h e  
a\wnblv IS ndt In the 
rwr. move asstmblv to a 
holding place and wait 
for prunarv exhauster 
flow or o 19 m i l s  two 
f?/mm) rn be iesrored 

Termmate actit'ttv and 
investigate the reasons 101 
ienrilarion rlow beuig > 
I 33 n13, s (700 4, mmJ 
from Tank IJ1 SY Do 
not conunue actn he5 
until Tank 101 5Y rlow 15 

(11 33 m3/5 (701 f$/ mm) 

4ch\ !ties can t e uuhated 
n d v  wnile the hydrogen 
:oncentrations are 
.elatively low 

rerminate activities and 
'emove p e r m e l  from 
iser area unhl H2 
:oncentration is 4 0 0  ppm 

rerminate all operations 
mbl ammOnia 
,oncentration ir <SO0 ppm 
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TABLE 6-1 (CONT) 
MlTIGATION ACTIVITIES STANDARD CONTROLS FOR OPEN-TANK CONDITIONS 

System or 
Condition 

Crane and Loads 

. Load Path 

. Dome Loading 
caused by 
Vehicles 

htrusion 
Criteria 

sco 
Critical lift E%$$?: 
%%ation and 
removal 
quipment in 
risers. 
Administrative 
conhols will be 
developed to 
preclude crane- 
to-crane 
interactions 

Loads will not 
be lifted over 
HEPA filters, 
risers, or other 
equipmmt 
;Ing;tant to 

The crane or 
other heavy 
vehicles 
[E44,400 N 
(10,000 Ibf) 
gross vehicle 
weight] will 
remain at least 
6.1 m (20 ft) 
away from the 

specificall 
au tho r idby  
the TRG based 
on suitable 

3zthedome 

last activit 
that can indlce 
a gas release, 
there shall be at 
least a 4-h 
waiting period 

Surveillance 

Jisual 

r'isual 

Procedures 
The readiness 
review shall 
ensue that 
work lans 
inc~uBe critical 
lift procedures 

A lift path will 
be developed as 
part of the 
work package 
that will 
present the leasl 

filters, risers, 01 
other safety- 
related 
equi mmtifthe 
load% dropped 

A distance 01 
6.1 m (20 ft) 
shall be clearly 
marked on the. 
ground, and 
observers shall 
monitor the 
vehicle's 
position while 
vehicle is in 
motion 

All activities 
wmpleted 
wittiin the 
intrusion 
criteria and 
within work 
plans and 
procedures 

Basis for 
Control 

Reduce 
likelihood of 
dro or waste 
spilr accidents 
or damage to 

To minimize 
probability of 
dKnaging 

saE' a sa  
r e s 1  of a 
drop accident 

to 

To prevent 
overloading 
the dome (see 
Refs. 9 and 10 
for additional 
related dome- 
IOadin 
controfs 

SA (App. Y) 

Safe Shutdown 
Definition 

Do not start installation 
or removal activities until 
critical lift procedures are 
in place 

If load is over equipment 
that is im ortant to safety 
move thePoad to a safe 
Location immediately 

If the crane or other heaw 
\etudes encro.ich wrthn 
h 1 m (20 f r  ]of Ihe dome, 
remove the vei-ides 
d k l \  

Terminate a c t i ~ ~  
place tank in srife 
shutdown condition if 
intrusion criteria is not 
In3 
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TABLE 6-1 (CONT) 
MITIGATION ACTIVITIES STANDARD CONTROLS FOR OPEN-TANK CONDITI[ONS 

Svstem or 
Condition 

Intrusion 
Criteria (Cont 

-Tank 
Conditions 
before 

Intrusive 
Actrvities 
w*g 

-No Other 0pe1 
Tank Activity 

Communicatia 
with DACS 
(Tank Farm) 

.Waste Level 

?me Space 
.onditions 

Dome Pressure 

sco 

The tank 
conditions 
before waste- 
intrusive 
operations wil 
beevaluated 
and found to be 
acceptable 

No open-riser 
o rations are 
afpwed 
without TRG 

xgy;:;: 
102-, or 103-9 
while the 
intrusive 
operation in 
Tank 101-SY is 
in progress 

22tions musf 
be monitored 

2 3 i a t i o n  
activities via ai 
established 
continuous 
communication 

Waste level 
control must be 
speahed by the 
safety basis of 
h e  specific 
activity 

fie spedhed 
limit must be 
$10.26 m (404 
n) 

; 0.0 in w.g. 

Surveillance 
Monitoring 

A provedworb 
p i n s  

Communication 
at t a d  DACS 

Visual 
verification and 
routine 
inspection 

Level 
measurements 

(Primary 
instrument is 
theFIC,theuSe 
Df other 
instruments 
mustbe 
authorized by 
h e  TRG) 

3ACS 

Administrativi 
Procedures 

TRG will 
evaluate tank 
conditions 
before operung 
a waste- 
intrusive 
wmdow 

Approved 
procedure 

The person in 
charge shall be 
in continuous 
communication 
with the 

rwnnel in the l? ACS trailer 

K O  
corres ndsto 
the FIG? 
measurement 
TRG may 

owth since z e last FIC 
data to meet this 
iontrol (see 
Apps. C and y) 

Uarm at 0.0 in. 
N-g. 

Basis for 
Control 

MinimiZE 
probability of 
a GRE 

One operation 
at a time to 
elimin?e 
open-riser 
exposure to a 
possible gas 
release 

To monitor 
general tank 
conditions 

SA(A p s C  
and$ ' 

X R  limit 

Safe S h u t d o w n  
Definition 

If waste-intrusive 
operations an! begun 
without TRG 
authorization, terminate 
activities until tank 
conditions can be 
evaluated 

If intrusive dwice is over 
the riser, do not continue 
installation. Terminate 
activities as 5wn as 
intrusive device is 
lowered to a :,afe place 
and wait for cessation of 
other activities (observe 
4-h interval after gas- 
releasing operations). If 
intrusive device is in the 
riser, continue 
installation until 
complete The riser 
should be cov<xed ASAP 

If the intrusive device is 
over the open riser, do no 
continue mtallation. 
Cover riser arid restore o 
establish conununications 
and continue operation 

If the waste level 15 
greater than value 
s ufred b 9-0 or TRCr 
& m i J i e G ,  
terminate activity. 
Initiate safe-shutdown 
procedure 

rerminate activities and 
remove pemnnel from 
riser area until the dome 
iressure is confirmed 
2egative and the 
tentilation flow is 
:onfirmed to bt? 
LOO fP/min 
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TABLE 6-1 (CONT) 
MITIGATION ACTIVITIES STANDARD CONTROLS FOR OPEN-TANK CONDITIONS 

jurvry' 

Radiation at or 
neai Risers 
Coritaming the 
Viscometer, 
Voidmeter, or 
MPR 

rank Water 
Yddition 

Volume 

Water 
Temperature 

'ump Pit or Any 
Ither Riser Pit 
kcess Port 
J5agC 

Flammable Gas 
Concentration 

sco 

Radiation 
survey 
conducted and 
area 
appro riately 
p o s t 2  

All water 
additions must 
bea rwedby 
the Rk ,with 
theexce tionof 
routine lushes 
of level 
insrnenh 

Tem rature 
S h a I E e  
154.4OC (130'F) 

If concentration 
<20% LFL 

Surveillance 
Monitorinq 

Survey 
mmpleted 

Monitor flow 
totalizers on 
supply truck 

Check water 
tank 
temperature 

Approved 
m-unng 
device (see 
HASP 
Manual') 

Administrativ< 
Procedures 

Following 
MPR, 
viscometer, 
and/or 
voidmeter 
installation. a 
radiation 
survey shall be 
conducted and 
the area posted 
as required b 
standard W& 

rocedures. F ank farm 
o erations 
&all verify 
signs 
appro riately 
postefas part 
of n o m 1  
rounds 

Maintain log of 
all water 
additions to 
tank. check 
waste level to 
ensure 10.72-m 
(422-in.) level 
not exceeded 

Ensure that 
water 
temperature is 
below limits. 

Ifanyofthe 
flammability 
limih exceed 
20% of the LFL, 
work shall 
stop. A rab 
sample &all be 
taken, and 
laboratory 
analysis shall 

Work shall not 
continue until 
the flammability 
level drops 
below 20% of 
the LFL 

be performed. 

Basis for 
Control 

Standard 
WHC Control 

Ref. 6 

Lf. 6 

NHC 
jtandard 
-ontrols 
HASP 
danual') 

Safe Shutdown 
Definition -- 

'erminate activities, and 
rerify all a plicable 
onhtiom getore 
estarting activities 

f water addition in 
'xcess of determined limit 
)ccurs by accident, , 
erminate all xtivities 
Ind hold for TRG 
.pproval 

'ernunate activihes, 
orrect water 
em rature and hold for 
'Rgppro;al before 
s tar t  operattons 

'erminate activities and 
move personnel from 
iser area until 
ombustible gas 
oncentrations are within 
mih 
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TABLE 6-1 (CONT) 
MITIGATION ACTTVITIES STANDARD CONTROLS FOR OPEN-TANK CONDITIONS 

System or 
Condition 

Breakmg of 
rank 
Containnlent 

Respiratory 
Protection 

.Supplied Air 
Close to Riser 

Personnel in 
Tank Farm 

sco 
S-min pause in 
activity on 
break of tank 
containment 

For work 
within 
containment 
tent or within a 

EE: ( i f  
containment 
tent IS not used) 

personnel are 
required to use 
supplied air. 
The specified 
distance must 
corn lywith 
- Salty basis 
for the 
intrusive 
o ration, 

manual? and 
. industrial 
health and 
safety 
requirements 

of an open riser 

-&P 

3rd essential 
worters shall 

mess to the 
xeas where 
immonia has 
h e  potential to 
?xceed the 
IDLH limit of 
MOO ppm . 
Evacuation 
Aans and 
xiefin s shall 
,e conJucted. 
4ppropriate 
,espiratory, 
?ye, and skin 
xotection shall 
,e available 
ind utilized, as 
iirected by 
ndustrial 
lealth and 
.afety 

mpedtted 

Surveillance 

i%%%% 
ion or data log 
rerreadm of 
?ank lOl-$Y 
lome ressure 

meaking of 
ontainment 

OCU& 

Administrativ 
Procedures 

Alarm at rank 
pressure of 
-6.35mm (4.25 
in) w.g 

Ensure that air 
respirators are 
supplied for all 

operating near 
open riser 
(when required 

personnel 

For m e r  pump 
installation an< 
removal, SA 
requires the use 
of supplied air 
inside the 
containment 
tent 

If the 
containment 
tent is not used 
d 
i n Z a C Z o r  
removal, 
supplied air 
must be used 
within an 8.53- 
rn (28-ft) radius 
>f the open rise] 

$$$&!: 
Work Practice) 
mi emergency 
response 
:eq%emenb, in 
addihon to 
3emnnel 
xientation and 
:raining 
quiremenb 

Basis for 
Control 

"C 
itandard 
:ontrols 

"C 
itandard 
.ontrol 
HASP 
danual)' 

VHC 
tandard 
:ontrols 
HASP 
1anual)l 

Safe Shutdown 
Definition 

rerminate a c t i v i b a  
xccedural control 
xoblem has been 
:orrected 

rerminate activities and 
wait for proper 
aspiratory protection to 
)e available 

Lemove nonessential 
)ersonnel in the tank 
ann. Terminate activities 
mtil proper respiratory 
xotection is available 
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TABLE 6-1 (CONT) 
MITIGATION ACTIVITIES STANDARD CONTROLS FOR OPEN-TANK CONDITIONS 

S stem or 
dnd i t ion  

Gas Monitoring 
While 
Containment 
Broken 

-Flammable 
Gases, Organic 
or Toxic 
Vapors 

Electrical and 
Spark 
Protection 

- Electrical 
Quipment in 
the Dome 

-Riser Ending 
to Tank to 
Reduce 
Electrostatic 
Spark Sources 

- Remov;d of 
Rser Bolts to 
Prevent 
Mechanical 
Sparks 

- Electrical Bond 
and Ground In- 
Tank 
Eqrupmcnt 

Ground and 
Tank Bonding 
for Obects 3.05 
m (10 it) Tall or 
More during 
Installation and 
Removal Activi- 
ties for 

Protection 
Lighthlg 

<ev. 14 

sco 

Shall not excel 
limits of HASP 
Manuall 

All electrical 
equipment in th 
dome space m u  
meettte 
hazards 
classification 
requirements, a 
specified in 

Electrical 
bonding strap 
in place. Resis- 
tance between 
tank and riser 
cover Q5 R 

Use only spark 
resistant tools 
(exception: on 
loosening first 
full turn and 
finalti htening 
torque7 

All m-tank 
equipment or 
any mirusive 
device must be 
electrically 
bonded to tank 

APP. AA 

andgrounded 
Resistance 
between tank 
and in-tank 
equipmet must 
be < 25R 
Electrical 
bondine to 
groundkd 
tank for 
imstallation anc 
removal 
aclivities. 
Resistance 
Jetween tank 
md equipment 
must be < 25 n 

Surveillance 
Monitoring 

donitor in 
iccordance 
vith HASP 
danuall 

Administrativr 
Procedures 

Measure in 
accordance 
with HASP 
Manuall 

All electrical 
equipmmt mmt 
be designed to 
meetthe 
requirements 
specified in 
APP. AA 

Ensure 
electrical 
bonding straps 
in place 

Ensure that 
spark-resistant 
tools are used 

Ensure all in- 
tank equipment 
is electrically 
banded to tank, 

meets all 
existing 
requirements 

grounded, and 

Ensure that 
slectrical 
mnding and 
qound in place 

6-14 

Basis for 
Control 

WHC 
Standard 
Controls 

NEC Article 
250-84, IEEE 
Standard 142- 
1991 

WHC 
Standard 
Controls 

NEC Article 
250-84, IEEE 
Standard 142- 
1991 

WHC 
jtandard 
-0ntrols 

March 31, 1995 

Safe Shutdown 
D e f i n i t i a L  

'Terminate activities and 
remove personnel from 
riser area until &is 
concentrations are withi 
limits - 

If any electrical equipmen 
is found to be ener 
that does not meet Ed 
applicable requirements 
(or if the venhlah.on 
requirements in App. AA 
are not met), de-energize 
heequipment 
immediately. 

Ensure electrical IJonding 
straps in place 

Enwre chat spark- 
resistant took art used 
(ehcephons noted) 

Terminate activibes until 
equipment is proprly 
installed 

Fnsurc chat electtical 
bundmg aid grvu id m 
place 
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TABLE 6-1 (CONT) 
MITIGATION ACTIVITIES STANDARD CONTROLS FOR OPEN-TANK CONDITIONS 

System or 
Condition 

External Events 

. Range Fue 

Lightning 

Earthquakes 

Tornadcrs 

Lev. 14 

sco 

Noran efires 
withinh km 
(15 mi) of Tank 
101-SY when 
riser is open 

p m s g ; z t  

activity 
reported or 
predicted to 
jccur within 
3 h of operung 
:iser and 
aithin an 80.4- 
an (%mi) 
,adius 

Vo significant 
ieismc activity. 
f seismic 
ictivity OCCUTS, 
eminate 
ictivities and 
)ut tank in safe 
hutdown mode 

\lo conditions 
iresent for 
o m  ad oe s 

Monitoring 

Iisual. A 
mkout shall 
lekmiw 
vhether 
ctivities 
hould be 
?rminated 

risual. A 
mkout shall 
1- 
vhether 
ctivities 
hould be 
?rminated 

'isual. A 
mkout shall 
ete- 
ihether 
:tivity should 
e terminated 

Administrativ, 
Procedures 

Before starting 
activities, 
DACS 

contact the 
appropriate siti 
authority and 
request 
verification 
that no range 
fires exist 
within 24 km 
(15 mi) of the 
tank farm 

Before starting 
activities, 
DACS 

contact the site 
meteorolo i d  
station an% 
verify that no 
thunderstorm 
activity is 
reported or 
predicted to 
occur in the 
vicinity of the S 
Complex during 

activities 

Before activitv 

personnel shall 

personnel shall 

E;;Yted 

proceeds, the& 
should be no 
indication of 
seismc achvity 

Before starting 
activities, 
DACS 

contact the site 
personnel shall 

gygo;zcal 
verify that no 
significant bad 
weather 
activity is 
reported or 
prdcted to 
~ccur  in the 
vicinity of the S 
Complex during 

activities 
E 2 F d  

Basis for 
Control 

'A (APP. Q) 

Safe S h u t d i c  
D e f i n i t i o n  

Terminate activities in thi 
most timely way and plao 
tank in a safe shutdown 
condihon as qtucdy a$ 
possible (note ltus ma\ 
entail complemg he 
planned operatihs) 

Terminate activihes in the 
most timel way, cover thi 
riser ~sAJ,  and F'lace 
tank m a safe shutdown 
:ondition as quickly as 
possible (note: this may 
entail completing the 
planned operatiom) 

rermmateaitlrin.zm the 
nmt hmel\ wav and placi 
ank m a safe shutdown 
.ondihon a, q u d l y  as 
mossrblc (note h, may 
mad complehng the 
JhMed operanorsj 

rermmate activihm m the 
nost MI& wav and plaLx 
ank m d safe \hutdown 
ondioon as quickly as 
xbsslble (note ltu, may 
mail  complemng tnia 
danned opcratrorsj 
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Vo s i p a n t  
iust evll 
activity within 
sight of tank 
iarm 

Vo sigruficant 
iolcanic 
rctivity 

TABLE 6-1 (CONT) 
MITIGATION ACTIVITIES STANDARD CONTROLS FOR OPEN-TANK CONDITIONS 

Visual. A 
lookout shall 
detemune 
whether 
activities 
should be 
terminated 

System or 
Condition 

.Wmds 

' Dust Devils 

Volcaruc 
Activity 

sco I Surveillance 
Procedures r 

weather 
forecast to 
determine that 
no winds >15 
mph are 
expected within 
the operational 

The person 
designated as 
bad-weather 
watch shall 
contact the 
Hanford 
meteorological 
station. If dust 
devils seen to 
develop within 
1.6 !an (1 mi) of 
tank during 
open-riser 
activities, 
tennjnate 
activity and put 
tank in safe 
shutdown mode 

Before activity 
proceeds, there 
should be no 
indication of 
volcanic 
activity 

period 

2perations 
limit 

Definition 

installation until forecast 
is for winds <24 km/h (15 
mph) for a 2-h period 

not initiate 

(APP. Q) Terminate activities in the 
most timely way and place 
tank in a safe shutdown 
condition as quicldy as 
psjbb'e (note: this may 
entad completing the 
planned operations) 

Terminate activities in the 

tank m a safe shuldown 
condition as quickly as 
possible (note: this may 
entail completing the 

IaMed 0 rations 
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TABLE 6-2 
MITIGATION ACTIVITIES STANDARD CONTROLS FOR CLOSED-TANK CONDITIONS 

Primary 
Ventilation 
Flow Rate 

Hydrogen 
Concentration 

Minimum Flow 
from Tanks 
102-SY and 
103-SY 

:entral Pump Pit 
:over Blocks 

u m ~  and b a d  
listiibutor 
iser Covers 

lrain 
ld Pump Pit 

sco 
Both the 

exhauster and 
auxiliary 
exhauster must 
be available 
before 

PdmKy 

:Ey-@ 
Minimum flow 
0.19 m3/s 
(400 ftj/min) 

Maximum flow 
0.33 m3/s 
(700 $/min) 

Initiate 
o erations 
&en H2 
concentration 

Ppm 
combird 
minimumflow 
from Tanks 
102- and 103- 
SY at least 2/3 
the flow from 
Tank 101-SY 
before 
beginning accitt in 
place before 
activities can 

KZ!!k0l 
does not apply 
to water-wand 
>perations 
Must be bolted 
down 
All riser covers 
shall be bolted 

Surveillance 
bP;$o;ll& 

k6-9 c prwedur 
er, or per 

DACS 

DACS 

DACS 

Datalo eror 
Per d 
procedure 

Inspction 

Inspection 

hpection 

Administrativi 
Procedures 

Assure both 
exhausters 
operational 
before 

Alarm at 
0.20 m3/s 
(425 fG/min) 

Place tank in 
safe shutdown 

z%l ;hm:  
and get auxil- 
iary exhauster 
on line 

Alarm at 
0.319 m3/s 
(675 $/min) 

Do not initiate 
activity if H7 
conce&ati& 
'm PPm H2 

aleck 
ventilation 
flows for Tanks 
101-, 102-, and 
103-SY 

Inspection 

Inspection 

hpechon 

Basis for 
Control 

WHC 
Modified 
Standard 
Controls 

WHC 
Standard 
Controls 

WHC 
Standard 
Controls 

WHC 
Modified 
Standard 
Controls 

$A (Sec. 2) 

~ 

$A (App. F) 

Safe Shutdown 
Definitio'n 

ff activity has not.= 
do not start activit 
unless authorized i y  TRI 

Terminate activities 
while ventilation flow is 
c0.19 m3/s (400 f 1 3 / ~  
If primary exhauster f l o ~  
is not available within 1 
h, start auxiliary 
exhauster for ventilahon 

Terminate activity and 
investigate the reasons fa 
ventilation flow being > 
3.33 m3/s (700 ftj/min) 
from Tank 101-SY. Do 
lot continue activities 
until Tad 101-S'Y flow i 
c0.33 m3/s (700 ft3/min) 

hitiation of activities cai 
le done only while the 
iydro en concentrations 
ire reitively low 

30 not start achvity and 
Pbalance flows if It is 
iuspected that the SCO 
:ondition is not met 

rerminate activitiesunhl 
:over blocks installed 

:erminate a c t i v i t i ~ ~  
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TABLE 6-2 (CONT) 
MITIGATION ACTIVITIES STANDARD CONTROLS FOR CLOSED-TANK CONDITIONS 

S stem or 
Zondition 

Naste Intrusion 
:riteria 

No 0tht.r open- 
Tank or Waste- 
Inkusit e 
Activitv 

Commluucation 
with DACS 
(Tank Farm) 

?me Space 
-onditiotls 

Tank &>me 
Pressure, 

ilectrical and 
ipark Protection 

Electrical 
Equipmtnt in 
the DOm.2 

Electrical Bond 
and Ground In- 
Tank 
Equipment 

Monitorin 

No open-rwr 
o rations are 
aEwed in 
Tanks 101-, 
102- , or 103- 
SY; no other 
closed-riser 
waste-intrusive 
activity is 
allowed in 
Tanks 101- and 
103-SY while 
the inhusive 

ration in Y ank 101-SY is 
in progress 
without TRG 
approval 

Communication 
at tank DACS 

Visual 

inspeaion 
intrusion 
activities via an 
established 

All electrical 
equipment in the 
dome space must 
meet th? 
hazards 
classification 
requirements, as 
specified in 

All in-tank 
equipment or 
anv intrusive 
d e n e  must be 
electrically 
bonded to 
ground. Resis- 
tance between 
tank and in- 
tank equipment 
must be i Ell 

APP. AA 
Inspection 

Administratiw 
Procedures 

Approved 
procedure 

The person in 
charge shall be 
in continuous 
mmmunication 
with personnel 
in the DACS 
trailer 

Alarm at -38.1 
nun (-1.5 in) 
w.g. 
Terminate 
activities if 
SCO is violated 

All ,electrical 
eqwpment must 
be deygned to 
meetth? 
requirements 
specified in 
APP. AA 

Ensure all in- 
tank equipment 
is electrically 
bonded to 

meets all 
existing 
requirements 

grounds and 

Basis for 
Control 

One operatio] 
atatimeto 
eliminate (1) 
open-riser 
exposure to a 
gas release 
and (2) a 
Simultaneous 
induction of 
GREs 

To monitor 
general tank 
conditions 

WHC 
Standard 
Controls 

Safe Shutdown 
D e f i n i t i a c  

In caw of concu~irnt 
wasle-mtruvve 
operations. rermrnate all 
waste-mtrusive Incti\iities 
Observe 4-h Lntei \ a1 
between subsequonr 
wasre-intrusive 
operations that cm 
induce a gas rele. sc’ 

Terminate all intrusive 
operations until proper 
communicakn is 
established 

Terminate all activities 
immediate1 because 
increasing $ess negative) 
dome pressure is in 
indication of a possible 
flammable gas r e k L  

If any electrical equipmen 
IS found to be ensr 
that does not meet Ed 
ipplicable requirements 
:or if the venhlation 
requirements in App. AA 
ue not met), de-energize 
rhe equipment 

rerminate activities until 
tquipment is properly 
nstalled 

Immediately. 
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TABLE 6-2 (CONT) 
MITIGATION ACTIVITIES STANDARD CONTROLS FOR CLOSED-TANK CONDITIOINS 

S stem or 
i‘ondition 

Z E o n  h e  

ump Pit or Any 
Ither Kser Pit 
.ccess Port 
Isage 

Flammable Gas 
-oncent ra tion 

sco 
-p P t  
venhlation are 
mustte 
sufficient. The 
following are 
required 

-23I” 
- minimumv€$ 
area > 729 an‘ 
(113 in2) 

- pit free space 
> 11 .3m3 
(400 fp) 

- leak flow 
area with bun 
in the dome 

(40 in2) 
<258 m 2  

-seal in place 

:; g? COP,, 
. leak flow path 
between the 
domeandthe 
pump pit shall 
not exceed 3.2: 
m2 (0.5 

f concentration 
~20% LFL 

Surveillance 
h M z g z g  

)locks 
nstalling COV€ 

‘pproved 
ieasuring 
evice (see 
[ASP 
fanuall) 

Procedures 
3nsure that 
m u  Dit X O  
:ondiiions are 
net before 
nstalling cove1 
>loCkS 

.anyofthe 
ammability 
mits exceed 
0% of the LFL, 
rork shall 

[ken, and 
iboratory 
nalysis shall 

Iork shall not 
mtinue until 
le flammability 
veldro s 

le LFL 

2pPEl;k 

I performed. 

.low 2&10 of 

?HC 
tandard 
ontrols 
lASP 
fanuall) 

;uspeaed that pump pit 
:onditions are MI met 

‘erminate activities and 
move pemnnel riom 
iser area until 
ombustible gas 
oncentrations arc within 
mits 
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TABLE 6-2 (CONT) 
MITIGATION ACTIVlTIES STANDARD CONTROLS FOR CLOSED-TANK CONDITIONS 

S stem or 
Zondition 

Gas 
Concentrations 
(All Locations) 

-Madmum 

%$=ation 

-Maximum 
Ammalia 
Concentration 

Personnel 
Protection 

- Persomiel in 
DACS Trailer 

- Other Personn< 
in Tank Farm 

sco 

Personnel in 
DACS trailer 
must hwe 
respiratory 
protection, as 
re uired by 
[n%ustrial 
Health and 
Safety Group 

M y  essential 
Norkers shall 
x pernutted 
iccess to the 
ireas where 
maniacan 
? x e d  the 
DLHlimitof 

?$Son 
ilans and 
xiefin s shall 
W C O l & t E d .  
lppropriate 
espiratory, 
'ye, and skin 
rotection shall 
le available 
md utilized, as 
lirected b 
ndustria? 
iealth and 
alety The 
xclusion 
lrvancc may be 

ased on 
evised 
nal sis 
ndyor data 

Surveillance 
Monitoring 

DACS or 
locally 

DACS 

Monitor tank 
for burp 

Administrativ 
Procedures 

Alarm at 75% 
SCO value. 
Terminate 
activity if SCO 
value IS 
exceeded 

Alarm if SCO k 
exceeded. 
Terminate 
activity if SCO 
value 1s 
exceeded 

Emergency 

shall be 
developed for 
DACS 
personnel 
protection 
during GREs 

prCCEdUres 

zgys;> 
Work Practice) 
and emergency 
response 
requirements, in 
addition to 
personnel 
orientation and 
training 
requirements 

Basis for 
Control 

"C 
Standard 
Zonhols 
HASP 
NanuaI)l 

Safe S h u t d E  
D e f i n i t i o n L  

Terminate all activities 
until the H2 concentratic 
is <500 ppm 

Terminate all intrusive 
Operations until ithe 
ammonia concentration i 
- P P  

Terminate activities if 
personnel protecltive 
equipment controls are 
not met 

Terminate activities if 
personnel protective 
?qupment con!zcds are 
notmet 
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TABLE 6-2 (CONT) 
MITIGATION ACTWlTIES STANDARD CONTROLS FOR CLOSED-TANK CONDITIONS 

S stem or 
Zondition 

MFR Vent 
Doors 

- Seals 

-Obstructions 

External Events 

-Range ]:ire 

. LighInil1g 

sco 
Doors closed 
and shear 
retention plates 
installed 

NO 
deterioration 01 
seal material 

Vent doors mus 
befreeof 
drifting sand, 
snow, and othei 
obstacles 

Noran efires 
withing- 
(5 mi) of Tank 
101-SY during 
activities 

No s? 
thun erstom 
activity 
reported or 
predicted to 
xcur within 1 
h of start of 
activities 

Surveillance 

inspection 

Regular annua 
visual 
inspection 

Daily visual 
inspectiOIL5 

DACS 
personnel shall 
detennh 
whether 
activities 
should be 
terminated 

DACS 
personnel shall 
detennh 
whether 
activities 
should be 
terminated 

inspection sha 
bem tedas 
part oKormd 
tank farm 
rounds 

The MPR shall 
beins tedas 
part oKormd 
annual tank 
farm 
maintenance 

%S%F- 
inspection ha1 
bem tedas 
part oKormd 
tank fann 
rounds 

Before starting 
activities, 
DACS 
personnel shall 
contact the 
appropriate sit, 
authority and 
request 
verification 
that no range 
fires exist 
within 8 km (5 
mi) of the tank 
farm 

Before starting 
activities, 
DACS 
personnel shall 
contact the site 
meteorolo ical 
station an% 
verify that no 
thunderstorm 
activity is 
reported or 
predicted to 
xcur in the 
ncinity of the S 
Zomplex during 

~ctivities 
E'EYd 

Basis for 
Control 

Set. 4.6.4.1 

S c .  4.6.4.1 

h c .  4.6.4.1 

Safe Shutdown 
Definition 

Terminate all SY 
t a m  achviues 
unmdarely unhl 
situation IS corrected 

Terminate all SY tank 
farm activities until 
situation is corre,:ted 

V obstructed, correct 
situation ASAP 

rerminate activities in the 
most timely way, and 
lace tank in a safe 
hutdown condition 
4SAP 

rerminate activities in the 
nost timely way, and 
,lace tank in a safe 
hutdown condition 
SAP 
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TABLE 6-2 (CONT) 
MITIGATION ACTIVITIES STANDARD CONTROLS FOR CLOSED-TANK CONDITIONS 

S stem or 
Zondition 

Tomdoes  

Earthquakes 

Monitorin 

whether 
activity should 
be terminated 

rlo sipificant 
eisrmc activity 

Procedures 
Before s t a m  
activities, - 
DACS 
personnel shall 
contact the site 
meteorol ical 
station an9 
verify that no 
significant bad- 
weather 
activity is 
reported or 
predicted to 
occur in the 

time of 
activities 

Before activity 
proceeds, there 
shall be no 
indication of 
seismic activity 

most timely way, and 
place tank in a safe 
shutdown condib.on 

f there are any ;A (APP. Q) 
indications of’seirmic 
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System or 
Condition 

Mixerrump 

Operation Tim 
Duration 

-Pum Motor 
speeg 

-;=%?e? 
Startups) 

TABLE 6-3 
MIXER PUMP OPERATION LEVEL I CONTROLS 

sco 

h’bXhUm Of 4 
h/dpump 
operation (see 
App. R for 
intermediate 
details). 

be operated 
according to a 
TRGapprovH 
0 erahons 
p L .  Them< 
may approve 
deviations to 
operation 
schedule to ker 

nozzYes clearel 

Maximum 1213 

or details? ’ 

- P P m u  

P- *g 

Tm(seeA p I 

Multiple star& 
are permitted u 
to 8 s total/d a 
200rpm. This 
3-5 bumping 
may be done at 
levels up to 
10.72 m (422 
n )  

4t tank levels 
>elow the 

,perahon level 
imit, the TRG 
”adrrarmplmp 

exclusive of 
amp-up) at 
p e d s  s1200 
prntokee the 
u n p  & 
?gs clear, w i g  
lomirdmum 
vait time 
etwm bumps 

Surveillanci 
Monitoring 

IACS 

)ACS 

idministrati’ 
Procedures 

Uarm at 30 s 
*fore end of 
>peration and 
erminate at 
ipecified time 
mt 

Uarm at 1190 
pm or 10 rpm 
essthanthe 
.bort limit 
vhen operatin, 
t lower speed 
automatically 

oftware) 

it  levels 
reater than t h t  
lmp”p”aiin{ 
mit but ~10.7. 
I (422 in.), do 
ot bump the 
‘um morethat 
s/8or exceed 
W rpm unless 

2LYM” 

P F d  by 

b t  to exceed 
RG-approved 
mits at tank 
wels less than 

&%ln level 
mit 

Basis for 
Control 

;A (App. R) 

;A (App. R) 

Safe Shut<= 
D e f i n i t i o n  

rerminate all pump 
Jperations immelately il 
the operation time is 
sxceeded or if the pum is 
&rated outside of d G -  
spproved operating plan: 
x procedures 

Cenninate all pump 
>perations immeAately 

hutdown, momtor waste 
evel, waste level rise rat‘ 
md hydrogen 
:oncentrahon. Continue 
o monitor thw 
>arameters 

 pump 

rerminate all punlp 
)perations immechately if 
he operation time is 
m x d e d  or if the pum is 
iperated outside of dG 
lpproved operat ion plam 
ir procedures 

e m t e  all pump 
‘perations immethately if 
,e operahon time is 
xceeded or if the pum is 
perated outside of d G  
pproved operation plans 
I procedures 
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TABLE 6-3 (COW) 
MD(ER PUMP OPERATION. LEVEL I CONTROLS 

Startups) (coni 

as Concentra- 
ons (All 
ocahons) 

Madmum 

!:$%ation 

vIanmum 
@ m a  
.oncenlratlon 

-- 

sco 
At tank levels 
<lo21 m (402 
in.), the TRG 
may approve 
onebump 
day up t o r  
-P 
duration at 
speeds 11200 
rpm whenthe 
following 
instruments 
(data) or 
eq+ mentare 
avairable . .  as a 

-one hydrogen 
mnmmrm: 

monitor 
capable of 

-one level 

taken in the 
last 4 d 

-either a dome 
press- gauge 
or a 
ventilation 
flow-rate 
gauge with 
abort setpoint! 

-either the 
primary or 
auxiliary 
?xhauster is 
Jperating 

4t tank levels 
>lo21 m (402 
n.), all other 
mtrols must bt 
net (except 
Nhere 
;pecifically 
ioted) 

:x5cHJ Ppm 

:3wo ppm 

Surveillance 
Monitorinq 

IACS or 
ically 

'ACS 

Administrat; 
Procedures 

Not to exceed 
TRGapproveC 
limits at tank 
levels <lo21 n 
(402 in) 

TRG may 
approve 
accouniins for 
the offset d FIC 
is not availabl 
and other level 
instruments ar, 
usedto 
determine the 
level when the 
PNL analysis i 
level au esis 
com&ef and 
app;oved (see 
App. C for 
details) 

Also, TRG my 
approve using 
Z-mm/d (0.08 
in/d) owth 
since tiZ last 
available FIC 
data to meet tht 
10.21-m (402- 
in.) level 
requirement 

Uarm at 75% 
KO value. 
rerminate 
ictivity if K O  
Calue IS 
, X & d  

Uarm if K O  is 
xceeded. 
'erminate 
ctwity if SCO 
alue IS 
xceeded 

Basis for . 
Control 

?specially at 
ow waste 
evels, 
iumping the 
iump b 
irevent 

::Et:Ven 
f a  few 
mments  
empraril y 
ire out of 
,ervice 

IOE 5480.4 
W.4) 

Terminate activihies and 
remove p e r s n w l  from 
riser area until H2 
concentrahon is <WO ppm 

Terminate all operations 
until the ammoma 
concentration is <: 500 
Fpn 
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TABLE 6-3 (CONT) 
MD(ER PUMP OPERATION LEVEL I CONTROLS 

System or 
Condition 

Waste Limits 

-Waste Tank 
Level 

Operatmg Linu 
-Ma”mumPump 

Waste 
Temperature 
Limit 

sco 

Nill be Sl0.31 
n (406 in) 

emperature of 
raste shall not 
~ceed a peak 
alue of 
7.22-C (135°F) 

Surveillance 
Monitoring 

IACS 

IACS 

Administrativ 
Procedures 

If the waste 
level is > l o 2 1  
m (402in.) 
(measured by 
the FIC), notify 
the TRG and 
implemart an 
aggressive pum] 
operation 
schedule 

The TRG may 
approve 
accountin for 

is not available 
and other level 
instruments are 
used to 
determine the 
level when the 
PNL analysis o 
level au esis 
: o m o f d  

the offset fi FIC 

apppoved (see 
App. C for 
details) 

41~0, the TRG 
nayap rove em agmmld 
,O.Of-in.Id) 
Trowth since 
he  last 
ivailable FIC 
iata to meet the 
ilarm and aborl 
:ontrols 

Uarm at x;: 
ialue of 
130’F). 
rermjnate pump 

Basis for . 
Control 

;A (App. C) 

Dc5 and Test 
Ian for Tank 
D1-SY 
litigation-by- 
Iixing Test 

Safe Shut= 
Definition 

rermirmte all pwnp 
>perations immemately 

;hutdown, monitor waste 
evel, waste level rise rate 
md hydrogen 
:oncentrahon 

IndeIlSurepump 

erminate pump operation 

?rmmiition of operations 
the peak waste 

?mperature limit (KO) is 
X d e d  

sing tlw procedum for 
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TABLE 6-3 (CONT) 
Mu(ER PUMP OPERATION: LEVEL I CONTROLS 

No si ' 'cant 

System or 
Condition 

.Waste 
Temperature 
Lirmt (Cont) 

f i e  TRG shall Ln, e m  
Tad-  Lhavio 

review the 
temperature 
data to assure 
average 
temperatures 
are within 
Limib. TheTRC 
shall revisit gas 
composition If 
average 
temperature 
exceeds 49°C 
(120'F) 

sco 
Terminate pump 
operation if 
average 
temperature 
>51.6TC 
(125'F) or if 
average 
temperature 
<43.33'c 
(110'F) 

I and'Rf ' 

a d v e s g e s  
in long-term 
tank conditions 
that could make 
accident 
consequences 
more severe 
than analyzed 
in this SA 
including 
possible 
hm es that 
c o u d d e  
future GREs 
more severe 
hanthw 
xfore the pump 
Jperations. 

review and 
approve 
periodic report 
of tank 
behavior to 
determinethat 
no adverse 
long-term 
behavior in 
tank conditions 
exists. These 
reports shall be 
generated as 
required by the 
TRG, with an 
interval 
behveen report: 
not to exceed 3 

The data from 
mitigation 

shall be 

~XtiilSsS 
monitored and 
analyzed to 
determw 
whether 
adverse changes 
in tank 
conditions have 
Dccurred. 
lhis data 
?valuation 
Shall include, 
mtnotbe 
limited to, 
.nvestigations 
:o determine 
Nhether 
idverse changes 
n gas 
:omposition, 
generation, or 
etention, NC- 
ayer growth, 
:rust rowthor 
.ate-o?-level 
ncrease have 
rcurred (see 
ipp. R for 
letails) 

:A (App. R) 

Safe S h u t d o w n  
Definition 

operation untll TRG data 
review is complete 

Do not retart pump 

5s have occurred 
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TABLE 6 4  
MLXER PUMP OPERATION: LEVEL U CONTROLS 

System or 
Condition 

Ventilation 
system 

-Primary 
Ventilation 
Flow Rate 

-Hydrogen 
Concentration 

sco 
Both the 

F%er and 
auxiliary 
exhauster must 
be available 
before :eb 
Minimum flow 
0.19 m3/s (40C 
f$/min) 

Madmum flow 
0.33 m3/s (700 
f?/min) 

h t ia te  
operations 
when H2 
:oncentration 

Weekly average 

Z Z E a t i o n  
nust be >10 pprr 

c500 Ppm 

lo erorper 
W%C pmedlu 

DACS 

JACS 

IACS 

)ACS 

Adminirtratii 
Procedures 

Asswe both 
exhausters 
operational 
before 

Alarm at 
0.20 m3/s 
(425 f?/min) 

Place tank in 
safe shutdown 
mode if primar 
ventilation fail 
and get auxil- 
iary exhauster 
on line 

Alarm at 
0.319 m3/s 
(675 f?/min) 

Do not initiate 
activity if H2 
concentration 
'500 PPm H2 

If the weekly 
average 
roncentration ir ;zyn, notify 

G while 
:ontinuing 

z a t i o n s  
wcording to the 
xhedule 

lo not continue 
lump operation 
f the average 
'oncentration is 
:lop m and 
iait Por'TRc 
ipproval 

Basis for 
Control 

WHC 
Modified 
Standard 
Controls 

WHC 
Standard 
Controls 

WHC 
Standard 
Controls 

SA (App. R) 

Safe S h u t d o w n  
Definition 

If activity has not startec 
do not start activit 
unless authorized i y  TR 

Terminate all pump 
operations immediately, 
and investigate reason fc 
ventilation flow of 
~0.19 m3/s (400 l'$/min 
from Tank 101-SY. If 
orimarv exhauster flow i 
kot av&lable in b e  near 
future, start auxiliary 
exhauster for vertrilation 
Do not Start pum 1 
operation until die 101- 
3Y flow of 0.19 m3/s 
:400 f$/min) is 
reestablished 

rerminate activity and 
nvestigate the reasons fa 
.'entilation flow behg 
.0.33 m3/s (700 f$/min) 
rom Tank 101-SY. Do 
lot continue activities 
mtil Tank 101-SV flow i 
~0.33 m3/s (700 f$/min) 

ichvities can be initiatec 
mJy while the hydrogen 
'oncenlrations are 
.elatively low 

"est termination i 5  not 
equired for excursions 01 
iydrogm concentration 
lelow 10 ppm. The 
ontrol is established to 
llsuxe that the long-term 
iehaviar does not 
lecrease below 10 p m 
)etaas ,are providegin 
'PP. R 
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TABLE 64 (CONT) 
hlIXER PUMP OPERATION LEVEL U CONTROLS 

System or 
Condition 
Ammonia 
Concentration 

-Minimum Flow 
from Tanks 
102- and 
103-Sk 

Dome Space 
Conditinns 

-Tank Dome 
Pressrue 

Mixer Pump 

-rumpPlugging 

. Runp Motor 
Current 

. Pump Motor 
Oil 
Temperature 

Pump oil 
Moisture 

Column strain 

sco 
PPm 

combired 
minimUmfloW 
from Tanks 
102-SY and 
103-SY at least 
2/3 the flow 
from 101-SY 

<-25.4 mm (-1.0 
in.) w.g. 

Terminate 
operations if 
there is 
indication of 
Plugging 
Terminate 
operations if 
current is 1.4 
times expected 

rerminate on 
rlarm 

ha in  < 194 
iin./in. 

Surveillanct 
Monitoring 

DACS 

Datalo eror 

procedure 
Per w@ 

DACS 

DACS 

DACS 

DACS 

DACS 

Administrativi 
Procedures 

Do not initiate 

f ammonia 
pump operalion 

check 
ventilation 
flows for Tanks 
101-, 102.. and 
103-SY 

Alarm at -38.1 
mm (-1.5 in) 
w.g. 
Terminatepump 
o rationif 
SgO is violated 

Operations 
personnel will 
confirm flow 
methepumpis 

Alarm at 1.2 
timesexpected. 
Terminate pump 
o eration if & 0 is exceeded 

Alarm at 88°C 
:190'F) 

3 eration if 
&arm setpoint 
IS exceeded 

~erminatepump 
J rationon 
, E m  

UP to speed 

r e t e  pump 

~erminatepump 
ration if F 0 is exceeded 

Basis for . 
Control 

SA (APP. R) 

WHC 
Modified 
Standard 
Controls 

To prevent 
premature 
pump failure 

To prevent 
premature 
pump failure 

Manufacturer 
Specification 

To prevent 
pmIMture 
pump failure 

To prevent 
premature 
pump failure 

Mixer Pump 
jtructural 
Lport 

Safe Shut= 
D e f i n i t i o n  

?erminate all operations 
Until ammmia 
concentration is .:go p p ~  

Po nor start acti,:itV and 
rebalance flow5 i f  it IS 
zuspected that rh? K O  
candmon is nut met 

Terminate all pump 
operations immerkately 
because increasing (less 
negative) dome r e s u e  is 
an indication ot!i 
possible flammable gas 
release 

T='rmmate pump + x r a n a  
and request TRG 
a pro\ al for nozzle- 
cYearlng operations 

Terminate all pump 
operations immechately if 
pump o rating limits are 
exceed2  

Terminate all pump 
operations immediately if 
pump o rating limits are 
exceedege 

Te&ite all pump 
operations immediately if 

limits are 
E,Z%Z;o%e spare 

to deter-me if waste%as 
entered the motor oil 

rerminate all pump 
>perations immediately if 
pump o rating limits are 
rxceeder 

pump,smp!ethepum oil 
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TABLE 6-4 (CONT) 
MIXER PUMP OPERATION LEVEL CONTROLS 

I 

System or 
Condition 

Column -""e Gas ressure 

- 3 n t a t i o n  

%%tation for 
In Situ 
Viscometer 

- D i h g e  Pipe ! Devices 
Vibrator 

5CO 

orient pump as 
required by 
pump operation 
plan (provided 
viscometer ball 
is not in tank) 

Operation of 

allowed if the 
viscometer ball 
must be left at 
the bottom of 
the tank. 
However, the 
pump nozzles 
shall not be 
Driented 
toward the 
viscometer (at 
least 10 deg 
away from the 
viscometer). No 
3ther tank 
"mpmenh 
:a able of 

we allowed to 
>perate 

Zontrols are in 
4pp.T. Must 
lot be operated 
inti1 
irocedures are 

rmverpump is 

n L n g  a GE 

#red by 

Surveillane 
Monitoring 

IACS 

IACS 

?I written 
ucedure 

Administratix 
Procedures 

Alarm at 62.1 
kPa (9 psig). 
Terminatepum 
operation if le! 
than SCO 

Ensure power 
is removed fron 
rotating motor 
after 
orientation 
established or 
interlock 
installed to 
prevent 
simultaneous 
rotation and 
pump operatior 

TRG a proved 
proc2ure 

TRG approval 
,f the 
XOCedureS 

Basis for . 
Control 'Dc 

o reduce the 
k e l i h d  of a 
all tangling 
round the 

robe 
ump or MIT 

1 [sec. 3 
escribes p 
ntial 
izards), App. 

Safe S h u t d o w n  
Definition 

anypum o rations 
without #(!?a proval 
Additional anagsis may 
be required before restar 
because waste intrusion 
and flammable gas 
accumulation in ttw p ~ m ~  
column has not b?en 
com letely addressed in 
this EA 

Terminate di p m p  
>perations immediately il 
pump operating h i t s  are 
?xceedd or if purnp is 
p r a t e d  outside of TRG 
1 pmvedpum operatioi 
$am or pr0cel;ures 

Cermiute mixer pump 
>peration if any other 
ntrusive component 
;tarts to operate. Retriev 
he ball, initiate the 
irocedure to close the 
solation valve; purge the 
!ndosure before the 
solation valve is closed, 
'lose the isolation valve, 
md turn power off. 
bsume operation after 
equisite hme has passed 
or other tank operations 

ermjnate all pump 
perations immediately if 
w pump operatin limits 
re exceeded or if &e 
um is operated ouhide 
f dGapproved pump 
peration plans or 
rocedurei - 
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TABLE 6 4  (CONT) 
MIXER PUMP OPERATION. LEVEL II CONTROLS 

System or 
Condition 

tespiratory 
'rotection 

Personnel in 
Tank Farm 

'ank Water 
rddition 

Volume 

Water 
remperature 

3ther Controls 
jpedfied in 
IPP. T 

sco 

onl essential 
woriers ha l l  
bepermitted 
acces to the 
areas where 
ammoniahas 
the potential to 
exceed tk 
IDLH limit of 

EZ%on 

Appropriate 
respiratory, 
eye, and skin 

and utilized, as 
direaed by 
industrial 
health and 
safety. The 
exdusion 

EZiElY 

distance may be 

ell%?&? 
based on 
revised 
anal sis 
and/or data 

All water 
additions must 
bea rovedby 
the f k ,  with 
heexce tionof 
routine gushes 
3f level 
msments 

remperature 
nust be <%AT 
'13O0F) 

Surveillance 
Monitorinq 

tonitor flow 
Dtalizers on 
upply truck 

4oNtor truck 
I n k  
mperature 

idministrati1 
Procedures 

L"demergauy 
'esponse 
qFements ,  i 
idmhon to 
?erSonnel 
xientation am 
raining 
equiremenb 

laintain log o 
11 water 
dditions to 
3 d .  check 
iaste level to 
nsure 10.72-m 
122-in.) level 
ot exceeded 

'ank 

IeasUTed 
mediately 
efore water 
ddition 

3z" 

"C 
ttandard 
-0ntrols 
HASP 
vianua1)l 

Remove mness?ntiaI 
mnnel in the tank f" arm. rerminate activitie 

until proper respiratory 
protection is available 

Zf. 6 

- 
If water addition in 
excess of determined limit 
occurs by accident, 
terminate all activities 
and hold for TRG 
approval 

Terminate activities, 
correct water 

EEppro (a1  belore 
restart operations 1 A& T iue met or imtil 

authorizes 

ahue and hold for 

A (App. TI  Terminate activi? until 
all conbols spec led in 

continued a c t i v i t i e s L  
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sco System or 
Condition 

[n-Tank 
Instrumentation 
and Eqlupment 

- MITStrains 

Measure strain 
less than 
allowable 
strains in Table 
A56 of App. 
AB 

VDTT Strains 

VDTT 
Flowmeter 

me5 E&* 
anger System 

4pplicable only 
,hen the 
lstrument is 

) 

TABLE 6-4 (CONT) 
MIXEX PUMP OPERATION LEVEL U CONTROLS 

Two strain 
gauges must be 

%?$:by 

Measured 
strain less than 
allowable 
strains in Table 
A 5 3  of App. 
AB. 

Flowmeters 
will not be 
energwed 

Electrical 
r t h g s  shall 
lot be increased 
+om a pulse 
Nidth of 0.5 OIS 
md frequency 
,f 600 
mkes/min 

3 o n  of 
rhoranger 

ignals are 
unctioning as 
equired for 
lump operation 

:mure that 
pproved 
srocedures are 
sed for all 
perations 

Surveillance 
Monitoring 

DACS 

DACS 

IACS 

)ACS 

Administrativ, 
Procedures 

Determine 
numberof 
operable strain 

% ay. Terminate 
pump operation 
if less than two 
strain gauges 
are operable 

auges each 

Alarm at 75% 
of sco. 
Terminate 

Alarm at 75% 
of sco. 
Tennhte pump O&yrlif& 

Administrative 
r0CedUres 

Ka ve been 
3eveloped to 
assure that the 
VDTT 
lowmeters are 
lever e n e r e  
Ensure that 
system is 
)prated within 
he K O  

allowable strains. 

;A (App. AB) 

;A (App. AB) 

tef. 11 

A (APP. X) 

terminate pump c$eration 
%hipping the pump. 

G may authorize 
continued operations if 
number of operable strai 
gauges is insufficient 

If strains exceed 
allowable strain': 

continued operabons if 
number of operahle strai 
auges is insufficient 

&strains exceed 
allowable strain', 

I temunate pump operauol 
b mppmgthepulnp 
&G may authori7e 
ionnnued operations if 
number of operable ctral 

pauges is ins-ufficient 
If the VDlT flowmeters 
are found to be energized 
immediately dealer@ 
hll 

Terminate o ration of 
Ames range g d e r  . TRG 
approval required for 
restart 

Terminate o ration of 
AmesrangeKder m G  
approval required for 
restart 

Terminale o ranon of 
Am& range c d e r  TRG 
appnival required for 
restart 
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TABLE 6-4 (CONT) 
MR€R PUMP OPERATION LEVEL U CONTROLS 

System or 
Condition 

Ames Echo- 
Ranger System 
(Cont) 

Radiation 
Protection 

-Radiation 
Levels in 
RemOV'il  a 
( A p p b l e  to 
the place- 
-pump 
m y )  

- Extern1 Piping 
Leaks 

sco 
h u r e  that the 
svstem is 
dperated or 
supervised by 

quahfied to 
peFMe1 

dperate the 
prmp 

No oil 
replacement 
activities shall 

until suitable 
rocedures FL ve been 

developed to 
limitthe 
radiation levels 
in the oil 
m e d f r o m  
the tank 

beperformed 

No leaks from 

$!%rized by 
pump operation 

Radiation 
levels within 
3.05 m (10 ft) of 
the pump shall 
be <75% of the 
values in App. I 

Surveillance 
Monitoring 

NormalWHC 
job conh.01 
processes 

A continuous 
ARM shall be 
located within 
3.05 m (10 ft) of 
the pump, with 
an alarm in the 
DACS trailer. 
The monitor 
shallbeino I 
ation when t% 
pump IS oper- 
ated above 530 
rpn 

xdministrativi 
Procedures 

The necessary 
valves or 

until 
appro riate 
pfoceBures for 
oil re lacement 
haveLen 
developed and 

%T* by 

If the alarm 
level is 
exceeded, shut 
the umpdown 
anBfollow 

rocedures for R. igh-radia tion 
alarm 

If oil replacement 
activities have begun 
without TRG 
authorization, 
immediately em? 
activities until TRG 
authorization is received 

Shut the ump down and 
follow &Gapproved 
alarm response 
pr%edtues for high 
radiation levels 
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MLXER PUMP OPERATION LEVEL U CONTROLS 

MITs 

falidation 
'robe Runs 

Each time a new 
type of oil is 
d i n t h e  
rmxerpum the 
compatib& 01 
the oil with the 
waste must be 
evaluated and 
dccumented, in 
conformance 
with WHC QA 
pr0CedLUeS 

Validation 
probe data for 
the MITs shall 
be taken and 
evaluated based 
on a T R G  
approved 
schedule with a 
frequency 5 
once er3 
montR. Each 
MIT shall be 
validated with 
a frequency 2 
once er6 
m o d s  

to-digital 
conversion 
units are 
modifiedonthe 
178 MIT, both 
MITs shall be 
validated 
simultaneously 
before 

alternating 
validation 
cycle. 
Both MITs 
shall be 
validated 
simultaneously 
and 

when analog- 

beginningthe 

expeditiously 
when 

E e z  
develop 
between the 
data from the 
two MITs 

Surveillance 
Monitoring - 

laboratory 
analysis 

The TRG shall 
review and 
approve peri- 
o d ~ ~  reports of 
calibration 
probe data from 
the MITs to 
determine if 
there has been a 
significant 
change in the 
thickness of the 
CNSt Or sludge 
layer. These 
reports shall be 
generated as r e  

interval be- 
tween reports 
not to exceed 
one per 3 
months 

?%%%% 

4dministrativi 
Procedures 

fie oil 
:ompatibility 
study must be 
documented. 
reviewed, and 
approved 
according to 
WHC QA 
pr0CedLUeS 

Detailed 
pm rature 
p r o E  data 
shall be 
3btained in the 
.egion of the 
:rust and sludge 
a erusingthe 
IY! validation 
>robe 

Basis for . 
Control 

0 prevent 
azardous 
mditions that 
lil resultfrom 
pifiing the oil 
ito the waste 

A (APP. z )  

SA (App. R) 

Safe Shutdown 
Definition 

h n o t u s e a n e w t y p o f  
oil until the compabbility 
study a mmpleted, 
reviewed, and approved 

If required calibrahons 
are not performed at the 
s-ed frequency, a 
r00t-Cause evaluahon 
shall be performed and a 
review of the conduct of 
Dperabons performed 
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TABLE 6-4 (CONT) 

MIXER PUMP OPERATION LEVEL II CONTROLS 

- Long-Term 
Operations 

sco 

%e""" 
operated in 
accordance 
with a long- 

bea rovedby 
the RG. 

frequency, and 
duration of 
>perations as a 
iunction of 
waste level 

Monitoring 

Approved 
operation I a n  
and proceBures 

*rate the To prevent the 
E X a n c e  -.b 
with the tong- $W 
term operations nonhomo 

Plan ~ : , % m ,  
maximize 
margin for 

and madmize 
g % l n e n t ,  

Safe Shutdown 
Definition 

If it is determined tJut the 
pump has not been 
operated in accordance 
with the operations plan 
and within the 
requirements of ths SA, a 
root-cause evaluation 
shall tW? performed 
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TABLE 6-5 
MIXER PUMP OPERATION: LEVEL III CONTROLS 

System or 
Condition 

ipplicability of 
$andard 
.ontrols for 
:losed;Tank 
)perahon 

'ump Rotation 

Wiring 

Variable Speed 
Drive 

qupment in the 

nportant to Safe 
'peration and 
eplacement of 

ump Rt 

@-P 

sco 
The controls 

f 2 shall be 
ven in Table 

followed for 

=a: 

nr ~ m p m ~  
sha l fk  wired 
so that rotahon 
of impeller is in 
the normal 
forward 
direction 

EgELll 
not be rotated 
in the reverse 
direction 

The load 
distribution 
frame and 
associated 
hardware shall 
be free of 
corrosion 

Surveillance 
*Mgit;Ii-;g 

Ensure phasing 
of wiring 

Ensure that 
reverse 
direction is 
locked out 

An inspection 
of the equipment 
inthe wnppit 

rformed at a 

deiermjned by 
the TRG . 

shall g, 
P equency 

Administrativ 
Procedures 

b e  Table 6-2 

retpump 
wiring before 

%%ation 

Lock out 
'everse rotatior 
:apability of 
iariable speed 
hive 

3ased on a TRG 
ietermined 
chedule, the 
oad 
iistribution 
rame and 
issociated 
iardware shall 
R inspected for 
i p s  of 
orrosion. If 
orrosion is 
letected, a 
uitable 
valuation will 
c performed 
!romptly to 
letermine 
vhether the 
quipment 
hould be 
e p I a c e d 

Basis for 
Control 

he Table 6-2 
for basis of 
specific 
controls 

SA (App. S )  

3A (App. S) 

;A (App. R) 

Safe S h u t d c  
Definition 

%e Table 6-2 

Note: Some of the mntrol 
in Table 6-2 also appear 
in the lave1 I and Level Il 
control tables (Tables 6-: 
and 64) .  In the event of 
du lication, it is the inten 
of 5, SA that the 
controls not be 
down aded to Level III 
contros but have the levc 
as indicated in Table 6-3 
or 6 4  

Terminate pump operatiol 
if reverse rotation of 

er fi detected 
LYL%$,&ng 

rennjnate pump coperatior 
if reverse rotation of 
bump impeller is detffted. 
0 not restart operations 

until DACS or variable- 
<peed-drive software has 
J- verified 

required inspections arc 
lot performed according 
D the TRG detemiined 
chedule, a root-cause 
?valuation and a review 
)f the conduct of 
,perations shall be 
Xrformed 
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TABLE 6-6 
MDCER PUMP INSTALLATION AND REMOVAL CONTROLS 

System or 
Condition 

Applicability of 
Standard 
Controkfor 

sco 
The controls 

venin Table 
1 shall be 

Ventilation 
$stem 

P V r )  
Ventilation- 
Minimum Flow 
Rate 
(Ventilation 

&?bIeble) 

F u m  
-low- 
tentilatlon 
;ystem 
lperablc~ 

removal unles 
specifically 
modifiedinthi 
table 

auxiliary 
exhauster mus 
be available 
before 

K i i Z i o n  
system flow 

TZkd 
d"""pp""p 
removalas oq 
as gas 
conditions 
remain within 
specifications 

Minimum flow 
with the 
ventilation 
system 
operating is 
0.19 m3/s 
(400 d / m i n )  
The primary 
venhlation 
system flow 

z&ted 

$%alTong 
as gas 
conditions 
remain within 
specifications 

Madmum flow 
0.33 m3/s (700 
ft3/min) 

IACS 

Administrati 
Procedures 

See Table 6-1 

Assure both 
exhausters 
operational 
before 

Uarm at 
L319 m3/s 
675 f$/min) 

Basis for 
Control 

See Table 6-1 
for basis of 

controls 
specific 

WHC 
Modified 
Standard 
Conkols 

YO minimvR 
radioactive 
contaminatior 

ventilation 
system 

Df the 

"C 
itandard 
-0ntrols 

Safe Shutdown 

Table 6-1 
D e f i n i t i o n  

If activity has not started, 
do not start activit 
unless authorized gy TRC 

hy&ogai or a m i  
:onceneations reach their 
;CO values, restore 
rentilation flow 
mmediately 

'erminate activity and 
wetigate reasons for 
entilation flow being 
0.33 m3/s (700 ft3/min) 
-omTank 101-SY. Do not 
Dntinue activities until 
ank 101-SY flow is 
0.33 m 3 / s  (700 ft3/min) 
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TABLE 66 (CONT) 
MD(ER PUMP INSTALLATION AND REMOVAL CONTROLS 

System or 
Condition 

.Maxunuum 
Flow- 
Ventilation 
System 
Inoperable 

=as 
Ioncentrations 
All Locations) 

Madmum 
Hydrogen 
Concentration 
(for Removal 
Only-for 
Installation, 
See Table 6-1) 

M.%illllUn 
Ammaua 
Concentration 
(for Realoval 
O d  y-for 
Installation, 

Operation 
$$.g!eL 

ank Water 
i\dditioll 

Volume for 
Pump Insertion 

sco 
Maximum flow 
0.20 m3/s 
(425 f$/min) 

< 75oJ PPm 

< 1.0 vol % 

No use of 
vibrators 

i%a%Zor 
removal 

%2?kRG 
approval 

rota1 water 
rddition during 
nstallation 
nust be 0 . 8  m3 
1000 gal) or 
he tlw amount 
lsed during 
water-lancmg. 
if water- 
awing is used 
=fore pump 
nstallation). 
helimitmaybe 
ncreased with 
'RG approval 

Surveillance 
D y ; p r i n q  

DACS or 
locally 

DACS or 
watchtender 

jurveillance 

Momtor flow 
otalizers on 
pupply truck 

Administrati 

Alarm at 
0.19 m3/s 
(400 f$/min) 

Procedures 

Alarm at 80% 
K O  value. 
Terminate 
activity if alar. 
value IS 
exceeded. 
Whittakers an 
shown to 
measure 8Ph c 
thenominal 
concentration 
under high- 
humidity 
conditions13 

Alarm at 75% 
SCO value. 
Tenninate 
activity if SCO 
value IS 
exceeded 

Air supply to 
vibrators 
valved out 

Maintain log 01 
111 water 
idditions to 
ank. check 
waste level to 
!nsure 10.72-rn 
422-in.) level 
mt exceeded 

Basis for 
Control 

Modified 
WHC 
Standard 
Controls 

DOE 5480.4 
( m A )  

SA(A ps U 
and$ ' 

Lf. 6 

\pp. u 

Safe S h u t d o w n  
Definition 

Termirlate activities and 
investigate reasons for 
ventilation flow bein 
y e a t e r  than the sco 8orn 

ank 101-SY. hnediatel  
restore ventilation flow 

indications of gx- on other confirmin g 

Immediately r e ~ t ~ r e  
ventilation system flow if 
ventilations stern is 
inoperable. Terminate 
achvities and remove 
personnel from riser area 
unhl H2 concentration is 
<5a) ppm 

hedla te ly  restore 
{entilation system flow if 
{entilation s stem is 
noperable. ierminate all 
>perations until ammoma 
:oncentration is ~:3000 
P 
mediately ternunate 
ribrator operation and 
rerify dome hy 
:oncentrations%EE 
wnhuing 

f water addition m excess 
d detennined limi? 
ccidentally occurs, 
erminate all activities 
nd hold for TRG 
pproval 
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TABLE 6-6 (COND 
MD(ER PUMP INSTALLATION AND REMOVAL CONTROLS 

System or 
Condition 

'Volume tor 

h n e  and Load 

Pump Lift off 
the Riser 

Impact Limiter 

Maximum 
Loads during 
Insertion 

Minimum 
Loads during 
Insertion- 
Pump in Waste 

sco 
Addition of 
~ 3 3 . 7  m3 (8900 
gal). May be 
mcreased with 
TRG approval 

E3%k 
lifted off the 
load 
distribution 
frame until all 
water wands 
reach their 
maximumflow 
rate, & dome 
pressure 
equilibrates 
between -25.4 
mm and +25.4 
mm(-land+l 
in) w.g., and h 
ventilation 
flow is within 
limits 

Impact limiter 
must be in place 

Insertion 
maximum load 
must be 1- . 
than the imtial 
load plus 10% 

The load must 
be >60% of the 
initial load 
value until the 
critical 
m i d d o n  of 

cleared the n ~ e i  
(40"h unload) 
and >50% of the 
initial load 
value (50% 
unload) for the 
remainder of 
insertion 

&Pump&. 

Surveillance ~~~~0;lrwg 
totalizers on 
;upply truck 

Dome pressure 

Visual 
nonitoxing 

V[onitored by 
oad cell 

btonitored by 
oad cell 

Adrninistrativ' 
Procedures 

Maintain log of 
all water 
additions to 
tank. check 
waste level to 
ensure 10.72-m 
(422-in.) level 
not exceeded 

This control is 
applicable if t h i  
water wands 
are used during 
removal and the  
ventilation 
flow is stopped 
All water- 
wand controls 
are applicable, 
and continuous 
dome pressure 
and ventilation 
flow monitorin$ 
is required 

A proved worl 
P h  

Voice alarm at 
initial load plu! 
5%. If 
additional 
weight is 
required to 

into N! layer, 
TRG approval 
is requred 

Voice alarm at 
halfway 
between the 
initial load and 
the SCO value 

instau ump 

Basis for 
Control 

Ref. 6 

SA (App. L) 

SA (App. L) 

$A (App. L) 

Safe Shutdown 
Definition 

1 wawr addhori in excest 
)f deirrmwd h i l t  
ccidenrallv occ~rs. 
ermiriate aU activities 
md hold for TRG 
ipproval 

'top pump motian until the 
lome pressure arui 
rentilation flow 
tabihres, then rwune 
emoval 

lo not proceed with 
nstallation or removal 
ctivities until im act 
imiter is i n s t a d  

f the maximum Load is 
'xceeded, stop operations 
nd investigate c a w .  
'rovided that the c a w  of 
he unusual load is 
atisfactorily determined, 
he TRG can approve 
ontinued insertion 
iperations 

f the minimum laad is 
xceeded, stop operations 
nd investigate cause. 
'rovided that the c a w  of 
he unusual load is 
ietermined, the TRG can 
pprove continued 
perations The minimum 
lad limits when the pump 
;in the riser ma not be 
iwered by the &G 
{ithout suitable analysis 
ddressing damage to the 
rake shws or shckin of 
w pump assembky in &e 
iser 
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TABLE 6-6 (CONT) 
MD(ER PUMP INSTALLATION AND REMOVAL CONTROLS 

System or 
Condition 

Loads during 
Insertion- 
Pump Not in 
Waste 

-Mlmnum 

-Madmum 
Loads during 
hllOVdl 

-Removal 
h4inimm Load 

-Maximum 
Heights for 
Installation a n c  
Removal 

sco 
rhe load must 
be greater than 
the initial load 
value minus 

value 
z;;fl$d 

Must be 
<186,200 N 
141.900 Ibfl 
il7G m a y k t  
approve 
increasing limit 
in excess of the 
working load o 
the lifting 

Must be greater 

equipmnt 

Above riser 
12A--2 m (6.5 
k); above pit 
floor--2.3 m 
(7.5 ft); above 

Jad cell 

donitored by 
Dad cell 

donitored by 
Dad cell 

Iisual 
nonitorinp 

4dministrative 
Procedures 

Voice alarm at 
initial load 
value minus 5% 

Voice alarm at 
133,300 N 
(30,000 Ibf) 

Voice alarm at 

nunus17, 80N 
(4000 Ibf) 

PUmPWeipt 

A proved work 
PEW 

Basis for 
Control 

iA (App. L) 

;A (App. L) 

;A (App. L) 

Safe Shutdown 

the unusual load is 
determined, the 1RG can 
approve continued 
operabm. Ihe rmnimum 
load limits when the pump 
is in the riser may not be 
lowered by the TRG 
without suitable analysis 
ad&esingdm,$etothe 
brake shoes or stickin of 
*e pump assembly in i?w 
riser 

If the maximum load is 
exceeded, stop operations 
and investigate cause 
Provided that the cause of 
the unusual load is 
satisfactorily determined, 
the TRG can approve 
continued insertion 
operations 

If the mYUmum load IS 
ekctxeded. stop operations 
and mtestigate c . i w  
Provided that thf c a w  of 
the unusual load IS 
deterrnmed, the TRG can 
appro\e conhnurd 
operahons. Themuwnum 
load lmh when the pump 
is in the riser ma! not br 
low?red by the TRG 
without slutable analvsis 
addresung damage to the 
brahe shor’5 or  snskm of 
the pump assembly m ti, 
r i s e r  

If the pump L\ over the 
pump pit and is al the 
correct height, coiihnue 
installation unnl riser is 
sealed If not, adllst to 
c0rrc-a height anr 
continue i n s t a l l a l l o n  
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TABLE 6-6 (CONT) 
MD(ER PUMP INSTALLATION AND REMOVAL CONTROLS 

System or 
Condition 

Sluicing in the m -  
-Sluicing Rate 

Waste Level- 
Lnstallation 

Naste Level- 
iemoval 

sco 

Sluicing rate 
113.6 m3/h (60 
gal./min)(or tha 
average flow 
rate used durinl 
water lancing i 
water lancing i 

K E E t a l l -  

P%ar 
noFge%ptaUed 
when the waste 
level is >10.24 
m (403.3 in.) or 
after 13 d 

removal of the 
cwent mixer 

t'e%fc$Zs no1 
available. 

following 

:x222 
when the waste 
level is >lo21 
m (401.8 in.) . 
If FIC data is 
not available, 

FK%Y 
Fithin 22 d 
ollowin the 
:ailwe ofthe 
merit pump, 
xovided the 
Naste level 
neasured by the 
3C at the time 
if failure was 
Z10.16 m (400 
n.) 

Monitorinq 

avel 
IleasuIPnWnt 

.eve1 
wasllElm?nt 

Administrativ 
Procedures 

Record the flovl 
rate 

Sco is 
determined by 
the FIC 

TRG may 
approve 
accountinp for 
the offset d FIC 
is not available 
and other level 
instruments are 
usedto 
determine the 
level when the 
PNL analysis u 
level au sis 
compfete%d 
approved (see 

Monitor level 

App. C) 

IRG may 
l""TO"P 

&?OGiinp for 
h e  offset d FIC 
IS not available 
md other level 
mtruments are 
&to 
determine the 
eve1 when the 
P N L  analysis 01 
eve1 au esis 
m n p f s d  and 
ipproved (see 

41~0, TRG may 
ipprove using 
! - m / d  (0.08 
n./d) owth 
jnce tB, last 
ivailable FIC 
ea+ to meet 
his control 

4PP. C) 

Basis for 
Control 

;A (App. U) 

Definition 

The water flow rate must 

nstallahon 

k n o t  start insertion 
ictivities if the waste 
eve1 exceeds the K O  

Ju not start r e m c r  
ictivities if the waste 
eve1 exceeds the SCO 
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Basis for 
Control 

S*(*PP.n 

TABLE 6-6 (CONT) 
MIXER PUMP INSTALLATION AND REMOVAL CONTROLS 

Safe Shutdown 
Definition 

e gamma dose rates are If* 

decrease the withdrawal 
rate of the mixer pump 
assembly to give the spray 
ring longer to wash the 

higher than the KO,  

mixer pump a5wnbly 

System or sco 
Condition 

GammaDose Th e dose rates kzvpnp measured at the 
gammadeaaors 
mthe urn pit 

mm/h 
shall &, <PO 

Administrativi 
Procedures 

Monitor dose 
rates during 

RZ%ZKsd 
withdrawal 
rate of the mixei 

Eep*E22 
is 50% of the 

Surveillance 
Monitoring 

Pit 7 
%tors 
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TABLE 6-7 
CONTROLS FOR WATER-LANCE INSTALLATION, REMOVAL, AND OPERATIOFg 

System or 
Condition 

SCO Surveillance 
Monitorin 

A plicability o 
&andard 
Controls for 
Open-Tank 
Operation 

?cane and Loac 

.Madmum 
Loads 

Minimum h a c  
during Remova 

Madmum 
Heights 

Jaste Level 

Large Lance 

Basis for 
Control 

ontrols iven 2 Table g-1 
shall be 
followed for 
water-lance 
installation an 
removal 

Lift loads do 
not exceed 
weight plus 
25% for 
insertion, 
weight plus 
50% for 
removal 

Assembly 
wei t m u s  
5 0 o P  

Lifting heights 
are the same as 
those used for 

E I E n  an' 
removal 

For the shield wumlim, 
height over the 
riser is 0.6 m (2 
ft) 

me large water 
ance must not 
le installed 
Nhen the waste 
evel is greater 
han the 

or dome 
ntrusive 
)perations (see 
rable 6-1) or 
he TRG 
l e t e m i d  
evel, as 
idjusted for 
vater addition 

MdmUmkVd 

Safe Shutdown 

Monitored by 
load cell 

Monitored by 
load cell 

Visual 
monitoring 

Level 
neasurement 

Administrati, 

Voice alarm at 
wei t plus 
2 o P  

Voice alarm at 
assembly 
wei t m u s  
.lo$ 

Visual 
monitonng 

Wonitor level 

L 
See Table 6-1 
for basis of 
specific 
controls 

See Table6-1 - 

If the maximum load is 
exceeded, stop operation: 
and investigate ciiuse. 
Provided that the cause (I 
the unusual load is 
Satisfactorily determined 
the TRG can approve 
continued activity 

If he minimum laid is 
exceeded, stop operation! 
and investigate cause. 
Provided that the cause o 
the unusual load is 
satisfactorily determined 
the TRG can approve 
continued activity 

If the assembly is over the 
pump pit and is ai the 
correct height, continue 
installation until riser is 
sealed. If assembly is not 
over the pit and is not at 
the correct hei t, adlust 
to correct heigcand' 
continue installation 

Terminate insertion if 
tank level conditions do 
not meet the SCO values 
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TABLE 6-7 (CONT) 
CONTROLS FOR WATER-LANCE INSTALLATION, REMOVAL, AND OPERATION 

Lance Propov 
for Viscomete 
voidmeter 
Operations 

-Insertion/ 
Removal 
Velocity 

-Lift Height 

Addition durir 

Additions 
during Rsmova 

-Volume 

Y 

-Water I Temperature 

sco 

S0.3 m/s (1 
ft/s) for 
insertion. S1.5 
m/s (5 ft/min) 
for removal 

Limit the lift 
he1 t t o l 5 m  
(5 $above 
riser flange. 
Must have 
elastomer 
gasket in place 

No water 
addition during 
installation 

Addition of 
61.9 m3 (500 
gal.) for the 
water lance to 
3e used before yn%iyh". 
ncreased with 
rRG approval. 

?-in. water 
ance: nowater 
iddition 
without TRG 
ipproval. 
g0.95 m3/d 
250 gal./d) 
md 3.8 m3 
1000 gal.) total 
math for all 
riscometer- or 
roidmeter- 
elated 
lperations. 

'emperature 
nust be 64.4"C 
130'F) 

Surveillance 
Monitoring 

Crane operatoi 
@P=t 

Visual 
nspection 

Jisual 
nspection 

~ 

donitor flow 
otalizers on 
upply truck 

IoNtor supply 
uck tempera- 
ue 

Administrati, 
Procedures 

Approved 
procedure 

A provedwor 
pEnS 

Approved 
procedure 

Maintain log 01 
all water 
additions to 
tank. check 
waste level to 
ensure l0.n-m 
(422-in.) level 
not e x c d d  

Basis for 
Control 

WHC Water 
Lance Safety 
Basis (1992) 

Prevent 
*to 

h P  
rlser t%m 

Water 
addition not 
required 

Ref. 6 

WC-SD- 
YM-SAD- 
116, Rev. 2 

Safe S h u t d o w n  
D e f i n i t i o n k  

Reduce insertion velocit) 
< SCO 

If lift height exceeds SCO 
lower the load and 
proceed 

berminate water .additior 
mediately 

f excessive water 
iddition detected, 
erminate water addition 
mmediately, remove wate 
,onnection, and wait for 
PRG approval before 
ontinumg operations 

excessive water 
'mperature detected, 
rminate water addition 
mediately, remace watel 
mnection, and wait for 
RG approval before 
mtinumg o p e r a t i o n s  

Rev. 14 6-43 March 31, 1995 



TABLE 6-7 (CONT) 
CONTROLS FOR WATER-LANCE INSTALLATION, REMOVAL, AND OPERATIOIV 

System or sco Surveillano 

A pica ilityol 
8Ada:d 
Controls for 
Closed-Tank 
Operation 

Administrative 
Procedures 

Waste Level 

-Large Lance 

Basis for Safe Shutdown 
Control Definition 

Zrane and Load: 

. M h u m  
Loads 

Minimum Load 
during I<emoval 

Vater Lancing 

Maxuniun Flow 
Rate 

faste Level 

Large Lance 

Rev. 1 4  

The controls 

E- 2 shall be 
followed for 
water-lance 
operation 
unless specifi- 
call modified 
in A s  table 

iven in Table 

Water lance 
must not be 
operated whei 
waste level is 
higher than 

i % P X z t i C  

Lift loads do 
not exceed 
weight plus 
25% for 
nsertion, 
Neight plus 
50% for 
.emoval 

4ssembly 
minus 

1.3 m3/min 
90 gal./&) 

'he large wate 
mce must not 
e operated 
Then the wasti 
!vel is greater 
m W P  
peration limit 
r the TRG 
eiermin€d 
,vel, as 
ijusted for 
'ater addition 

See Table 6-2 

Level 
measwment 

Monitored by 
load cell 

Monitored by 
oad cell 

3owmeter 

eve1 

6-44 

Monitor level 

Voice alarm at 
we1 tplus 
2 0 8  

Voice alarm at 
assembly 
Nei tnunus 
LO$ 

donitor water 
low rate 

donitor level 

See Table 6-2 
for basis of 
specific 
controls 

Same as 

operating lim 
Level I pump 

SA (APP. V) 

See Table 6-2 - 

Terminate operations 
immediately and ensure 
shutdown status 

If the maximum load is 
exceeded, stop operations 
and investigate c a w .  
Provided that the c a w  of 
the unusual load is 
satisfactorily determined, 
the TRG can approve 
continued achvily 

[f the minimum laid is 
exceeded, stop operations 
and investigate citw. 
Provided that the c a w  of 
the unusual load is 
jatisfactorily determined, 
*e TRG can approve 
iontinued activity 

f water addition rate is 
?xcessive, terminate water 
iddition immediaitely, 
'emove water connection, 
i d  wait for TRG 
ipprovdl before 
antinuing o p e r a t i o n s  

10 not initiate water- 
ance operation if tank 
eve1 conditions do not 
neet the K O  values 

-- 
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Safe Shutdown 7 
TABLE 6-7 (CONT) 

CONTROLS FOR WATER-LANCE INSTALLATION, REMOVAL, AND OPERATION 

System or 
Condition 

Madmum 
Amount of 
Water 

Yater 
Temperature 

z-in. water I 

I lance: no water 
addition 
without TRG 
approval. 
56.95 m3/d 
(250 gal./d) 
and 3.8 rn3 

I :IOOO gal.) total 
tor installation, 
removal, and 
>peration of 
riwometer and 
Nater lance, 
and installa- 
ion, removal, 
ind operation 
,f the void- 
neter and water 

temperature 

Rev. 14 6-45 

Administrativ 
Procedures 

.UONIOI tordl 
amount of 
water 

Basis for 
Control 

SA (APP. v) 
Ref. 6 

Ref. 6 

Definition 
t excessive water 
iddition is detected, 
erminate water addition 
mmediately, remove watei 
:onnection, and wait for 
TRG approval before 
nntinlung openrtions 

1 excessive w a t G L  
?rnperature is detected, 
?rminate water ,addition 
mediately, remove water 
onnection, and ,wait for 
'RG approval twfore 
mtinlung operations 
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;A (Add 1) 

IA (App R) 

TABLE 6-7 (CONT) 
CONTROLS FOR WATER-LANCE INSTALLATION, REMOVAL, AND OPERATION 

Do not begm w r h o n  

Terrmnate operation 
pressure less than value 
spwfiedbysC0 Resume 
operations when pressuri 
restored to allowable 
levels 

Svstem or 
Cbndition 

lon t ro l szx rF  
to 2-In. 
Lance Proposed 
for Viscometer 
and Voidmeter 

Waste Level 
(Installation, 
Operation, and 
Removal) 

hsertioii 
Velocit) 

sco 

Water lance 
must not be 
installed when 
waste level 

10.26 m (404 
m.) or TRG 
determimd levr 

higher than 

<-25.4 mm (-1.0 
in.) wg. 

Surveillance 
Monitoring 

*vel 
neasurement 

lACS 

:rane operator 

Administrativ 
Procedures 

Monitor level 

TRG may 
approve 
accounhg for 
the offset d FIC 
is not availabh 
and other level 
instruments are 
usedto 
determine th~ 
level when the 
PNL analysis a 
level au esis 
c o m p f d  (see 
APP. C) 
Also, TRG may 
approve using 
2-mm/d (0.08- 
h / d )  owth 
since ti% last 
available FIC 
reading to meet 
this control 

Alarm at -38.1 
mm (-1.5 in.) 
w.g. 
Terminate 
wa ter-lance 
D rationif 
S& is violated 

Approved 
procedure 

Rev. 14 6-46 March 31,1995 



LA-UR-92-3196 Revised 

Basis for 

WHC-SD-WM-SAD-033 
REV 2 

Sale Shutdown 

TABLE 6-8 
CONTROLS FOR WATER-WAND INSTALLATION, REMOVAL, AND OPERATION 

System or sco Sumeillance 
Condition Monitoring 

4 plicability of 
8andard 
Controls for 
Open-Tank 
Operahon 

Administrativi 
Procedures 

Monitor flow 
totalizers on 
jupply truck 

trane and Load: 

.Madmum 
Loads dining 
Insertion 

Maintain Log of 
all water 
additions to 
tank. Check 
waste level to 
ensure 10.72-m 
(422-in.) level 
not exceeded 

Madmum 
Loads during 
Removal 

.MinimumLoad 
during Insertior 
and Removal 

. Madmurn 
Height3 

rank Water 
4ddition during 
nstallation 
rank Water 
4dditions durins 
hnoval . 
Volume 

The controls 

2- 1 shall be 
followed for 
water-wand 
installation anc 
removal 

iven in Table 

Lih loads do 
not exceed 
yyt plus 

Lift loads not t( 
exceed assembl] 
we1 tplus 
5OP 

The bottom of 
the wand shall 
be 51.5 m (5 h) 
above ground 
x riser 

No water 
iddition during 
installation 

Lnduded in 
rable 6-6 limits 

!Z03 

Monitored by 
Load cell 

Monitored by 
load cell 

Voice alarm at 
assembly yip plus 

Voice alarm at 
assembly wip minus 

Visual 
monitoring 

5ee Table 6 1  
ior basis of 
specific 
:ontrols 

Ref. 6 

- 
See Table 6-1 

If the maximum load is 
exceeded, stop opi?rations 
and investigate cause. 
Provided that the <cause of 
the unusual load is 
satisfactorily determined, 
the TRG can approve 
continued insertion 
operations 

If the maximum load is 
exceeded, stop operations 
and investigate cause. 
Provided that the c a w  of 
the unusual load is 
satisfactorily determined, 
the TRG can approve 
continued insertion 
operations 

Ifminimumloadis 
exceeded, stop operations 
and investigate calm. 
Provided that the c a w  of 
the unusual load is 
satisfactorily determined, 
the TRG can approve 
continued insertio~i 
operations 

If the wand is over the 
riser and is at the correct 
height, omiinue 
installahon until riser is 
sealed. If the wand is not 
over the riser and IS not at 
the correct hei t, #idjust 
to correct heiggand' 
continue installati(Jn 
Terminate water addition 
imm&tely --- 

If excessw water 
addihon 15 detected. 
terminate uater addbon 
imrnedmely. remove water 
COMechoII, and w.ut fur 
TKG approval before 
contlnuing operahom 

--- 
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System or sco 
Condition 

-Water Temperature 
Temperature must be a . 4 0 ~  

(130°F) 

TABLE 6-8 (CONT) 
CONTROLS FOR WATER-WAND INSTALLATION, REMOVAL, AND OPERATION 

Surveillance Administrative Basis for Safe S h u t d o w n  
Monitoring Procedures Control Definition 

Monitor supply Ch& supply Ref. 6 If the water temperature i 
truck truck not within limits, 
temperature temperature just terminate water addition 

before , immediately and wait for 

-tion continumg opera& 
TRG approval before 

4 plicability of 
gandard 
Controls for 
Closed-Tank 
Operation 

Ventilation 
system 

Primary 
Ventilation- 
Minimum Flow 
Rate 

Madmum 
Flow- 
Ventilation 

g:blv 

The controls 

t 2 shall be 
iven in Table 

followed for 
water-wand 

Z%Zrs  must 
be available 
before 

-d 
operation. The 

% 3 i o n  
system flow 

ELted 
during water- 
wand operation 
as long as gas 
concentrations 
remain within 
specifications 

The primary 
ventilation 
system flow 

during water- 
wand operation 
as long as gas 
concentrations 
remain within 
specifications 

Maximum flow 
0.33 m3/s (700 

E&td 

f?/min) 

IACS Uarm at 
1.319 m3/s 
675 fg/min) 

j, Table 6-2 
tor basis of 
specific 
iontrols 

WHC 
Modified 
Standard 
Zonhols 

ro minimize 
.adioactive 
:ontamination 
)f the 
rentilation 
ivstem 

m c  
(tandard 
.ontrols 

See Table 6-2 - 

If activity has not started 
do not start activlt 
d e s  authorized gy TRC 

U 'gen or ammonia 
concentrations reach theii 
SCO values, restore 
ventilation flow 
immedl1tely 

Terminate activity and 
investigate the reasons for 
ventilation flow being 
> O X  m3/s (700 ft3/min) 
from Tank 101-SY. Do no! 
continue activities until 
Tank 101-SY flow is 
<0.33 m 3 / s  (700 ft3/min) - 

Rev. 14 6-48 March 31, 1995 



LA-UR-92-3196 Revised 

OSR Limit 
(Revs. 2 and 3) 
SA (App. W) 

IWC-SD-UM-SAD- 033 
R E V  2 

Terminate water 
additiorls immediately. 
Wait until the dome 
pressure increase:, to an 
eqdibrium value. Restar 
activity while doubling 
theram perioddinin 
which &e wands ,rea& 
their maximum flow rate 
(wand operations must 
restart in seync:), 
Perform Os vloldhon 
notifications as specified 
in Refs. 2 and 3 

TABLE 6-8 (CONT) 
CONTROLS FOR WATER-WAND INSTALLATION, REMOVAL. AND OPERATION 

Flow- 
Ventilation 

%gab le  

MinimUmDome 
Pressure 

MadmurnDom 
Pressure 

Pressure Drop 
across HEPA 
Filters 

T 
Maximum flow 
1.20 m3/s (425 
't3/min) 

.15.2 cm (-6 in.) 
IV.g. 

t3.81 an (+ 1.5 
n) w.g. 

aaintain total 
xessure drop 
:15 cm (5.9 in) 
N.g. 

Surveillance 
Monitoring 
)ACS 

bme pressure 

bme pressure 

Administrativi 
Procedures 

Alarm at 
0.19 m3/s (400 
ft3/lnjn) 

Monitor dome ~ ~~ 

pressure 
conhnuously . 
Alarmat -10.2 
an (-4 in) w.g. 

Monitor dome 
pressure 
conhnuously . 
Alarm at +3.81 
an (+1.5in.) w. 
s 

Alarm at 12.7 
an (5.0 in) w.g. 
on first HEPA 
filter, 8.9 cm 

second dt? (3.5 in.) w 

filter 

Basis for 
Control 

Modified 
WHC 
Standard 
Controls 

Safe S h u t d ; T  
Definition 

mvestigate reasons for 
ventilation how bein 
y t e r  than the KO i o m  

ank 101-Sk'. Imnnediatel! 
restore ventilation flow 
on other confirmirig 
indication? of gas release! 
( i  uding hi@ hydrogen, 
high ammorua, or high 
dome pressure). Do not 
continue activities until 
Tank 1Ol-SY flow is 
<0.17 m3/s (350 fl?/min) 

Terminate activity. Wait 
until the dome prersure 
decreases to an 
eqdibrin~m value. Restar 
activity while doubling 
the ram )period durin 
which die wands r e a s  
their maximum flow rate 
(wand operations must 
restart in sequence) 

limit additions until both 
HEPA filters are out of t h i  
alarm stlate 

-- 

Rev. 14 6-49 March 31, 1995 



LA-UR-92-3196 Revised 

TABLE 6-8 (CONT) 
CONTROLS FOR WATER-WAND INSTALLATION, REMOVAL, AND OPERATION 

Concentrations 
(All Locations) 

-Maximum 
Hydrogen 
Concenhation 

-Maximum 
Ammonia 
Concenhation 

Water Addition 

.Water 
Temper.iture 

Maximum 
Amount of 
Water 

sco 

<LO vol % 

Temperature 
must be no 

Eter - the 
temperature am 
no less than the 
dolp 
temperature 
minus ll0C 
:20"F) 

:overed in Sec. 
j-pum 
kxnovaP 
Zonhols 

Surveillance 
Monitoring 

DACS or 
locally 

DACS 

Monitor truck 
tank 
temperature 

k S e c . 6  

Administrativ 
Procedures 

Alarm at 80% 
SCO value. 
Terminate 
activity if alarn 
value IS 
exceeded. 
Whittakers are 
shown to 
measure 80% 01 
t h e n o d  
concentration 
under high- 
humidity 
conditionsll 

Alarm at 75% 
K O  value. 
Terminate 
activity if SCO 
value is 
exceeded 

k S e c . 6  

Basis for 
Control 

DOE 5480.4 
W.4) 

SA(A ps M 
a n d 4  ' 

Immediately restore 
vendation svstem flow if 
ventilation s h e i n  is 
inoperable. T e r n h t e  
achvities and remove 
personnel from riser area 
until H2 concentration is 
<m p]m 

Immediately restore 
ventilation system flow if 
ventilations stem is 
inoperable. qerminate all 
operations until ammonia 
concenhation is U O O O  
F P  

If water temperature 
outside the bounds is 
detected, terminate water 
addition immediately, 
remove water connection, 
and wait for TRC; 
approval before 
continuing opera1 ions 

If excessive water 
addition is detected, 
terminate water addition 
immediately, remove water 
:onnection, and wait for 
TRG approval before 
:ontinumg operations 
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SA IApp W J  

TABLE 6-8 (CONT) 
CONTROLS FOR WATER-WAND INSTALLATION. REMOVAL, AND OPERATION 

Termlate water addinon 
and rc-rart arter the dome 

System or 
Condition 

Operation 
*Urn02 

Flow Rate 

sco 
Start wand 
operations one 
at a time, 
starting with 
the one with the 
lowest rated 
flow rate 

Do not start the 
operation of the 
next wand until 
thedome 
pressure 
equilibrates at 
a value within 
S A  mm (fl 
in.) w.g. 

The flow rate 
for the wands 
mustbe 
controlled such 
that the dome 
pressure 
remains within 
325.4 mm (fl 
in) w.g. me 

each wand is 2 
min from 0 to 
full flow 

Surveillance 
Monitoring 

Monitor dome 
pressure 

Monitor dome 
pressure 

idministrativq 
Procedures 

Monitor the 
dome pressm 
:ontinuously 

me water- 
Nand operator 
rill be m 
:ontinuous 
:ontact with the 
xrson 
nonibring 
lome pressure. 
fie water lines 
,hall be 
quipped with 
wo valves in 
eries, one for 

ncreasing the 
low, another 
or quickly 
losing the flow 

,lowly 

Basis for I S afe Shut- 

pressure equilibiates at a I value within S 5 . 4  mm 
(tlin.) w.g 

pressure gets outside the 
m.4-mm (*l in.).w. 
control band. Wait for 
dome pressure to stabilize 
within the band specified 
by the SCO before 
increasing the water- 
wand flow rate 

-- 
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TABLE 6-9 
MLILTIPORT RISER INSTALLATION, REMOVAL, AND OPERATIONAL CONTROLS 

System or 
Condition 
pica ility of 

S?hda:d 
Controls for 
Open-lank 
Operation 

Waste Level 

AFR Weight 

'ank Water 
Addition 

.rane and 
Loads 

MadmlUn 
Loads 

Minimum 
Loads 

sco 
The controls 

f- 1 shall be 
followed for 
MPR 
installation an, 

iven in Table 

removal 
No installation 
or removal 
when waste 
level exceeds 
10.26 m (404 
in.) or TRG 
approves actio] 
b a d  on 
analysis or nev 
data 

Total weight 

No water 
addition is 
expected 

g:::di 

Lift loads must 
not exceed 

25  weP pius 

Lift loads must 
be greater than 
we1 t m u s  
25$ 

xvel 
Ilea.$-t 

?erify weight 
tefore 
nstallation 
Iisual 
nspection 

Aonitored by 
Md cell 

lonitored by 
md cell 

Administrati1 
Procedures 

5ee Table 0-1 

Monitor level 

TRG may 
approve 
accountin for 
*e offset i? FIC 
IS not availabl 
and other level 
instruments an 
d t o  
determine the 
level when the 
PNL analysis I 
level au esis 
c o m p f J  (see 

Also, TRG ma) 
approve using 
2-11~n/d (0.08- 
in./d) owth 
since tiZ last 
available FIC 
reading to m a  
this control 
bperational 
readiness 
review 
Approved 
procedure 

APP. C) 

Voice alarm at 
we1 t plus 
2 0 8  

Voice alarm at :;:p minus 

or basis of 
,pedfic 
.ontrols 

k. 4.6.3.2 

e. 4.6.3.4 

Vater 
ddition not 
equired 

ec. 4.6.3.4 

ec. 4.6.3.4 

Immediately terminate 
installation activities 
until all administrative 
controls are satis,fied 

hundateiy t e r r m F  
Installahon achv ties if 
MPK weight excet- 
Termmare install3tron or 
removal operations until 
water addition is 

If the maximum load is 
exceeded, stop operati- 
andinvesti atecause. If 
the cause ofthe uriusua~ 
load is satisfactod 
determined, the TRZcan 
approve continued 
insertion operations 

If the load is less than the 
minimum load, stop 
operatiom and investigate 
cause. It the cause of the 
unusual load is 
determined, the TRG can 
approve continued 
operations - 
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establish correct' 
protection before 
restarting activity 

Do not proceed with 
installation until impact 
limiter is installed 

TABLE 6-9 (CONT) 
MULTIPORT RISER INSTALLATION, REMOVAL, AND OPERATIONAL CONTROLS 

Heights 

Impact Limiter 

Rev. 14 

sco 
Limitmadmum 
dro hei t to 
o.& m in.) 
above the riser 

Cushioning 
interface 
between load 
and riser must 
be in place as 
MPR 1s lowered 
into position 

Surveillance 
b,y;a;itoring 

monitoring 

Visual 
monitoring 

6-53 

Administrativi 
Procedures 

The approved 
work plan shal 
call for 

h s y  
M whenitis 
above the tank 
and should 
have a m u r r  
height above t h e  
riser of 0 737 rn 
(29 in.) 

A provedwork 
p i n s  
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System or 

TABLE 6-10 
CONTROLS FOR VISCOMETER INSTALLATION, REMOVAL, AND OPERATION 

sco Surveillance Administrativ 

Applicability a 
Standard 

Condition 

Controls for 
Open-Tank 
Operation 

Monitoring Procedures 

revent 
~ssible 
m a  e to the 
wr kom drop 
rident 

Power to 
Radiation 
Detector 

If vismmeter higher than 
SCO, correct helght and 
continue with activities 

Preparation for 
Viscometer 
Installation 

-Waste Level 

'ower 
~OlUlWhons 

i f h g  Height 

Controls given 
in Table 6-1 
shall be 
followed for 
viscometer 
installation an 
removal 

The radiation gg2y 
pressure is 
>-25.4 mm (-1 inIl~&or if 
enclosure or 
riser is open 

Vo installation 
)I operation 
Nhen the wastc 
eve1 is >10.26 I 
404 in.) or the 
W.G-detehe 
eve1 based on 
inalysis or nev 
lata 

ower leads 
my not be 

%ation 

m!m€d 

iscometer 
wlosure shall 
2t be raised 
ore than 0.686 
(27 in) above 

le riser 

Radiation 
Detector 

mvel 

'isual 
spection 

isual 
xervation 

Manually de- 
energize the 
radiation 
detector before 
o ning riser. 
g a l t h  physics 
technicm shal 

radiation 
readings as 
required 

m u a l l y  make 

I Monitor level 

TRG may 
approve 
accoun+inp for 
the offset If RC 
is not available 
and other level 
instruments are 
usedto 
determine the 
level when the 
PNL analysis of 
level au esis 
compfetea (see 

Also. TRG may 
approve using 
2-11~n/d (0.08- 
in./d) owth 
since L last 
available FIC 
reading to meet 
this control 

Approved 
procedure 

APP. C) 

specific 
controls. 

esuipment 

4dd. 1 

SA (App. C) 

.dd. 1 

Do not start 
insertion/installation if 
waste level is realter tha 
SCO. ~f wasteqevel 
increases beyond :KO 
during operation, iemove 
viscometer from the tank 

If installation has ktegun 
with power connections 
comwtal, immediately 
disconnect power 
connections and continue 
installation activities 
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Basis for 
Control 

Prevent 
Yossible 
iama e to the 
-iser b m  drop 
icddent 

Prevent 
mssible 
l v b l e  or 
:ouc gas 
.elease 

Voneed tor 
Mater addition 

WHC-SD-WM-SAD-0383 
REV 2 

Safe Shutdown 
Definition 

If gasket is not in- 
remova viscomehrr away 
from the riser u n t i l  gasket 
is installed 

If viscometer is not 
installed, terminate 
activities and close the 
isolation valve to proceed 
with irlstallation 

Stop installation 
acttvities and terminate 
water addition 

-- 

TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION, REMOVAL, AND OPERATION 

SCO 

'Elastomer 
gasket shall be 
m place before - 
viscometer over 
riser 

Isolation valve 
mustbedosed 
before initiation 
of installation 
and will remain 
closed 

phase 
No water 
addition is 
allowed during 
installation 
hase without P RG approval. 

All decontami- 
nation system 
valves are 
closed 

%lk: 

System or 
Condition 

-Elastomer 

Surveillance 
Monitoring 

Visual 
observation 

Visual 
inspection 

Visual 
inspection 

Gasket 

<mure ball 
and wire are 
n expected 
Josihon and 
iot obviously 
angled on 
mother tank 
a m p m a t  

%sure tank 
,asses removed 
:om endosure 
W A )  

.Isolation Valve 

Sto removal activities if 
balris not housed 
properly 

Sto removal activities 
an$purge at least I5 min 

Stop removal activities 
unhl isolation valve is 
closed 

77zzaGi 
md 
Decontamina- 
ion System 
:Installation 
M Y )  

Zemoval Specific 

.Tank Dome 
Pressure 

Ball Position 

Duration of 
Purge before the 
Isolation Valve 
is Closed 

Isolation Valve 

Must be lower 
than -25.4 mm 
(-1 in.) w.g. Do 
not proceed 
with further 
testkg if dome 
pressure is not 
greater than 
-25.4 mm (-1 in) 
w.g. 

Ball osition 
must% at the 
reference zero 
initial position 

Confirmation 
with DACS 

Inspection by ar 
approved 
procedure and 
verification of 
viscometer 
position 
encoder 
readout, 
proximity 
switch 

Purge duration Viscometer 
must be 215 min control timing 

center 

Isolation valve Visual 
is dosed under observation of 
viscometer enclosure 
operation ressure and 
:ontrols Row rate and 

Administrativ, 
Procedures 

Install gasket 
before moving 
viscometer over 
riser 

Approved 
procedure to 
ensure dosed 
isolation valve 

Approved 
procedure 

Alarm at -38.1 
mm (-1.5 in) w.g 
Terminate 
viscometer 
o eration if 
&O is violated 

Approved 
procedure to 
ensure ball is 
not housed 
properly 

Approved 
procedure 

Approved 
procedure 

Ihe 
lentilation 
system flow 
.ate and 
iuration are 
lesigned with 
rdrdrmrmdene 
Jressure of 
25.4 mm 
;l in.) W.8. 

Terminate activities if the 
SCO is not met and rernovc 
personnel from riser area 
Until dome pressure is 
confirmed negatiw and 
ventilation flow rate is 
0.19 m3/s (400 f?/mm) 
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I I I I -- OPERATION 

TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION, REMOVAL, AND OPERATION 

Ensure the 
isolahon valve 
is closed 

Add. 1 

Svstem or 

Stop removal achvities 
unhl purge system 
pressure rate is within 
specifications. Ensure 
isolation valve is dosed 
before viscometer removal 

Stop removal activities 
until power cableis are 
E I l W V d  

Condition 

Flow Rate after 
Isolation Valve 

purge system 

MCS 

is Closed 

Enclosure 
Pressure 

Power 

Monitor level 

TRG may 
approve 
accountins for 
the offset d FIC 
is not available 
and other level 
instruments are 
used to 
d e t e d w  the 
level when the 
PNL analysis of 
level au esis 
corn$,% (see 

Also, TRG may 
approve wing 
2-mmld(0.08 
in./d) owth 
since L last 
available FIC 
reading to meet 
ttus control 

APP. C) 

i plicability of 
gandard 
Controls for 
Closed-Tank 
Operation 

'reparation for 
Vixometer 
Operation 

Waste Level 

sco 
Must be 0 

Will be 510.26 
m (404 in.) 
Operation of 
vixometer 
above this limit 
requires TRG- 
approved 
analysis. If the 
ball IS left in the 
tank, during the 
waiting period 
the waste level 
must also be 
40.26 m (404 
in.) 

Must be 0 after 
venting through 
HEPA 

Power must be 
turned off and 
wwer cable 

Observation of 
manual 
flowmeter 

Visual 
observation of 
plffsure auge 
after isoktion 
valve is dosed 

Visual 
inspection 

Administrativ 
Procedures 

Approved 
procedure 

Approved 
procedure 

Approved 
procedure 

I Safe S h u t d o w n r  Basis for 
Control Definition 

Ensure that the I Do not mitiate removal 
isolation valve and ensure that isolation 
is closed valve is dosed 

The controls 

P 2 shall be 
followed for 
viscometer 
operations 

'venin Table 
de Table 6-2 
or basis of 
pecific 
ontrols 

See Table 6-2 - 

Terminate all viscometer 
owration. Rehieve the 
b;u] uutme the procedure 
io close the rsolatl m 
\,alw; purge tht, erilmure 
before-the-isolation valve 
is dosed, dose the 
isolation valve, and turn 
the pwi?r off. When the 
ball is left in the tad, the 
waste level exceeding K O  
value causes termination 
of the operation; retrieve 
the ball and terminate the 
viscometer activity 
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viscometer 

TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION, REMOVAL, AND OPERATION 

I rate and 

System or 
Condition 

-Tank Dome 
Pressure 

pressure is 
different than 

.Power to 
System 

.Enclosure 
Pressure with 
Isolation Valve 
Closed and 
opened 

Purge system 
Flow Rate upon 

Isolation Valve 

Duration of 
purne 

sco 
Must be lower 
than -1 in. w.g 
Do not proceed 
with further 

dome pressure i 
W5.4 nun (-1 

testing if the 

in) w.g. 

No weris 
appE+ until 
Purge 
mmpleted 

Enclosure 
ressure must tn 

gin. w.g. before 

L a n  valve 
and 50 after 

E E 2 n  valve 

Must be 0 
before isolation 
valve is opened 
and >0.1 
m3/min (3.5 
@/min) after 
isolation valve 
is opened 

Purge duration 
must not be 4 5  
mhr 

'isual check to 
ie viscometer 
ontrol system 

'isual 
bsenration of 
'ressure gauge 
efore the 
alation valve 
s open 

'isual 
bservation of 

flowmeter 

iscometer 
mtrol center 
ming 

Basis for 
Control 

The 
iiitilation 
system flow 

o rationif 
$0 is violated 

Approved 
procedure 

duration are 
designed with 
theminimum 
dome resure 
of -25.fm (-1 
in) w.g. 

No power 
operation 
before purge 

and after 
isolation valve 
is opened and 
investigate 
causes. Verify 
pressure gauge 
reading 
consistent with 
isolation valve 
position (closed 
or open) 

Verify 
flowmeter 
reading 
consistent with 
isolation valve 
position (closed 
or opened) 

Do not initiate 
tests if the 
duration of 
purge is less 
than value 
speafied by 
K O  

nsure that 
leakage is 
acceptable 

Ensure tank 
ases removed 

fro m endosure 
W.4) 

....... .. 
Termmate all vmmeter 
operations if tesc; are not 
started. If tests are in 

P turn viscometer power 
off) and wait for 
permission to restart 

rogress, stop operation 

Termmate aChvil.es i i  
SCOisnotmet,ard 
resolve c a w  of problem 
before continuing 
Dperations 

Donot mitiate tests if the 
mclosure flow rale is 
iifferent than value 
ipedfied by K O  and 
nvestigate causes 

rerminate activities if 
K O  is not met, and 
.esolve c a w  of problem 
*fore continuing 
)perations 
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TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION, REMOVAL, AND OPERATION 

System or 
Condition 

Radiation 
A l m  

iiscometer 
Operation with 
Ball Movement 
below Riser 

Ball Sped 

Power to System 

sco 
Radiation 
monitor must be 
installed on 
viscometer 
enclosure at a 

r&t€mlined F lxed location 
and tested 
before 

must be above 
background 
radiation level 
and nor more 
than100 
m / h  

yg%n0ng 

operating ball 
velocityis 1 
m/s (3.3 ft/s) 

Maximum 
available speed 
~y high-range 
motor is 4 m/s 
(6.6 ft/s) 

>prating speed 
ntheran eof 
1-2 m/s  6.s 
5.6 ft/s) needs 
RGapproved 
ustification and 
'est plan 

Purge flow 
equirements 
nustbemet 
xfore 
iiscometer is 
mergmd and 
ifter the 
liscometer is de- 
mergized. All 
,owe[ to 
iiscometer will 
K turned off at 
heendof ld  
yeration. 
.ables will be 

rom the 
ismmeter and 
ontrol units 

Higher 

kOMeCted 

Surveillance e 
nonitor on 
iiscometer 
mclosuse 

Iixometer 
ontrol center 

'isual 
lspection 

operation if 
radiation level 

Implement tlp 
:one01 in 
viscometer 
joftware. No 
nhy higher 
ihan 1 m / s  is 
3llowed 

Verify the fuse 
used for the 

.he current 
irawn 

: % 2 % l i t  

4pproved 
Jrocedure and 
palified 
iardware 

Lev. 14 6-58 

Basis for 
Control 

Add. 1 

Data reductior 

the operation- 
induced spark 
potential 

lE¶uirE¶uir 

Vo tank gases 
n the 
mlosure 
illowed 

Safe S h u t d o w n  
Definitian 

Inveshgate cause (- 

radiahon Deconiammate 
area per WHC standard 
prachces, if required 

Fns Termincite all immediately viscometer if 

d exceed. value 
' 'ed by 920. 

trieve ball usin), low- 
s$eed,motor or m&ually; 

ose Isolahon system 
with the purge prwedure 
applied 

Terminate a c t i v i t i e s i f r  
XO is not met, and 
resolve cause of problem 
wfore ccmtinuing 
>perations 

--- 
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Definition 

TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION, REMOVAL, AND OPERATION 

correct 
position of 
isolahon valve 

Ensure ball 
and wire are 
in expeaed 
posibon and 
not obviously 
tangled on 
Dther tank 
equipment 

Ensure no tank 

t&mulation 
n the 
mclosure 

System or 
Condition 

Isolation Valve 
cannot be closed, (cease 
operation and investigate 
problem. Resmemmal 
operation after problem is 
corrected 

Terminate activities if 
SCO is not met, and 
resolve c a w  of problem 
before continuing 
operations 

Terminate activities if 
flow rate is less than 
value specified by K O  
and investigate the 
problem. Resume 
operationafter the ro r 
flow rate is e s t a b l i g e r  

Ball Position 

Enclosure Flow 
Rate 

sco 
Isolation valve 
must be closed 
at theend of a 
test pericd 
(except when 
ball 
intentional1 
remains in X, 
waste). TRG 
approval is 
required to 
leave the 
isolation valve 
open when 
viscometer is 
UNnanned 

Ball must be 
housed when 
the viscometer is 
rQtrnanmd. 
IRG may 
approve 
rocedures to P eave ball in 

tank for 
sxtended tests 

If extended tests 
are performed, 
special 
procedure must 
?valuate stuck- 
Sal1 condition 
BS preliminary 
step 

flow rate must 
E a.1 m3/min 
:3.5 @/min) at 
he  end of a test 
n d  before 
xgimlingopen- 
mclosure steps 

Surveillance * 
flowmeter 
reading should 
be 0 for closed 
valve. 
Manual 
inspection 

Inspection by 
approved 
prEdure and 
verification of 
viscometer 
position 
enccder readout 
and proximity 
jwitch 

If the ball is in 
h e  waste before 
>perations 
>egan, observe 
&e with TV 
:amera to 
?mure no 

Exz 
Visual 
nspection or 
'lowmeter 

ipproved 
xocedtue 

Lpproved 
'rocedure 
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TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION. REMOVAL, AND OPERATION 

operagon (no 
burp or 
wasteberg whe 
ball in waste), 
maximum cable 
tension is 
limited to 1110 
N (250 Ibf) 

If cable tension 
exceeds the 
greater of the 
maximumlmd 
cellsettin or 
1110 N ( A 0  
Ibfj, operation 
must cease and 
stuck-ball 
prpsedures 
uutiated 

Radiation at or I Access to 
iear Viscometer Ylscometir must 

be h t e d  to 
only that 
required 

Radiation 
should be 
surveyed and 
determined to k 
within 
acceptable 
Limik for any 
viscometer 
access 
operations 

Anyfirnethe 
bottom 10 m (33 
ft) of the cable is 
retrieved 4 time5 
or 40 m (131 ft) 
integrally, a 
radiation 
survey will be 
conducted to 
ensure that 8 5  
g (0.143 Ibm) of 
waste has been 
entrained in the 
enclosure. 
Example: 40 m 
integrally=4xlO 
m o r 8 d m  

Surveillance 
Monitoring 

Viscometer 
control center 
tension readout 
and software- 
generated 
shutdown 

Radiation 
survey before 
access 

Administrativ 
Procedures 

Software must 
not exseed the 
lrmiong value 

Approved 
procedures 

Basis for 
Control 

Add. 1 

ldd. 1 

Safe Shutdown 

t ab le  tensionlimit is 
D e f i n i t i o n k  

~ x c e d e d ,  stop motion of 
)all and initiate stuck- 
ball prixedure 

nmedrately cease ball 
lovement and evacuate 
rea around riser. 
ivestigate cause #of alarm 
nsure pro r purge flow 
irhen p r d Z  mrrected 
Iecontamination. repair 
emntamination system, 
E), resume normal 
Fration 
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;parks from 
ionqualified 
?lectrical 
quipmat 

TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION, REMOVAL, AND OPERATION 

radiation detector i'l it is 
found to be energized. 
Manually make ratdiatior 
readings as required 

System or 
Condition 

Power to 
Radiation 
Detector 

Radiation 
Alarm 

Decontamina- 
tion of Cable 
during Upwarc 
Motion of  Ball 

sco 
The radiation g$p:,b 
pressure is 
>-25.4 mm (-1 
w&.geor if 

enclosure or 
riser is open 

Radiation alarr 
setpoint is not 
exceeded 

Wire and ball 
must be 
decontaminated 
beforeu ward 
motion &t can 
:amy waste 
intoriser. The 
sall can be 
allowed to mow 
upward the 
minimMld 
?ither 4.57 m (1: 
ft) or the 
?stablished 
nilinum 
?ffective 
iecontamina- 
!on distances 
or the 
iecontamina- 
ion flow and 
iuration used. 
f wire is 
etrieved 
vithout being 

I continuous 
adiation 
,urvey at the 
hndosure must 
econducted. If 
he allowable 
adiation levels 
re exceeded, 
lecontamina- 
ion of the 
nclosure is 
equired 

iecontaminated, 

Surveillance 
e K  
Detector 

Visual 

Ball position 
and travel 
direction, as 
indicated by 
viscometer 
:ontrol center 

Administratir 
Procedures 

Manually 
deenergize the 
radiatcon 
detector if tank 
pressure 
exceeds limits. 
Health physics 
techniuan shal 
manuallymake 
radiation 
readings as 
required 

Approved 
procedure. 
After a 
radiation alarm 
ensure that 
purge flow 
meek SCO valu 

Approved 
rocedure. 

health physics 
monitorin is 
required &ring 
imtial 
Jperations unti 
kcontamin.- 
tion 
sffectiveness is 
stablished 

Basis for I Safe S h u t d c n  ~ . -. -. - . 
Control I Definition 

ro prevent I Lmmed~.~tel\ denlereve 

Investigate cause of alar= 
h u r e  pro r purge florc 
When probcm corrected 
(decontamination, repair 
decontamination system, 
etc.), resiune normal 
operation 
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TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION, REMOVAL, AND OPERATION 

System or 
Condition 
n Viscometei 

Activities 
(Normal 
3 p e r a t i o s  
Isolation Valve 
Zlosed) 

.Internal and 
External 
Radiation 

.Purge System 
Flow Rate with 
Closed and 
Opened Valve 

Duration of 
Purge before the 
isolation Valve 
is Closed 

Enclosure 
Pressure with 
Closed and 
Open Isolation 
Valve 

Ball Position 

sco 

Radiation level 
external and 
internal to 
viscometer must 
be within 
allowable 
levels to allow 

vlscometer for 
necessary 
maintenance or 
reconfiguration 
gFeaZses; 

decontamina- 
tion is required 

Ensure that 
there is a 
measurable 
flow rate before 
closing the 
isolation valve. 
Ensure that 
flow rate is 0 
after isolation 
valve is closed 

At least 10 
volume air 
chanses are 
requued before 

isolation valve 

Ensure that 
enclosure 
pressure is 
ne ativeandO 
before and after 
closing the 
isolation valve, 
respectively 

The ball must be 
fully retracted 
before isolation 
valve can be 
dosed(exce t 
for stuck-bafl 
condition 
discussed 
below) 

O p l i I l g t h e  

closing 

Surveillance 
Monitoring 

Health physics 
jurvey 

Visual 
)bservation 
ranme 
lowmeter 

lperator timing 

h u a l  
)bservation 
rom pressure 
P W  

!mure ball 
)osition with 
he previous 
Pperational 
hutdown 
.erification 

Administrativ 
Procedures 

Ap roved 
taxation 
control plans 

Approved 
procedure 

Approved 
procedure 

Approved 
procedure 

Approved 
procedure 

Basis for 
Control 

'revents toxic 
as release 

nsure 
alation valve 
, closed 

Z32.230 

: l e a  trapped 
mk gases 
om enclosure 

'onfirms that 
alation valve 
open and 
erifies 
peration of 
ressure gauge 

o prevent 
oslng 
olation valve 
,ith 
2struction 
resent 

Safe S h u t d o w n  
Definition --- 

Evacuate area around 
riser. Investigate cause 01 
alarm. Ensure proper 
pur eflow. When 
y & e m  correct4 
decontamination, repair 
decontamination system, 
etc.), resume normal 
Dperation 

rermindte activities if 
now rate is less than 
value specified by K O  
md investigate the 

>peration after the IO I 
now rate is e s t a b l i g e r  

problem. Resume 

Donot initiate further 
testing if purge duration i! 
ess than value specified 
>y sco 

rermlnate activitio\ if 
wlosurr prewm IS le55 
han value qpecifird b\ 
E O  and vlveshgate the 
xdhn Resume 
)peratton aher roper 
low rat,' I\  rstatlished 

Jo not proceed tests if the 
solation valve is closed 
hihile the ball is not 
loused properly. 
nvestigate the problem foi 
mproper ball housin 
h u m e  tests after pr3lern 
Zorrected 
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observation 
using the TV 
cameras, the 

special 
conditions are 
applicable. The 
load cell may 
needtobe 
changed to one 
with the highest 
range to 
measure tension 
re uired to try 
to lee  stuck 
ball. Initiate 
general 
procedure for 
stuck ball, as 
discussed in Sec 
4.3.4.6. Before 
enclosure is 
opened m this 
case, purge 
procedure 
describedabove 

Viscometer 
Activities) must 
be applied to 
mirurmze 
presence of tank 
gases in the 
enclosure 

following 

(open 

O I W u n g ,  vwometer with 
valve open shall 
be treated as 
open-riser work 
controls 

WHC-SD-WM-SAD-033 
REV 2 

TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION. REMOVAL, AND OPEKATION 

Closed 
before endosur 

ball). 
VLwometer If ball is stuck, 
sure as indicated by 

Activities (Ball high-tension 
Stuck) Change readingson the 
Load Cell wire and visua 

;tatus 

Surveillance 

Gy%F 
closed by 
enclosure 

gow rate 

Visual 
observation 
from tankvida 
camera, load 
tension reading 

ressure and 

Administrativ 
Procedures 

Approved 
procedure 

Approved 
procedure for 
stuck-ball 
condition. TRC 
approval 
required to ope1 
the enclosure 
with the 
isolation valve 
D p ”  

Basis for Safe S h u t d o w n  
Control Definition 

1 e i s o a t i o n v a l v e  
cannot be dosed, cease 
operation and inbeshgate 
problenr Resumenomal 
operation after problem i: 

o prevent 
damagetothe 
tank 

viscometer 
SEF” 
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TABLE 6-10 (CONT) 
CONTROLS FOR VISCOMETER INSTALLATION, REMOVAL, AND OPERATION 

System or 
Condition 

-Radiation near 
or at 
Viscometer or 
Riser 

-Isolation Valve 

tank Water 
Addition 

Volume 

Water 
Temperature 

Maximum Flow 
Rate 

80th Tank and 
Viscometer Inlet 
HEPA Filter 
pip% 

sco 
Radiation near 
and in the 
enclosure 
should be 
surveyed and 
d e t e m h d t o h  
within 
acceptable 

viscometer 
access 
operations 

Valve may be 
dosed as much 
as ossible 
wit%out 

wire. Donot 
reo enuntil 
encYosure is 
resealed 

limits for any 

damagingthe 

a.76 m3 (200 
gal/d) and 3.79 
m 3 ( 1 ~ 0  al)  
total (tota? ' 

indudes 
operation and 
removal of 
viscometer and 
2-in. water 
lance) 

be increased b 
TRG approva?' 

Temperature 
must be <54.4"C 
(130'F) for 
water addition 
above the waste 
surface 

The amount may 

Maximum flow 
rate is S0.1 
m3/min (3.5 
$d./min) 

Nodamageto 
HEPA filter is 
sllowed 

Surveillance 

survey before 
Openinp,the 
eiulosGe 

Monitor flow 
totalizers on 
supply truck 

Monitor truck 
tank 
temperature 
before water is 
pimped 

Flowmeter or 
:alculation 
9ased on source 
DreSSure and 
xifice size 
Admnistrahve 
Drocedures to 
mure proper 

mentation 
Ji'p'"p 

Admioistrativ 
Procedures 

Approved 
procedure 

4pproved 
Jrocedure for 
stuck-ball 
Zondition 

Maintain log of 
111 water 
idditions to 
ank. Check 
waste level to 
mure 10.72-m 
422-in.) level 
wt exceeded 

Lpproved 
irocedure 

ipproved 
irccedures 

Basis for 
Control 

To revent 
radi'ation 
exposure whei 
the endosure 
is opened witk 

ZaEZvvrlv,  

To prevent 
damagetothe 
tank 
compents  
and the 
vimmete1 

Ref. 6 

Ref. 6 

FGziGGG 

Safe Shutdown 
Definition 

mediately c e a s e ?  
novement and evacuate 
,rea around riser. 
nvestigate cause of darm 
&we pro r purge flow 
vhen probrm corrected 
decontamination, repair 
lecontamination system, 
,tc.), resume normal 
iperation 

F water addition 
ccidentall occurs 
utside the iund  of the 
pproved procedures, 
r m t e  all viscometer 
perations 

erminate 
econtamination activitier 
nd ensure shutdown, 
lonitor waste levtel, 
Taste level riser rate, and 
ydrogm concentration 

educe the flow rate 4.5 
d./min 

HEPA l t e r p i p u x  
I place ahnd correctfy 
stalled, do not irutiate 
scometer tesbng 
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System or sco 
Condition 

TABLE 6-11 
CONTROLS FOR VOIDMETER INSTALLATION, REMOVAL. AND OPERAI'ION 

Surveillance Administrative 
Monitoring Procedures 

ipplicability of 
(tandard 
.ontrols for 
>pen-Tank 
)perahon 

Yaste Level 

4oNtored by 
,adcellby 
rane operator 

TRG may 
approve 
accounbing for 
the offset d FIC 
is not available 
and other level 
instruments are 
d t o  
determine the 
level when the 
PNL analysis of 
level au esis 
m m p L %  (see 

Also, TRG may 
approve using 
Z-mm/d (0.08- 
in./d) owth 
since h last 
available FIC 
reading to meet 
this control 

APP. C) 

Voice alarm at 
wei tplus 
2008' 

lane and Load! 

MadmUll 
Loads for 
Voidmeter 
Installation anc 
Removal 

?e controls r 1 shall be 
followed for 
voidmeter 
installation and 

venin Table 

removal 
No installation 
when the waste 
level is >10.26 m 
(404 in.) or the 
IRGdetermined 
level based on 
analysis or new 
data 

-ift loads do 
wt exceed 
Neight plus 
!5% for 
nsertion, 
Neight plus 
50% for 
.emoval 

avel 
neawlemmt 

s f e  Shutdown 
Definition 

ke Table 6-1 
or basis o f  
pecific 
ontrols 

kid. 2 

'revent a 
ossible 
ana tothe 
iwr %e to 
iteral loads 

--- 
k e  Table 6-1 

IO not start 
nsertion/installation 

- 

Removal: 
If the maximum load 
exceeds the value specified 
by SCO, stop motion and 
investigate cause. If the 
unusual load is due to the 
bent voidmeter column 
(after visual inspection), 
lower the voidmeter into 
the bottom of the tiink and 
mure the voidmeter. TRG 
will decide how to 
proceed from this point 

Installation: 
Stop lowering the 
voidmehrr. Investigate the 
cause. U the decision is to 
remove the voidmeter, 
decontaminate it first, then 
remove it 
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TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION. REMOVAL, AND OPERATION 

Svstem or 
Cbndition 

during Removal 
Minimumhd 

Lifhg Height 

Elastomer 
Gaskets 

me l i h g  
hei tforthe 
voi& eter and 
the associated 

limited such that 
the impact 
energy during a 
dro accidentis 
2 0 %  J (1500 
ft-lb) 

Ihis value may 
be increased 
based on TRG- 
approved 
analysis of 
additional 
unpact 
protection (e.& 
rnpact limiters) 

hpact limiter 
rhould be in 
place during the 
mtallation of 
h e  voidmeter 

4n elastomer 
rasket shall be 
h place before 

%eter over 
k e r  

3:d%Et 

Surveillance 

oad cell by 
Iane operator 

Iisual 
ibservation 

'isual 
bservation 

idministrativc 
Procedures 

Ioice alarm at 
~ssembly weigh1 
ninus 40% 

Iisual 
nonitoring and 
, & u r d  work 

stall gasket 
efore movmg 
oidmeter over 
iser 

Basis for 
Control 

'revent a 
wssible 
lama tothe 
iser %e to 
ateral loads 

'revent a 
wssible 
lama tothe 
iser %e to 
Iro accidents 
A&. 1) 

'revent 
ossible 

iser caused by 
ro accidents 

amagetothe 

4&. 1) 

Safe Shutdown 
D e f i n i t i o i i  

kIlOVal: 
f the maximum load 
?xc& the value spedfiec 
JY SCO, stop motion and 
nvestigate cause. If the 
musual load is due to the 
m t  voidmeter Cullunn 
after visual inspection), 
ower the voidmeber into 
he bottom of the tank and 
mure the voidmeter. TRC 
will decide how to 
> m d  from this point 

f voidmeter (or demntam- 
nation manifold or impacl 
imiter ) is at the correct 
reiet, continue th,? 
ichvity. Otherwire, 
:orrect the height if the 
ifted item is not in the 
,iser 

f gasket is not installed, 
emove voidmeter .awa 
rom the riser until gasZet 
j installed 
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idministrative 
Procedures 

4 proved work 
, in s  

TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION, REMOVAL, AND OPERATION 

Basis for 
Control 

Prevent spark 

fewgon in 

System or 
Condition 

nsertion or 

ipproved 
x e d u r e  

oftware shall 
ivealarm 
ignals to 
idicate that 
CO values are 
xceeded. 
enninate the 
ctivity if SCO 
alues are not 
iithin the 
lstnunentation ' 

iemoval 
w'elocity 

nstallahon 
jpecific 

To verify that 
voidmeter is 
operational 

To prevent 
spark 
generation, 
mechanical 
failure of 
sampler and 
forearm, 
leakage, and 
provide a safe 
operation 

Joidmeter Statu! 
)efore 
nstallation 

ncertainty 

-Status of 
Sampler and 
Valves 

A ressure of 
24P wa (35 
psia) in 
actuators 
prevents wash 
entering the 
cylinders 
when the 
voidmeter 
inserted into 
the waste 

Pressures in 
Pneumatic Liner 

sco 
M . 3  m/s 
(1 ft/s) 

Pressure 
regulator valve 
must be 
operable 

Pressure relief 
valves must be 
set at a value 
1110% of the 
operating 
pressures 

AU other 
functions shall 
be operational 

Upstream of 
pressure 
regulator PVC-I 
is 213.8 MPa 
(2000 psig) 

Downstream of 
pressure 
regulator PVC-I 
is G . 6  MPa 
(660 psig) 

Downstream of 
oressure 
;egulator PCV-~ 
is S1.5 MPa 
,220 psig) 

Downstream of 
pressure 
regulator PCV-3 
sW8MPa  
550 psig) 

4ctuator 
?&lust 
xessure 2241 
S a  (35 psia) 

nlet and 
%haust of 
ictuators are 
9 4 1  kPa (35 
xis) before 
p i a t ion  

Monitoring 
Iisual 
ibservation ani 
d F = t  

risual using tht 
ontrol unit 

lower the insertion or 
removal velocity 

Do not initiate installa- 
tion if the valves are not 3 their default position. 
Jose the riser and correct 
the problem 

f one of the spenfixl 
xessures IS exceedlng the 
KO value. do nut INhale 
nstallahon Close the 
iser Investigate cause5 
or unexpected rezIstuc% 
an e Correct P e  
,robem tu prtreed 

f the actuator cvhnders 
lo not stav at 241 <Pa (35 
ma) after they are 
-nergzd and deenergmd 
iunng the uuual ttshng. 
lo not install the 
oidmeter Investig,ate the 
rakage and correc the 
inrblem 
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TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION, REMOVAL, AND OPERATION 

System or 
Condition 

.Lyr:'F 
Endosure 

Water Level in 
the Water Tank 

Plug Gauge 
Installation- 
Maximunl 
Loads 

Lifting Height 

Tug Gauge 
nsertion or 
lemoval 
IeIocit 

kcontam- 
lug Gayugc- 

nation for 
kmoval 

rddition- 
'olume 

sco 
Must be <6OoC 
(140'F) and 
>O°C (32°F) 

Must be full 
before 
installation 

Lift loads do 
not exceed 
weight plus 
25% for 
insertion, 
weight plus 
50% for 
removal 

The lifting 
height for the 
plu gaugeis 

impactenergy 
during a drop 
onormthe 
riser is 9030 J 
(1500-ft-lb) 

This value may 
be increased 
based on TRG 
approved 
analysis of 
additional 

suck that the 

PI gaugemmt 

inated before 
removal from 
the riser 

be%wntam- 

50.1s m j  (50 
al.) without 

~ R G  approval 

Surveillance 
Monitoring 

iemwrature 
ea? e m  
ontro m t  
One of the 
lTDs inthe 
lart of the 
roidmeter 
mated in the 
ndosure may 
eusedtomeet 
tus control) 

Iisual 

donitored 
ising load cell 
'y crane 
,perator 

risual 
ibservation 

:rane operator 
dgmad 

'isual 
bservation and 
idiation 
1onitoring 

lonitor flow 
)takers on 
ipply truck 

Administrativa 
Procedures 

Amroved work 

A provedwork 
p&ns 

Voice alarm at 

20" weY? plus 

Visual 
monitoring and 
a provedwork 
pram 

Approved 
procedure 

Approved 
procedure 

Maintain log of 
ill water 
additions to 
.ank 

Basis for 
Control 

To orovide 
coriect flow 
rates and 
operating 
conditions 
duringthe 
o eration 
ptase 

To prevent 
unsuccessful 
operation 

Prevent a 
possible 
d m  tothe 
riser E m  
lateral loads 

Prevent 
possible 
danu etothe 
riser b m  drop 
accident 

To prevent 
spark 

To deantam- 
inate the plug 

rg. contanun- It 
a t e d  when 
inserted in the 
riser 
Ref. 6 

Safe Shutdown 
D e f i n i t i o n  

Do not initiate the 
installahon. Close the 
riser and take acbon to 
obtain an acceptable 
enclosure temperature 

If the water tank is not 
full, close the riser and fill 
the tank 

If the maximum load is 
exceeded, stop mo Lion and 
investigate cause. If the 
excessive load is due to 
riser, decontaminate the 
plug gauge, remove it from 
the riser, and close the 
riser with a blind flange 

If lift height is higher than 
KO, correct heigh.t,. , 
continue with activihes 

The desien of the imoact 
limiters k i t  be ap$o&i 
by the TRG if linuters are 
needed 

velocity to less than SCO 

Proper deantaminqhon 
xocedures must be m 
>lace before removal 

- 7 excessive water 
iddition detected, 
erminate water addition 
mmediately, remove water 
:onnection, and wait for 
TRG approval before 
!ontinumg operations 
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Radiation 
monitor near 
voidmeter 

TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION, REMOVAL, AND OPERATION 

Terminate 
operation if 
radiation level 
exceeds value 
specified by 
SCO 

System or 
Condition 

Pmoval S@I 

Kadiation Level 
?ear the 
Voidmeter 

:kxontaminatior 
If Voidmeter 
juring Upward 
rtotion 

sco 

The radiation 
level shall not 
exceed 100 
m m / h a t a  
distance not to 
exceed 45.7 an 
(18 in.) as the 
voidmeter is 
being raised 
from the riser 

The voidmeter 
must be d m -  
tarmnated 
beforeu ward 
motion k t  can 
carry waste 
into the riser. 
The voidmeter 
can be allowed 
to move upwarc 
theminimumof 
either 4.57 m (1: 
ft) or the 
established 
InklkMn 
effective decm- 
tamination 
distances for t h e  
decmtam- 
ination flow 
and duration 
used. Ifthe 
voidmeter is 
retrieved 
without being 
decontaminated, 
a continuous 
radiation 
survey near the 
voidmeter must 
beconducted If 
the allowable 
radiation levels 
we exceeded, 
kcontam- 
nation of the 
ioidmeter is 
Pquired 

Basis for 
Control 

Add. 2 

4dd. 2 

Safe S h u t d o i r  
Definition- 

Immediately cease 
voidmeter movemait and 
evacuate area around 
riser. Insert the voidmete 
back into to the riser unti 
the radiation level is 
below the SCO. Decon- 
taminate the voidmeter 
once more and resume 
upward motion. If the 
radiation level exceeds th 
KO, repeat the prc-ress 
described above until the 
radiation level is below 
the K O  
If SCO conditions a c  
violated, insert voidmeter 
back into the nser imd 
decontaminate the 
voidmeter 
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o prevent 
h g e  to the 
oidmeter and 
iser 

WHC-SO-WM-SAD-033 
REV 2 

Do not initiate removal 
and investigate why the 
forearm is not vertical. 
TRG may give rn-ion 
for next ste aKr  
reviewine &e 

TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMIXER INSTALLATION, REMOVAL, AND OPERATION 

Pressure 
transducer on 
the piping and 
instrumentation 
system 

-- 
System or 
Condition 

loidmeter Status 
iefore Removal 

Status of 
Sampler *id 
Valves 

Software shall 
@ve alarm 
signals to 
indicate that 
SCO values are 
exceeded. 
Terminate the 
activity if SCO 
values are not 
within the 
instrumentation 
uncertainty 

Pressures in 
Pneumatic Line: 

o revent 
8acRow and 
?&age 

i.pplicabibty of 
tandard 
ontrols for 
losed-Tank 

If one of the specified 

60 value, depresmrize 
them lerandpufthe 
solenoiivalves mto the 
default positions. 
Investigate causes lor 

rmures is exceeding the 

beration 

See Table 6-2 

sco 

See Table 6-2 See Table 6-2 See Table 6-2 - 
for basis of 
specific 
controls 

Sampler must be 
depressurized 
and open 

Forearmmustbe 
vertical 

All solenoids 
and manual 
valves must be 
at default 
position 

The lower 
assembly must 
beinthetank 
cknw 

Actuator 
exhaust 
F u r '  is 22241 

a (35 psia) 

The rnntrnlq ~~ . ..~ 
'venin Table E?- 2 shall be 

followed for 
Voidmeter 

Cease the 
observation removal if the 
with video 

Visual I forearm is not u 
camera when the verhcal 
voidmeter is in I msitioi 

Visual 
observation of 
control unit for 
status of valves 

unex$ed pressur- 
range Do not inhite 
removal unhl TRG 
approves Meanwtule, thc 
voidmeter may k lowered 
to the bottom of the cank 
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TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION, REMOVAL, AND OPERATION 

System or 
Condition 

Yaste L e x  el 

ha t ion  of 
)peration 

sco 
Mill be 510.26 
n (404 in.). 
h r a t i o n  of tht 
ldmeter abva 
his l i t  
equires TRG- 
Ipproved 
inalysis 

16 d 

Surveillance 

&?== 

Visual 
inspection 

Administrative 
Procedures 

accounting for 
the offset d RC 
is not available 
and other level 
instruments are 

YAthe 
level when the 
PNL analysis of 
level au esis 
compfed (see 

Also, TRG may 
approve using 
2-11~n/d (0.08 
in./d) owth 
since ti% last 
available FIC 
rea- to meet 
this control 
Maintain log o f  
operation days 

APP. C) 

Basis for 
Control 

kld. 2 

.ikelihood 

lade basedon 
ie 16 d 
laGmlml 
peration 

rgument is 

o ration. Initiate 
&down definitilm; put 
the lower assembly and 
all solenoid valves in 
default position, discharge 
the sampler if prersunzed, 
deener m the power to 
the voBmeter, ant1 initiate 
the removal if no etxcessive 
load is observed. 
Otherwise, lower the 
voidmeter into the tank 
and secure it to tht? riser 

Terminate activities i 
total 0 ration exceeds 16 
d. TR'!?approval is 
needed to continue 
activities 3 
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TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION, REMOVAL, AND OPERATION 

-- 
Svstem or 
dondition 

Pressures in 
Pneumatic Lines 

'ressure in 
ktuators 

-- 
nsertion 
lelocity during 
h P %  

Ielocity in 
Jpward Motion 

sco 
Upstream of 
pressure 
regulator PCV-I 
~ 3 6 . 6  MPa 
(2400 psig) 

Downstream of 
pressure 
regulator WC-I 
is 94.6 MPa 
(660 psig) 

Downstream of 
pressure 
regulator KV-2  
is 11.5 MPa 
(220 psig) 

Downstream of 
pres sur e 
regulator PCV-3 
is U.8 MPa 
(550 psig) 

Actuator 
exhaust 

Inlet and 
exhaust of 
actuators are 
2241 kPa (35 
Dsia) before 
operation 
Pressure must 
alwa s be >241 
p a  6 5  psia) 
when thev are 
not activated 

a . 3  m/s 
(1 ft/s) 

11 ft/s 

Surveillance 
Monitoring 

'ressure 
ransducer on 
he piping and 
nstrumentatior 
y S h l  

'ressure 
ransducer 

:rwe operator 
nd control uni 
ersonnel - 
:rane operator 
nd control unii 
ersmnel 

Ldministrativi 
Procedures 

ioftware shall 
ive alarm 
lgnah to 
ndicate that 
CO values are 
!xceeded. 
rerminate the 
ictivity if SCO 
ialues are not 
vithin the 
nstrumentation 
mcertainty 

ipproved 
mcedure 

L provedwork 
i n s  

L proved work 
# i n s  

Basis for 
Control 

To prevent 
spark 
generation, 
mechanical 
failure of 
nmpler and 
forearm, 
leakage and 
provide a safe 
>peration 

!41 kPa (35 
,sia) 

1lwi;ys 
xovided to 
xevent waste 
Enetrahon 
nto actuators 
To enhance the 
ibility of 

'orrect 
ouecting 

ampling and 
.Dark 
fotection 
;park 
rotection 

ihons. Initiate 
ie:::f%ose th,? riser 
nvestigate the cause of 
hutdown. Correct the 
mblem to promxi 
iperation with TFG 
ipproval 

he o ration and initiate 
afe sgtdown procedure. 
'erform radiahon survey 
' the voidmeter is removed 
nd investigate why 

educe the insertion 

ctuators leaks 

elocity 

elocity 
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TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION, REMOVAL, AND OPERATION 

System or 
Condition 

Maximumhdl  
during Upward 
Motion 

Llinimum Load 

lownward 
klotion 

luring 

remperature in 
ytzumentation 
mdosure 

ixial Distdnce 
etween the Jet 
kflector and the 
'op of the Load 
ibsorber 

'-2 Water Wash 
'ank -- 
equuemerit for 
'heck Valves 

oidmeter 
osition 

sco 
Lift loads do 
not exceed 
weight plus 
25% for 
insertion, 
weight plus 
50% for 
removal 

Must be 40°C 
140'F) and 
>O"C (32'F) 

dust be >0.3 m 
1 ft) 

Iust be >5% of 
ull capacity 

ifter each test, 
heck valve on 
ie pressurizing 
nemustbe 
rashed with 
rater first and 

ie riser during 
peration 

monitored by 
crane operator 

Load cell 
monitored by 
crane operator 

rempature 
readm from 
:ontroYumt 
'One of the 
RTDS in the 

ioidmeter 
mated in the 
?dosure may 
Eusedtomeet 
Ius control) 

{isual or other 
eve1 

JXt Of the 

mvel 
rmducer 

oftware timing 
c manual 

Jltrasonic level 
ieter or another 
vel augeor 
isuaH 

Administrativ, 
Procedures 

Voice alarm at 

20' weP 

Voice alarm at 
assembly weigh 
minus 40% 

A provedwork 
p i n s  

4 provedwork 
,ins 

bftware shall 
ndicate an 
ilarm si 
"hen 5 E ' t h e  

ontrol or 

i provedwork 
# i n s  

satisfactorily determined, 
the TRG can approve 
continued activi If the 
unusual load is x e  to the 
bent voidmew m l i m  
(after visual inspection), 
lower the voidmeter into 
the bottom of the tank and 
secure the voidmeter. TRC 
will deude how to 

lateral loads I the unusual load is 

To provide 
proper flow 
rates for 
pressurizatior 
tank and 
actuators 

satisfactorily determined, 
the TRG can approve 
continued activi 

shutdown conditian and 
investigate causes for 
unreasonable 
tern ratures. Correct 
proL%m and obtain TRG 
amroval to Droceed with 

eakage 

To provide 

jeaning 
zLFOr 

procedure Provide water 
to tank and proceed with 

valve and purge wlth N2 
before next operahon 

vaste voidmeter 
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TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION, REIVIOVAL, AND OPERATION 

System or 
Condition 

IManual Valve 
IPositions 

ihdiation Level 
near the 
Voidmeter 

sco I Surveillance 

Valve below 
water tank 
(HV-8) is closec 

Valve (HV-2) is 
set to a position 
to give proper 
flow rates 

Valve HV-4 is 
closed 

Valve Hv-5 is 
closed 

Valve HV-3 is 

V,l;a;itoring 

$Etion 
installation and 
operation 

exceed 100 voidmeter 
nuemlhata 
distance not to 
exceed 45.7 an 
(18 in.) as the 
koidm’eter is 
being raised 
from the riser 

Administrative 
Procedures 

A provedwork 
p8ns 

Permmate 
Dperation if 
radiation level 
?xceeds value 
yeafied by 
YCO 

Basis for 
Control 

Valve 
rmsitions art’ 
tmportant to 
control the 
flow direction 
and rates 

Add. 2 - hedta te ly  cease 
voidm&r nuwemeit and 
?vacuate area around 
riser. Insert the voidmeter 
Jack into to the riser until 
h e  radiation level is 
xlow the SCO. Dean- 
aminate the voidmeter 

more and resume 
ipward motion. If the 
.adiation level exceeds the 
KO, repeat the process 
lescribed above until the 
.adiation level is below 
he SCO - 
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motion that can 
carry waste 
into the riser. 
The voidmeter 
can move 
upward the 
minimumd 
either 4.57 m (15 
ft) or the 
established 
mirdrmrm 
effective 
dmntamjn- 
ation distances 
for the 
decontamin- 
ation flow and 
duration used. 
If the voidmeter 
is retrieved 
without being 
decontamin- 
ated, a 
continuous 
radiation 
survey near the 
voidmeter must 
be conducted. If 
the allowable 
radiation levels 
are exceeded, 
decontamin- 
ation of the 
voidmeter is 
required 

WHC-SD-WM-SAD-033 
REV 2 

voidmeter . I coitrol center 

TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION, REMOVAL, AND OPERATION 

ition of 
Joidmeter 
iunng Upward 
vlotion 

ank Water 
Addition 

Jolume 

sco I Surveillance 

a.76 m3 (200 
$aal/d) and 3.79 
m 3 ( 1 ~ 0  al)  
total (tota? ' 

lncludes 
>peration and 
-emoval of 
&mmeter and 
2-in. water 
ance) 

x increased b 
TRG approvaf 

Ihe amount may 

Ionitor flow 
)talizers on 
ipply truck 

Administrativ 
Procedures 

Approved 
medure. 

FI ealth physics 
monito&n. is 
required 
initial 
operations unh 
demntamjn- 
ation effective- 
ness is 
established 

laintain log of 
I1 water 
dditions to 
mk. Check 
caste level to 
w u e  10.72-111 
122-in.) level 
Dt exceeded 

Basis for 
Control 

4dd. 2 

:ef. 6 

Safe S h u t d o w n  
D e f i n i t i o i i  

If X O  conditions are 
violated, insert voidmete 
back into the riser and 
decontaminate the 
voidmeter 

If water addition occurs 
by acadent outside the 
bounds of approved 
procedures, terminate all 
voidmeter operations 
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Procedures 
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Control Definition 

TABLE 6-11 (CONT) 
CONTROLS FOR VOIDMETER INSTALLATION, REMOVAL, AND OPERATION 

p h  and 
procedure 

System or 
Condition 

bperation in 
Bottom 127m 
(SO in.) of the 
rank 

d&ge to the 
voidmeter and immediately and inspect 
tank bottom 

voidmeter in dw d&e 

the forearm visually using 
video camera. If no 

'Voidmeter 
3peration in 
Ikme Space 

Cover Position Control unit 
solenoid valve 
position 

Depressuriza- 
tion 

Approved To reduce If SCO value is exceeded, 
procedure further operation iequirer 1 ZZtat ion TRG approval 

sco 
bo not rotate 
forearm in 
boltom 1.27 m 
(50 in.) of the 
tank 

Control unit 

Do not actuate 
the cover in the 
dorr 

No depressuri- 
zation into the 
drnv 

Approved To reduce 
procedure spark 

1 generation 

Surveillance r;nyotori:& 
actuator contri 
and ultrasonic 
level 
measurements 
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Gas Specie Best Estimate (%) 
Hydrogen 28.77 

Nitrous Oxide 24.45 

APPENDIX B 
COMPOSITION AND THE LEAN FL.AMMABILITY LIMIT 

FOR THE RELEASE GASES 

Conservative Estimate (%) 
31.41 
26.69 

31.1. OBJECTIVE AND SUMMARY OF RESULTS 

laany of the accidents analyzed in this SA require knowledge of the release gas 
composition (e.g., burn and toxicological consequences of a GRE). The objectives of 
this appendix are: 

to obtain a conservative estimate for the release gas composition, 

to compare the estimated composition with the most recent GREs 
(especially those induced by pump operations), 

to quantify the conservative LFL for the gas mixture of interest, and 

to assess the adequacy of the gas monitoring instruments 

Based on the analysis of the available data, we obtained the following best-estimate 
and upper-bound composition for the release gases. 

Nitrogen 
Methane 

Water VaDor 

32.82 23.51 
0.35 0.53 
2.4 2.4 

I Ammonia I 10.95 I 14.95 I 

Othersa 0.25 I 0.5 

For the gas mixture, the LFL is calculated using Le Chatelier's linear mixing law. 
The conservative estimate for the LFL is 3.5% H2. 

EIecause the SA controls are written in terms of instantaneous gas concentrations, 
the accuracy and response time of the measuring instruments also are discussed in 
this appendix. 

This appendix supports the following controls listed in Sec. 6 of the SA: 

periodic (once every 3 months) analysis of the gas composition data, 
maximum and minimum waste temperatures, 
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maximum hydrogen and ammonia concentrations, and 
dome pressure and ventilation flow controls. 

2.0. GASCOMPOSITION 

The release gas composition cannot be measured directly. The measurements, come 
from samples obtained from the dome space and diluted with air. Thus, we need a 
model to obtain the gas composition from the available discrete measurements. 

2.1. Mathematical Model 

Fkst, we write the material balance equation for the species that are known to exist 
in the release gas: 

F(H~)+F(N~O)+F(NH~)+F(CH~)+F(N~)+F(H~~)+F(O~~~~S)= 1 , (B-1) 

which contains the six known gases of interest; the ones in small quantities are 
lumped in the volume fraction of "Others." In Eq. (B-l) ,  F refers to the mole 
fraction for the specie shown in parenthesis. We have seven unknowns that 
require six additional relationships. First, we estimate the fraction of the hydrogen 
in the release gases as 

where F(H2,dry) is the mole fraction of hydrogen in the release gas excluding the 
condensable gases ("3 and H20). We set F(H2,dry) equal to a constant obtained 
from the grab sample data. Likewise, we estimate F(0thers) as a constant from the 
grab sample data. We also calculate F(H20) as a constant using the thermodynamic 
relationships. The remaining relationships are obtained from gas fraction ratios. 
The following ratios are set to constant values obtained from available data: 
RN20)/F(H2), F(NH3)/F(N20), and F(CH4)/F(N20). 

The mathematical model is based on two important assumptions: 

the composition does not change from one GRE to the next, and 
the composition of the release gases remains constant throughout 
GRE. 

the 

The validity and limitations of these assumptions are discussed in Secs. 2.5 and 2.6 
of this appendix. In our burn calculations, we are interested primarily in the fuel 
components (hydrogen, ammonia, and methane). The burn pressure results are 
affected also by the nitrous oxide because the combustion of hydrogen, ammonia, 
artd methane are more energetic with nitrous oxide than with oxygen. Thu.5, for 
burn calculations, we want to maximize the concentration of these components 
within the uncertainty bounds. By computing the fuel equivalency of the mixture, 
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we can show that within the parametric bounds of interest, tuel is maximized by 
maximizing the following parameters: F(H’,dry), F(N20) / F(H2), F(NH3) /F(:N20), 
and F(CH4)/F(N20). Later in this section, the equivalent fuel calculations are 
discussed. This scheme also is consistent with the toxicological consequence 
analysis where we want to maximize the ammonia content in the release. 

:!.2. Input Parameters 

,4 detailed discussion of the data collected since the April 1990 event is provided in 
Ref. 1. As discussed in Ref. 1, there is considerable uncertainty in the grab sample 
data reported from the early phases of the gas monitoring program. In this 
appendix, we use only the subset of the data. For instance, the grab sample data 
where oxygen is used as the tie-gas are believed to be superior to the data where 
argon is used as the tie-gas.2 Therefore, we used the noncondensable gas data 
obtained using oxygen as the tie-gas.’ Although there were some remote ammonia 
measurements made in the previous events, only the on-line ammonia data are 
available for Event I (June 1993) and the induced events (September through 
November 1993) during pump operations. These on-line ammonia data are used in 
this analysis, as well as the on-line methane data from the same events. 

The input parameters used in the mathematical model are shown in Table B-I, 
along with the source of the data and the pertinent discussion. 

:!.3. Results 

‘The resulting gas compositions are provided in Table B-2. 

13ecause a propagation-of-errors calculation was not used, the difference between 
the best-estimate and conservative-estimate ammonia fractions in Table B-2 corre- 
sponds to 1.42 std dev on the ammonia fraction, which provides a confidence 
interval >92% for toxicological consequences.3 Because of conservatism in evalu- 
ating the parametric standard deviations in Table 8-2, we believe that the safety 
margin is appropriate. 

:!.4. Equivalent Fuel Calculations 

A s  mentioned previously, we maximized the fuel in the mixture within the bounds 
of the data uncertainty. In this process, we evaluated the fuel content of the mixture 
by a simple model. This model calculates the equivalent internal energy of com- 
bustion for the fuel mixture and is based on the following assumptions: 

1 The process can be approximated as a constant volume combustion. 

2 The only combustion products considered are water, nitrogen, and (carbon 
dioxide. We do not account for other possible combustion products such 
as NO,. 
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3.85 

3.56 
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1 std dev. 
Because neither of these gases naturally exist in the air, this ratio can 
be quantified very precisely in the g a b  samples. Reference 2 shows 
that the N 2 0 / H 2  ratios fall within a narrow range at  -0.85 for Hz 
concentrations >1% in the samples. At low Hz concentrations,, there is 
considerable scatter in the data. For HZ concentrations >1.5%, all data 
fall below 0.86, and the BE ratio is 0.813 Thus, for this parameter we 
use 0.85 for both BE and CE calculations. 

The MS data from Event l4 shows this ratio to be between 0.67 ,and 0.8. 
The ratios data from Event I and subsequent pump-induced events 
(August 27, 1993, and September 17, 1993) are not easily obtainable. 
Hydrogen data are obtained either from the GC or the Whittaker. 
Nitrous oxide data are obtained from the FTIR. Different ljampling 
and data analysis principles for these instruments make computation of 
the ratio difficult. Nevertheless, the discussion provided 'in Ref. 1 
shows that the ratio used in this analysis (0.85) is supported by these 
later data. Further discussion 'of the various instruments is provided at 
the end of this appendix. 
On-line ammonia measurements were available for Event I and the 
post-Event I events. Comparing Event I; the August 27,1993, event; and 
the September 17, 1993, event; the maximum "3-to-NzO ratio during 
the first 15 min was measured during Event 1. We used that value of 
3.448 a s  the BE. The upper bound is estimated using the uncertainty 
estimates for the FTIR as 0.56. This magnitude bounds all daita within 
the first hour of each event analvzed. Further discussion of this 

TABLE B-1 
BEST ESTIMATE (BE) AND CONSERVATIVE ESTIMATE (CE) FOR THE INPUT 

PARAMETERS 

- 
BE - 

53.2% 

0.85 
- 

- 
0.448 

ZiZ 

2.4% 

- 
).25% 

- 

CEI Discussion 
8 . O % b i s  value is obtained from Ref. 2. The CE corresponds to 

barameter is provided in Ref. 11. 
1.02 p h e  value 0.0145 is obtained from the only available frame 

I where CH4 could be measured. Data from the August 27, 1993, and 
September 17,1993, data provide ratios ranging between 0.01 and 0.012. 
The standard deviation for the ratio obtained using the FTIR data i 
estimated to be -38% of the BE value. Further discussion is provided in 
Ref. 1 .  

,estimate. Because of the small maanitude. we d o  not accIaunt fo " 
additional uncertainty over the theoretical value. 

.50% Reference 2 gives the fraction of unknown gases in 
portion of the release gases a s  0.5%. lncludina CHA. - " .  

for the unknown gas fraction in the total release excluding methane. 
e set the BE value to half the CE value. 
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3. The methodology assumes that all available nitrous oxide is consumed. 

4. The reactants and products behave as an ideal gas mixture. 

Table 15-3 lists the internal energies for the fuels oxidized by nitrous oxide and 
oxygen 

Using these energies, we write the equivalent fuel in terms of volume of hydrogen 
burning in air. First, we define the fraction of the fuel that is oxidized by nitrous 
oxide as 

(B-3) F(N20) 
v =  F(H2)+1,5F(NH3)+4F(CH4)+F(CO) . 

'Then, using the internal energies from Table B-3, we write the equivalent fuel as 

Fuel = F(H~)[l.35~+(l-~))+FF(NH~)[1.84~+1.32(1-~)] 
(8-4) 

+F(CH4)[4.71v+3.32(1-v)]+ F(CO)[1.52v+l.l7(1-~l)] . 

TABLE 8-2 
BEST ESTIMATES AND CONSERVATIVE ESTIMATES FOR 

RELEASE GAS COMPOSITION 

28.77 31.41 
24.45 26.69 
10.95 14.95 
32.82 23.51 

I 

2.4 2.4 
Wthers" is assumed to represent carbon monoxide in the bum calculations. 

TABLE B-3 
INTERNAL ENERGIES OF COMBUSTION FOR 

DIFFERENT FUEL-OXIDIZER PAIRS (kJ/MOLE OF FUELP 

-240.55 -323.80 
-317.44 -442.45 

-281.72 -365.04 
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We studied the fuel maximization using this simple model. For our best-estimate 
gas composition given in Table 8-2, we calculate an equivalent fuel as 53.14% H:! 
burned in air (128 kJ/mole of release gas) in the release gas. For the conservative gas 
Composition, the equivalent fue: becomes 67.73% H2 combusted in air (151 k:J/mole 
of release gas). Using the linear propagation of errors, the standard deviation for the 
equivalent fuel is -7.13% H2 combusted in air. Thus, the difference between the best 
estimate and the conservative estimate is equal to 1.34 std dev. 

2.5. 

In the composition model, we assume that the composition does not change from 
one GRE to the next. However, if the waste temperature changes between GREs, 
this assumption may not be valid. 

Because ammonia is highly soluble and there may be a considerable amount of 
ammonia in the waste in soluble form, its release strongly is affected by the waste 
temperature.' We use the ammonia data from Window 1 to quantify the am'ount of 
ammonia in the release gas. The maximum temperature allowed in this, SA is 
within the historic bounds of the tank temperature. Unfortunately, however, we do 
not have reliable data for ammonia amounts in the release gas from when the waste 
was at higher temperatures. 

In quantifying the effect of temperature on the gas composition, we ma#ke the 
assumption that the noncondensable fraction of the release gas is not affected by 
temperature. The accuracy of this assumption cannot be quantified currently. How- 
ever, the MS data obtained from periods at higher waste temperatures agree well 
with the current magnitudes in terms of nitrous oxide/hydrogen ratios. 
Nevertheless, the waste temperature and gas compositions must be monitored 
(closely in the future to assure that the proposed composition remains 
(conservatively bounding. 

'The maximum average waste temperature allowed in this SA is 325 K (125'1F), and 
ithe corresponding NC-layer temperature would be 327 K (129°F). We evaluated the 
ammonia release at high temperatures using the solubility and Henry's law constant 
inodels provided in Ref. 8. When we calculated the equivalent fuel, and using the 
same methodology as before, we obtained the best-estimate equivalent fuel as 
57.8% 112 combusted with air and the conservative-estimate equivalent fuel to be 
68.2% H2 combusted with air. These magnitudes are -8.8% higher th,an the 
composition computed at Window I temperatures. 

On the other hand, we currently treat the temperature effects conservatively in our 
burn analysis. Regardless of the NC-layer temperature, we injected the total volume 
into the dome space at 307 K. If we were to inject the gas at 327 K, the weight of the 
injected gas would reduce by 6.5%. 

Effect of Temperature on Gas Composition 
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Since the occurrence of Window I and thc installation of the mixer pump, the 
average waste temperature has remained between 115 and 120°F. As long as the 
temperature remains within this range, we believe that the proposed gas 
composition is conservatively bounding. 

Thus, currently we ignore the effect of possible higher temperatures on the 
ammonia release. However, the TRG must reevaluate the effects of gas 
compositions if, for some reason, the waste temperature becomes >120°F or ,c115'F. 
An administrative control in the SA requires that the effect of temperature on the 
gas composition be evaluated periodically (once every 3 months) by th.e data 
analyses team and reviewed by the TRG. The thermal inertia of the waste is very 
large, and drastic temperature variations in c3 months are not expected even with 
considerable perturbations in the boundary conditions. 

2.6. Comments on Ammonia Mass Transfer 

In the SA methodology, we use a constant ammonia fraction in the release gases. 
Inherent in this methodology is the assumption that all ammonia comes out with 
the released bubbles, which clearly is incorrect. Because of ammonia's high 
:solubility, we postulated that during an event, a mass-transfer contribution to the 
release may be significant. Concerns were raised because of the observed increase in 
the NH3/N20 ratio with increasing release size (between Event I and the August 27 
event). A detailed modeling of the ammonia mass transfer is discussed in Ref. 8. 
'Here, we provide some brief comments to support the approach used. 

:First, we believe that i t  is conservative to use a constant ammonia fraction with 
respect to GRE size. Assuming that ammonia is the only species being released by 
inass transfer. the mass released can be formulated as 

where M is the amount of ammonia mass released by mass transfer to the dome 
during the time period At,  kgo is the overall mass-transfer coefficient based on the 
gas phase, A is the effective mass-transfer area, c is the total gas concentration, Yd is 
the fraction ammonia in the dome, and y" is the ammonia fraction in equilibrium 
with the bulk gas. 

The amount of ammonia released by mass transfer will depend on the size of the 
GRE. The two factors that are expected to be influenced most by the size of the GRE 
are the overall mass-transfer coefficient and the surface area that is disturbed by the 
rollover. The overall mass-transfer coefficient consists of two resistances: the 
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liquid phase and the gas phase. The liquid-phase mass-transter Contribution may be 
formulated as a function of the Reynolds number or average mixing velocit:y, V, as 
kL - V2/3 .  We assume that V - G, where C represents the.size of the GTYE. We 
assume also that the gas-phase mass-transfer coefficient is independent of GRE size; 
thus, kgo approaches a constant as G increases. Based on the behavior of the two 
resistances, the conclusion is that kgo - G", where n <1. 

The effective mass-transfer area is the part of the waste surface that is disturbed 
during a GRE. This area is expected to increase with GRE size, but the maximum 
possible area is the entire tank surface. From video surveillance, the Window I 
event appears to have disturbed the entire surface: thus, the effective mass-transfer 
area is expected to be constant for GREs larger than the Window I event. 

Two other factors that affect the amount of ammonia released by mass tranijfer are 
the driving force ln((1 - yd)/(l - y*)) and duration (At). The dome concentration, yd, 
is expected to increase with G, which will decrease the driving force, but y' will 
increase with G because of heating of the C layer. Increasing y* will increase the 
driving force. Because of these opposing factors, it is impossible to determine 
whether the driving force will increase with GRE size. Although there is uncer- 
tainty, the opposing factors suggest that the driving force will not be a strong func- 
tion of G. The duration of the GRE, At, is not expected to be a strong function of the 
GRE. 

Based on the mass-transfer coefficient and the affected area, which are the two most 
important factors, we conclude that M - Gm, where m 21. The analysis provided in 
Ref. 8 confirms this conclusion by showing that m is approximately unity for GREs 
smaller than Window I and that m must be 4 . 0  for events larger than Window I 
because of the gas-phase resistance limit. If the mass-transfer contribution to 
Window I were substantial, then using a constant ammonia fraction obtained from 
Window I data for larger releases is conservative. 

3.0. LFL OF THE MIXTURE 

Mixtures of more than one fuel require special consideration of the overall LFL. 
The frequently used Le Chatelier model assumes a linear dependence betwleen the 
fuel concentrations and the LFL of the mixture. This linear behavior is considered 
ideal and is used commonly as a reference in LFL experiments. Le Chatelier's, rule is 
observcbd to work well for hydrogen and hydrocarbon fuels. Deviations from ideal 
behavior usually are attributed to kinetic effects that may inhibit reactions and 
disturb reaction chains. These deviations tend to raise the LFL to the rich side of Le 
Chatelier's LFL, indicating that Le Chatelier's rule is a conservative estimate of the 
LFL of a mixture. This also is supported by the hydrogen/ammonia/air data given 
in Josk9 Other fuels in the mixture, such as carbon monoxide and methante, have 
concentrations much lower than 1 %; therefore, their contributions to the L.FL are 
negligible. 
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Using 4% for the LFL of hydrogen, 15% for ammonia, 5.5% for methane, and 12.5% 
for carbon monoxide, along with the best-estimate and conservative-estimate gas 
composition data given in Table B-2, the lower bound on the mixture LFL is 
3.5% H2. One-fourth of the LFL corresponded to 8750 ppm H2. This estimate was 
conservative because: 

The Bureau of Mines datalo show that near 4%, the peak-combustion-to- 
ambient-pressure ratio is very small. 

The most likely ignition location is on top of the dome. Therefore, it may 
be more appropriate to use the downward propagation limit, which1 would 
be higher for all the fuels of interest. 

The hydrogen/ammonia/oxygen data shown in Jost9 indicate that 
Le Chatelier’s law is bounding for this mixture. 

For the LFL of ammonia, 15% is the lower bound cited in the literature. 
The values typically range between 15 and 18.5%. 

The best-estimate value for the mixture LFL may be computed to be >4%. 

3.1. The Effect of Nitrous Oxide on the LFL 

The studies of Hettzberg and Zlochowerll and Jones and Kerr12 indicate that the LFL 
for some fuels of interest in a nitrous oxide atmosphere is much lower than the LFL 
of the same fuel in air (or oxygen atmosphere). 

The burn analyses in the SA are based on the assumption that within a1 given 
uncertainty range, the gas composition is constant. All gases are released at 
approximately the same temperature, and our analyses indicate that during a GRE, 
mixing in the dome space is dominated by turbulent diffusion instead of mcilecular 
diffusion that would prevail in a quiescent medium. Thus, there is no credible 
mechanism for the gases to segregate such that we would have a pocket of gas that is 
very rich in nitrous oxide and near the LFL for the fuels. For instance, for hydrogen 
we use 4% for the LFL. In this case, we estimate that at that location (using 
‘Table B-2), only 12.7% of the gas is release gas (87.3% air) and that there is only 
:3.4% NrO. The amount of ammonia a t  the same location would be 1.9%. Bu.reau of 
.Mines datal0 were obtained as up to 2% NHB with stoichiometric hydrogen/:nitrous 
(oxide mixtures diluted with air; the results confirm that using LeChatelier’s law for 
ithese lean mixtures is appropriate. 

‘The LFL value is used in the SA to develop administrative controls to reduce the 
likelihood of a burn accident. However, in terms of consequences of ii burn 
accident, we do not account for the LFL, and we force the existing fuel tcl burn, 
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H2 

regardless of its local concentration. ‘1 hus, the value of the LFL used in this SA does 
not affect the bum consequences. 

Thus, we conclude that using 3.5% H2 for the mixture LFL is appropriately 
conservative. The administrative controls should be set to less than or equal to a 
quarter of the LFL (8750-ppm H2). 

4.0. GAS MONITORING INSTRUMENTS 

Comments 
GC provides H2 data every 10 mln by taking a snapshot 
analyzing i t  Thus, any transient faster than a IO-mm time scale may 
be completelv missed in the GC data. CCs are susnected to show a 

The instruments that provide on-line gas concentrations in the dome and in the 
ventilation of Tank 101-SY are summarized in Table 8-4. 

4.1. Whittaker Measurements 

~~ 

The Whittakers instrument uncertainty is reported to be 2345 ppm for a 7500-ppm 
measurement.13 However, this is a worst-case scenario where the errors for the 
Whittakers, signal conditioning unit, and DACS system signal noise are added 
together. The numbers quoted appear to be the upper-bound errors corresponding 
to an uncertainty 22 std dev. Furthermore, if these are all random errors, the 
(overall uncertainty is reduced considerably because we have multiple instruments 
operating during an event. Assuming that the maximum error quoted corresponds 
ito a 2-std-dev uncertainty and taking credit for the fact that we may have four 
lhydrogen monitoring instruments operating, the error associated with a I-std-dev 

. I  I very nonlinear response after a sudden change in the concentration. 
W h i t t a l e r  I H2 1 The Whittaker instruments provide continuous H7 

with time. They are diffusion-based devices and consequently have a 
relatively slow response time associated with them. The time 
constant is on the order of minutes. Further discussion for Whittaker 
response time is provided in Sec. 3.1. When the H2 concentration in 
the dome peaks during rapid transients, there mav be considerable 

1 FTIR I N20,  “3, 
vides time-avcragcd data. Earlicr, the averaging period was 15 to 17 
min, which latcr was rcduced to 6 to 8 min. Thus, the FTIRa do12s not 
provide instantaneous concentration. The intermetation of thc data I 
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uncertainty is <600 ppm. This consideration, combined with the fact that our 
mixture LFL estimate is conservative, leads us to conclude that the effect of the 
random error in the hydrogen measurement may be minimal. for the setpoints. As 
mentioned later, the pressure and flow-rate aborts provide much faster and reliable 
protection against exceeding this limit. 

Also, Ref. 13 states that the instrument provides a 90% response to a step chLange in 
<2 min. Other delays are associated with the instrument, such as the transport time 
and time associated with mixing in the Whittaker chamber. However, those are on 
the order of seconds and are negligible compared to the 2-min response time. The 
first-order relaxation model14 for the Whittaker instruments predicts that the data 
may underestimate the actual peak by -30% if the hydrogen concentration rises 
from zero to its peak value in <3 min. 

In Fig. 8-1, we show the asymptotic relaxation model applied to the Whittaker data 
to obtain the actual concentration trace during Event 1.14 This figure shows that 
near the peak, the transient is slow enough that the Whittaker instrument responds 
to the data. The actual concentration predicted by this simulation is 2.93% (as 
compared to a 2.82% measured value). The results are influenced by the 
differencing scheme to a certain degree, suggesting that 12-s timesteps (DACs data 
interval) may be larger than necessary for an accurate accounting of the trace earlier 
in the transient. Instrument 
noise, as well as the effect of sudden pressure and temperature changes on the 
readings, may account for some of these spikes. Nevertheless, the following are the 
important observations from this simulation: 

Also, some of these fluctuations may not be real. 

1. The actual hydrogen concentration trace is not as smooth as the Whittaker 
instruments indicate. In particular, earlier in the transient there may be 
considerable fluctuations in the hydrogen concentration. Some of these 
fluctuations may have a timespan of 4 2  s, in which case it would not be 
stored by the DACS. This may help explain the differences between the 
Whittaker measurements and the MS or GC measurements, which. take a 
sample within a few seconds. I f  this sample coincides with one of the 
small fluctuations, the reading may be higher than the Whittaker 
instrument measurements. 

7. The simulation indicates a sharp peak 24 to 36 s into the simulation (the 
peak value is -1.51 %). The timing of this peak coincides with the increase 
in the dome pressure and the vent flow rates, which suggests that 
hydrogen diffuses fairly quickly in the dome space. 
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Fig. B-1. Predicted and measured hydrogen concentrations for Whittaker 
Instrument 78 during Event 1. 

3 These observations suggest that the available gas monitoring instruments 
may not be adequate to detect very rapid increases in the concentration 
(durations on the order of seconds). Consequently, they cannot be relied 
on for instantaneous indications of reaching or exceeding the LFL. 
However, for safety purposes, small clouds of hydrogen that can result in 
such a rapid transient are not as important as sustained high 
concentrations in the dome (for durations on the order of minutes). With 
the current instruments, such  sustained high concentrations can be 
detected. 

4:.2. GC Measurements 

As mentioned above, the GC provides an almost instantaneous data point every 
10 min. As such, it easily can miss the actual peak in the concentration. Typical 
examples are given in Fig. 8-2, where the GC data for the August 27, 199:3, and 
September 17, 1993, pump-induced events are superimposed. As evidenced in this 
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figure, especially for the August 27, 1993, event, it is difficult to predict the actual 
peak in the hydrogen concentration, which should fall between data points 1 and 2. 

4.3. I;TIR Measurements 

As mentioned before, the FTIR provides time-averaged data, whereas the sample 
gases flow continuously through the instrument chamber. The averaging time 
period at the time of Event I was -15 min. It then required -2 min before the data 
was analyzed and recorded. Thus, to obtain a continuous trace, the following 
integral equation for each data point must be solved: 

where At is the averaging time (-15 min), C, is the data recorded at time t + At, and 
sC(t) is the continuous concentration trace. If there are many fluctuations within the 
15-min time interval, estimating the actual peak for the concentration from the 
reported average values is difficult. To obtain the peak, we must use an estimated 
function for C(t). To demonstrate the methodology, we obtained the trace of GC data 
#during Event I (assuming that the nitrous oxide trace is scalable to the hydrogen 
trace). This approach neglects the short-duration peaks observed in Fig. B-1. We 
(assume that the area under those peaks is small and that the trace can be 
(approximated as a smooth straight line. A more detailed analysis could be per- 
:Formed using the predicted curve in Fig. B-1 as C(t) in the integral given in Eq. (8-6). 
.However, the uncertainties associated with Fig. B-1, as well as the uncertainties in 
ithe FTIR data, possibly would overwhelm the details of such an analysis. Neverthe- 
Iless, our objective is to make a few points about the interpretation and use of the 
IFTIR data; the chosen example serves that purpose. Linearizing the concentration 
trace, we solve Eq. (B-6) for the two data points near the peak during Event 1 to 
obtain the time-averaging starts for the first data point and the actual peak 
Concentration. Using this methodology, the actual peak is 33,000 ppm, as compared 
to the apparent (measured) peak of 29,250 ppm. The details of the calculations are 
provided in Refs. 1 and 3. 

The results of this example are illustrated schematically in Fig. 8-3. A simple curve 
fitting of the data may be quite misleading during the rapid phases of the gas release 
transient (at or near the peak). The actual peak concentration may be buried in a 
data point other than the one that shows the apparent maximum. There may be a 
large time lag between the recorded data and the actual transient. In this example, 
the time lag between the recorded and predicted peak is -25 min. Based on these 
observations, we recommend caution in comparing the FTIR data to data from 
other instruments (especially those that provide instantaneous sample data.) at or 
near peak concentrations. 
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GC hydrogen data for the August 27 and September 17, 1993, events. 

TIME 

Fig. B-3. Schematic description of the FTIR data compared to a possible 
actual trace. 
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We need to compute the nitrous oxide/hydrogen ratio for the gas composition 
analysis. Because the FTIR does not provide data for hydrogen, we must use two 
different instruments for this computation. Because of the difficulties discussed 
above, this computation has a large degree of uncertainty. Here, for discussion 
purposes, we use the GC data for hydrogen. The uncertainties in the clock for the 
two instruments enhance the degree of difficulty in the computation. One approach 
would be to compare directly the peak measured values. Using this approach, we 
compute the ratio of nitrous oxide to hydrogen as 0.88. Another approach could be 
to compare the estimated peak values, which yields 0.94. Neither approach is 
appropriate and can introduce considerable error. For the first approach, we 
compare an instantaneous reading with a value averaged over a large (compared to 
transient timespan) time period. In the second case, we use an estimated C(t), the 
accuracy of which clearly is challenged by Fig. 8-1. In this case, another approach 
could be to use a linear average for the GC over a series of points and compare that 
with the FTIR values. For instance, we can take the three data points near the peak 
for the GC that cover a timespan of -30min. The two FTIR data near the peak 
correspond to a timespan of -35 min. This method gives the nitrous oxide to 
hydrogen ratio as 0.89. The values computed using any of these methods do not 
agree with the ratios obtained directly using the MS data where the ratio varies 
between 0.67 and 0.8 (Ref. 4). However, this is expected if we agree that there ]may be 
:short-duration peaks during the transient. Such peaks may not have been captured 
in the GC data, whereas all of them would have been averaged into the FTIlR data. 
'Thus, the FTIR would result in a bias in favor of higher nitrous oxide readings 
(compared to instantaneous GC readings. 

.5.0. SUPPORTING ADMINISTRATIVE CONTROLS 

:In this section, we discuss briefly the administrative controls reported in Sec. 6 of 
this SA that are pertinent to the discussion provided in this appendix. The c,ontrols 
are included in App. R, where the safety envelope for the pump operatlons is 
outlined. 

!5.1. 

We believe that changes in the waste temperature will affect the gas composition 
determined in this report. The estimated gas compositions are obtained from the 
data available over a narrow range of waste temperatures (115 to 120'F). If the waste 
temperature is outside these bounds, the gas composition must be reevaluated. 
Fortunately, the waste inertia is very large, and quick changes in the waste 
temperature are not expected. We propose that the TRG be required to evahi te  the 
gas composition based on recommendations of the quarterly data reports provided 
by the PNL data analysis team. 

Close Monitoring of the Average Waste Temperature and Gas Compositions 

Rev. 14 8-15 March 3'1, 1995 



LA-UR-92-3196 Revised WHC-SD-WM-SAD-033 
REV 2 

5.2. Hydrogen Concentration 

We recommend that an administrative control be set to stop all operations if the 
hydrogen concentration is >7500 ppm, which is less than the 25% of the LFL 
determined in Sec. 3.1 of this appendix. In Sec. 3.1, we predict the 25% of the LFL as 
8750 ppm H2. If we allow for instrument uncertainties, the limit is set to 7500 ppm. 
As discussed before, the response characteristics of the hydrogen measuring devices 
do not permit them to detect a sudden increase in the hydrogen concentration in a 
timely manner. This control is aimed primarily at preventing operations when 
there is a continuously high hydrogen concentration in the dome space for extended 
periods of time. 

5.3. Ammonia Concentration 

We recommend that an administrative control be set to stop all operations if the 
ammonia concentration is >3000 ppm. As with the hydrogen monitors, the 
ammonia monitor is not capable of detecting a sudden change in the concentration 
in 4 5  min. Thus, this control does not provide a timely warning against an 
eminent GRE; however, the control is aimed at preventing operations when there is 
a continuously high ammonia concentration in the dome space for extended 
periods of time. Indirectly, the control also provides monitoring against changes in 
gas composition. Based on Table B-2, when the ammonia concentration is 
>3000 ppm, the hydrogen concentration should be >7800 ppm (best estimate). Thus, 
if the ammonia control setpoint is exceeded without exceeding the hydrogen control 
setpoint, the gas composition data should be reevaluated. 

5.4. Dome Pressure and Ventilation Flow Controls 

The analyses of data indicate that a sudden increase in the dome pressure and in the 
ventilation flow rate are the earliest symptoms of a GRE (e.g., August 27, 1993, and 
September 17, 1993, events). The instruments quickly can detect a GRE, and 
preventive measures can be taken before the dome gas concentrations exceed 
flammability limits. Thus, the maximum dome pressure and maximum 
ventilation flow rate must be controlled administratively at all times. The gas 
monitoring devices should not be relied on as a warning against an eminent GRE. 
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APPENDIX C 
PUMP-INDUCED GAS RELEASE AS A FUNCTION OF WASTE LEVEL 

OBJECTIVE AND SUMMARY OF RESULTS 1.0. 

Many of the accidents analyzed in the SA require an estimate for the gas release for a 
:given waste level. Also, the waste level is the most accurate indication of the gas 
.inventory in the waste; many of the SA controls are written in terms of maximum 
waste levels. In this appendix, we provide a semiempirical model to quantify the 
gas releases at a given waste level. In this model, we account for 

pump-induced release from regions affected by pump mixing, 
spontaneous release from regions not affected by mixing (bottom layer), 
and 
mass transfer during a GRE. 

In this appendix, we develop simple algebraic equations to obtain the best-estimate 
gas release and its standard deviation as a function of waste level. 

,41so in this appendix, we provide the basis for the waste level controls for pump 
installation, operation, and removal; these level controls are set to 10.25 m 
(:403.6 in.), 10.31 m (406 in.), and 10.21 m (402 in.), respectively. These magnitudes 
are baselined to the FIC level data. We also discuss other level instruments in this 
appendix. 

2.0. GAS INVENTORY 

Although the episodic gas releases appear to be eliminated by the mixer pump, this 
does not mean that the waste is gas-free. We believe there is still considerable gas 
trapped in the waste in various forms. In addition to bubbles that are trapped in the 
waste, there is additional gas dissolved in the liquid, which possibly is adsorbed on 
the solids. Knowing the total amount of gas in the waste is crucial in developing 
predictive models for possible induced releases. 

The gas inventory in the form of bubbles is discussed in Ref. 1. The inventory of 
dissolved and adsorbed gases is discussed in Ref. 2. The following sections 
summarize the findings. 

21. Bubble Inventory 

The model used in Ref. 1 is aimed at quantifying the void fraction as a funciion of 
waste level under mitigated tank conditions. We use the neutral buoyancy model 
as the reference state for the tank (similar to the analysis of Allemann et al.3). 
However, the parameters used in quantifying the reference state are slightly 
dlifferent than those used by Allemann et al.3 
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:2.1.1. Bubble Inventory at the Reference State (Neutral Buoyancy) 
'Table C-1 provides the variables used in the neutral buoyancy model. The gas 
inventory at neutral buoyancy is used as the reference state for this model. The 
.results are most sensitive to the liquid NC- and C-layer densities. The densitlies and 
,associated standard deviations are obtained from the available core sample 
.measurernents.4-5 The NC-layer thickness is obtained from Ref. 6 and corre:jponds 
,to the NC-layer thickness estimate before Event C (September 1992 event). Our 
,analysis indicates that Event G was possibly the largest GRE in the history of the 
itank, with almost the entire NC layer participating7 Thus, we reference the :neutral 
buoyancy model to Event G and assume that the entire NC layer was neutrally 
buoyant in this event. The resulting bubble inventory at  neutral buoyancy is given 
in Table C-2. 

As shown in Table C-2, we predict that there is 778 m3 (27470 ft3) of gas [at 1 atm 
(14.7 psi)] trapped in the waste at neutral buoyancy. The standard deviation in this 
prediction, 80.4 m3 (2840 f@), is obtained using a linear propagation of errors. More 
than 80% of the variance is a result of the uncertainties in the NC layer and liquid 
densities.' The NC-layer thickness contributes -14% to the total variance.' This gas 
inventory estimate does not include the gas inventory in the crust. These results 
show that, even after the largest historical GRE [297.3 m3 (10,500 ft3), f70.8 m3 
(2500 ft.?)], there is considerable gas in the waste. 

2.12. Bubble Inventory at the Mitigated State 
The mitigated state is defined as the condition where the C and NC layers are fully 
mixed. The gas is trapped at an average hydrostatic pressure, which is evaluated 
halfway between the bottom of the crust and the bottom of the tank with an 
estimated deviation. The average hydrostatic pressure is computed as 1.8 atm 
(26.5 psi), with a standard deviation of 0.21 atm (3.1 psi). The bubble inventory for 
the mitigated tank at different levels is shown in Table C-3. In this table, the 
numbers in parentheses correspond to the standard deviation associated with the 
s;tate parameters. The measured waste level is designated "L." The computed 
s,tandard deviations for the parameters account for a 38.1-mm (1.5-in.) std dev in the 
measured level. 

2.2. Dissolved Gas Inventory 

The inventory of dissolved gas in the tank is discussed in Ref. 2. According to this 
reference, only ammonia exists in large quantities in the liquid phase. Nitrous 
oxide is moderately soluble, but the liquid inventory is negligible compared to 
ammonia. Other gases are highly insoluble in the waste. 
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Best Estimate Standard 
Deviation 

Variable Reference 

Waste Level at Neutral Buoyancy 
Crust Thickness 

NC-Layer Thickness 
Crust Density 

Gas-Free C-Layer Density 
Gas-Free NC-Layer Density 

Liauid Densitv 

416.5 in. 3 in. 
30 in. 6 in. 
220 in. 30 in. 

1350 kg/m3 30 kg/m3 
1520 kg/m3 20 kg/m3 
1700 kg/m3 43 kg/m3 
1460 ke/m3 20 k d m 3  

PARAMETER 
Devialion 

Best Estimate 

'In Situ Gas Volume in C layer 

:C-Laver Gas Volume at 1 atm 
, I n  Situ Void Fraction in C layer 

Ammonia inventory in the waste is -0.332 mole/l (0.0117 mole/ft3) (which 
corresponds to 0.27 wt %). The standard deviation for this estimate is 0.094 mole/l 
(0.0033 mole/ft3). The dissolved ammonia inventory corresponds to -23,220 m3 
(820,000 ft3) of gaseous ammonia at 1 atm (14.7 psi) and 27OC (81'F). Thus, for all 
practical purposes, there is an infinite supply of ammonia in the liquid phase. 

2420 ft3 
3.9% 

3396 ft3 

Rev. 14 

Gas-Free C-Layer Thickness 
In Situ Gas Volume in NC Layer 
In Situ Void Fraction in NC Layer 

[NC-Layer Gas Volume at 1 atm 

c-3 

160 in. 
11434 ft3 

14.1% 
24077 ft3 

March 31, 1995 

Total Gas Volume in C and NC Layer 
Total Gas Volume in C and NC Layer at 1 atm 
Gas-Free Waste Level (including Crust) 
Gas-Free Average Density (without Crust) 

13854 ft3 
27473 ft3 
378.9 in. 
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In Situ Gas Volume (ft3) 
. In Situ Void Fraction 
. Gas Volume at 1 atm (ft3) 

Void Fraction at 1 atm 
. Mixture Density (kg/m3) 
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L = 396 in. L = 402 in. 
6307 (3081) 7043 (3081) 7780 (3081) 8516 (3081) 
4.7% (2.3%) 5.2% (2.3%) 5.7% (2.3%) 6.2% (2.2%) 
11,372 (5666) 12,700 (5699) 14,028 (5736) 15,355 (5777) 
8.1% (3.9%) 9.0% (3.9%) 9.8% (3.8%) 10.7% (3.8%) 

1542 (25) 1533 (25) 1525 (25) 151:7 (25) 

L = 398 in. L = 400 in. 

TABLE C-3 
RESULTS FOR THE MITIGATED-STATE PARAMETERS 

2.3. Adsorbed Gas Inventory 

Reference 2 shows that ammonia is the only gas that can be adsorbed physically on 
the solid surfaces. Conservative estimates show that the physically adsorbed 
ammonia inventory is very small compared to the dissolved ammonia inventory. 
The surface chemistry in the waste is not fully understood for confidently assessing 
the chemisorption. Nevertheless, we do not believe that pump operaticlns can 
cause a prompt release of the adsorbed gases, even if there were a large adsorbed gas 
inventory. Thus, we conclude that the prompt release of the adsorbed gases as a 
result of pump operations is not a safety concern. 

3.0. GAS RELEASE MODEL 

Although there may be considerable gas in the tank, even a t  the current low waste 
levels (-10.16 m (400 in.)], pump operations to date have demonstrated that (1) a 
prompt release of the total inventory is not likely; (2) as long as the pump is 
routinely operated, level growth in the tank is not expected; and (3) the mixed 
region in the tank will not contribute to a prompt gas release. The simple model 
assumes that there are three contributors to a gas release: 

bubble release induced by pump operation (Q,), 
bubble release from regions previously unaffected by the pump (Qo), and 
gas release as a result of mass transfer (QmJ. 

Thus. 

Q =Qb+Qm=Qi+Qo+Qm r 

where Q, represent the gas release in the form of bubbles 

3.1. Pump-Induced Bubble Release 

We assume that 
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there is a minimum waste level (Lo) below which further prompt release 
cannot result from the pump operations; and 

above Lo, a pump-induced event will release all gas that contributes to 
level growth. 

This simple model is given by 

Q. -ED~(L-L,)X- PH 
' - 4  Pam 

(C-2) 

where L is the measured waste level, D is the tank diameter [22.86 m (75 ft)], Patm is 
the atmospheric pressure, and PH is the average hydrostatic pressure at which the 
gas is compressed. 

As discussed before, as long as the pump continues routine operation, we do not 
expect level growth and/or prompt gas releases from the mixed regions. In the 
future, the mixed regions may contribute to a prompt release if pump operations 
cease for a period of time and the waste is allowed to resettle. If mixer pump 
operations resume after the resettling process, we expect induced releases if the level 
is >Lo. In these calculations, we assume that the waste resettles to a 6.35-m ('250-in.) 
NC layer (which was the NC-layer thickness observed after Event C and before the 
installation of the mixer pump). We assume a 76 2-cm (30-in.) standard deviation 
for the NC-layer thickness. All other parameters used in computing the average 
hydrostatic pressure in the NC layer are the same as those reported in Table C-1. If 
we account for the regions unaffected by pump operation (bottom sludge layer), the 
choice o f  parameters for estimating PH is conservative. The minimum level I,, may 
be obtained using historical GRE data and data from the mixer pump tests. 

Using these parameters, Eq. (C-2) becomes 

755x(L-Lo) if L > L ,  
i fL<Lo (C-3) 

where I. and 

We estimated the standard deviation using a linear propagation of errors. The 
standard deviation for the level measurement is 38.1 mm (1.5 in.). The standard 
deviations for the other parameters are the same as those shown in Table C-1. The 
estimated standard deviation for Qi is a function of level but varies between 33.8 
and 34.9 m3 (1194 and 1234 ft3) for waste levels ranging from 10.16 to 10.57 m (400 to 
416 in.) [using Lo = 10.17 m (400.5 in.)]. At a waste level of 10.21 m (402 in.), 99.9% of 
the variance results from the uncertainties in L and Lo. For a waste level of 10.57 m 
(416 in.), the contribution of L and L, drops to 93%, whereas the remaining 
contribution to the variance (6%) is a result of the uncertainty in the NC-layer 

are in inches to obtain Qi in cubic feet. 
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thickness. Hereafter, we assume a constant standard deviation as OQ, = 34 m3 
( O Q ~  = 1200 ft3) in the model. Further details of the uncertainty analysis may be 
found in Ref. 3. 

3.2. 

We postulate that the layer at the bottom of the tank is not affected by pump 
operation. This layer continues to retain gas and may roll over, resulting in a 
prompt gas release. A detailed discussion and analysis of this layer is prov'd ,I ed in 
Ref. 3. The discussion in this appendix indicates that the bottom layer pos!jibly is 
affected by pump operation. The layer's spontaneous rollover with a large gas 
release is not very likely but also is not incredible. The analysis shows that the 
results of the phenomenological modeling are almost equal to the gas release 
estimates obtained by simple scaling to the largest GRE, the latter estimates being 
islightly more conservative. For simplicity, we chose to use this scaling approach 
here to quantify the gas release from the bottom layer. The variation in the 
'hydrostatic pressure is accounted for in this model and is expressed as 

Gas Release from the Bottom Sludge Layer 

,where QGRE is the gas release during a large GRE, f is the sludge volume !scaling 
factor compared to a sludge disk of thickness H,, HGRE is the NC-layer thickness 
before the GRE, Po is the average hydrostatic pressure in the sludge layer, and I'GJCRE is 
the average hydrostatic pressure in the NC layer before the GRE. Currently, the 
December 1991 (Event E) and September 1992 (Event G) events are believed to have 
resulted in the largest gas releases. We believe that almost all of the NC layer 
possibly participated in these GREs. Also, the analysis in Ref. 3 shows that usiing the 
data either from Event E or G results in identical results for a 1.016-m (40-in.)-thick 
sludge. Because the results for Event G are slightly more conservative and Event G 
is believed to include a larger participation by the NC layer, we used Event G in this 
analysis. The best-estimate Event G values for QGRE and HGRE are given as 2917.3 m3 
(10,500 ft3) and 5.59 m (220 in.), respectively. The best-estimate values for Po range 
from 2.43 to 2.51 atm (35.7 to 36.9 psi) for sludge thicknesses 51.016 m (40 in.) The 
use of an average value of 2.5 atm (36.7 psi) introduces a small error in the analysis. 
The best-estimate value for P is obtained as 2.11 atm (31 psi) [corresponding to a 
5.59-m (220-in.)-thick NC layer]. Substituting these values into Eq. (C-4), we obtain 
the following equation for the gas release as a function of sludge thickness: 

QO=56.6fHo , (C-5) 

where Ho is in inches to provide Q,, in cubic feet 
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Using the linear-propagation-of-error method, we estimated the uncertainty 
associated with Eq. (C-5). The uncertainty associated with QGRE is -70.8 m3 (2500 ft3). 
Using the range of NC-layer-thickness observations before and after Event G, the 
uncertainty in HGRE is -0.762 m (30 in.) We also estimated the uncertainty in the 
hydrostatic pressure using the density, crust thickness, layer thickness, and waste 
level uncertainties (using the same approach as in the induced gas release analysis). 
As shown in Ref. 3, the hydrostatic pressure contribution to the total variance is 
4% within the range of H, of interest. Neglecting the uncertainty associated with 
the hydrostatic pressure has an added advantage because it decouples the Q, model 
from the Qi model. The variance of the two models become additive. The standard 
deviation for Qo may be obtained as a function of the sludge thickness and its 
variance as 

“Q, = J 3204af1~ + (241 + 3204o:)H: , (C-6) 

where the sludge thickness and the standard deviation are in inches to obt,ain the 
gas release in cubic feet. 

‘Thus, we obtain the bubble release as 

755(L - Lo) + 56.6 f H, if L > Lo 
u,={ 56.6 f H,, if L I L ,  ’ 

(C-7) 

where the variance is given by 

(1200)2 + 3204a& + (241 + 3204crf)H; if L > Lo 

06, = [755(L - Lo + 1.6)]’ + 30250h0 + (241 + 3204o:)H: if Lo - 1.6 < L 2 Lo . (C-8) I 30250&~ + (241 + 3204of)H; 

3.3. Gas Release as a Result of Mass Transfer 

ifL<Lo-1.6 

In modeling the mass-transfer contribution to the total release, we make two 
assumptions: 

Among al l  the release gases, only the ammonia mass transfer is 
significant, as discussed in Sec. 2.2 of this appendix. 

The mass-transfer contribution is a constant fraction of the total release, 
such that 
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where m is a function of waste properties only. As  discussed in Refs. 9 and 10, 
this appears to be a reasonable assumption for gas releases of 4619.9 m3 
(6000 ft3) (similar to Event I) and possibly is conservative for larger releases. 

The mass transfer includes both the direct transfer from the waste into the dome 
and the transfer into the bubbles after the bubbles are mobilized and start rising to 
the surface. By rearranging the terms, we obtain 

where 

(C-11) I - x  q=- . 
1-a 

The mole fraction of ammonia in the retained bubbles (x) may be estimated using 
the estimated ammonia concentration in the waste (C) and the Henry’s law constant 
(h) as 

hC x=- 
PH 

(C-12) 

We estimate the ammonia concentration in the waste as 0.28 wt ’70 [0.332 moles/] 
(0.0117 mole/ft3) of liquidl.9 The Henry’s law constant in the waste at 49OC (120°F) 
also may be obtained from Ref. 9 as 0.325 atm-]/mole (0.169 psi-ft3/mole). Using an 
average hydrostatic pressure of 2.05 atm (30.1 psi) (see Sec. 3.1 of this appenldix), we 
obtain x as 0.0526. The fraction of ammonia in the release gas (a) is obtained from 
Ref. 10 as 0.11. Thus, 9 is obtained as 1.065. 

The standard deviations for the Henry’s law constant and the ammonia 
concentrations are -30%.9 For the purpose of this model, maximizing q 
(minimizing x) is conservative. Kubic’s estimate9 for C (consequently x) is already 
lower than the estimate by Norton and Pederson.” Likewise, our estimate for C is 
lower than the core sampling data7,12 when we consider the estimates for the 
ammonia loss during sampling, transport, and laboratory analyses.13 Thus, the 
value we use for C already may be conservative without accounting for additional 
uncertainty. Nevertheless, in the absence of more detailed data, we use another 30% 
uncertainty for C. We neglect the uncertainty in PH because it contributes to 4% of 
the total variance in q. The standard deviation for a is obtained as 26% from Ref. 10. 
Thus, using linear propagation of errors, we estimate the standard deviation for q as 
0.042. 
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3.4. Overall Gas Release 

The overall gas release at a given level L may be estimated using 

755(L-Ln)+56.6fH, if L>L, 
56.6 f H,, if L I L ,  

Q = 1 . 0 6 5 ~  (C-13) 

for a given bottom sludge-layer thickness Ho. This equation provides the best- 
estimate prediction. The associated standard deviation is given by 

oQ = J ( 0 . 0 4 2 ~ ~  )2 + ( 1 . 0 6 5 0 ~ ~  , (C-14) 

where Q, and OQb are given by Eqs. (C-7) and (C-8), respectively. The upper-bound, 
conservative estimate is obtained as Q +OQ. 

4.0. 

To quantify the simple gas release model developed above, we need to determine 
the thickness of the bottom sludge and the associated uncertainty and the 
,appropriate value for the minimum waste level. 

.%.I. Sludge Thickness and its Uncertainty 

The analyses of transient temperature responses on both MITs show that, during 
]pump operation with the jet directed a t  the MITs, the second TC [0.406 m (116 in.) 
ifrom the tank bottom] clearly indicates jet motion.14 Reference 14 also shows that 
inotion is detected at the same TC, even when the jet is oriented 30 deg from the 
IMIT. Based on this information, we estimate that the best-estimate sludge thickness 
at the MIT locations is 0.254 m (10 in.) (halfway between the first and the second TC). 
If we assume that the probability distribution for the sludge thickness is uniform 
between 0.1016 and 0.4064 m (4 and 16 in.) from the bottom, the standard deviation 
is estimated as 0.0914 m (3.6 in.). 

SLUDGE THICKNESS AND LEVEL MEASUREMENTS 

Stewart14 infers from the crane unloading data during the recent void fraction 
instrument installation that the sludge thickness below Risers 4A and 11 A are 
between 0.4064 and 0.6096 m (16 and 24 in.). Azimuthally, these risers are located 
halfway between the normal pump operation directions, which are 30 deg apart. 
Stewart14 speculates that scallops may have developed in the regions between the 
normal pump orientations, where the sludge thickness may be -0.508 m (2!0 in.), 
with a f0.1016-m (4-in.) uncertainty. Combining these data, we estimate the average 
sludge thickness as 0.381 m (15 in.), with a standard deviation of 0.1321 m (5.2 nn.). 
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However, the above value of the sludge thickness is valid only at or near the radial 
position of the MITs, which are 8.5 to 9.1 m (28 to 30 ft) from the pump. We expect 
radial variations for the sludge thickness to be smaller near the pump and greater 
between the MITs and the tank wall. For a disk of uniform thickness, 601, of the 
total volume is inside the 8.84-m (29-ft)-radius circle. The remaining 40% volume is 
between the 8.84-m (29-fthadius circle and the tank wall. Because a larger fraction 
of the volume corresponds to the region where the thickness is expected to be 
<0.381 m (15 in.), the error in the radial thickness already may be bounded by the use 
of a uniform 0.381-m (15-in.) thickness. Nevertheless, we use a standard deviation 
for the sludge volume estimate as 25% of the volume, which corresponds to a 
0.381-m (15-in.kthick disk. Based on this model, we predict the sludge volume as 
156.3 m3 (5520 f$), with a standard deviation of 66.8 m3 (2360 ft3). 

StewartI4 provides a detailed analysis of the sludge layer based on the MIT and 
voidmeter data. In the analysis, numerous assumptions were made in developing 
the reported 3D profiles. Some of those assumptions cannot be verified easily 
because the number of data points does not support the detail in the final results 
and the sludge thickness estimates inferred from the voidmeter are highly 
uncertain. Nevertheless, Stewart determines the sludge volume to be 178.1 m3 
(6290 ft3), with an uncertainty of 48.1 m3 (1700 f t j ) .  The estimated sludge volume 
corresponds to an average sludge thickness of 43.4 cm (17.1 in.). Because Stewart’s 
estimate of the average sludge thickness is slightly more conservative than the 
simple model described previously, we use the best-estimate sludge thickness (H,) as 
43.4 cm (17.1 in.) in this SA. 

A schematic of the sludge’s approximate profile and uncertainty is shown in Fig. C-1 
to illustrate the possible variations in sludge thickness as a function of radius. This 
figure is generated assuming that the thickness (Elmin) is 0.1016 m (4 in.) below the 
pump and monotonically increases with radial distance (r) from the pump such that 

H-H,i, - r”  , 

where n is a positive constant. The profiles in Fig. C-1 are obtained by evaluating n 
to match the volume of the disk with a constant thickness of 0.434 m (17.1 in.), 
which is 178.3 m3 (6295 ft3). For the upper-bound case, we use an average sludge 
thickness of 0.605 m (23.8 in.), and the minimum sludge thickness below the pump 
is maintained at 0.1016 m (4 in.). 

Setting Ho = 0.434 m (17.1 in.),  OH^ = 0.132 m (5.2 in.), f = 1 and of = 0.25, the gas 
release from the sludge layer and the corresponding standard deviation are 
computed from Eqs. (C-5) and (C-6) as 27.4 mn (968 ft3) and 13.1 m3 (464 ft3), 
respectively. We believe that the degree of conservatism in these calculations is 
appropriate, considering that the rollover of the entire sludge layer in unison is 
highly unlikely.3 
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Fig. C-1. Estimated sludge profiles matching the assumed sludge volume. 

4.2. Level Measurements 

One of the difficulties in applying the proposed model is in determining the 
minimum level (Lo) and current level (L) because different instruments do not 
always agree with each other. Four different instruments that provid'e level 
measurements are the (1) FIC, ( 2 )  manual tape, ( 3 )  radar gauge, and (4.) ATG 
(hereafter referred to as Enran.' 

The Enraf is a new instrument that has been used only in the last few months. The 
other three instruments historically measured levels within a +38.1-mm (1.5-in.) 
deviation during quiescent periods between GREs. The difference was attributed 
mostly to the spatial variations in crust topography. Previously, we did not have a 
clear bias between the instruments where one instrument always measured greater 
than or less than the other instrument. The variations appeared to be random in 
nature, which was in agreement with the possible differences in the crust 
topography at different regions of the surface. The 38.1-mm (1.5411.) std dev for the 
level measurement used in the above model is based on these observations. 

.Using Lo = 10.21 m (402 in.), the model is compared to available GRE data in Fig. C-2. 
'The natural GRE datal5 were obtained by a combination of the first three 
iinstruments cited above, depending on the availability of the instrument a t  the time 
of the specific GRE. The data for the induced GRE16 were obtained primarily using 
the FIC data. However, when these GREs occurred (within a few months after 
pump installation), the FIC measurements were in agreement with the other 
instruments within the uncertainty range discussed above. The error bars shown in 

' The Enraf-NomusTM 854 Advanced Technology Gauge, or ATC, IS manufactured by the Enraf-Nonius 
Company of Stafford, Texas. 
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Fig. C-2 correspond to +38. 1 mm (1.5 in.) for the level measurement and C!5% for 
the gas release volume estimates. Based on the comparison shown in Fig. C-2, i t  
appears that 10.21 m (402 in.) is a reasonable estimate for Lo. This choice also is 
consistent with the fact that even after the largest natural rollovers, the waste level 
has not dropped below 10.21 m (402 in.), and when the waste level was <10.21 m 
(402 in.), the pump did not trigger a rollover. At the end of Phase B testing (January 
1993), the radar gauge reading leveled off slightly >10.21 m (402 in.) and remained 
there for a long time. Currently, the radar gauge readings are slightly <10.21 m 
(402 in.). Thus, using the radar gauge, the minimum level (Lo) may be set to 110.21 m 
(402 in.). 

After mixer pump operations mitigated the tank and eliminated the rollovers, the 
FIC and the manual tape started deviating from radar gauge readings. The FIC and 
the manual tape are known to develop stalactites over time and must be flushed 
periodically. After termination of Phase B testing, there was no rollover resullting in 
surface motion. Thus, the same spot on the crust was exposed to flush water 
repeatedly. As a result, a hole appears to have developed on the crust immediately 
below the FIC. Video observations show that the hole is -30.5 cm (1 ft)  in diameter 
,and may contain a pond. The FIC measures the elevation of this pond surface. It is 
'quite likely that the pond is connected hydraulically to the waste liquid and that the 
FIC is measuring the true liquid level in the waste (or a small offset from the true 
liquid level, resulting from the capillary pressure effects if the pond is connected to 
the liquid waste through small-diamater pores). A schematic of the possible pond 
(configuration is shown in Fig. C-3. 
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Fig. C-2. Comparison of the present model with the CRE data. 

Rev. 14 c-12 March 3'1,1995 



WHC-SD-WM-SAD-033 
LA-UR-92-3196 Revised REV 2 

Radar or 
ENRAF Data FIC Data 

. -  
Lquid 
Level 

Float _ _ - - - - - - -  
i CRUST 

Fig. C-3. Schematic of the possible crust configuration below the level gauges. 

[f the proposed scenario is correct, the bias between the FIC data and the radar gauge 
and ENRAF data (which measure the crust surface elevation) would be equal to the 
float shown in Fig. C-3. Unfortunately, the float is a function of various parameters 
that do not necessarily remain constant. In a simple model (neglecting the caipillary 
(effects), the float is a function of crust thickness, liquid density below the crust, and 
Icrust density. Both the liquid density and the crust density are a function of the 
itemperature below the crust, which increased as the mixing progressed. Increasing 
ithe temperature immediately below the crust also is likely to have resulted in 
thinning of the crust. On the other hand, the fact that rollovers have stopped and 
ithe crust is no longer being stirred occasionally implies that the crust also rnay be 
{thickening or that the crust density may be changing as a result of ch,anging 
moisture content. Gradual degassing of the waste,. along with increased inventory 
of suspended solids below the crust, also increases the liquid density, thus increasing 
the float. The short-term transient variations of the float during pump operations 
have an added degree of complexity because the relative surface motion is a 
function of the pore volume in the crust and capillary resistance to the flow. 

Currently, the bias between the FIC and the radar gauge is -50.8 mm (2 in.). Tlhe bias 
between the FIC and the ENRAF is -76.2 mm (3  in.). However, as discussed before, 
this bias may change in the future. If we do not operate the pump for an ex,tended 
period, the solids may settle and the temperature below the crust may start 
decreasing. As a result, the macroscopic density of the liquid below the cru!jt may 
decrease, which in turn may cause the crust to sink. Thus, the difference between 
the radar gauge (and/or Enraf) and the FIC may decrease. Given all these 
uncertainties, the level controls must be evaluated carefully because projecting the 
relative variation in the level data from various instruments into the future 
requires detailed analysis (which is being performed by the Data Analysis Team). 

Controls at levels 210.26 m (404 in.) have sufficient conservatism such that if the 
instruments are used based on a consistent criterion, the controls can be 
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iimplemented on a conservative basis. Currently, the level measurements from all 
i3vailable instruments are <lo26 m (404 in.); thus, we do not expect the tank level to 
approach these control limits in the future. The most restrictive level controls are 
ilssociated with pump removal and installation. Implementing these controls 
requires special care, as discussed in Sec. 5.2 and 5.3 of this appendix. 

!j.O. LEVEL CONTROLS 

'To bound the consequences of various release and burn accidents by the safety 
envelope defined in this SA, we have many waste level controls. Knowing the 
allowable maximum release for each case, we determined the corresponding level 
control. In the following subsections, we determined the level controls for pump 
operation, pump removal, pump installation, and dome-intrusive operations. As 
discussed below, all controls are baselined to the FIC readings, where Lo is seit equal 
to 10.16 m (400 in.) based on recent observations of these readings. 

!il. 

The structural analysis documented in App. K shows that the conservative 
allowable gas release during pump operations should be bounded by 245 m3 (8650 ft) 
to meet the structural acceptance criterion. When we substitute 245 m3 (8650 ft) into 
the above model, the conservative estimate for the incremental level is obtained as 
1.9.6 cm (7.7 in.). Thus, the level control for pump operation can be set to 10.36 m 
(407.7 in.) using the FIC and setting Lo = 10.16 m (400 in.). 

Ilowevcbr, as discussed later, the level controls for pump replacement are very 
restrictive. When the current pump fails, if it cannot be replaced, the tank will 
revert back to its original behavior where the natural rollovers may exceed the 
structural limit of 245 m3 (8650 ft). Consequently, the pump must be operated such 
that the waste levels are kept low. Currently, the FIC level is d0 .16  m (400 in.), and 
the radar gauge level is <10.21 m (402 in.). Thus, we set an alarm for the max.imum 
pump operation at 10.21 m (402 in.) using the FIC data. If  the level exceeds the 
alarm setpoint, the TRG must be notified and must implement an aggressive pump 
operation schedule until the waste level is lowered to the current level (or lower if 
possible). Because it is important to keep the tank mitigated and prevent the level 
hom growing, we also lowered the maximum operating level to 10.31 m (406 in.) 
We expect that pump operations between 10.21 m and 10.31 m (402 in. and 406 in.) 
will be necessary only if, for some unexpected reason (e.g., limited access to the tank 
farm), mitigation operations are not performed for an extended period of time while 
the pump is still operational. 

Thus, the pump operation limits (alarm and abort) are set using the FIC. When the 
FIC is not available, the alarm setpoint when the TRG must be notified should be 
met assuming a 2-mm/d (0.08-in./d) growth since the last time the FIC data was 
obtained. The FIC should be made operational as quickly as possible after failure. 

Maximum Level Control for Pump Operations 
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Any available instrument can be used to meet the 10.31-m (4064x1.) level limit for 
continued pump operation. 

After completion and approval of the level instrument analysis being performed by 
the PNL data analysis team, the TRG may determine the control setpoinfs as a 
function of each level instrument. 

!L2. 

'The maximum allowable release for pump removal is determined based on the 
ejection accident analysis provided in App. M. The conservative estimate (using the 
conservative-estimate gas composition and gas release rate) is obtained as 719.8 m3 
(2500 ft3). Substituting into the above model, the incremental level is obtained as 
4.57 cm (1.8 in.) using the best-estimate model and 0.25 cm (0.1 in.) using the 
conservative-estimate model. 

Considering that 

Level Control for Pump Removal 

there is considerable conservatism in determining the maximum 
allowable release as 70.8 m3 (2500 ft) (see the discussion in App. M), 

the inability to remove the pump upon failure would have serious 
consequences because it would cause the tank to return to its unmitigated 
state, and 

the frequency of a GRE and a burn is very low (-10-6/yr) for the ejection 
accident to occur, 

we feel it is justified to use the best-estimate gas-release-vs-level model. The 
dlifference between the best-estimate and conservative-estimate gas release model is 
primarily the result of the level measurement uncertainties and gas release from a 
sludge rollover. From the time the pump fails until it is removed, the waste level 
will be low, and we do not expect a rollover that causes surface motion. 
Consequently, because the level measurements will be performed at one spot, the 
uncertainty in the incremental level measurement will be minimal. Also, a unison 
rollover of the sludge layer is highly unlikely, and the best-estimate model f(or the 
sludge rollover possibly already is conservative. As discussed in Sec. 4.1 of this 
appendix, the larger fraction of the postulated sludge volume is expected to be near 
the tank walls, away from the tank centerline where the pump is located. 
Consequently, the sludge is not likely to be disturbed during removal. A 
coincidental natural rollover of the sludge during the brief period (-1 h) for pump 
removal is not likely. Finally, as shown in Fig. C-I, even the best-estimate model 
conservatively predicts all rollover data to date (especially those at low waste ;level); 
at waste levels S10.29 m (405 in.), we have not experienced a rollover with a gas 
release >56.6 m3 (2000 ft3). 

R'ev. 14 C-15 March 31, 1995 



WHC-SD-WM-SAD-033 
LA-UR-92-3196 Revised REV 2 

Thus, we set the incremental level growth to 4.57 cm (1.8 in.) for pump removal, 
which results in a level control of 10.21 m (401.8 in.) using the-FIC. If the FIC: is not 
operational at the time of pump removal, the TRG may use one of the other level 
instruments based on a detailed level data evaluation that should be provilded by 
the PNL data analysis team. Currently, this analysis and a detailed understansding of 
the data from different instruments are not available. Until such an ana:lysis is 
prepared and approved, we require that time be used as the control parameter. If at 
the time of pump failure the FIC data is S10.16 m (400 in.) or the radar gauge data is 
<lo21 m (402 in.), the pump must be removed within 22 d after failure. Assuming a 
2-mm/d (O.O&in./d) growth corresponding to the level growth during the pre-pump 
,operation period, 22 d results in 45.7 mm (1.8 in.) of level growth. The 2-.mm/d 
(0.08-in./d) growth rate is conservative because the waste will not settle 
instantaneously after pump failure and i t  would possibly take a few weeks before the 
waste fully settled and resumed its 2-mm/d (O.O&in./d) growth cycle. 

.5.3. 

' n e  maximum allowable release for pump installation is determined based on the 
ejection accident analysis provided in App. M. The conservative estimate (using 
(conservative-estimate gas composition and gas release rate) is obtained as 103.4 m3 
l(3650 ft.). Substituting into the above model, the incremental level is 8.64 cm (3.3 in.) 
using the best-estimate model and 4.32 cm (1.5 in.) using the conservative-estimate 
model. 

During pump removal, there may be crust motion. Also, considerable water may be 
added to decontaminate the pump, which in turn will result in crust dissolution. 
Other than the expected surface motion, all other arguments provided above for 
using the best-estimate gas-release-vs-level model are valid for installation. In 
addition, there is added conservatism in the "no-motion'' criterion used for pump 
installation because all consequences (structural, toxicological, and radiological) will 
be bounded by the current safety envelope for pump motion up to 9 f t  (3 m) as a 
result of ejection during installation. 

Thus, we set the incremental level growth to 8.38 cm (3.3 in.) for pump installation, 
which results in a level control of 10.25 m (403.3 in.) using the FIC. This is higher 
than the pump removal limit, which requires that the probability of an emergency 
removal be assessed before beginning installation activities. The probability of a 
rollover at these low waste levels is very low. Considering the successful 
installation of the first pump, we believe that the necessity of an emergency 
removal also is very low. Consequently, i t  is not necessary to impose the removal 
hmit for pump installation. 

If  considerable water is added during removal such that we cannot accurately predict 
the actual waste level, or if  the FIC is not operational at the time of pump 
installation, we require that the new pump be installed within 13 d after removal of 

L.eve1 Control for Pump Installation 
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the current pump. Based on the 2.5-mm/d (O.l-in./d) level growth, 13 d corresponds 
to 3.3 cm (1.3 in.) of growth, which is equal to the difference between the pump 
removal and installation limits. 

Finally, the TRG may authorize water lancing (see App. U) as the safety basis for 
pump installation, which is similar to installation of the first pump. 
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APPENDIX D 
HMS/TRAC DESCRIPTION AND TANK 101-SY MODELING RESULTS 

‘1.0. 

‘This appendix discusses the analytical tools, basic assumptions, and thermal- 
lnydraulic results used in support of the Mixer Pump SA. A brief summary of the 
1:overning physical equations, numerical algorithms, and constitutive models of the 
czomputer codes used to perform the analyses are presented, as well as a description 
cJf the computer model of the 241-SY Hanford Tank Farm. Proposed accident 
scenarios concerning the installation, operation, and removal of the mixer pump in 
Tank 101-SY were analyzed for the SA. 

The HMS/TRAC thermal-hydraulic analysis simulated the injection and mixture of 
the release gases within the tank dome space, the combustion of the flammable 
gases, and the resulting gas transport through the various leak paths of the tank. 
The predicted parameters of interest were the Tank 101-SY dome pressures and va- 
por temperatures and the radioactive waste material and toxic gases (ammonia) re- 
leased to the atmosphere. The results of the pressure response of the tank were used 
as input for the structural analysis of the tank. The entrainment and transport of 
waste material and toxic gases from the tank were used for the radiological and 
toxicological consequence analyses. 

2.0. HMSlTRAC DESCRIPTION 

The analytical tools used to model the thermal-hydraulic phenomena in Tank 
1101-SY above the waste surface were the combined HMS’ and TRAC2 computer 
codes. HMS is a finite-volume computer code that solves the transient, 3D, 
compressible-fluid, Navier-Stokes equations with multiple species combined with 
chemical kinetics. This code was developed at LANL to be a best-estimate tool for 
predicting the transport, mixing, and combustion of hydrogen gas in nuclear reactor 
containments. HMS was used in this study to model the gas release into the vapor 
space of Tank 101-SY. We then postulated that these released gases were transported 
and mixed in the cover gas volume according to local dynamics (such as convection 
and turbulent diffusion) before being ignited. After ignition, the flows were driven 
by the combined fluid-dynamics/chemical kinetics algorithm. TRAC is a finite- 
volume/lumped-parameter thermal-hydraulics code developed at LAhlL for 
deriving advanced best-estimate predictions of postulated accidents involving light- 
water reactors. The network flow capability of TRAC was used to model the 
ventilation system associated with the SY Tank Farm. In this context, Tank.s 102- 
aind 103-SY were modeled using the lumped volume capability, whi:le the 
ventilation system, including the in-leakage ports to each tank, was modeled using 
the lD, finite-volume capability of TRAC. 

The two codes were combined numerically at the physical representation of the 
boundary to Tank 101-SY. That is, HMS provided TRAC pressures, temperatures, 
and gas composition at computational cells adjacent to the physical connections for 

OBJECTIVE AND SUMMARY OF RESULTS 
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the ventilation system and the in-leakage port. TRAC used these values to compute 
flow rates throughout the entire system, excluding Tank 101-SY. The resulting 
m c  velocities representing the response of the ventilation system then were used 
as inflow or outflow boundary conditions for HMS. This combination was accom- 
plished in a simultaneously explicit manner that proved to be extremely stable and 
robust. 

2.1. The HMS Mathematical Model 

'The partial-differential equations that govern the fluid dynamics and species; trans- 
port, as well as the equations describing the turbulence model and combustion 
phenomena, are presented in Ref. 1. The specific internal energy of any individual 
species is related directly to the temperature through a constant coefficient of specific 
heat at a constant volume. The total specific internal energy then is given by the 
,sum of all of the species' internal energies multiplied by their mass fraction. The 
<equation of state for the fluid pressure is given by the usual ideal gas mixture 
(equation. 

'The convective heat exchange between the burning gas mixture and the was,te sur- 
face is given by Newton's heating and cooling law, where the heat-transfer coeffi- 
cient is calculated according to a modified Reynolds analogy. This expression con- 
,tains the wall shear stress, which is related to the fluid density and the wall shear 
!speed. We were unable to resolve turbulent boundary layers near solid wal:ls with 
,any practical computing mesh; thus, we matched our solution near solid boundaries 
.with a turbulent law of the wall, which was modified for rough surfaces. When the 
llocal Reynolds number is small, the law-of-the-wall formulation is not validi; thus, 
'we used a laminar formulation. 

'We modeled the radiation heat transfer from the flame in a relatively simple 
fashion We assumed that 15% of the total chemical energy of combustion is 
radiated3 from a point source a t  the computational cell center. This energy is 
radiated spherically away from each computational cell where combustion oclcurs to 
d i d  surfaces such as the crust, with the appropriate geometric view factors. We 
used a simple algebraic, or mixing length model adapted from the approach of 
Launder and Spaldine for turbulence modeling. In this model, the turbulent 
viscosity is proportional to the product of the fluid density, turbulent kinetic energy, 
and length scale of the energy-carrying eddies. Also, i t  often is estimated that 510% 
of the mean flow energy is contained in the turbulent kinetic energy, and the length 
scale usually is set equal to 0.25 to 0.5 m (9.8 to 19.7 in.) for containment-type 
problems. 

We used a one-step chemical kinetics model that oversimplifies the actual chemical 
processes. In this model, the only reactions modeled were 

HZ + N20 --> H20 + N2 + 77.4 kcal/mole H2 consumed 

(Reaction A), 
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€12 + 1/2 0 2  -> H20 + 57.8 kcal/mole H2 consumed 

(Reaction B), 

NH3 + 3/2 N20 -> 3/2 H20 + 2 N2 + 105.1 kcal/mole NH3 consumed 

(Reaction C), 

NH3 + 3/4 0 2  -> 3/2 H20 + 1/2 NZ + 75.7 kcal/mole NH3 consumed 

(Reaction D), 

CO + N20 -> COz + N2 + 87.2 kcal/mole CO consumed 

(Reaction E), 

CO + 1 /2 0 2  -> CO2 + 67.6 kcal/mole CO consumed 

(Reaction F), 

CH4 + 4 N20 -> 2 H20 + 4 N2 +COz + 269.9 kcal/mole CH4 consumed 

(Reaction G), and 

CHq + 2 0 2  -> 2 H20 + C02 + 191.7 kcal/mole CH4 consumed 

(Reaction H). 

The reaction rate in these equations was modeled by a modified Arrhenius law. We 
have not attempted to quantify the effects of chemical decomposition at elevated 
temperatures of any gas specie not consumed in the combustion process. In pmctice, 
we implicitly solve for the fuel concentration when the fuel-oxidizer mixture is fuel 
lean and for the oxidizer or reactant concentration when the fuel-oxidizer mixture is 
fuel rich This ensures that combustion components will never be driven negative, 
regardless of the timestep size. 

To define the flame interface, which is the region separating the unburned gases 
from the burned gases, we implemented a modification of the induction parameter 
model suggested by or ax^.^-^ In fact, the model was reduced to tracking a flame 
interface very much like the VOF method used for resolving free boundaries.7-8 A 
combustion parameter, F, is defined as the ratio of the unburned gas volume in a 
cell to the cell volume and typically tracks the unburned gas interface. We assumed 
that in computational cells when F becomes 1/2, the chemical kinetics described 
above were activated. A zero value of F denotes unburned gases, while a value of 
one indicates burned gases. By employing a Donor-Acceptor flux approximation? 
we kept the interface sharp with minimal numerical diffusion. 
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:2.2. The HMS Computational Model 

'The HhlS computational model is described in detail in Ref. 1. Specifically, the solu- 
tion algorithm follows the LANL ICE'd-ALElo-14 methodology for solving 
multidimensional, time-dependent fluid flow equations. For example, a transient 
fluid-dynamics timestep is broken into three distinct phases (i.e., the explicit 
Lagrangian, implicit pressure iteration, and the rezone phases).' 

:2.3. TRAC Mathematical Model 

'The TRAC-PFI/MOD2 computer code solves the two-phase, two-fluid mass, energy, 
,and momentum conservation equations in lumped-parameter and 1-, 2-, and 3D 
geometries. The code was developed originally for light-water nuclear reactor safety 
!studies. It is directly applicable to the Hanford waste tank ventilation system owing 
,to both its networking capability (i.e., linking together complicated piping networks 
,with different and coupled components) and its fast running speed. A complete 
(description of the conservation equations solved by the TRAC-PFII MOD2 computer 
(code can be found in Ref. 2. For the Hanford waste tank ventilation system, the 
Iconservation equations solved by TRAC are a reduced set. For example, liquid water 
Iconservation equations are not required for the ventilation system because there is 
in0 significant amount of water in the ventilation system. Therefore, the single- 
phase, 1D gas conservation equations are solved by TRAC for the ventilation system 
analysis. Because the ventilation system is modeled with TRAC, which cannot 
calculate combustion processes, we were not able to compute ignition of wa.ste gas 
inixtures in the ventilation system that may propagate back to the tank. 

z2.4. HMS/TRAC Coupling 

The ventilation system for Tank Farm 241 and Tanks 102- and 103-9' were 
simulated using TRAC, while the dome space in Tank 101-SY was simulated in 
detail using HMS. Because of the nature of the tank behavior and the ven(.ilation 
system behavior, i t  was necessary to combine HMS and TRAC by imposing forced 
consistent boundary conditions at the physical locations where the two cornputer 
models interacted. For these calculations, these locations were (1) where the 
ventilation ductwork leaves Tank 101-SY and (2) where the inflow leakage paths are 
above Tank 101-SY. At these locations, TRAC determined the velocity or 
volumetric flow rate leaving Tank 101-SY, while HMS determined the pressure and 
temperature in the vicinity of the exit or entrance to Tank 101-SY. 

The sequence through which information was passed is given below 

1 At the beginning of a timestep, HMS would use the TRAC boundary con- 
dition velocities to advance the time and determine the new time 
pressure and temperature distribution within Tank 101-SY. 
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2. The new Tank 101-SY pressure and temperature distributions would be 
used as boundary conditions for TRAC, which would advance the ventila- 
tion system solution and determine current velocities into and out of 
Tank 101-SY, which would be used as boundary conditions for the next 
HMS timestep advancement. 

This implies that the velocity boundary conditions used by HMS were one timestep 
behind the pressure and temperature distributions. This is assumed to be an 
insignificant integration error because, in general, when the velocities, pressures, 
and temperatures were changing rapidly (Le., during a burn), the timestep size was 
reduced to a very small number. 

HMS and TRAC were combined by deleting the main driver program in TR,4C and 
replacing it with a subroutine that would run TRAC through its input, 
initialization, steady-state integration, transient timestep integration, or output 
phases, depending on a control flag that was passed into the subroutine. The 
coupling logic in TRAC allowed the pressure and temperature boundary conditions 
to be passed into TRAC through a BREAK component to store the boundary 
conditions from HMS. With a BREAK component, the pressure and temperature 
were fixed as boundary conditions during the TRAC time advancement. 

2.5. Validation of Computer Codes 

In this section, we give a brief introduction to the quality assurance of the pirinciple 
analysis computer codes that were used. HMS and TRAC have been assessed 
independently. LANL has completed an HMS assessment document jfor the 
USNRC.IS In addition, there are many documents and publications that address 
comparisons between HMS and experimental data and observations.16-20 LANL 
also is completing an assessment document for TRAC.21 The combined computer 
code HMS/TRAC has been assessed with available Tank Farm data.22-24 DOE and 
WHC have requested that the Bureau of Mines Pittsburgh Research Center 
(Pittsburgh, Pennsylvania) investigate the flammability of mixtures of hydrogen, 
ammonia, nitrous oxide, and air.25-26 The resulting experiments were used to 
benchmark the burn model in HMS.27 

,3.0. 

In this section, we detail the HMS/TRAC model of the tank and ventilation system 
,used for the thermal-hydraulic analysis for the injection and mixing of the release 
;<ases within the tank dome space, the subsequent combustion, and the resulti.ng gas 
itransport. In the following sections, TRAC and HMS models are discussed. 

:3.1. TRAC Ventilation System Model 

The components used to model the ventilation system for Tank Farm 241-SY are 
shown in the noding diagram in Fig. D-1. A BREAK component in TRAC provides 

HMSRRAC TANK FARM GEOMETRIC MODEL 
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Fig. D-1. TRAC noding diagram. Junctions (connecting labeled components) 
appear as small dots. 

,a pressure and temperature boundary condition for the numerical solution of the 
iconservation equations. The flow rates into and out of this component are deter- 
mined from the solution of the momentum conservation equation given the pres- 
sure boundary condition specified in the BREAK component. The density and 
energy are used as boundary conditions in the mass and energy conservation 
equations. 

For BREAK components 5 through 8 and component 10, atmospheric pressure and 
temperatures are input as constant values that do not change throughout the analy- 
sis. BREAK components 101, 121, and 131 are used to store the Tank 101-SY pressure 
and temperature information obtained from HMS and therefore will change ,during 
the simulation as HMS calculates new pressures and temperatures for the tank. A 
FILL component in TRAC provides a flow-rate boundary condition for the numeri- 
cal solution of the conservation equations. The flow rate into a FILL component can 
be constant, a function of time, or a function of another variable in the TRAC simu- 
lation. To simulate the ventilation fan behavior, the flow rate in FILL component 
106 was made a function of the fan head, which is the pressure difference between 
the first fluid cell upstream of the fan and the atmospheric pressure. Fan flow rate 
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as a function of the fan head was supplied by WHC. These fan performance data 
were used ZIS input to this model. For off-normal conditions, it was necessary to ex- 
trapolate the fan flow-rate-vs-head data. We assumed that at large velocities, the fan 
would fail. To estimate the hydrodynamic behavior of the failed fan, an effective 
flow resistance was estimated and used to extrapolate the fan flow-rate-vs-he,ad data 
into the high-velocity region. 

VALVE components essentially are special piping or ductwork components that al- 
low the user to change the flow area (i.e., the valve setting) at one location within 
the component as the calculation is proceeding. As the flow area changes, the effec- 
tive flow loss through the valve interface in the VALVE component changes based 
on experimental data for partially closed valves. The valve settings for VALVE 
components 1, 3, and 4 are adjusted to match the initial pressure in Tanks lo]-, 102-, 
and 103-SY, respectively. The valve settings for VALVE components 94, 95, and 93 
are adjusted to match the initial flow rates from Tanks 101-, 102-, and 103-SY, respec- 
tively. All six of these VALVE components contain two fluid cells, and the valve 
interface is the interface between these cells. 

A TEE component can be used to represent the branching of a secondary set of pip- 
ing or ductwork off a primary set of piping or ductwork. The branching can be at  
any angle relative to the primary leg. The primary and secondary piping can be of 
varying and arbitrary diameters. For TEE components 104 and 105, the piping is a 
uniform standard 0.3-m (12-in.)-diam schedule pipe. For these TEE components, the 
secondary-side piping is assumed to be 90 deg relative to the primary-side piping. 
'The secondary-side piping for component 104 joins Tank 101-SY to the main, venti- 
lation line, and the secondary-side piping for component 105 joins Tank IO:!-SY to 
the main ventilation line. Tank 103-SY is joined to the main ventilation line by the 
first cell of the primary side of component 104. Component 9 is a TEE that is used to 
.model the MPR assembly. A complete description of the MPR model is given in 
Ref. 28. 

.A PLENUM component is a single-control-volume component that can have mul- 
itiple inlet and/or outlet connections. A PLENUM component typically is used to 
uepresent a large volume (e.g., a waste tank) that has multiple piping connections to 
it. PLENUM components 102 and 103 are used to simulate Tanks 102- and ;103-SY, 
respectively. Initial volumes, pressures, and temperatures are consistent with the 
conditions within Tanks 102- and 103-SY. 

3.2. HMS Tank 101-SY Model 

A 3D Cartesian representation of Tank 101-SY was used to model the dome space re- 
gion. This mesh is constructed of 7 equally spaced cells in the two horizontal direc- 
tions and 5 equally spaced cells in the vertical direction, or 245 total comput,ational 
cells. This mesh is shown in Fig. D-2, with the dimensions given in meters. The 
crossed-out computational cells are internal obstacles that have been introduced to 
model the curvature of the tank's surfaces. Obviously, in this coarse mesh, the 
eitepping approximation to the curved surface is not very accurate. Axial elevation 
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level 2 is the same as 1, and axial elevation 4 is the same as 3. In axial elevation 
level 1, which is located just above the crust, we assume that the waste gases are 
released through -60% of the waste surface area. This gas release area consists of 
cells in columns 4 through 7 and rows 1 through 7, as shown by the shaded area for 
level 1 in Fig. D-2. Axial elevation level 5 represents the top, or dome, of the tank, 
where the ventilation system is attached at the cell defined by row 3 and column 3 
and designated B. In normal operation, the fan in the ventilation system d.raws a 
slightly negative gauge pressure on the tank, and filtered atmospheric air enters the 
tank through the ventilation in-leakage flow port shown at row 5 and column 5 and 
designated D. The center 1.07-m (42-in.)-diam riser is designated C and is shown in 
the center of the model at row 4 and column 4. Components 94, 11, and 1 of the 
TRAC model are connections 8, C, and D, respectively. The appropriate area ratios 
are used between HMS and TRAC to ensure conservation properties. 

4.0. THERMAL-HYDRAULIC ANALYSIS 
The thermal-hydraulic analysis simulated the injection and mixing of the release 
gases within the tank dome space, the combustion of the gas, and the resulting gas 
transport through the leakage paths and ventilation system. Specific calculations 
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Fig. D--2. HMS 7-X-7-X-5 Cartesian coordinate geometric model for Tank 1O:i-SY 
showing relative positions of gas injection, tank ventilation connec- 
tion, and tank in-leakage port. 
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were performed to provide boundary conditions for determining the structural in- 
tegrity of the tank and for computing the radiological and toxicological consequences 
for various tank configurations. The predicted parameters of interest were the tank 
dome pressures and vapor temperatures and the waste material and toxic gas 
(ammonia) released to the environment. In Sec. 4.1, the initial setup of the 
HMS/TRAC models is discussed. The details of the structural calculation and the 
radiological and toxicological calculations are given in Secs. 4.2 and 4.3, respectively. 

4.1. Initial Model Setup 

The initial setup for these calculations required some minor coding and input 
model changes that are dependent on the specific accident scenario being analyzed. 
For example, parameters we varied for this SA analysis were the magnitude of the 
gas rekase, the location of the ignition source, the operability of the ventilation fan, 
and the configuration of the tank pressure relief system. Parameters or .models 
common to all calculations were the release gas composition, the gas release model, 
the dome space volume, the deactivation of the compressible waste model, and the 
initial dome loading of waste particulate before the GRE. 

The composition of the release gases was a conservative estimate based on an 
average tank dome vapor temperature of 307 K (93°F). All calculations considered 
hydrogen, nitrous oxide, ammonia, methane, carbon monoxide, water vapor, and 
nitrogen as the release gas composition. The individual gas specie volume fractions 
and masses of the release gases used for the current calculations are derived in App. 
8. 

.A conservative-estimate waste gas release model was used to specify the release rate 
o f  the waste gases into the dome space. The HMS/TRAC model assumed that the 
release gases entered the tank dome space through -60% of the waste surface of the 
itank. A TRAC-PFl/MOD3 model of the 241-SY Tank Farm, consisting of Tanks 101-, 
'102-, and 103-SY and associated ventilation systems, was developed to simulate the 
]December 1991 and September 1992 GREs. The cumulative gas release for each GRE 
was -283.2 m3 (10,000 ft3). Steady-state ventilation flows and tank pressures were 
used to balance the system model and obtain consistent flow resistances and flow 
splits between the three tanks. Measured pressure for Tank 101-SY was used as 
input to a gas release controller that determined the gas release rate required for the 
calculation to match the observed pressure. The measured and calculated pressures 
in the simulation model for Tank 101-SY essentially are the same. Differences of 
-:0.1% occur only during rapid changes in the measured pressure. For the 
!;eptember 1992 GRE, vent header flow-rate data were available, and comparisons 
between the measured and calculated Tank 101-SY ventilation flows demonstrated 
that the TRAC simulation matches the ventilation flow rates exceptionally well 
while being slightly conservative. 

Both the December 1991 and the September 1992 GRE simulations indicate that 
-60% of the total gas volume was released in the first 200 to 300 s of the GRE, fol- 
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lowed by a slow decay at a gas release rate significantly smaller than the average gas 
release rate during the first 200 to 300 s of the GRE. Although the simulations 
conservatively were based on comparisons to measured data for ventilation flows 
during the GRE, an additional conservatism was added to the gas release rate input 
in the HMS/TRAC calculation by assuming that 70% of the total gas volume was 
released in the first 200 s of the CRE. The remaining gas volume was released as an 
exponentially decaying function, as shown in Fig. D-3. This gas release profile is 
conservative, but it is more representative of the two largest GREs observed to date. 
The total gas release for the HMS/TRAC model is compared to the cumulative gas 
releases for the December 1991 and the September 1992 GRE shown in Fig. D-4. 

The dome space volume was fixed at 1218 m3 (43,043 ft3) for all calculations and was 
assumed to be filled completely with air before the gas release. The compressible 
waste model in HMS was deactivated by setting the retained gas volume to zero in 
the model. 

The HMS/TRAC calculations were used to predict the release of dome-space waste 
particulate and toxic gases to the atmosphere through the tank in-leakage flow path, 
ventilation system, and pressure relief riser during a bum event. The mass of waste 
material released to the atmosphere through the riser in-leakage flow path and 
'pressure relief riser was designated as a ground release because the outlets for these 
'ports were at or near ground level. The waste material mass leaving the ventilation 
!system exited through the ventilation stack, the exit of which was located 5 m (16.4 
:ft) above ground level. 

'The HMS model preloaded 0.64 kg (1.41 Ibm) of waste particulate mass in the dome 
space at the beginning of a calculation. This amount corresponds to a conservative 
estimate of particulate density [5.25 x kg/m3 (3.28 x 10-5 Ibm/ft3)] that remains 
suspended in the dome as a result of natural circulation. In addition, during a burn, 
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Fig. D-3. Gas injection curve for conservative-estimate analyses. 
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Fig. D-4. Comparison of cumulative gas releases for the HMS/TRAC model 
with the December 1991 and September 1992 GREs. 

there is additional material that is entrained off of the waste surface. The entrain- 
ment model of Iversen29 was implemented into HMS. As the flame sweeps the 
waste surface, material is entrained from the surface, depending on the sweep 
velocity. For the simulations performed with 296.8 m3 (10,480 ft3) of waste, the 
entrained material from the waste surface is obtained as -5.1 kg (1 1.25 Ibm). At gas 
releases <296.8 m3 (10,480 f$), the flammable gas composition becomes very lean, 
which results in large fluctuations in the surface velocities. We noticed that at these 
lean mixtures, the performance of the entrainment model deteriorated and the 
simulations required special care. Because of these difficulties, we decided to 
preload the dome space with an additional 5.45 kg (12.02 lbm) of waste particulate 
before ignition of the waste gases and we deactivated the entrainment model. 
Therefore, the dome space contained -6.09 kg (13.43 lbm) of radionuclides at the end 
of the gas release phase. The 5.45-kg (12.02-lbm) mass entrained from the crust was 
calculated with a particulate entrainment model developed by Iversen29 to predict 
wind pickup of small particles [ lo  Fm (40 mils)] from dry particulate beds. Iversen's 
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model was based on experiments conducted with heavy powders, and using the 
model for the crust may be very conservative. We assumed a wind speed of 100 m/s  
(328.1 ft/s) acting over a 0.10-s time period.30 The 100-m/s (328.1-ft/s) wind speed 
was determined to be a conservative estimate of the flame speed because flame 
speeds predicted by HMS are -46 to 55 m/s  (150 to 180 ft/s) (see Sec. 5). In addition, 
preloading the dome before ignition results in additional material being transported 
out during the period of burn, which enhances the conservatism. Finally, because 
the flame speed is expected to decrease with decreasing flammable gas composition, 
a constant loading in the dome independent of flammable gas concentrations results 
in added conservatism for gas release volumes <296.8 m3 (10,480 ft3). 

'Calculations were performed with and without an operable ventilation fan. The 
boundary conditions to simulate the operable ventilation fan cases used a FILL com- 
ponent to simulate the fan behavior based on a WHC-supplied flow-vs-head curve. 
'This FILL component was replaced with a BREAK component that specified the exit 
ventilation system pressure to atmospheric pressure for the failed ventilation fan 
'cases. 

'The ignition of the released gases was initiated in a single cell located at two differ- 
lent locations. An ignition point at the top center of the dome space (see Fig. D-2) 
'was used for predictions for structural analysis considerations because the top-down 
lpropagntion of the flame front maximized the flame area and generally resulted in 
ithe highest tank peak pressures and pressure rise times for a given gas release 
,volume. The top-down burn was used for the structural calculation. The other lo- 
cation for the gas ignition location was adjacent to the side of the tank on the surface 
of the waste. Calculations involving gas ignition located at the waste surface 
predicted the most conservative radiological consequences because the flame front 
moving across the waste surface entrained a significant mass of particles and swept 
them out of the tank. This is in contrast to the top-down burn that tended to force 
any suspended particles back toward the waste surface. 

'The flow paths from Tank 101-SY were modeled individually for all cases. For the 
structural calculation, all MPR instrument ports were assumed to be occupied. This 
assumption specifies the use of a 66% MPR vent area fraction. During the combus- 
tion phase of the calculation, opening of the MPR pressure relief panels reduced the 
rate anti magnitude of tank pressurization. The initial opening of the MPR was 
initiated by a 0.43-bar (6.0-psig) overpressure of the tank dome region from combus- 
tion of the waste gases. This overpressure is the upper limit for the opening of the 
pressure relief panels on the MPR because the opening limit ranges from 0.36 to 0.43 
bar (5.0 to 6.0 psig). The relief panels then were opened fully over a 100-ms period. 
If we select the 66% MPR vent area fraction and the 0.43 bar (6.0 psig) relief panel 
opening pressure, the most conservative results with respect to the tank structural 
integrity based on these MPR parameters are provided. 

Three different riser configurations (a closed tank, an open tank, and an open tank 
with a failed MPR pressure relief panel) were used for the radiological and toxi,colog- 
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ical release calculations. The closed-tank condition simulated a mixer pump in- 
stalled in the 1.07-m (42-in.)-diam riser. The open-tank condition simulated an 
open 1.07-m (42-in.)-diam riser (i.e., the mixer pump is not.installed in the riser 
during a GRE). The open tank with a failed MPR pressure relief panel represented 
an open 1.07-m (42-in.)-diam riser combined with an MPR pressure reliel' panel 
assumed to be in a failed open position. The open 1.07-m (42-in.hdiam riser in all 
nonburn calculations was simulated with a 100% MPR that was in a fully open 
configuration at the beginning of the calculation. The nonburn calculations for the 
combined open 1.07-m (42-in.)-diam riser and failed MPR pressure relief panel 
assumed that the failed MPR is equivalent to a 50% MPR flow area. Therefore, the 
100% MPR flow area used for the open 1.07-m (42-in.)-diam riser calculations was 
increased by 50% for a total flow area of 1.317 m2 (14.176 ft*) to model both flow 
.paths a:; a single flow path. 

For the radiological and toxicological burn analyses, the open 1.07-m (42-inJ-diam 
:riser case was modeled differently from the nonburn cases discussed in the previous 
.paragraph because our tank model was limited to three flow paths from the tank 
{dome to the atmosphere. One flow path was reserved for the 100% MPR vent area 
opening at 0.43 bar (6.0 psig) overpressure to provide pressure relief during the burn 
phase of the GRE. This left only two flow paths for normal tank venting that were 
ireserved for the in-leakage duct and the ventilation system duct. Therefore,, when 
we modeled the open 1.07-m (42-in.)-diam riser case, we combined the flow #area of 
the 1.07-m (42-in.)-diam open riser with the 0.305-m (12-in.) in-leakage duct flow 
area. 

13efore executing a particular case, the following items were revised or verified to be 
consistent with the accident of interest: 

1 Boundary conditions for the ventilation system are required, i.e., ventila- 
tion fan operable or failed; 

2 Time and location of release gas ignition must be specified, Le., either the 
tank dome apex location or waste surface location; 

3 The multiplier (to specify the release gas volume) is applied to the gas 
mass equivalent to a maximum expected release of 297 m3 (10,480 ft3) for 
any gas release volume different from the 297-m3 (10,480-ft3) gas r,elease; 
and 

4. TRAC tank farm ventilation system components must be revised to 
model properly the pump riser, pressure relief riser, and in-leakage flow 
paths. 

Initially, a long-duration calculation without considering combustion was 
performed to determine the time at which the maximum fuel concentration exists 
in the dome space. This calculation showed that the maximum concentration 
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occurred 500 s after the initiation of a gas release. A typical HMS/TRAC calculation 
for a case with an operable ventilation fan consisted of a 30-s quasi-steady-state 
period to establish pressures and flows in the tanks and ventilation system. This 
was followed by a 500-s release gas injection phase, followed by the combustion 
phase. The run was continued until the tank pressure depressurized to atmospheric 
pressure. The accident sequences with the failed ventilation fan were run similarly 
except that the 30-s quasi-steady-state period was not used because the complete 
system was initialized to atmospheric pressure and thus did not require a steady- 
state initialization. 

4.2. Calculation For Structural Analysis 

The calculation for determining the structural consequences was performed for a 
245- and 261-m3 (8650- and 9230-ft3) GRE, with an inoperable ventilation fan and a 
top-down burn of the waste gases. The tank pressure response for the :261-m3 
(9230-fi3) GRE calculation exceeded the structural limitations; therefore, the 245-m3 
(8650-ft3) GRE was performed. The resulting pressure response met the structural 
#criteria. The peak dome average pressure for the 261-m3 (9230-ft3) release and burn 
was 4.2 bar (60.3 psia), and the peak vapor temperature was 1301 K (1882'F). For the 
:245-m3 (8650-ft3) release, the peak dome pressure was 4.0 bar (58 psia), and the vapor 
temperature was 1260 K (1808'F). The predicted pressure history during the burn 
,phase is shown in Fig. D-5 because this tank dome pressure response was used for 
ithe structural analysis of the tank. The pressure history in Fig. D-5 was expanded 
jfrom 500.9 s to 501.25 s (as shown in Fig. D-6) to illustrate a pressurization rate of 
.-15 bar 1s (218 psi/$ shortly before the peak pressure was reached. 

4.3. 

I'IMS/TRAC  calculation^^^ were performed for GREs of 113, 245, and 297 m3 (4000, 
8650, and 10,480 ft3). A matrix of the HMS/TRAC calculations performed to de- 
{ermine the radiological and toxicological consequences of this SA revision is listed 
in Table D-1. We selected the 113-, 245-, and 297-m3 (4000-, 8650- and 10,480-ft3:) GREs 
based on using these GREs to provide the bounding arguments for the different 
accidents addressed in the SA. Cases la through 21: [297-m3 (10.480-ft3) CRE] were 
run only through the gas release phase to calculate the peak ammonia release rates 
for determining the toxicological exposures at various locations centered around the 
tank farm. Cases 3a through 4b are 297-m3 (10.480-ft3) GRE burn calculations used to 
obtain the radiological releases for computing the radiological consequences. 
Siimilarly, Cases 5a through 6b [245-m3 (8650-ft3) GRE] and Cases Sa through 9b 
[113-m3 (4000-ft3) GRE] were nonburn calculations, whereas Cases 7a and loa were 
the corresponding burn calculations. 

The results of the HMS/TRAC analyses for this SA are summarized in Table D-2. 
The peak dome average pressures and vapor temperatures during the gas release or 
burn phases are given in Table D-2. For a given gas release volume, the greater peak 

Calculations For Radiological and Toxicological Consequence 
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Fig. D-5. Tank 101-SY pressure history for a 245-m3 (8650-ft3) release. 
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Fig. D-6. Tank 101-SY expanded pressure history for a 245-rn3 (8650-ft3) release. 

pressures and temperatures were predicted for a closed tank with an inoperable 
ventilation fan. This occurred because the inoperable ventilation fan resulted in a 
:higher flammable gas concentration in the dome space before the burn as cornpared 
to the similar case with an  operable ventilation fan. When the ventilation fan is 
operating, a small fraction of the fuel is removed during the gas release phase of the 
GRE. The maximum ammonia and hydrogen concentrations in the tank dome 
before the combustion event also are listed in the table. As expected, all cases with 
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an open 1.07-m (42-in.)-diam riser had lower peak pressures and temperatures than 
their counterpart cases with a closed riser. 

REV 2 

The peak ammonia release rates were obtained during the gas release phase of the 
GRE and are listed in Table D-4. When the 1.07-m (42-in.)-diam riser is opened, the 
release rates at the three tank exit ducts are altered, as shown in Table D-4 (e.& Cases 
la  and lb). Failure of the MPR pressure relief panel in the open position during the 
gas relief phase (Cases IC and 2c) had an insignificant effect on the release rates. We 
attribute this phenomenon to the fact that the release of the waste gases into the 
dome space acts as a piston; because of mass continuity, the waste gases exit the tank 
ducts at the same mass flow rate, regardless of the magnitude of the duct flow area. 
For other gas release volumes, we examined only an open 1.07-m (42-in.bdiam riser 
to quantify the consequences during open-tank conditions. 

The ammonia exposures for these cases were computed with the methodology de- 
scribed in App. G of the SAusing the peak ammonia release rates given in Table 
D-3. The toxicological exposure factors have been revised from those reported in 
previoirs versions of the SA. The revised factors31 were used to calculate the 
ammonia exposures given in Table D-3. For ammonia exposure comparisons to the 
WHC sisk guidelines, the receptor location for the maximum onsite individual is 
100 m (328 ft) from the tank and is designated as the SY Farm in Table D-4. The 
maximum ammonia exposure for all cases analyzed is 333 ppm for Case 2b [i.e., 
297-m:' (10,480-ft3) GRE with an inoperable ventilation fan and an open 1.07-m 
(42-inJ-diam riser]. Similar cases with an inoperable ventilation fan and an open 
1.07-m (42-in.bdiam riser, but with a different gas release volume, results in the 
largest ammonia exposures for cases within the double-lined borders in Table D-4. 

A summary of the predicted radiological material balance is given in Table D-5 for 
all  burn cases listed in Table D-1. The predicted radiological releases from the tank 
#exit ducts provide the releases necessary to determine the radiological conseq'uences. 
'The material balance for a single nonburn case (i.e., Case 2c) also is given in Table 
D-5 to provide data to determine the radiological consequences for a gas-release-only 
(event. The maximum radiological mass available for release to the atmosphere is 
the total dome loading mass either at the beginning of the gas release for Case 2c or 
before the burn for all other cases listed in Table D-5. During the burn phase, a frac- 
Ition of the initial dome loading is released to the atmosphere. The lasit three 
columns of Table D-5 give the individual releases through the three leakage ducts in 
the tank dome. These individual releases sum up to the total mass released to the 
atmosphere (i.e., Column 3 of Table D-5). Comparisons of various tank configura- 
lions for the 297-m3 (10,480-ft3) GRE are given for Cases 3a through 4b. The total 
mass released to the atmosphere is very similar for these cases because the difference 
is only 0.03 kg (0.07 Ibm). The differences are minimal between the cases with and 
without an operable ventilation fan. 
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Case ID 
la  
lb 
IC 
2a 

TABLE D-1 
HMSiTRAC CALCULATION MATRIX 

Case Description 
10,480 ft3/Ventilation Operable/Closed Tank 
10,480 ft3/Ventilation Operable/Open 42-in. Riser 
10,480 f@/VentiIation Operable/Open 42-in. Riser/Open MPR Panel 
10.480 ft3 / Ventila tion Inouerable / Closed Tank 

2c 
2b 

3a 
10,480 ft3/Ventilation Inoperable/Open 42-in. Riser/Open MPR 
10,480 ft3/Ventilation Inoperable/Open 42-in. Riser 

10,480 ft3/Ventilation Ouerable/Closed Tank/Burn 
3b 
4a 
4b 

-I 5a 
5b 

I 8650 ft3/Ventilation Operable/Closed Tank 
I 8650 ft3Nentilation Ouerable/Ouen 42-in. Riser 

10,480 ft3/Ventilation Operable/Open 42411. Riser/Burn 
10,480 ft3/Ventilation Inoperable/Closed Tank/Burn 
10,480 ft3/Ventilation Inouerable/Ouen 42411. Riser/Burn 

6a 8650 ft3Nentilation Inoperable/Closed Tank 
6b 
7a 8650 ft3/Ventilation Inouerable/Closed Tank/Burn 

8650 ft3/Ventilation Inoperable/Open 42-in. Riser 

4000 ft3/Ventilation Inoperable/Closed Tank 
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TABLE D-2 
SUMMARY OF HMSiTRAC RESULTS 
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Inlet 
HEPA 

TABLE D-3 
PEAK AMMONIA RELEASE RATES 

2c I 1.15 I 15.90 

Ammonia Release Rate (gls) I 

0.32 

la  I 11.20 I 0.00 I 5.70 
l b  I 8.30 I 12.10 I 0.74 
IC I 8.30 I 12.00 I 0.74 
2a I 11.10 I 0.00 I 6.02 

2b I 0.99 I 16.50 I 0.00 

The radiological consequences were computed with the methodology described in 
App. G of the current version of the Mixer Pump SA (using the radiological releases 
given in Table D-5) and are presented in Table D-6. The radiological exposures 
given in Table D-6 assume an additional source of 0.36 kg (0.79 Ibm) of waste 
released from the HEPA filter during the burn phase.32 

5.0. CONCLUSIONS 

A brief overview of the combined HMS/TRAC code was presented in this 
aLppendix, as well as all calculational results of the HMS/TRAC analyses per- 
formed for the SA. Maximum onsite (SY Farm) ammonia exposures were 
computed for the tank configured with an open 1.07-m (42-inJ-diam riser and 
an inoperable ventilation fan. The tank configuration was not as important for 
the determination of the maximum radiological doses because all 
configurations analyzed produced very similar results. The radiological and 
tloxicological exposures are summarized and compared to WHC acceptance 
limits in Sec. 5 of the SA. 
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8a 

WHC-SD-WM-SAD-033 
REV 2 

45.506 35.441 13.723 1.442 

220.153 65.900 15.984 1.472 

8.958 7.499 .3.249 0.349 

TABLE D-4 
AMMONIA EXPOSURES (ppm) 

8b 

I I I I 1 

22.503 12.705 4.970 0.524 

9b 52.713 16.207 4.076 0.380 

Waste Mass Distribut 
Initial Total Release t case ID Dome Released to through 

Exhaust 
Stack 

0.640 0.167 0.017 

6.090 3.950 0.272 

6.090 3.970 0.165 

6.090 3.940 0.243 

6.090 3.960 0.068 

7a 6.090 3.730 0.218 

I 10a I 6.090 I 2.840 I 0.149 

in (kg) 
Release I Release 
through through 

Inlet Duct Relief 
Riser 

0.004 I 0.146 

0.094 I 3.584 

2.400 1.405 + 0.106 3.591 

2.470 I 1.420 
1 

0.095 3.417 
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TABLE D-6 
RADIOLOGICAL DOSE EDE (rem) 

aAcute dose. 
b50-yr (dose. 
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APPENDIX E 
DETONATION CONSIDERATIONS IN THE DOME VAPOR SPACE 

1.0. 

In this appendix, we evaluated the likelihood of a detonation in the dome vapor 
space and ventilation duct. In analyzing the likelihood of detonation, we used the 
methodology developed at SNL based on the geometric class and mixture 
:sensitivity. The SNL methodology originally was developed for hydrogen/air 
mixtures. We applied the same methodology to the release gas mixture of interest 
'by using the detonation cell-width concept. We concluded that for gas releases up to 
:371.7 m3 (13,100 ft3), the detonation is possible but very unlikely given that 
i(1) mechanical ignition is difficult, (2) mechanical ignition is unlikely, and ( 3 )  all the 
Ielectrical components comply with the applicable NEC codes. 

:L.O. BACKGROUND 

'Two ways that a detonation can occur during a release of waste gases into the dome 
vapor space are (1) direct initiation of detonation by a powerful ignition source and 
((2) DDT. The first case involves a strong ignition source of high energy, high power, 
or large size [roughly 1 g of high explosive (4.6 kJ) for a stoichiometric hydrogen/air 
mixture]' to initiate directly a detonation by "shock" initiation. This strong ignition 
source is enough to be incredible for in-tank ignition sources. The second process 
involves igniting the released waste gases, which results in a subsonic flame 
(deflagration) propagating into the unburned combustible gas. The flame accelerates 
io velocities that cause compression waves to form in front of the deflagration 
combustion wave. Shock waves may form, and the combustion process may 
transition to a detonation wave. Flame acceleration is dependent on the 
"sensitivity" of the mixture and on geometric factors, such as obstacles, scale, and 
amount of expansion volume near the accelerating wave front.* 

The sensitivity of the mixture normally is described as the detonation cell width, 
which usually is investigated for hydrogen/air systems as a function of the 
equivalence ratio. The equivalence ratio is defined as the ratio of the hydrogen to 
oxygen mole fractions divided by the same ratio for stoichiometric conditions. 
Therefore, for stoichiometric conditions, the equivalence ratio is unity; for fuel lean 
mixtures, i t  is less than 1; for fuel rich mixtures, it is greater than 1. In fact, the 
equivalence ratio is an exact measure of the amount of hydrogen that exists in the 
hydrogen/air system. 

The detonation cell width is a length scale associated with detonation waves, which 
are characterized by an unsteady cellular combustion front. It is well known that 
detonation waves consist of transverse, reflected, and Mach-stem shock waves all 
meeting at Mach triple  point^.^ These loci of triple points actually produce a 
t:raceablt: diamond-shaped pattern that can be measured. The transverse wi,dth of 
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this pattern is called the detonation cell width, which has been experimentally 
related to detonation limits in various ge~metr ies .~  
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3.0. METHODOLOGY 

There is no theory that can be used to predict flame acceleration to detonation for all 
mixture conditions and geometries. However, the work at SNL4 is an effort to 
quantify a methodology to examine and give guidelines for predicting DDT. We 
will summarize the methodology in the following paragraphs. The methodology is 
based on extensive experimental data and years of research experience; thus, for the 
validity and justification of the methodology, the reader is referred to the original 
paper .4 

The methodology is based on the following assumptions: 

.I. The likelihood of DDT can be expressed as a function of two variables, one 
based on the sensitivity of the mixture and the other based on th'e flame 
acceleration potential of the geometry through which the deflagration 
propagates. 

1. The sensitivity of the mixture is based on the detonation cell width or 
equivalence ratio for a hydrogen/air system. 

3. The flame acceleration potential in a given geometry can be estimated 
from such characteristics as obstacles and size by reference to simple 
guidelines. 

Based on the detonation cell width, X, and equivalence ratio, @,mixtures are 
divided into five sensitivity classes: 

I .  mixtures that are extremely detonable near stoichiometric; 

2. mixtures that are less likely to detonate; 

3. mixtures that have been observed to undergo detonations in geometries 
that favor flame acceleration; 

4. mixtures that have been observed to propagate a detonation, but a DDT 
has not been observed; and 

5 .  mixtures that are unlikely to undergo DDT. 

In Table E-I, we present the classification of mixture sensitivity to detonation for dry 
hydrogedair mixtures at 2OoC and I-atm pressure. 
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Mixture Class Detonation Cell Width (mm) 
1 20 to 15 
2 40 to 20 
3 320 to 40 
4 1200 to 320 
5 N o  Data 

TABLE E-1 
CLASSIFICATION OF HYDROGEN/AIR MIXTURES AT 20°C AND 1 ATM 

Equivalence Ratio 
0.75 < CP 51.5 

0.63 I O  < 0.75, 1.5 < CP S 2.2 
0.42 5 CP < 0.63, 2.2 < 0 C 4.1 
0.37 < CP < 0.42, 4.1 < 0 C 5.6 

0 < 0.37,0 7 5.6 

The flame acceleration potential of a given volume is classified into one of five 
geometric classes, beginning with geometric Class 1 being the most conducive to 
flame acceleration to geometric Class 5 being the least conducive. A description of 
these classes follows. 

Geometric Class 1. Large geometries with obstacles in the path of the expanding 
unburned gases. Partial confinement favors gas expansion past obstacles. An exam- 
ple is a large tube with numerous obstacles and with ignition going from a closed to 
an open end. Class 1 geometries are the most favorable to large flame acceleration. 

Geometric Class 2. Geometries similar to Class 1 but with some features that hinder 
flame acceleration. Examples would be a tube open on both ends or large amounts 
of transverse volume for expansion to the direction of the flame propagation. 

Geometric Class 3. Geometries that yield moderate flame acceleration but are 
neutral to DDT. Examples are large tubes without obstacles and small tubes (several 
inches in diameter) with obstacles. 

Geometric Class 4. Geometries unfavorable to flame acceleration. Examples are 
(1) large volumes with few obstacles and large amounts of transverse expansion to 
the flame path and (2) small volumes without obstacles. DDT will not usually occur 
in a Class 4 geometry. 

IGeometric Class 5. Geometries are so unfavorable to flame acceleration that not 
even large volumes of stoichiometric hydrogen/air mixtures are likely to detonate. 
]Examples are a totally unconfined geometry at large scale or a small spherical 
geometry without obstacles and central ignition. 

Table E-2 gives the result class as a function of mixture and geometric classels. The 
entries in this table are based subjectively on investigations of highly experienced 
detonation physics specialists at SNL.3 
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Geometric 
Classes 

1 
2 
3 
4 
5 

TABLE E-2 
DEPENDENCE OF RESULT CLASS ON MIXTURE AND GEOMETRIC CLASSES 

Mixture Classes 
1 2 3 4 5 
1 1 2 3 4 
1 2 3 4 5 
2 3 3 4 5 
3 4 4 5 5 
4 5 5 5 5 

The entries in Table E-2 can be interpreted as follows: 

Result Class 1: DDT is highly likely. 
Result Class 2: DDT is likely. 
IZesult Class 3: DDT may occur. 
Result Class 4: DDT is possible but unlikely. 
Result Class 5: DDT is highly unlikely to impossible. 

We intend to use the framework of this methodology to evaluate the potential of 
detonation occurring in the dome vapor space. A matrix of experiments has been 
conducted5 to determine the sensitivity of the waste gas' major components 
(hydrogen, nitrous oxide, and nitrogen) diluted in air. The ZND model6 was 
verified for the purpose of interpolation and extrapolation of these experimental 
data. In these experiments and calculations, we assumed a given waste gas release 
volume fraction composition of hydrogen (0.385), nitrous oxide (0.303), and nitrogen 
(0.3121.6 Using this information and the SNL methodology, we classified the waste 
,gas diluted with dry air into five sensitivity mixture categories, as summarized in 
'Table E-3. 

'Table E-3 includes the addition of ammonia to the waste gas mixture, but not the 
.trace amounts of methane and carbon monoxide.7 Both methane and carbon 
monoxide are relatively insensitive gases compared to hydrogen and ammonia and 
trace additions of the two are not expected to change the sensitivity of the waste gas 
mixtures to detonation. 

Even though the detonation cell width was used to determine the mixture class, we 
observe in Table E-3 that the hydrogen volume fraction or percentage serves the 
same purpose for defining the sensitivity of the mixture. 
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Release Gas Hydrogen 
Mixture Volume Air Volume Volume 

Class Fraction Fraction Fraction 
1 >0.45 <0.55 >0.144 
2 0.33 to 0.45 0.55 to 0.67 0.105 to 0.144 
3 0.26 to 0.33 0.67 to 0.74 0.083 to 0.105 
4 0.22 to 0.26 0.74 to 0.78 0.072 to 0.083 
5 <0.22 >0.78 <0.072 

Detonation Cell 
Width (mm) 

c15 
15 to 100 

100 to 1000 
1000 to 10000 

>I 0000 

3.1. 

We believe that the geometric class of the waste tank dome is highly unfavorable to 
flame acceleration. The space is a large open volume of at least 1133 m3 (40,000 ft3) 
with few obstacles; during a waste gas release, there are large volumes for expansion. 
Experiments have shown8 that the expansion of combustion waves inhibits flame 
acceleration. Therefore, the open dome space volume above the waste surface may 
be classified between a geometric Class 4 and 5. 

As the waste gases rise into the dome vapor space, they are quickly diluted with air 
to mixtures that are less sensitive. In fact, for a 297.3-m3 (10,500-ft3) release 
#(ventilation system inoperable, riser closed), we examined the fraction of the total 
tank volume (as a function of time), which contains accumulated volume fractions 
(of mixture Classes 1, 2, 3, and 4 (Fig. E-1). The predicted mixture classes for this case 
!resulted in no mixture Classes 1 and 2. The presence of mixture Class 3 was 
inegligihle. Therefore, as shown in Fig. E-I, the accumulated volume fractions, of the 
shown mixture classes are essentially mixture Class 4. 

3.2. 

For the 371.7-m3 (13,100-ft3) release with an inoperable ventilation syste.m and 
closed riser, we examined the fraction of the total tank volume (as a function of 
f.ime), which contains accumulated volume fractions of mixture Classes 1, 2, and 3 
(Fig. E-2). The predicted mixture classes for this case resulted in no mixture Classes 1 
and 2. Therefore, as shown in Fig. E-2, the accumulated volume fractions of the 
shown mixture classes are solely a mixture Class 3. 

Evaluation of 297.3 m3 (10,500 ft3) Release in the Tank Dome 

Evaluation of a 371.7-m3 (13,100-ft3) Release in the Tank Dome 
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Mixtureclasses 1 t 2 t 3 t 4 1 

Time (s) 

Fig. E-1. Fraction of total tank dome space volume containing mixtures 1, 2, 
3,  and 4 for a 297.3-m3 (10,500-ft3) release with inoperable 
ventilation system and closed riser. 

0.06 

M1xturr:Class 1 + 2 + 7 
0.05- 

10 

Time ( 5 )  

Fig. E-2. Fraction of total tank dome space volume containing mixtures 1, 2, 
and 3 for a 371.7-m3 (13,100-ft3) release with inoperable ventilatiosn 
system and closed riser. 
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3.3. Evaluation of a 371.7-1113 (13,100-fP) Release in the Ventilation System 

Combustible mixtures of waste gases are 'drawn through the.ventilation system by 
the operating fan. To analyze the possibility of a detonation or DDT in the duct 
work of the ventilation system, we calculated the hydrogen volume fraction at the 
location where the ventilation system is attached to the dome. In Fig. E:-3, the 
hydrogen volume fraction time history is presented and compared to the threshold 
between mixture Classes 4 and 5 (0.072 to 0.083). During the waste gas release phase, 
the maximum value remains within mixture Class 4. Even though the ventilation 
system duct work (30.5-a-11, I-ft-diam pipe) is geometric Class 2, the resulting Class 4 
indicates that detonation or DDT is possible but unlikely. 

3.4. Summary of Results 

Based on work done at SNL and the Explosion Dynamics Laboratory, we have quan- 
tified the relative risk of a DDT. The SNL methodology found two parameters to 
predict the likelihood of DDT. First, the closer a hydrogen/air mixture was to 
stoichiometric, the more likely the occurrence of a DDT. They listed five categories 
for mixtures that are related to detonation cell width and equivalence ratios. The 
second key parameter was the geometry. They found that confined geometries with 

Mixture Class 4 

Threshold to 
Mixture Class 5 

. . , , , , , , . . , , . . 
200 400 600 R O O  1 

Rev. 14 

IO 

Fig. E-3. Ventilation system hydrogen volume fraction for a 371.7-m3 
(13,100-ft3) release with operable ventilation system and closed riser. 
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obstacles promoted flame acceleration and DDT. They had five classes for the 
geometric effects. The equivalence ratio can be quantitatively calculated, but the 
geometric effects are subjective. Based on these two parameters, SNL developed 
a matrix of the likelihood of DDT, as shown in Table E-2. We have updated the SNL 
methodology for hydrogen in dry air to mixtures of hydrogen, water, and nitrogen 
diluted with various percentages of air. The Explosion Dynamics Laboratory has 
obtained experimental data for this more prototypical waste gas composition. This 
data has been used to calibrate and verify the Shepherd ZND model. Using this 
model, we were able to interpolate and extrapolate the waste gas composition 
mixtures to determine the cell widths of each detonation and therefore determine 
the sensitivity of a given mixture. The waste gas mixture compositions, detonation 
cell size, and mixture classes are summarized in Table E-3. 

For Tank 101-SY, we calculated the volume percentage of the dome vapor space that 
would contain mixtures in the most sensitive classes for the 297.3-m3 (10,!500-ft3) 
release and 371.7-m3 (13,100-ft3) release cases with the ventilation system ino:perable 
and with the riser closed. In addition, we calculated the hydrogen volume fraction 
that would exist in the ventilation system with the ventilation system operable and 
the riser closed for a 371.7-m3 (13,100-ft3) release. For the 297.3-m3 (1 l,SOO-ft-') release 
[Fig. (E-l)], up  to -15% of the dome volume was in mixture Class 4, while mixture 
Classes 1 + 2 + 3 were nearly negligible. This small percentage justifies the 
assumption that the geometry volume containing the sensitive gas mixtures IS open 
and unrestricted. The geometry therefore is judged to be in the class of least likely to 
detonate. From result classes in Table E-2, the possibility of DDT is judged to be 
highly unlikely to impossible. 

For the 371.7-m3 (13,100 -t3) release, we found (Fig. E-2) that none of the dome vapor 
space contains Class 1 mixtures and that the dome volume containing the most 
:sensitive mixtures (Classes 1 + 2 + 3) is <5%. From these percentages, we concluded 
that because the geometry is open and the most sensitive mixtures are unconfined, 
the geometry is the least sensitive, with the lowest potential for DDT. Using the 
'Table E-2 results, we judged the possibility of DDT to be highly un1ik;ely to 
:impossible. 

'The ventilation system was examined because it is a confined geometry and is 
judged to be Class 2. An analysis of waste gas mixtures in the ventilation system 
!showed that the hydrogen volume fraction, and therefore the detonation cell width, 
is never above Class 4. From Table E-2, considering geometric Class 2 and mixture 
Class 4, the ventilation system has a result Class 4, which characterizes thie DDT 
probability as possible, but unlikely. 

4.0. CONCLUSIONS 

In the SNL studies, the experimental data was obtained for dry hydrogen/air 
mixtures. In the waste gas mixture, hydrogen, nitrous oxide, nitrogen, and 
ammonia diluted with air, the detonation cell width was measured at the Explosion 
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Dynamics Laboratory. By using this data to calibrate the Shepherd ZND model, we 
were able to interpolate and extrapolate the relevant data to determine sensitivity 
mixture classes and relate them to the SNL methodology. Because the SNL 
geometric classes are directly applicable, we were able to judge the possibility of DDT 
based on the two relevant parameters of mixture sensitivity and geometry. 

In the tank dome during a 297.3-rn3 (13,100-ft3) release or 371.7-m3 (13,100-ft3) 
release, the dome volume a t  any given time containing the most sensitive gas 
mixtures is negligible. This volume is considered unconfined, and because there are 
few obstacles in the dome volume, the volume also is considered to be open. An 
open unconfined volume of this size is in the least likely geometry class for DDT. 
When the gas mixtures are considered in this geometry, the result class ind:icates a 
highly unlikely to impossible, up to mixture Class 3, event of DDT. 

The long, I-ft-diam pipes making up the ventilation system are geometric Class 2. 
However, because the sensitivity of the gas mixture during the release phase is 
never less than Class 4, the result class is 4, which indicates DDT is possible, but 
unlikely. 

Based on all of these considerations, we conclude that DDT is possible but unlikely 
for the integrated waste tank dome vapor volume and ventilation system. This 
assessment of the likelihood of DDT occurring is based on the assumption that 
ignition has occurred with a probability of 1. New evidence9 indicates that waste gas 
mixtures diluted with air are difficult to ignite with mechanically generated sparks. 
If we consider that all the electrical equipment complies with the appropriate NEC 
codes, that the possibility of a mechanical spark ignition is difficult, and that 
mechanical ignition unlikely, then the probability that detonation will occur is 
possible but very unlikely. 
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APPENDIX F 
FLOW AREA BETWEEN THE DOME AND PUMP PIT 

1.0. 

The objective of this analysis is to determine the design controls to prevent 
flammable gas accumulation in the pit and a burn resulting in cover block launch- 
ing. The cover blocks may be launched as a result of pressurization of the pit space 
stemming from (1) a burn in the pit and (2) flow leakage from the dome into the pit. 

'The results of conservative analyses show that flammable gas accumulation in the 
pit and damaging cover block motion during a burn may be eliminated if 

OBJECTIVE AND SUMMARY OF RESULTS 

1. the leak area from the dome to the pit 13.23 x 10-4 m2 (0.5 in.2) during a GRE 
without a burn, 

2. the leak flow area from the dome to the pit Q.58 x 10-2 m2 ( 40 in.2) alter the 
initiation of a burn, 

3. the free volume in the pit is 211.33 m3 (400 ft3), 

4. the drain pipe remains plugged for dome pressures M.4 atm (63.8 psia), and 

5. the vent area to the atmosphere from the pit is 20.073-m2 (113-h2) 

'This analysis was completed early into the project. A reanalysis using recent 
Itnowledge gained from the tank may help remove some of the conservatism in the 
results i f  some relief in the above administrative controls is needed. 

2.0. GAS ACCUMULATION IN THE PUMP PIT WITHOUT A BURN 

This section documents the HMS/TRAC analyses performed to determine the 
maximum flow area of the pump riser/pump housing annulus in Tank ,101-SY 
such that the gas concentration in the pump pit region remains below the LFL 
criteria for combustible gases. The Controls section of this SA (Sec. 6) states that the 
maximum hydrogen concentration allowable is 7500 ppm. 

The pump riser/pump housing annulus is a very narrow gap located between the 
outer pump housing and the energy absorption block/cylinder assembly.' This flow 
path allows the release gases to flow from the tank vapor dome into the pump pit. 
WHC has calculated the flow area to be 40.84 cm2 (6.33 in.2) for this annular area.2 
Preliminary HMS/TRAC calculations using this flow area resulted in the hydrogen 
concentration exceeding 0.75 vol 70 in the pump pit and cover block region, which 
resulted in reducing the flow area based on the analysis documented in this section. 
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2.1. Analytical Methods and Calculations 

A series of HMS/TRAC calculations was performed to determine the maximum 
allowable flow area that will meet the 0.75 vol 9% H2 criteria.3 The HMSITRAC 
input model was based on the tank farm model described in App. D and was revised 
to incorporate some of the details of the pump riser/pump housing and pump pit 
regions. 

A 1D model of the pump pit and pump riser was developed from the original TRAC 
valve component used to model the 1.07-m (42-in.) pump riser flow path. A noding 
schematic of the pump pit/riser model is shown in Fig. F-1. All of the modified 
TRAC input required for the valve component is shown in Fig. F-2. The pump riser 
annulus flow area (Cell-Edge No. 2) is 40.84 cm2 (6.33 in.2), as given in Ref. 2. This 

El 671 167' 
(Bottom of cover 
blocks) 

El. 667-5 314- 
(Top of riser) 

5 I 

4 

Pump pit 

3 

AX = 1 229 for cells 3 10 5 _ _ _ _ _ _ _ _ _ _ _  

Ax = 1 745' 
for cells 1 & 2 

6 4 2  riseriPump housing annulus 

Pump annulus 
Flow area = 6 33 i n 9  
(Ref No 3) 

Fig. I:-1. TRAC noding schematic for pump riserlpump pit component model. 
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flow area and the corresponding hydraulic diameter were varied in the TRAC 
model until the 0.75 vol % H2 criterion was attained. The valve model treated this 
annular region as a thin square-edged orifice because our initial assumptions led u s  
to believe that the most limiting flow area in the pump riser was at the location of 
the hydraulic jack support assembly (see bottom crush plate diagram in Ref. 4). 

This assumption later proved to be incorrect after Ref. 4 was obtained. The flow 
path through the pump riser actually follows a torturous annular path rather than 
the smooth annular path we used in o u r  model. The calculations 

Geometric Data 
Component 

42-in. riser i.d. 42.00 
Cover block i.d. 20.00 
42-in. riser height 41.75 
Pump pit height 

Cell-Edge No. 
1 
2' 
3 
4 
5 
6* 
7* 

Flow areas from 

:ell-Edge Flow Areas 1 (m2) 
1184.38 0.7639 

0.0041 
1184.38 0.7639 

15620.34 10.0751 
15620.34 10.0751 

128.00 0.0826 
128.00 0.0826 

Cell Lengths 

- 6 I 20.000 1 0.5080 
'Lengths from Ref. 4. 

Cell No. 
1 
2 

3" 
4* 
5* 
6 

'Cells 3 to 5 t 
ef. 3. 

Hvdraulic Diameters 

26.00 
118.34 
11 8.34 

4.00 

(m) 
0.6604 
0.0196 
0.6604 
3.0057 
3.0057 
0.1016 
0.1016 

Cell Volumes 
(in.3) 
24724 
24724 

230400 
230400 
230400 

2560 
cd on 400 f t  

Flow Loss Coefficients 
0.0 
1.4 
1.0 
0.0 
0.0 
0.5 
1 .n 

(m3) -- 
0.4052 
0.4052 
3.7756 
3.7756 
3.7756 
0.0420 -- 

i t  volume. 

Fig. F-2. Data of revised valve component for the 1.07-m (42-in.) pump pit riser. 
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Run 

Identification 

A 

B 
C 
D 

E 

were completed before this modeling discrepancy was discovered; thus, the model 
was not revised. Our calculations with the pump riser modeled, as shown in Fig. 
F-1, will provide conservative predictions for the hydrogen concentrations in the 
pump pit and above the cover blocks because the actual flow resistances in the 
pump riser are significantly greater than those used in our model. 

The total volume of the pump pit was specified in Ref. 1 as being 14.18 m3 
(500.72 ft3). We used a pump pit volume of 11.33 m3 (400 ft3) in our model to be 
conservative because informal discussions with WHC personnel indicated that the 
bottom of the pump pit contains equipment and debris not considered in the WHC- 
computed pump pit volume. 

Table I:-1 lists the annulus area and hydraulic diameters used for our  calculations 
In computing the hydraulic diameters, we assumed that the pump riser annulus 
flow area was a long narrow slot 40.64 cm (16 in.) in length. The width of the slot 
was dependent on the annulus flow area. The cell-edge loss coefficients and 
k factors for the contraction and expansion locations given in Fig. F-2 were based on 
standard geometric loss coefficients given in Ref. 5. A k factor of 1.4 (given in Ref. 5) 
was used for the cell edge that simulated the square-edged orifice. 

2.2. Results and Discussion 

The results of the parametric calculations for the five cases are summarized in 
'TableF-2 and detailed in Ref. 3. The hydrogen concentrations reported tor the 
pump pit are in the center cell (Cell 4 of Fig. F-1) of the pump pit. The hydrogen 
'concentration for the cover block is Cell 6. The hydrogen mass into the pump pit is 
the total mass of hydrogen leaving the tank vapor dome through the pump riser. 
This mass  does not account for the hydrogen that  leaves 

Annulus Area Hydraulic Diameter 

(in.2) (m2) (in.) (m) 
6.330 0.00408 0.772 0.01961 
3.165 0.00204 0.391 0.00993 
1.583 0.00102 0.197 0.00499 
0.791 0.00051 0.099 0.00250 
0.500 0.00032 0.062 0.00158 

TABLE F-1 
PUMP HOUSING ANNULUS AREA AND HYDRAULIC DIAMETERS 
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TABLE F-2 
SUMMARY OF HMSK'RAC PUMP PIT CALCULATIONS 

Identification (in.2) Pump Pit Cover Block 
6.330 

3.165 
1.583 4.87 2.38 

HZ Mass into 

0.269 

0.130 1 
0.055 I 

I D I 0.791 I 0.89 I 0.16 1 0.020 1 
I E I 0.500 I 0.075 I 0.004 I 0.0075 I 

the pump pit during the calculational period. Run E used an annulus area of 
3.23 c n ~ 2  (0.50 inz), which resulted in acceptable hydrogen concentrations in the 
pump pit that were below the 0.75 vol % H2 criteria. 

The variation of hydrogen concentrations and the total hydrogen transported into 
the pump pit as a function of the annulus areas (given in Table F-2) are shown in 
Figs. F-3 and F-4, respectively. Once the annulus flow area is set to d 2 . 9  cm2 (2 in?), 
the hydrogen concentrations decrease rapidly, as shown in Fig. F-3. The variation of 
the total mass of hydrogen entering the pump pit is fairly linear with respect to the 
annular flow area. 

The annular flow area between the pump column and energy absorption 
block/cylinder assembly must be decreased from 40.84 to 3.23 cm2 (6.33 to 0.5 in.2) so 
that the hydrogen concentration in the pump pit and above the pump pit cover 
'blocks will not exceed 0.75 vol 70. The analysis shows that the hydrogen 
concentration will be above this limit a t  the injection location. However, the 
.volume-averaged concentration is much lower than this limit. For the 3.23-cm2 
(0.5-in.2) leak area, the volume-averaged hydrogen concentration is 0.3%. 

.41so, there are many conservative assumptions made in this model. In addition to 
conservatively modeling the flow path and the associated losses, the calculations are 
affected by the following assumptions: 

1. At the time of these calculations, we assumed that 371 m3 (13,100 ft3) of 
released gases is injected into the dome space in 200 s. This assumption was 
later relaxed such that only 70% of the total gases is injected in the first 200 s 
(see App. D). The discussion provided in App. D shows that this later model 
is still conservative when compared to the available data. 

At the time of these calculations, the hydrogen concentration in the release 
gas was assumed to be 42.8%. Our current model treats ammonia as 

2. 
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additional fuel, and the upper-bound hydrogen concentration is estimated as 
31.4% (see App. 8). Thus, the volume-averaged hydrogen concentration in 
the pit can be scaled linearly to yield 0.25%. However, there also will be some 
ammonia in the pit. Given the relative fractions of hydrogen and ammonia, 
the LFL for the mixture is discussed in App. B. The results show that the 
combined LFL is -3.5% H2. Thus, the calculated magnitude of 0.25 vol % H2 is 
smaller than a quarter of the mixture LFL. 

BURN AND COVER BLOCK MOTION ANALYSIS 3.0. 

The free volume in the pump is estimated to be between 11.33 and 14.16 m3 (400 and 
500 f$). The corresponding gas mass is estimated as 13 to 16.25 kg (28.7 to 35.8 Ibm). 

A drain pipe 7.62 cm (3 in.) in diameter, located between the pump pit and the 
dome, will remain plugged for gauge pressures <4.4 atm (63.8 psig). However, in 
addition to the drain pipe, there is a leak path between the dome and the pump pit 
through the bearings on the pump column. If there is a burn in the dome sp,ace, we 
anticipate that the excess pressure will result in failure of the gaskets around the 
riser and that leak paths from the dome to the pit will open. The maximum flow 
area for this leak path corresponds to a 19.05-mm (0.75-in.) gap around the (column 
that is 1.07 m (42 in.) in diameter, resulting in a flow area of 6.4 x lo-* m2 (99 in?) 
However, once the leak path opens, the minimum flow area is between the pump 
column (40.5411. 0.d.) and the riser (42-in. i.d.). This corresponds to a flow area of 
6.27 x 10-2 m2 (97.2 in.2). One of the design controls has been to reduce this flow area 
between the dome and the pit to prevent cover block motion. 

The pit is closed by two cover blocks [total mass is 14,500 kg (32,000 Ibm)]. At the top, 
the surface area of the cover blocks is equal to 11.25 m2 (121 ft2). There is a vent path 
to the atmosphere around the pump column where the column sticks out of the 
'cover blocks. This leak is estimated to be 7.3 x m2 (113.1 in?). This path may be 
kept open if desired. There is an additional vent area 30.48 cm (12 in.) in diameter, 
which is covered by a light plate (not bolted) during normal operations. With little 
Iexcess pressure, this area will open, providing a leak area of 7.3 x m2 (113:l in.2). 

Obviously, if the cover blocks are lifted as a result of excess pressure in the pit, 
;additional vent paths will open. The geometry of the cover block resting on the pit 
walls is shown in Fig. F-5. As shown, if  the cover block displacement is <50.8 cm 
(20 in.), the vent flow area would be (perimeter) x (displacement) x (sine), where 
(3 = 8.5". 
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Fig. F-3. Hydrogen concentration in pump pit and top of cover block. 
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Fig. F-4. Mass of hydrogen transported into pump pit. 
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Fig. F-5. Schematic of cover block resting on the pit walls 

3.1. Limiting Dome Conditions and Flammable Gas Flow into the Pit 

During a postulated burn in the dome space, the dome pressure will increase. As a 
result, the gaskets sealing the pump support column may fail, providing an 
additional leak area between the dome and the pump pit. Because there ,are no, 
quantitative data on the strength of the gaskets, we assume conservatively that the 
gaskets will fail immediately after ignition. Using the HMS/TRAC calculations, we 
can calculate the amount of vented gas during the burn phase. Geometrically 
xaling the leak area to the total vent area, we estimate the total amount of hydrogen 
that leaks into the pit. Earlier calculations showed that the maximum hydrogen 
concentration in the pit was bounded by 2.25%>, including the 0.3%; that may leak 
before the burn. Details of these conservative calculations may be found in Ref. 6. 
IJsing the current gas compositions provided in App. C, the maximum pit 
concentrations may be scaled down to 1.75% (half of the LFL tor the hydrogen- 
a.mmonia mixture). 

The jet velocity corresponding to the calculated inflow rates is -250 ft/s. 
Considering the close proximity of the pit walls and the small volume of interest, 
we expect that at such high jet velocities, a complete mixing will occur Thus, a 
homogenous mixing assumption is justified.6 

In the HMS/TRAC calculations discussed so far, we used an ignition location at  the 
waste surface, where the mixture is rich in fuel. As discussed in App. W, we later 
modified the model and ignited the mixture a t  the top of the dome because thia 
ignition location is more conservative in terms of resulting peak pressures, and it is 
more likely that an ignition may be initiated a t  the top, near one of the risers. 
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Nevertheless, the new ignition locat 'on resiiltc?d in very little fuel escaping the 
dome space during a burn. This is caused ~xirn,irily by the pressure wave created by 
the ignition traveling toward the waste :;idace, thereby trapping the flammable 
gases in the dome. With this latest model, \he ,imount of hydrogen that escapes the 
dome during the burn phase is <1 g through all vent paths. Scaling for the flow area 
and converting to a pit concentration, we find that the pit concentration will 
increase by 4 .02% during the burn. Therefore, for this problem, using the ignition 
location at the waste surface is more conservative. 

In conclusion, we can state that if the leak area between the dome and the pit is 
restricted to 1258.1 cm2 (40 in.?) during a burn, instantaneous combustion in the pit 
is unlikely. 

3.2. Cover Block Motion Analysis 

A simple force balance indicates that the cover blocks will start lifting if the pressure 
in the pit is >1.14 atm (16.75 psia). However, when the blocks lift, an additional vent 
area opens and the pit depressurizes. To analyze this dynamic process, we used the 
simple model shown in Fig. F-6. As shown, a deformable control volume (shown 
by the dashed line) is defined. 

We solve the conservation of mass and the first law of thermodynamics (combined 
with the equation of motion for the cover block) numerically, using the first prin- 
ciples for compressible gas dynamics and the adiabatic control volume. The details 
of these calculations are provided in Ref. 6. Many conservative assumpticms are 
made in this analysis. A list of important assumptions are provided in Sec. 3.3. 

The following are the important data used for the conservative calculations: 

initial pit volume 
cover block pressure area 
cover block perimeter 
pit permanent vent area 
dome-to-pit leak flow area 
cover block mass 
dome pressure 
dome temperature 

= 12.46 m3 (440 ft3), 
= 11.25 m2 (121 ft?), 
= 13.4 m (43.96 ft), 
= 0.073 m2 (113 in.2), 
= 0.0258 m2 (40 m2), 
= 14,500 kg (32,200 Ibm), 
= 4.4 x lo5 Pa (63.8 psia), and 
= 1550 K (2822'F). 

R.ev. 14 F-9 March 31, 1995 



WHC-SO-WM-SAD-033 
LA-UR-92-3196 Revised REV 2 

3.3. Results and Discussion 

The dome peak pressure and temperature values used in the present analysis are 
obtained from earlier HMS/TRAC calculations for a 371-m3 (13,100-ft3) release with 
'burn. The results show that, for the input parameters given above, the maximum 
cover block displacement is 11 in. (280 mm). Thus, the cover blocks will not clear 
the pit side walls, and their reimpaction is not a concern. This result was obtained 
using conservatively bounding magnitudes where there was an uncertainty in the 
physical dimensions or modeling parameters. Many sensitivity studies were 
performed to assure a conservative estimate for the maximum displacement.6 In 
;addition to parametric uncertainties, the model was formulated conservatively. 
The conservatism of the model is a result of the following: 

1. We assume constant pressure and constant temperature in the dome space 
during a burn. A time-dependent boundary condition would result in 
lower launch heights. 

2. We neglected of the pressure drop through the leak path into the pit. 
Along this path, the flow goes through narrow channels with very high 
velocity [>300 m / s  (1000 ft/s)l. Thus, the boundary pressure effects are 
overestimated. 

3 We believe, a single stagnaflt control volume approach overestimates the 
static pressure forces on the cover blocks. 
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To assume that the hydrogen that leaks into the pit is homogeneously mixed is not 
conservative. The hydrogen concentrations near the inlet of the leak into the pit are 
expected to be high (possibly higher than the LFL). However, in the current analysis, 
we inject the gas into the pit at the maximum dome temperature. Thus, the energy 
addition to the dome is maximized, assuming that the flame has propagated 
through the leak paths. This case also accounts for the possibility of a local burn in 
the vicinity of the leak into the pit. 

Since this analysis was completed, we have revised the release gas composition and 
the release rates into the dome space. The addition of ammonia, methane, and 
carbon monoxide into the gas composition results in higher peak pressures for a 
given gas volume as compared to earlier calculations performed without these 
gases. On the other hand, the hydrogen fraction in the release gas decrease:j from 
the 42.8% used earlier to 31.4% when we add these other species. Thus, the above 
arguments related to hydrogen concentrations have added conservatism. The peak 
dome pressure and temperature used in the current analysis bound the values 
obtained for the peak pressure and temperature corresponding to a 297-m3 
(10,500-ft3) release with burn using the recent gas composition and injection rate 
models. 
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APPENDIX G 
RADIOLOGICAL DOSE AND AMMONIA EXPOSURE FAmORS 

1.0. 

In this appendix, we calculate the radiological dose rates and toxic concentrations at 
various distances from Tank 101-SY per unit quantity of release during a GRE with 
or without a burn, using a Gaussian plume model. The calculated radiological doses 
at different locations for a I-kg (2.21-lbm) release from the tank are given in Sec. 2.3. 
The ammonia concentrations at the same locations for a I-g/s (0.132-lbm/min) 
release rate are given in Sec. 3.0. 

The Gaussian plume model is valid only at distances 2100 m (328 ft) from the 
source. In this appendix, we also provide estimates for ammonia and hydrogen 
concentrations near the vent intake pipe. The results show that under conservative 
assumptions and most unfavorable weather conditions, ammonia concentrations 
may be >500 ppm within a radius of 9 m (29.5 f t )  from the intake pipe. Hydrogen 
concentrations do not exceed the 7500-ppm limit outside the pipe. 

2.0. RADIOLOGICAL DOSE ESTIMATES 

2.1. Model Descriptions and Assumptions 

The details of the AI-RISK code, used for performing the dose calculations, are given 
in Ref. 1. AI-RISK is a tilted Gaussian plume model that tracks the dispersion of 
particles in five separately sized groups, or bins. Deposition and settling velocities 
are specified for each size group. Particle size-dependent and solubility class- 
dependent dose factors for various radionuclides (based on ICRP-30)2 are used to 
calculate the EDE. In addition to the acute accident dose, the code calculates 
appropriate long-term (50-yr) offsite doses resulting from continuous ingestion of 
contaminated food and water. The code also calculates the long-term (50-yr) 
'occupational dose from postaccident occupancy of a partially contaminated work 
,place; the dose contributors are ground shine and the inhalation of resuspended 
particulate contamination. This dose contribution is based on user-specified site 
(occupancy factors and postaccident cleanup criteria. AI-RISK also estimates the 
potential health effects from calculated doses based on ICRP2-recommended models 
and mt,thods. They are presented as lifetime probabilities of ( I )  latent cancer 
mortality, (2) genetic effects, or (3) acute mortality, depending on the dose level. 

AI-RISK has been under development at LANL since 1990. It has und(ergone 
numerous comparisons with other codes, such as GENII,3 DIFOUT,4 CAP88,5 and 
lNPUFI:,6 to verify its dispersion and dose models. Because all features of AI-RISK1 
are not available in any one of these codes, different codes were used to verify 
different aspects of the modeling. Where direct comparisons of numerical results 
were pcssible, the agreement was good (i.e., well within the usual uncertairiiies for 

OBJECTIVE AND SUMMARY OF RESULTS 
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these types of calculations). 
calculated results for specific cases have been presented. 

Several papers7-9 on the code methodology and 

The ZOO-Area Hanford Site meteorology data (1983 to 1991 average fOT a tower height 
of 10 m) was input to AI-RISK as a joint frequency wind speed/stability class matrix. 
For each specified dose receptor, a dose was calculated for each joint frequency 
Icombination in the matrix, and a cumulative dose vs frequency curve was 
constructed for that receptor location. AI-RISK output this curve, as well as the 
numerical dose values for 50 and 95%-the doses that will be exceeded 50 and 5% of 
the timc!, respectively, based on the site meteorological data. In all results presented 
herein, 95% doses are given. 

Dose calculations were performed for release points from the SY Tank Farm 
ventilation system exhaust stack, inlet stack, and for the 106.7-cm (42-in.) riser near 
the center of Tank 101-SY. The parameters for the ventilation system stack are: 

stack height 5 m (16.4 ft), 

stack velocity 6 m/s  (18.7 ft/s), and 

stack temperature 400 K (127OC) (the calculated concentrations for 25'C are 
the same as for 127°C because the momentum plume rise dominates). 

The parameters for the inlet stack are: 

stack height 5 m (16.4 ft), 

stack velocity 0.5 m/s  (1.6 ft/s), and 

stack temperature 400 K (127'C) 

The parameters for the riser are 

release height grade level, 

velocity 0.5 m/s (1.6 ft/s), and 

temperature 800 K (527OC) (The calculated concentrations for 25OC are the 
same as for 527"C, with the exception of a receptor at  100 m, which .is 15% 
higher at the lower temperature. This is well within the overall 
uncertainty in the calculations). 

These source term parameters were selected to envelop a range of possible ground 
level and stack releases in the SY Tank Farm resulting from various accident 
scenarios. 
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2.2. Source Term 

The radiological source term composition, derived from the- WHC analysis of the 
Tank 101-SY crust composition,lO is summarized in Table G-1. 

For the accident scenarios developed in the SA, the source terms consist primarily of 
materials picked up  and entrained in high-velocity gas flow across the crust surface. 
Therefore, for the calculations reported herein, we assumed that the particles all 
were in the respirable range ( 4 0  pm). 

2.3. Dispersion and Dose Calculations 

All dose consequences reported in this section were based on a I-kg (2.21-lb) release 
of crust material with the composition given in Table G-1. Table G-2 presents the 
calculated doses to the onsite receptors at the 242-5 Evaporator, U Plant, and 
Highway 240. To obtain the doses for the various accident scenarios, the appropriate 

237N p 

TABLE G-1 
RADIOLOGICAL SOURCE TERM USED IN DOSE CALCULATIONS 

Radionuclide Crust (Cikg) 
3.4E-02 
3.OE-04 
2.9E-04 

137cs 4.5E-01 
5.1E-04 

_ I  

24OPu 
241Am 

1 .OE-09 
1.5E-04 

TABLE G-2 
CALCULATED RADIOLOGICAL DOSES FOR I-kg RELEASE 

Receptor 
Location 

SY Farm Area 
Near 242-S Evap. 
U Plant 
Hwy. 240 
Maximum Offsite 

Exhaust Stack Inlet Stack Riser 

(km) (rem) (rem) (rem1 
0.10 0.342 0.896 2.75 

0.30 W 0.341 0.476 0.554 
0.78 NE 0.112 0.117 0.111 
3.9 SE 0.00894 0.00869 0.00798 

13.8 WNW 0.00133 0.0013 0.00119 
(0.0440) (0.0430) (0.0394) 

Distance Release EDE Release EDE Release EDE 
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doses in Table G-2 were multiplied by the respective quantities released in 
kilograms. The 242-S Evaporator, 300 m (984 ft) due west of the SY Tank Farm, is 
the nearest location that is continuously occupied by onsite workers, whereas 
Highway 240 is a public road that has transient occupancy as vehicles pass. The 
nearest offsite person is located on the site boundary to the west. The downwind 
distances from Tank 101-SY are given in the second column. 

For all receptors, the EDE given in columns 3 through 5 of the table is an acute dose 
resulting from inhalation and immersion during the accident cloud passage. The 
number in parentheses for the offsite receptor is the 50-yr dose resulting from 
continued consumption of contaminated foodstuffs. 

Further details of the calculations are provided in Ref. 11. 

,3.0. TOXIC GAS EXPOSURE LEVEL ESTIMATES 

The method for calculating dispersion or estimating toxic gas concentrations is 
essentially the same as that in AI-RISK. Parameters for the stack and riser releases 
,are the same as those listed for the radiological dose calculations above. 

.Atmospheric dilution factors (X/Q) for various receptor locations were estimated 
with AI-RISK (95% meteorology) and are given in Table (2-3. These factors were 
multiplied by the toxic component release rate to obtain the exposure concentration 
level. Table G-4 gives the estimated ammonia exposure levels for a release rate of 
.I g/s (2.2 x ~ O - ~  lbm/s). The exposure levels for the various accident scenario's were 
obtained by multiplying the release rate by the appropriate values in Table G-4. 

Further details of the calculations are provided in Ref. 11 

4.0. AMMONIA AND HYDROGEN CONCENTRATIONS NEAR THE VENT 
INTAKE PIPE 

4.1. Source Description 

The ammonia and hydrogen concentrations near the intake pipe were calculated 
using the GASFLOW code.12 The maximum values of the mass flows of each gas 
constituent, as computed by HMS/TRAC, were used to compute the intake vent 
flow rate. This rate was applied as a constant value for a sufficient time interval to 
establish a steady-state concentration distribution in the computation space. The gas 
mixture consists of the following species: nitrogen, oxygen, ammonia, hydrogen, 
nitrous oxide, water vapor, methane, and carbon monoxide. 
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Ikm) Is/m3, (s/m3) 

TABLE G-3 
ATMOSPHERIC DILUTION FACTORS, WQ 

I SY Farm Area 0.10 1.80E-03 1.40E-02 

U Plant 0.78 NE I 7.61E-04 9.48E-04 

Exhaust Stack 
Release 

Receptor Distance Exposure 
Location (km) (PPm) 

SY Farm Area 0.10 2.575 
Near 242-S Evap. 0.30 W 2.303 
U Plant 0.78 NE 1.089 
Hwv. 240 3.9 SE 0.119 

4.2. Model Description 

To quantify the concentrations of hydrogen and ammonia near the ground, 
GASFLOW calculations using the source flow described above were made under a 
variety of conditions (i.e., different release sizes, different downdraft velocities, and 
with and without a "rain hat"). The volume under consideration is a cylindrical 
region 40 f t  (1200 cm) high and 40 f t  (1200 cm) in diameter centered axially on the 
vertical vent pipe. The vent flow and mixing in this region were modeled 
numerically with the axisymmetric 600-cm-x-1200-cm (19.7-ft-x-39.4-ft) domain 
shown in Fig. G-1. 

The hydrodynamics of the model resulted from the effluent venting against a 
specified downdraft. The upward motion of the vent jet was influenced by the 
transition from the 30.5-cm (12-in.l-diam pipe to the 61 cm (24-in.)-diam pipe and by 
interacting with the downdraft above the pipe. In the former case, the pipe 
expansion caused some spreading of the jet, with higher velocities persisting along 
the center line (the inner jet) of the 61-cm (24-inJ-diam pipe. The flow at larger 
radii-the outer jet-was still upward but was, in general, less than half of the 
center-line value. Above the mouth of the pipe, the inner jet mixed with and was 
retarded by the downdraft, reaching a maximum height that depended oln the 
respective velocities of the vent and the downdraft. The mixture flowed radially 

Inlet Stack Riser 
Release Release 

Exposure Exposure 

6.022 20.025 
4.134 5.807 
1.232 1.356 
0.121 0.123 

(PPm) (PPm) 
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Fig. G-1. Axisymmetric domain used for GASFLOW calculations 

away from the pipe and downward before exiting radially outward. The interaction 
of the inner jet and the downdraft resulted in a cone-shaped recirculation region 
lseen in Fig. G-2 as a triangle with vertices at the origin, at the apex of the jet, ,and on 
the ground at a radius of 500 cm (16.4 ft)], which entrained some of the release gas 
pushed downward by the downdraft. The slower-moving outer jet exited the pipe 
into the recirculation region, adding to the entrained quantities of release gases. The 
rain hat is a barrier placed 30.5 cm (1 ft) above the end of the stack. It reduces the 
initial vertical velocity of the effluent jet and directs it radially outward from the 
stack vent. 
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X 

Fig. G-2. Calculation 2, t = 200 s, velocity field. 
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4.2.1. Boundary Conditions 
The axis of symmetry is the west boundary. The east side was modeled as a 
hydrostatic boundary that allows inflow or outflow as a function of conditions 
inside the domain. The bottom boundary, representing the ground, was modeled as 
a free-slip (zero-shear-stress) surface. The top side was modeled with a specified 
velocity condition simulating an atmospheric downdraft. The inside and outside 
surfaces of the pipe were modeled with the free-slip condition. 

4.2.2. Numerical Discretization 
The computational domain was discretized by a grid of 20 cells in the radial 
direction and 40 cells in the vertical direction. Cell dimensions ranged from 15 cm 
(5.9 in ) near the mouth of the pipe to 55 cm (21.7 in.) along the top, bottom, and 
outer radial boundaries. 

4.2.3. Turbulence Model 
The diffusive transport of mass, momentum, and energy was simulated in the code 
with an algebraic turbulence model that assumed that (1) 10% of the kinetic energy 
of the flow was contained in the turbulent fluctuations and (2) a mixing length of 
30.48 cm (1 ft) was used. 

4.2.4. Approximations 

Two significant approximations were used in this analysis. 

1. The vent flow was based on the peak flow rate of each gas constituent and 
was treated as a constant value. 

2. The effect of buoyancy in the vent plume was neglected 

The effect of both of these assumptions caused the results of the analysis to be more 
conservative than if they had been treated more rigorously. 

4.3. Results 

Five factors influenced concentration levels of hydrogen and ammonia near the 
ground. 

1. The vertical orientation of the vent pipe allowed the momentum of the 
jet to carry the effluent away from the ground. 

2. The height of the vent pipe directed the effluent 5.18 m (17 ft) from the 
ground before it even could begin to move toward personnel. 

3. The turbulent jet mixed the effluent with air, thereby lowering concentra- 
tion levels. 

Rev. 14 G-8 March 31, 1995 



'W'C-SD- dC-SA')-023 
ii, IE 'I 2 

LA-UR-92-3196 Revised 

4. Wind promoted mixin;; and transported effluent away from the vicinity 
of the vent pipe. Even i f  the wirtd were blowing toward the ground, levels 
of hydrogen near the grourd remained below the LFL. 

5. The rain hat reduced the initial upward velocity from the stack, thereby 
increasing its concentration near ground level. Therefore, the analysis 
with the rain hat yielded the bounding values for gas Concentration. 

The results of interest from this analysis were hydrogen concentrations near the 
ground (location of machinery) and ammonia concentrations at the 1.83-m (6-ft) 
level (typical personnel height). We wished to determine the radial distance from 
the vent at which these variables equaled or exceeded permissible levels. In no case 
did the hydrogen concentration reach its prescribed limit (7500 ppm). However, the 
ammonia concentration limit (500 ppm) was exceeded for some conditions. The 
results are listed in Table G-5. 

The largest release accompanied by a low downdraft velocity with a rain hat in place 
was the limiting condition determined by this analysis. The 9-m (29.5-ft) exclusion 
distance for this condition was considered to be conservative because of the 
assumptions used in the analysis. At  lower down-flow velocities, the actual 
existence of buoyancy would transport the jet plume upward and away from the 
regions of concern. 

TABLE G-5 
GASFLOW ANALYSIS RESULTS 
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4.4. Conclusions 

There was no hazard at ground level from hydrogen because the allowable 
concentration was never reached at any distance from the vent stack. However, 
ammonia concentrations were exceeded at the 1.83-m (6-ft) elevation. The results of 
this analysis show that a radius of 9 m (29.5 ft) from the vent stack will provide a 
satisfactory exclusion zone. These results were obtained using an ammonia limit of 
500 ppm. Later, the IDLH for ammonia was reduced to 300 ppm, which will increase 
the necessary exclusion zone. 
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APPENDIX H 
WORKER PROTECTION FROM GAS RELEASE EVENTS 

1.0. 

In this appendix we discuss issues related to worker protection from unexpected 
GREs during open-tank conditions. The discussion focuses primarily on the 
toxicological effects of ammonia that are known to exist in the release gas. We 
conclude that controls contained within this SA, combined with additional 
protective measures required by other safety documents and manuals, provide 
sufficient protection to the site workers. 

2.0. INTRODUCTION 

In this appendix, additional detail is provided concerning the hazards from 
exposure to toxic gases, and typical requirements for worker protection are described. 
The Industr ia l  Safety Manual' and the Tank Farm Health and Safety Plar? give 
general specifications for personal protective equipment. However, fosr each 
particular situation, the proper equipment must be specified by the site safety 
representative. 

The burp gas consists of several gases of toxicological concern, including ammonia, 
carbon monoxide, nitrous oxide, and methane. The gas of most concern is 
ammonia; we will show that the controls for limiting the toxicological consecyuences 
of ammonia exposure are adequate to control exposure for the other burp gases. 

.3.0. PROPERTIES OF AMMONIA 

OBJECnVE AND SUMMARY OF THE RESULTS 

!Some of the properties of ammonia are as follows:3 

alkali; 

colorless gas; 

flash point = -25OF; 

upper explosive limit (% volume in air) is 28%; 

lower explosive limit (% volume in air) is 15%; 

corrosive to copper, tin, zinc, and galvanized surfaces; and 

reactive with strong oxidizers, acids, halogens, hypochlorite, mercury, 
calcium, and salts of silver and zinc. 

pungent odor detected as low as 1 ppm; 
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Threshold Limit Value [TLV; level set by American Conference of Governmental 
Industrial Hygienists (ACG1H)-time-weighted average that should not be exceeded 
during any 8-h work shift of a 40-h work week] is 25 ppm. 

Permissible Exposure Limit (PEL; level set by OSHA-time-weighted average that 
must not be exceeded during any 8-h work shift of a 40-h work week) = 50 ppm. 

Short-Term Exposure Limit (ST; level set by ACGIH and OSHA-15-min TWA 
exposure that should not be exceeded at any time during a workday) = 35 ppm. 

IDLH (Immediately Dangerous to Life or Health) level is 300 ppm. This is the 
maximum concentration from which, in the event of respirator failure, a person 
could escape within 30 min without a respirator and without experiencing any 
escape-impairing (e.g., severe eye irritation) or irreversible health effects. 

4.0. HEALTH EFFECTS RELATED TO ACUTE AMMONIA EXPOSURES 

.Ammonia is a very soluble compound (34%) and thus rapidly is absorbed in the 
upper respiratory tract. During the initial phases of exposure, ammonia does not 
penetrate deeply into the lungs. Animal toxicity studies have suggested that some 
;airborne particulates can potentate the effect of ammonia, apparently by carrying 
adsorbed ammonia deeper into the respiratory tract. The eyes are particularly vul- 
nerable, and ammonia penetrates the eyes more rapidly than other alkalis. Medical 
first aid in the first 10 s after exposure to the eyes is critical to prevent blindness. 

Case reports, epidemiological studies, and animal toxicity studies overall show that 
exposure to high concentrations of ammonia gas can be fatal. The LC50 (the concen- 
tration of a chemical that, when a population of test organisms is exposed to it, is 
estimated to be fatal to 50% of the organisms under the stated conditions of the test) 
lor mice, rabbits, and cats is -10,000 ppm. Ammonia gas produced blindness in 
some guinea pigs exposed for 30 to 120 min at 5000 to 6000 ppm. Humans 
accidentally exposed to high concentrations of ammonia have experienced blindness 
and chemical burns to the skin. Exposures to lower concentrations of ammonia 
have produced chest, eye, nasal, and throat irritation. 

A GRE can occur during a window (time period for safe operation with an open 
tank). At times in the window, the riser or exhaust header is open, and workers are 
very close to the opening. The radiological release (Ref. 4, p. 15) would be very 
small. The likelihood of a GRE occurring during a window is discussed in Ref. 5, pp, 
7 1  and 12. Ammonia concentrations for an 8650-ft3 release near an open riser have 
been computed to be -29,000 ppm. 

During the February 1991 GRE, ammonia concentrations in the exhaust flow 
reached 13,000 ppm. The IDLH value of 300 ppm was reached in a few minutes, and 
the peak value was attained 60 min later,6 as measured at the stack. The rate of 
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change of ammonia concentration with time between the IDLH value and the peak 
was constant. A 2000-ppm ammonia release occurred in 1987, and in the May 1991 
GRE, workers complained of skin irritation (exhaust Concentration was -1900 ppm, 
and it was drizzling that evening). The IDLH value and the peak were reached in 
about the same periods of time as in February. Again, the rate of change of concen- 
tration with time was constant. During the June 1993 GRE (before pump instal- 
lation), ammonia concentrations were measured with the FTlR device at 
-13,000 ppm. 

For the mitigated tank, the probability of differently sized gas releases as a function 
of waste level is given in App. J ,  In App. Y, we discuss the controls applicable to 
tank intrusion while the mixer pump is operational. 

The National Research Council provided the ammonia health effects presented in 
'Table H-1. Ammonia is lighter than air; thus, workers that are further from the 
release point will be less affected. Table H-1 shows that there is a time dependence 
to the health effects. For example, 2400 pprn is a threat to life only i f  breathed for at 
least 30 min (although Hale7 shows different results). Therefore, there is reason to 
'believe that the "high mortality rate" from inhalation of 29,000 pprn requires a few 
minutes of breathing the atmosphere. The time margin provided by the 
(combination of breathing time and the time to reach high concentrations supports 
,the use of evacuation after a release to assure the safety of workers. 

5.0. REQUIRED PROTECnVE MEASURES 

.Although most of the information presented is not specific to a concentration of 
ammonia, it is clear that an atmosphere of 29,000 ppm would be life threatening to 
an unprotected individual. Based on this data and the regulatory criteria 
establishing 300 ppm as the IDLH, i t  is clear that the most protective personal 
equipment must be required. 

All work shall be performed using respiratory and eye protection, as specified by an 
Industrial Hygiene and the Respiratory Protection representative. According to the 
WHC "Tank Farm Health and Safety Plan" (see Safe Work Practice),* monitor 
readings at the riser or vapor space are not to exceed 12.5 pprn of ammonia. If the 
OVM readings exceed 20 pprn of the background for 3 min or longer or if the 
ammonia levels exceed 250 ppm, personnel will stop work and evacuate the tank 
farm, even if supplied air is worn. A monitoring and alert system (and/or 
personnel) shall be in place and be functional, an evacuation path shall be cleared of 
all obstacles, and a designated, upwind staging area shall be defined. 

The monitoring system can alert workers both in and near the work vicinity. An 
evacuation route must be designated and an upwind staging area defined for 
workers not in the immediate area of the tank. The monitoring personnel must be 
aware of the potential for ammonia release, the concentration that could be emitted, 
and the effect on humans of that concentration. 

Rev. 14 H-3 March 31, 1995 



LA-UR-92-3196 Revised 

B o d y  Parts 
Skin 

Nose 
Lung and 
Respiratory 
Tract 

Eyes 
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Concentration (pprn) 
10,000 
30,000 
0.7-5.0 
25-35 

300 
400 
1700 
2400 
17207 

5000-10,000 
140 
700 

TABLE H-1 
AMMONIA 

- 
Effects 

Mild irritation 
Blisters 
Threshold of notice 
Exposure limits 
lDLH limit 
Immediate throat irritation 
Cough 
A threat to life after 30 min 
A threat to life in <30 min7 
Hieh mortalitv rate (“rauidlv fatal”I7 

- 

Slight irritation 
Immediate irritation 

During pump operation, we do not anticipate that workers will be in the immediate 
vicinity of the release points. Workers in the vicinity of the tank (e.g., in the DACS 
trailer) will be trained in proper procedures for self-protection in the event of a gas 
release. If a gas release occurs, workers will be evacuated according to existing 
procedures. We anticipate that an Industrial Hygiene and the Respiratory Protection 
representative will require appropriate respiratory protection for each person in the 
DACS trailer, appropriate protective clothing, and an approved evacuation plan. 

The Industrial Safety Manual’ gives general specifications for personal protective 
equipment, including respiratory fit testing, training, and maintenance. However, 
for each particular situation, the proper equipment must be specified by the 
Occupational Safety and Health Officer. In addition, protective equipment also must 
comply with requirements for radiation exposure, as specified in “Radiation 
Protection”l* and “Radiation Work Requirements and Permits.”l2 Protective 
requirements that would apply to ammonia include the following: 

Clothing Full-body impervious suits must be worn; such suits must be 
completely impervious and be worn over the respirator. These suits 
must meet requirements for radiation exposure and must be fire 
retardant (because of fire hazard). Personal cooling devices may be 
appropriate if work is performed in a hot environment. 

Eye goggles normally are required, but the respirator used in this case 
would be a full facepiece. 
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Other personal protective equipment is as specified in Ref. 1, including 
foot protection, eye and face protection, and protective headwear 

Respiratory Respiratory protection must be used in any emergency situation or 
Protection planned entry into unknown concentrations or IDLH condition (above 

300 ppm). Planned entry would include any workers near the breach- 
ing of the tank. 

The required respiratory protection shall include: 

1. a restricted zone, beyond which ammonia levels would not 
reach 300 ppm in the worst-case scenario; and 

2. any SCBA that has a full facepiece and is operated in a pressure- 
demand (pressure-positive) mode, or any supplied-air respirator 
that has a full facepiece and is operated in a pressure-demand 
(pressure-positive) mode in combination with auxiliary (escape) 
SCBA operated in a pressure-demand mode. 

The assigned protection factor for both of these respirator selections is 
10,000, the largest value possible. This means that exposure to the 
wearer will be 1/10,000 of the ambient concentrations. For ambient air 
ammonia concentrations of 29,000 ppm, a worker wearing a properly 
functioning and fitting respirator of this type would be exposed to 
approximately 2.9 ppm, well within acceptable levels. 

All respirators must be selected, maintained, and used in accordance 
with the respiratory protection program (Ref. 1, Vol. 1111, specifying 
proper fitting, storage, maintenance, testing, training, etc. 

Employees are required to receive medical approval to wear a respira- 
In addition, however, employees should receive preplacement 

medical exams, with an examination specific for ammonia directed 
toward eyes, skin, and upper-respiratory system. Pulmonary function 
tests should be carried out. Follow-up evaluations should be made for 
any worker who has signs or symptoms of eye, skin, or respiratory tract 
irritation. 

Medical 
Monitoring tor. 

Site 
Showers 

Rev. 14 

Emergency showers: Showers are specified in Ref. 1, Vol. I .  Showers 
must be set up with clear access such that a worker can wash within 
10 s. Skin should be washed immediately upon exposure, and clothing 
should be removed upon contamination. 

Eyewash stations: Eyewash stations are specified in Ref. 1, Vol.  1. 
Stations must be set up with clear access such that a worker can wash 
within 10 s. Eyes must be washed as soon as possible, preferably within 
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the first 10 s after exposure. Eyes should be flushed with pure water for 
15 min, forcibly holding open the lids. Medical attention then should 
be sought. Contact lenses are allowed under the respiratory program; 
however, in atmospheres with potential exposures to ammonia, or 
where positive pressure respirators are used, contact lenses should not 
be worn. 

6.0. AMMONIA RELEASE-RELATED CONTROLS 

'To provide an adequate level of assurance that ammonia concentrations in the tank 
farm will be minimized, several controls are provided in Sec. 6. 

1. The pump operation shall be terminated if the ammonia level reaches 
3000 ppm. This control assures that 

workers near the tank farm will not be exposed to an ammonia level 
that exceeds the 8-h average exposure limit of 25 ppm, 

accident sequences that could provide ammonia exposures near the 
IDLH limit of 300 ppm will be terminated before unacceptable 
exposures can occur, 

initial conditions for gas release analysis with and without a burn 
analysis will not be invalidated owing to high initial ammonia levels, 
and 

the long-term effects owing to pump operation will be minimized. 

2 The pump shall not be started if the dome average concentration exceeds 
500 ppm. This control assures 

that workers near the tank farm will not be exposed to an ammonia 
level that exceeds the 8-h average exposure limit of 25 ppm, 

against an ammonia release beyond what has been analyzed, and 

that long-term effects from pump operation will be minimized 

7.0. TOXICOLOGICAL CONSIDERATIONS FOR OTHER RELEASE GASES 

Besides ammonia, there are other gases of concern with respect to toxicological con- 
sequences, including nitrous oxide, carbon monoxide, and methane. Table H-2 
provides information regarding the amount of these gases in the release gas and 
their relative toxicity. In addition to the gases listed in Table H-2, there are other 
gases in the burp gases that are simple asphyxiants, such as water vapor, nitrogen, 
and hydrogen. 
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Gas % of Burp Gas TWA (ppm) 
Ammonia 14.95 25 
Nitrous Oxide 26.69 25-50 
Carbon Monoxide 0.50 25-35 
Methane 0.53 None Specified 

IDLH (ppm) 
300 

None Specified 
1500 

None Specified 

Of primary concern is ammonia and carbon monoxide because they are the only 
gases known in the release gas that are immediately dangerous to life and health. 
The toxicological consequences of carbon monoxide releases are only -1.3% of the 
consequences of ammonia; this is because the expected concentrations of carbon 
monoxide are <4% of the concentrations of ammonia owing to (1) carbon monoxide 
being a much small fraction of the burp gas, and (2) the IDLH 
for ammonia being one-fifth that of carbon monoxide. Of secondary importance is 
ihat nitrous oxide and carbon monoxide have consequences if long-term exposure is 
possible. Controls have been established in Sec. 6 of the SA to limit dome ammonia 
concentrations during pump operation to values that will not approach 
occupational exposure limits. Controls have also been established in Sec. 6 of the 
SA to limit acute exposure to ammonia, which is expected to limit both acute and 
chronic exposure to other gases. Based on the current knowledge of the release gas 
composition, no additional controls or monitoring of gases other than ammonia 
were found to be necessary for worker protection. 
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APPENDIX I 
CRITICALITY AND RADIATION EXPOSURE CALCULATIONS 

1.0. 

This appendix addresses: 

OBJECTIVE AND SUMMARY OF RESULTS 

criticality concerns in Tank 101-SY, 

possible radiation exposure associated with mixer pump removal, 

radiation limits (control) for normal withdrawal of the mixer pump, and 

radiological consequences of the pump discharge pressure measurement 
system failure. 

The results in Sec. 2.0 show that criticality is not a concern in Tank 101-SY. The dose 
calculations for various geometries and scenarios are included in Sec. 3.0. The most 
important set of dose calculations is related to pump removal and is discussed in 
Sec. 4.0. Section 4.0 concludes that to bound the amount of waste entrainment, a 
conservative administrative dose rate control should be set to 10,000 mrem/h 
during pump removal. Section 5.0 demonstrates that leaks from the pump 
discharge pressure measurement line are within acceptance guidelines, provided 
that an ARM with an alarm is placed within 3.05 m (10 ft)  of the pump. 

2.0. CRITICALITY CONSIDERATIONS 

Criticality calculations were performed to investigate the criticality risk of Tank 
101-SY. Plutonium is concentrated in the bottom waste layers of the tank, and waste 
pumping conceivably could reconfigure this plutonium into a critical mass. These 
Icalculations examined the possibility of the plutonium criticality and show that 
such an event is not possible. 

2.1. Methodology 

Neutron multiplication factor (keff, k,, or eigenvalue) calculations were performed 
to investigate conservative configurations in which the concentration of plutonium 
in the tank was varied up to a factor of lo5  times the reported nominal 
concentration. Some calculations incorporated a representative sludge composition. 
The nominal plutonium concentration in the tank was obtained from Ref. 1, which 
reported measured values of plutonium concentrations from core sample 
composites taken at various depths. The maximum concentration of plutonium 
found in the bottom layer of the tank was 0.00165 g/gal. of waste. In other layers, the 
plutonium concentrations were 0.00010, 0.00016, and 0.00134 g/gal. of waste. Based 
on these core samples, it was concluded in Ref. 1 that the best estimate of the total 
tank plutonium inventory was 910 g (2 Ib). 
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The eigenvalue calculations were made with the Sn transport code ONEWANT.2 
Infinite dilute, 69 energy-group cross sections based on ENDFIB data were prepared 
using the TRANSX3 code. These codes and data were benchmarked by modeling 
some of the plutonium-water systems from Fig. 1 of Ref. 4 and comparing 
eigenvalues. Good agreement was obtained between the calculated eigenvalues and 
those reported in Ref. 4 for those systems modeled. 

2.2. Results 

We performed calculations for an infinite configuration (zero leakage) of a 
plutonium-water solution as a function of plutonium concentration to investigate 
the criticality issue associated with layering. The zero-leakage assumption is 
conservative, as is the omission of the sludge constituents, which would produce 
<additional neutron parasitic captures. In addition, all plutonium was assumed to be 
:!39Pu. The results of these calculations are shown in Fig. 1-1, which plots the 
calculated keff (k, in the case of an infinite configuration) as a function of the 
plutonium concentration normalized to the maximum measured value of 
10.00165 g/gal. At the nominally measured plutonium concentration (concentration 
factor = 1 in Fig. I-l), the k, was calculated to be 0.00012, an extremely small value. 
At 100 times the reference concentration, the k, was still only 0.012. A 
concentration factor of 16,000 is required before the conservative, infinite 
configuration will become critical (k,ff = 1.00). We do not believe such 
concentrations can be achieved. 

To address the issue of criticality associated with a reconfiguration in the tank, we 
investigated a more realistic case in which the total estimated plutonium inventory 
of 910 g (2 Ib) was placed in a sphere of sludge and surrounded by an essentially 
infinite sludge reflector (without plutonium). The representative sludge 
composition was taken from Table 2 of Ref. 5. Although listed in the table, mercury 
was not included in our calculations. Because mercury is a relatively strong 
neutron absorber and poor moderator, its omission is conservative. 

The sphere's radius was reduced as the plutonium concentration was increased 
from its reference value of 6.25 x lbm/ft3) to maintain the total 
plutonium inventory at 910 g (2 lb). The spherical volumes investigated ranged 
from 100 L (26.4 gal.) at a concentration factor of 2.1 x IO5 to 10,000 L (2640 gal.) at a 
concentration factor of 210. The results of these calculations are shown in Fig. 1-2. 
For large systems with low concentrations, the keff values were comparable to the 
infinite systems previously described. For very high concentrations and 
correspondingly small dimensions, leakage from the plutonium/sludge :;phere 
became important, and the finite calculations produced lower values of keff than 
those obtained for the infinite systems. The calculated k,ff peaked at a value of 0.97 
at 42,000 times the reference concentration and then decreased as leakage fram the 

g/m3 (4.77 x 
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Fig. 1-1. Criticality analyses for Tank 101-SY. 

small sphere began to predominate. 
dispersed in a representative sludge composition will not go critical. 

Several additional criticality eigenvalues were calculated for criticality associated 
with a reconfiguration in the tank in which 10 times the total nominal inventory 
[i.e., 9100 g (20 lb)] is concentrated in a smaller volume. In these calculations, the 
entire hypothetical inventory of 9100 g (20 lb) was mixed in spheres of either :sludge 
or water. For comparison, the eigenvalues for 910 g (2 Ib) in spheres of sludge or 
water also were determined. A I-m (3.28-ft)-thick reflector of sludge surrounded the 
spheres. These results also are shown in Fig. 1-2. 

These calculations showed that for criticality to occur, the radius of the sphere con- 
taining the 9100 g (20 lb) of plutonium must be <70 cm (27.6 in.) if the sphere 
contained plutonium and water. If the sphere contained plutonium and sludge, the 

Thus, i t  appears that 910 g (2 Ib) of 239Pu 
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radius must be <30 cm (11.8 in.) for criticality to be achieved. We do not believe that 
such concentrations can be reached, even if the tank contained 9100 g (20 lb) of 
plutonium. 

2.3. Conclusions 

We have calculated keff values for conservative representations of Tank 101-SY. 
Based on measurements of plutonium concentrations, the keff of this tank was 
extremely small-~0.00012. A very conservative representation of an infinite 
plutonium-water system would require that the maximum measured plutonium 
concentration increase by a factor of 16,000 before a critical configuration was 
obtained. Criticality was not reached when the total plutonium tank inventory of 
910 g (2 lb) and the presence of sludge were included in the analysis. If the inventory 
is increased by a factor of 10 to 9100 g (20 lb), this entire inventory must be contained 
in a sludge sphere with a radius of <30 cm (11.8 in.) for criticality to occur We do 
not believe that this is a credible scenario. Based on these results, we do not believe 
Tank 101-SY presents a criticality hazard. 

0 - Sphere contains 910 g nsPu with sludge 

0 - Sphere contains 9100 g nsPu with sludge 
- Sphere contains 910 g nsPu with water * - Sphere contains 9100 g ='Pu with water 

n:: 
0.2 
0.1 
0 1  I I I I I I I I )  I I I I 1 1 1 1 1  I I I I l l l l  

100 10' 102 1 3 

Radius of sphere containing 239Pu (cm) 

Fig. 1-2. Eigenvalues for a 239Pu-containing sphere with a I-m sludge- 
containing spherical reflector. 
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3.0. RADIATION EXPOSURE CONSIDERATIONS 

This section describes the calculations made to determine the exposure and source 
strength for several different situations involving waste from Tank 101-SY. The 
models used were for exposures from spills of waste (sludge) and for exposures from 
waste-filled pipes. The source required to produce 100 mrem/h on a surface was 
determined for three different waste-filled pipe configurations and a fictitious filter. 

,3.1. Methodology 

Calculations were performed for the following models: (1) exposure from a sludge 
spill from the pump and the two intake pipes; (2) exposure from a sludge-filled 
:intake pipe; (3) exposure from a sludge-filled exhaust pipe; (4) exposure from a 
:sludge spill from the sludge distribution pipe; (5)  exposure from the sludge distribu- 
ition pipe; and (6) source strength required to produce 100 mrem/h on the surface of 
i i  fictitious filter, sludge intake pipe, sludge exhaust pipe, and sludge distribution 
Pipe. 

The radiation source strength in the sludge was obtained from several docu- 
ments6-lO and is composed of the largest value found for each isotope. These values 
either may have been experimentally or calculationally determined. We assumed 
that the plutonium found in the sludge consisted only of the isotope 239Pii. For 
uranium, a value in grams per gram of sludge was given. This value was con.verted 
lo curies, assuming that all uranium was the isotope 235U. The decay of the 
daughter, 137mBa, from the decay of 137Cs dominates the other isotopes in the 
resultant exposure, and 94.6% of the decays of ln7Cs produces In7mBa, which is in 
secular equilibrium with 137Cs. The source strength used in the calculations is 
given in Table 1-1. 

The constituents of the sludge were obtained from Ref. 10. In these calculations, 
they were normalized to a density of 1.71 g/cm3(106.7 Ib/ft3), which was an 
experimentally determined value of sludge reported in Ref. 10 and was the largest 
value found. Because the source strength was reported in microcuries per gram of 
sludge in the references, the largest sludge density produced the largest !source 
strength. The normalized values of the constituents of the sludge are listed in 
Table I-?. 

The exposure calculations were made using the Microshield code.' Several 
independent hand calculations were performed at various times to compare with 
the results of the code. The hand calculation results were in reasonable agreement 
with the code results. 
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3.2. Results 

3.2.1. Exposure from a Sludge Spill from the Pump and the Two Intake Pipes 
The two intake pipes are 15.24-cm (6-in.) schedule 40 and are -7.32 m (24 ft) long. 
The volume of the two pipes and the pump was calculated to contain 536 L 
(141.6 gal.) of sludge having a mass of 916 kg (2020 Ib). A hypothetical spill could 
produce a cylinder 73 cm (28.74 in.) in radius and 32 cm (12.6 in.) high. These 
dimensions would not necessarily produce the highest exposure. Exposure 
calculations at the top and to the side of the cylinder are give in Table 1-3. 

3.2.2. Exposure from a Sludge-Filled Intake Pipe 
The intake pipe is 15.24-an (6-in.) schedule 40 and is -7.32 m (24 ft) long. It contains 
136 L (36 gal.) of sludge with a mass of 233 kg (514 Ib). Table 1-4 gives the exposures at 
various distances from a point on the pipe 3.66 m (12 ft) from the end. 

3.2.3. Exposure from a Sludge-Filled Exhaust Pipe 
The exhaust pipe is 40.64 cm (16-in.) schedule 40 and is -7.32 m (24 f t )  long. I t  
contains 835 L (220.6 gal.) of sludge with a mass of 1427 kg (3146 Ib) Table 1-5 gives 
the exposures a t  various distances from a point on the surface pipe 3.66 m (12 f t )  
from the end. 

3.2.4. Source Strength Required to Produce 100 mremlh on the Surface of a 
Fictitious Filter, Sludge Intake Pipe, Sludge Exhaust Pipe, or Sludge 
Distribution Pipe 

In Table 1-6, the source strengths required to produce 100 mrem/h on the surface of 
the sludge intake pipe, sludge exhaust pipe, sludge distribution pipe, and a fictitious 
filter are listed. The sizes of the various pipes were listed in previous sections. The 
calculation was made for 0.1 cm (0.04 in.) from the surface at a point 1/2 the distance 
from the end. The fictitious filter is a box 0.3 m by 0.3 m by 15.24 cm (1 f t  by 1 f t  by 6 
in.) and contains carbon at 50% density. For the filter, the calculation was made in 
the center of the 0.3-m by 0.3-m (I-ft by 1-ft) surface at a point 0.1 cm (0.04 in.) from 
the surface. The source strength is dominated by the 137Cs. 

4.0. MIXER PUMP WITHDRAWAL-RADIATION LIMITS 

This section establishes the radiation limits for normal mixer pump withdrawal. 
These limits are based on the gamma dose measured by the unshielded gamma 
detectors during normal pump removal. These limits will assure that the 
inventory of waste that is in the riser during pump removal will be significantly 
smaller than that assumed in the consequence analysis for a pump ejection accident. 
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Distance from Top 
of Spill (cm) 

0.1 
100 

1000 

IAhiLC 1-1 
SOURCE STRENGTH FOUND IN THE SLUDGE 

Exposure Distance from Side Exposure 
(remlh) (rem/h) of Spill (cm) 

0.1 344.0 402.0 
63.6 100 14.5 

0.948 1000 0.261 

0.633 
0.496 

'37Cs 852.0 
0.872 
0.0291 
0.340 

TABLE 1-2 
CONSTITUENTS OF THE SLUDGE 

TABLE 1-3 
EXPOSURE FROM SPILL PUMP AND TWO INTAKE PIPES 
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Distance from Surface 
of Pipe (cm) 

n i  

TABLE 1-4 
EXPOSURE FROM INTAKE PIPES 

Exposure (remlh) 
132 

Isotope 
90% 
99Tc 
1291 

I 
~~ -.- 

100 I 8.6 
1000 0.29 

Intake Pipe Exhaust Pipe Distribution Pipe Filter 
(pCilcm3) (pCi/cm3) (pCi/cm3) (pCi/cm3) 

5.31e-2 4.35e-2 1.48e-1 2.19e-2 
4.80e-4 3.93e-4 1.33e-3 1.98e-4 
3.76e-4 3.08e-4 1.04e-3 1.56e-4 

TABLE 1-5 
EXPOSURE FROM EXHAUST PIPE 

Distance from Surface 
of Pipe (cm) Exposure (remlh) 

100 22.6 
iooo 0.99 

1 3 7 0  

2 3 7 ~ ~  
239Pu 

241Am 
2 3 5 ~  

6.45e-1 5.29e-1 1.79e-0 2.67e-1 
6.61e-4 5.42e-4 1 Me-3 2.73e-4. 
2.20e-5 1.81e-5 6.12e-5 9.11e-6 
2.58e-4 2.lle-4 7. I 5e-4 1.06e-4 
2.87e-7 2.37e-7 8.02e-7 1.19e-7 

4.1. Analytical Methods and Calculations 

The analysis presented in the SA (Sec. 5 and App. M)  indicates that for normal 
operations and expected cleaning efficiency during pump removal, there will be 
42.8 kg (28.2 lbm) of material on the portion of the pump assembly within the riser 
during the removal process. The SA bounding analysis limited the maximum 
amount of material that could be released from the riser during a burn event to 
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12.8 kg (28.2 lbm). To provide the bounding SCO radiation dose rate, we assumed 
that 12.8 kg (28.2 lbm) of material is in the riser while the pump is being removed. 
This material could be in the form of chunks, crystals, or a thin film or coating on 
the pump assembly. We assumed that the wash systems are capable of removing 
any chunks and that only some form of coated material remains on the pump 
assembly during the removal process. This approach was consistent with the 
experience cited in the SA, where in some cases, after an object was high-pressure 
washed, waste material was found adhering to the object with a thickness of -1.5 
mm (0.06 in.). During a burn event, the majority of material entrained in the 
escaping gases would originate in the region of the maximum gas velocity. The SA 
identified this point to be the riser with the pump assembly within it. The pump 
(assembly creates a "choke point"; thus the gas velocities are highest within and just 
above the outlet of the riser. This analysis12 therefore assumed that the SCO 
:limiting dose rate was calculated for the condition where the pump assembly is 
within the riser region during pump removal. 

The analysis assumed for waste that: 

waste has adhered uniformly to the pump assembly surfaces to a thickness 
equivalent to 12.8 kg (28.2 Ibm) for that portion of the assembly within the 
riser (see Fig. 1-3). 

this is a normal pump removal and that the pump internals and piping 
have been flushed adequately; therefore, all radiation detected by the 
radiation monitors is from waste adhering to the surface areas of the 
pump assembly. 

large pieces of the waste are removed from the pump exterior by the 
washing systems. 

all waste adhering to the surface of the pump assembly can and will be 
removed by the thermal and mechanical shock forces associated with a 
burn event and that this material becomes an aerosol. 

The analysis assumed for a burn event that: 

a burn event can occur with the pump assembly at any position in the 
riser; however, only the portions of the pump assembly submerged in or 
just above the surface have any waste adhering to them when the pump is 
removed. Only the submerged portion of the pump assembly was 
analyzed for the calculations made in Ref. 12. 

during a burn event, waste in and just above the riser is released. This is 
the volume represented in the analysis. 
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a postulated burn event generates forces less than or equal to the inertial 
forces (drag, buoyancy, and lifting force) of the pump assembly such that 
the pump assembly does not lift as result of the burn-. 

The analysis assumed for dose detection and monitoring that: 

the pump assembly surface is not uniform and that the distance from the 
radiation monitors (unshielded GM tubes) will vary as the assembly is 
removed. These irregularities affect the actual dose readings but not the 
relative range of these readings because the primary source is gamma 
radiation. 

the overall source geometry is such that the pump assembly can be 
approximated by three regions sufficient for the calculations. 

the pump assembly is being withdrawn at a rate of -2 ft/min (1.0 cm/s) 
and that the communication delay between the crane operator and 
personnel monitoring the radiation monitors allows pump withdrawal to 
be suspended within 5 s [the assembly will travel 2 in. (5 cm) before the lift 
is suspended]. 

the material contributing to the dose measurement during removal is of 
the same thickness or thicker for the portion of the pump assembly below 
the detectors. 

if radiation levels approaching the limits established herein are detected 
during removal, removal should be suspended and additional cleaning 
initiated. 

The pump pit and waste geometry is depicted in Fig. 1-3. The volume of waste used 
i n  this analysis was from the bottom of the riser up to a point -0.3 m (1 ft) above the 
top of the riser. 

Three waste thicknesses were calculated for the bounding limits of 23.13 kg (51 Ib) of 
waste and a waste density of 1.74 g/cm3 (108.6 Ib/ft3). Calculations were based on the 
assumption that the waste uniformly coats the surface of the pump assembly to a 
thickness that yields a total waste of 12.8 kg (28.2 Ibm). This approach is valid in that 
ii thicker (waste) value would yield a higher radiation dose (any waste material 
shielding can be ignored for gamma rays and the probable thickness involved). If 
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Fig. 1-3. Waste volume representation 

the waste thickness is less than the bounding value, the amount released during a 
postulated burn event would be less than the 12.8-kg (28.2-lbm) waste limit. The SA 
assumed that during a burn event, small waste particles would be swept off the 
surface of the waste and then up and out of the tank. In this analysis, we assumed 
that all material adhering to the surface of the pump in the riser, as shown in Fig. 
1-3, would be swept off by the force of the explosion and that this material would 
aerosolize. 

The analysis assumed for conservative factors that: 

. 

Rev. 14 

during a burn event, all of this waste becomes an aerosol, which it  would 
not. 

the surface areas modeled in the three sections of the pump assembly were 
increased by conservative area factors to account for surface irregularities 
such as tubing, conduit, fittings, and stiffeners. 

all radiation detected by the radiation monitors is from waste on the 
surface of the pump assembly. There are two sets of GM detectors: a 
nonshielded pair and a collimated beam pair. Dose calculations were 
performed for the unshielded pair. 
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the waste material isotopic composition used in the SA is a more 
conservative formulation than that used by which the dose calculations 
were made by WHC.I3 

the calculated peak dose rates in each pump section were used to calculate 
the limiting does rate for that section. 

Dose calculations for various waste thicknesses, performed by WHC,13 indicated that 
the expected dose rates vary along the length of the pump assembly (because of 
#component size and distance from the radiation detectors). The WHC dose 
calculations account for detector locations and geometry relative to the pump 
(assembly during assembly withdrawal. The calculated values assume that the pump 
:internals were cleaned by the flush system and that all of the dose contribution was 
from a film buildup on the surface of the pump assembly. 

'These expected dose rates for all waste material thicknesses are somewhat uniform 
once the submerged portion of the pump assembly enters the sensitivity "window" 
for the radiation detectors. Because the curves ramp up and stay somewhat 
constant, these peak values were used for this analysis. 

If a limiting value is established above the expected dose rate but below the 
bounding values established by the SA, enough operational flexibility should be 
available to allow safe pump removal while still providing sufficient warning if the 
SA limits are reached. The calculated SA bounding dose limits, the expected dose 
[for 1.5 mm (0.06 in.) of waste on the surface], and the value recommended for an 
operational limit are shown in Fig. 1-4. After the pump assembly is removed from 
the riser, the SA dose limit, the administrative dose rate recommendation, and the 
probable dose rate all trail back to zero. In actual practice, the pump assembly .will be 
wspended over the riser, contained within a plastic "baggie," and allowed to "drip 
dry," with the drippings returning to the tank. 

4.2. Results 

The dose rate for the limiting mass is not uniform along the length of the pump 
assembly, as shown in Fig. 1-4 The upper curve in Fig. 1-4 provides the bounding 
dose rates to meet the maximum entrained material constraint in the SA. The 
administrative control is set to 10,000 mrem/h (see Sec. 6 of the SA), which is at 63% 
of the minimum predicted dose rate for the maximum entrained material constraint 
in the SA. The alarm is set at 50% of the SCO (5000 mrem/h). When compared to 
the expected dose rates, the administrative control provides a considerable margin 
for operations. 

If the dose reading is >10,000 mrem/h, removal operations should be suspended and 
additional cleaning initiated. If the alarm is exceeded, the pump removal rate must 
be lowered to allow for additional time for pump cleaning operations. 
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Fig. 1-4. Calculated dose rates during pump removal 

4.3. Conclusions 

Provided that sufficient administrative controls are established to limit the dose rate 
reading obtained from the radiation detectors to the above limit, the mixer pump 
assembly may be withdrawn without exceeding the bounding waste mass values 
given in the SA. 
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5.0. SAFETY ANALYSIS OF THE PUMP-DISCHARGE PRESSURE MEASURE- 
MENT SYSTEM 

This section summarizes the results of the probability and consequences assessment 
for waste discharge through the pump-discharge pressure-measuremen t system. 

A pressure-measuring system monitors the pump-discharge pressure. The system 
consists of a pressure tap at the pump discharge connected to a bellows-seal 
arrangement that isolates the waste from oil in a 0.64-cm (0.25-in.) SS pressure tube 
that extends vertically a distance of 18.59 m (61 ft) through the cover block, where it 
terminates at a pressure transducer. A flush line extends from the waste side of the 
bellows seal upward through the cover block; the line has a valve and connector at 
the top end for connection to a source of high-pressure water that can be used to 
flush the lower end of the pressure-measuring system and pump-discharge nozzle, 
if necessary. The flush line contains an exit valve and double check valves to 
prevent waste discharge through the flush line. If these check valves are llocated 
inside the tank, a leak cannot occur unless both of the check valves and the exit 
valve fail simultaneously, an occurrence that is not considered credible. 

A discharge of waste into the atmosphere through the oil line is possible only if 
there is a failure in the above-ground section of tubing or in the connection to the 
pressure transducer and if the bellows separating the waste from the oil also fails. 

5.1. Analysis of Accident Consequences 

Calculations were performed to determine the consequence of a break above the 
cover blocks in the pressure tube accompanied by a bellows failure. The calcula- 
t i o n ~ ' ~  indicated that there would be no waste release for pump speeds <535 rpm. 
.kt higher pump speeds, the leak rate and the amount of material aerosolized 
depended on the pump speed and the effective diameter of the leak. The worst case 
occurred for a leak diameter of -0.15 cm (0.06 in.) (Ref. 15). A series of calculations 
was performed for a break diameter of 0.15 cm (0.06 in.) for pump speeds ranging 
from 600 to 1200 rpm to determine the pressure upstream of the break. The 
aerosolization rates in Ib,/h were estimated using results from Ref. 15. At 1200 
rpm, the flow rates, aerosolization rates, and fractions aerosolized were obtained as 
35.71 g /s  (283.4 Ib/h), 0.89 g/s  (7.032 Ib/h), and 2.48%, respectively. 

Outdoor ARMS were installed in all DST farms.16 Each system is comprised of a 
photo multiplier with a visible and audible alarm set a t  5 mrem/h above 
background. The monitors are sensitive to gamma radiation in the range of 0.1 to 
10.0 mrem/h. Alarms are located in the continuously occupied tank farm control 
rooms and at the CASS control room in the 2750-E Building. Fail-safe alarlns are 
included in each system. The nearest detector is -15.54 m (51 ft)  from the center of 
Tank 101-SY. Analysis shows that the measured dose rate caused by a leak at that 
distance would be below the sensitivity of the instrument. 
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A separate analysis17 was performed using the Microshield code to determine the 
radiation level that would be measured by a detector located 0.46 m (1.5 ftl above 
grade at various distances from the pump. The source for these calculations was a 
waste-filled SS tube that is 0.64 cm (0.25 in.) in diameter and 0.91 m (3 ft) long. The 
effect of the material in the air caused by the leak was neglected (conservative). The 
radiation level as a function of distance is shown in Table 1-7. 

As a result of this analysis, an additional A R M  will be located within 3.05 m (1.0 ft) of 
the pump near the midheight of the exposed tubing. The alarm should be set to a 
value according to Table 1-7 and the detector's actual distance from the pump. The 
pump must be turned off if the system detects high levels of radiation. 

A PRA analysis18 was performed to estimate the accident frequency for this scenario. 
The point value frequency's was found to be 2.78 x lO-T/yr, with an error factor of 
16.7. The 95th percentile value is 4.65 x 10-6/yr. However, this analysis was based 
entirely on random failures and did not consider common-cause failures (e.g., 
impacts or stresses that may occur during pump installation) or secondary failures 
(failures that cause components to be stressed beyond their design limits in a way 
that inrreases their random failure rate). Also, the analysis assumes steady rather 
than cyclic pressure loading, no human errors in assembly and installation, and 
testing of the assembly before use. A more detailed analysis accounting for these 
factors is not possible because of a lack of sufficient statistical data. We therefore 
considered the accident frequency listed above to be somewhat optimistic and 
concluded that this accident could not be considered incredible. We have increased 
the accident frequency by a factor of -103 for these unanalyzed factors. This value 
(does not have an analytical basis, but the resulting frequency was used mainly to 
:locate the consequences on a frequency-vs-dose plot to evaluate the consequences. 
.As will be seen, acceptability of the results was not particularly sensitive to the 
)frequency. 

(ft) 
51 .O 
30.0 
20.0 
10.0 
5.0 

TABLEI-7 
RADIATION LEVEL AT SENSOR CAUSED BY WASTE IN TUBE 

(mremlh) 
0.034 
0.105 
0.242 
0.993 
3.939 

I Distance from Tube I Radiation Level I 
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Location 
SY Tank Farm 
242-S Evaporator 
U Plant 
Hwy 240 
Offsite (acute) 
Offsite (50 yr) 

Based on the analyses and the additional ARM, dose rates were calculated assuming 
that the pump is run at maximum speed for 15 min before the condition is detected 
and the pump is turned off. The doses are listed in Table I-8;and the consequences 
are acceptable. 

5.2. Conclusions 

Based on the analysis performed, the consequences of a leak in the external 
pressure-sensing tubing are acceptable for all pump speeds, provided the require- 
ments of this analysis are met. 

The following requirements resulted from this assessment: 

The two check valves in the flush line shall be located inside the tank. 

A radiation detecting sensor shall be installed within 3.05 m (10 ft) of the 
pump at a height of 0.46 m (1.5 ft) above grade and shall have an alarm set 
to a value according to Table 1-7 and the actual distance of the detector 
from the pump. 

The ARM system must be operational, and the alarm must be audible in 
the D A C S  trailer. Procedures shall be developed such that in the event of 
an alarm, the operators in the D A C S  trailer will don respiratory protection 
equipment and shut down pump operations. 

Acceptance 
Frequencya Calculated Doseb Criteriac 

10-2 2.2 5.0 remd 
10-2 0.44 5.0 remd 
10-2 0.09 5.0 remd 
10-2 0.0064 0.5 rem 
10-2 0.00095 0.5 rem 
10-2 0.0315 not specified 

TABLE 1-8 
DOSES FROM PUMP PRESSURE DETECTOR LEAKS 

Rev. 14 1-16 March 31, 1995 



WHC-SD-WM-SAD-033 
REV 2 LA-UR-92-3196 Revised 

The WHC radiation protection organization shall determine the 
appropriate radiation respiratory protection to be available in the DACS 
trailer. Any required equipment (e.g., a CAM system) shall be in operation 
before pump testing, and appropriate procedures shall be developed for 
response to the alarms. 
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APPENDIX J 
ACCIDENT FREQUENCY ESTIMATE 

1.0. 

The acceptance criteria used in the SA (presented in Sec. 5) give the allowable 
consequences of accidental releases as a function of accident frequency. In general, 
best-estimate frequencies, combined with conservative estimates of the 
consequences, are used for comparison to the risk acceptance criteria. 

This appendix discusses the accident frequencies used in the SA. The frequencies 
are not based on a rigorous risk analysis. The accidents are based on results of the 
hazards analysis summarized in Sec. 3 of the SA. Frequencies are based on a 
#combination of best-estimate analysis and conservative assumptions. In some cases, 
(consistency is neglected in favor of conservatism. For example, two mutually 
exclusive events sometimes are assumed to occur with a probability of 1.0. While 
logically inconsistent, such assumptions result in conservative estimates of 
frequency. We do not discuss the uncertainties in the frequency estimates. 

2.0. DETERMINATION OF FREQUENCIES 

The hazards analyzed are identified in Tables 3-1 and 3-3 in Sec. 3 of this SA. In Sec. 
3 of the SA, we do not consider the hazards associated with normal tank farm 
operations. The consequences of the hazards analyzed in this SA are discussed in 
detail in Secs. 4 and 5 of the SA. The discussion in this appendix is based on the 
hazard types identified in Sec. 3 of the SA to maintain consistency, with one 
exception. Section 3 distinguishes between pump-induced CREs and natural GREs. 
However, the consequences do not depend on whether an event is induced or 
natural. Because the safety case presented in this SA is based on consequences, no 
distinction is made in this appendix between natural and induced GREs. 

The accidents discussed in Secs. 3,4, and 5 of the SA have been developed since the 
pump mixing was proposed as a method of mitigation. Some of the hazards that 
were considered initially have been dismissed as a result of additional data and 
analysis. Although some hazards have been dismissed, it is important to document 
the reasons. In this appendix, we consider all hazards and accidents discussed in 
Secs. 4 and 5 of the SA and try to maintain a one-to-one correspondence with these 
chapters for the sake of consistency and ease of understanding. Thus, hazards that 
were identified earlier but later determined to be unimportant also are included in 
this appendix. 

2.1. Gas Release Events 

OBJECTIVE AND SUMMARY OF RESULTS 

Two classes of accidents that can be initiated by a C R E  are a flammable or 
toxicological gas release and a flammable release with a burn. The first step in 
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evaluating the frequencies of these accidents is to estimate the frequency of the 
various GREs analyzed in this SA. 

In the deterministic analysis of the consequences of GREs, a few bounding cases 
were examined. Because a continuous spectrum of gas release volumes is possible, a 
probabilistic analysis cannot be based on discrete events. The discrete events in the 
deterministic analysis must be considered as the bounding case for classes ol' events 
or ranges of gas release volumes in the deterministic analysis. These volume ranges 
must be defined before the probabilities and frequencies can be estimated. 

There are four limiting gas release volumes implicit in the analysis of normal 
operations. The first is a gas release volume of 297.3 m3 (10,500 ft3), which is the 
maximum historical gas release obtained from the GRE data. The second limit is 
244.9 m3 (8650 ft3), which is the maximum gas release volume for which there is no 
structural damage to the tank if the flammable gas ignites (see App. K for details). 
The third limit is -169.9 m3 (6000 ft3), which corresponds to the maximum 
allowable release during a dome-intrusive activity (see Apps. C and Y). The fourth 
limit is implicit. This is the gas release volume for which there are insignificant 
consequences only. The maximum volume for insignificant consequences only is 
assumc,d to be the release volume, which results in a dome average hydrogen 
concentration of 25% of the LFL. This volume is -28.3 m3 (1000 ft3). 

The first case in the deterministic analysis bounds all CREs that could cause 
structural damage. The corresponding class of events in the probabilistic analysis is 
all gas releases Z 244.9 m3 (8650 ft3). The deterministic case of 244.9 m3 (8650 ft3) 
bounds all GREs with significant radiological or toxicological consequences but no 
potential for causing structural damage. The corresponding class for probabilistic 
analysis is gas release volumes between 28.3 and 244.9 m3 (1000 and 8650 ft:'). The 
third class of events is gas releases during dome-intrusive operations; these events 
are bounded by a 169.9-m3 (6000-ft3) gas release. In the probabilistic analysis, the 
corresponding class of events is gas releases with volumes ranging from 28.3 to 
169.9 m3 (1000 to 6000 ft3). The final class of events is those with insignificant 
consequences, which includes all GREs with a gas release volume 0 3 . 3  m3 (1000 ft3). 
Because this class has no significant consequences, i t  is not considered in the 
analysis. 

'There are two limiting gas release volumes implicit in the deterministic analysis of 
pump installation. First is the pump installation limit of 103.4 m3(3650 ft3). This 
limit is based on the pump ejection accident and is discussed in App. M. Because of 
the level controls for installation, releases >103.4 m3 (3650 f$) are highly unlikely. 
The second class of events is those with insignificant consequences. As discussed 
above, the limit for insignificant consequences is a gas release volume of 28.3 m3 
(1000 ft3). In the probabilistic analysis, the installation limit of 103.4 m3 (3650 ft3) is 
the bounding case for all gas release volumes between 28.3 and 103.4 m3 (1000 and 
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3650 ft3). 
(1000 ft3); however, this class of releases is not considered in the analysis. 

There also are two limiting gas release volumes implicit in the deterministic 
analysis of pump removal. For pump removal, the maximum allowable release is 
70.8 m3 (2500 f$), which also is based on the ejection accident analyzed in App. M. 
In the probabilistic analysis, the installation limit of 70.8 m3 (2500 ft3) is the 
bounding case for all gas release volumes between 28.3 and 70.8 m3 (1000 and 
2500 ft3). Insignificant GREs are defined as all events with a gas release volume 
<28.3 m3 (1000 f&; however, this class of releases is not considered in the analysis. 

‘Two possible causes of a GRE that must be considered in evaluating the frequency 
,are (1) natural events and (2) GREs induced by pump operation or waste-intrusive 
operation. Both natural and induced GREs must be considered during normal 
[operation of the pump. Only natural GREs are considered during dome-intrusive 
operations because pump operation and other waste-intrusive operations are not 
permitted (see Sec. 6 of the SA). Only induced events are considered during pump 
installation and removal. The low waste level prescribed by the controls in Sec. 6 of 
the SA and the relatively short duration of these operations makes the probability of 
i3 natural GRE during installation and removal extremely unlikely. 

’We assumed that natural GREs will not occur if the pump is operational. In this 
;appendix, we assumed that there is a spare mixing pump available. When the 
current mixer pump fails, the spare will be installed and fabrication of a second 
spare will begin. We assume that the time required to fabricate the second spare is 
.I80 d. If the first replacement fails in <180 d, the second replacement pump will not 
be ready; mitigation by pump mixing will stop, and the natural cycle of GREs that 
was observed before mixer pump operation began will resume. To estimate the 
frequency of a natural GRE of a specified size requires the frequency of pump failure, 
the probability that the first spare pump fails before 180 d, and the probability 
distribution for the size of a natural GRE. 

Insignificant GREs are all events with a gas release volume ~ 2 8 . 3 m 3  

Induced GREs may occur whenever there is a large disturbance to the waste, such as 
pump operation, pump installation, or pump removal. The frequency of an 
induced GRE depends on three factors: frequency of the disturbance, probability of a 
GRE given the disturbance, and probability of a GRE with the specified gas release 
volume given that an induced event has occurred. The probability of inducing a 
GRE with a specified size depends on the level control and not the actual operating 
level because this SA must consider all allowable operating conditions. .Actual 
operations may be safer. 

As stated above, the frequency of GREs during normal operations depends on the 
frequency of natural events and pump-induced events. A double pump failure 
rnust occur for a natural GRE to occur. The failure frequency of the current pump is 
-0.125/yr.’ If the replacement pump is assumed to have the same failure frequency, 
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the frequency of a natural GRE is -1.2 x 10-2/yr.* The probability of a natural GRE of 
a given size is based on historical data.* During normal operations, the frequency of 
an induced rollover depends on the frequency of pump operations. If we assume 
that the pump is operated on an average of once every 3 d, the frequency of pump 
operation is 122/yr. The frequency of inducing a GRE given pump operation is 
estimated from pump operating data? and the size distribution of induced events as 
a function of level is estimated from data for natural and induced GREs.l.3 The 
frequency of a GRE during a dome-intrusive operation depends on the frequency of 
the dome-intrusive operations, the probability of a natural GRE during the 
operation, and the probability that the release volume is between 28.3 and 169.9 m3 
(1000 and 6000 ft3). The frequency of dome-intrusive operations is -lO/yr.' The 
probability that a GRE occurs during an intrusive operation is estimated from 
data.'" 

Reference 3 discusses the method used to estimate the frequency of GREs during 
normal operations. The frequencies of GREs 2 244.9 m3 (8650 ft3), between 28.3 and 
:244.9 m3 (1000 and 8650 ft3), and between 28.3 and 169.9 m3 (1000 and 6000 ft3) during 
,I dome-intrusive operation as a function of level control are given in Table J-1. For 
:high waste level controls, the frequency of a GRE is dominated by the frequency of 
ian induced rollover; at low levels, the frequency is dominated by the frequency of a 
natural CRE. This result is expected because i t  is more difficult to induce a CRE at a 
llow waste level. The waste level control for normal operations is 10.31 m (406 in.); 
thus, the frequency of a GRE with a gas release volume >244.9 m3 (8650 ft3) is 
4.2 x lO3/yr, and the frequency of a GRE with a gas release volume between 28.3 and 
244.9 m3 (1000 and 8650 ft3) is 5.7/yr. For dome-intrusive operations, the was1.e level 
control is 10.26 m (404 in.), so the frequency of a GRE with a gas release volume 
between 28.3 and 169.9 m3 (1000 and 6000 ft3) is 1.0 x lO-3/yr. 

The frequency of an induced CRE during pump installation or removal depends on 
the frequency of these operations, which is equal to the pump failure frequency of 
0.125/yr. As stated above, only induced GREs are considered during pump 
installation and removal. The frequency of inducing a GRE given installation or 
removal is estimated from pump operating data,3 and the size distribution of 
induced events as a function of level is estimated from data for natural and induced 
GREs.',~ Reference 3 discusses the method used to estimate the frequency of a GRE 
during installation and removal. The frequency of a GRE with a gas release volume 
between 28.3 and 103.4 m3 (1000 and 3650 ft3) and the frequency of a GRE with a gas 
release volume between 28.3 and 70.8 m3 (1000 and 2500 ft3) are given in Table J-2. 
The frequency as a function of level is approximately the same far installation and 
removal because the probability of an event with a release volume between 70.8 m3 
(2500 ft3) and 703.4 m3 (3650 ft3) is very small. As discussed in App. C, the level for 
pump removal is <10.21 m (402 in.), and the level for pump installation is <10.26 m 
(404 in.). In Sec. 5 of the SA, where we compare the consequences with the risk 
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Frequency of 
GREs 28650 ft3 

TABLE J-1 
FREQUENCY ESTIMATES FOR A GRE DURING PUMP OPERATIONS AND 

DOME INTRUSION 

408 4.7 x 10-2 

- 
Waste Level Frequency of GREs Frequency of GREs 

Control between 1000 and 3650 ft3 between 1000 and 2500 ft3 
(in.) (yr-1) (yr-l) 

405 2.8 x 10-3 2.8 x 
404 1.5 x 1.5 x 10-3 
403 6.8 x 6.8 x 
402 3.1 10-4 3.0 10-4 

I 

404 I 1.6 x 1 0 3  
402 1.4 x 10-3 

Frequency of GREs 
between 1000 and 

8650 ft3 
(yr-1) 

5.7 
1.6 

0.32 

Frequency of GREs 
between 1000 and 

6000 ft3 during -l Dome Intrusion 

5.0 x 10-5 I 

acceptance guidelines, we evaluate the GRE frequencies for pump installation and 
removal at 10.26 m (404 in.) to obtain 1.5 x lO-3/yr. 

The frequency of a GRE exceeding 244.9 m3 (8650 ft3) for the unmitigated tank was 
--0.5/yr. Based on the results in Table J-1 and a level control of 10.31 m (406 in.), 
pump operation has reduced the frequency of large GREs by a factor of -8000. This 
frequency comparison shows that the mixer pump has reduced the risk of large 
GREs significantly. 

2.1.1. Flammable or Toxicological Gas Release 
This consequences category assumes that no burn occurs. However, there are two 
other branches on the event tree (see Sec. 4 of the SA) that must be considered 
during normal operations. 

The first branch distinguishes between the ventilation system being operable vs 
inoperable. The second branch considers inadvertent opening of the MPR vs the 
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MPR remaining closed. During pump installation, an open MPR is inconsequential 
because the pump riser is open. During pump removal, no branches on the event 
tree need to be considered. The pump riser is open; thus, an open b4PR is 
inconsequential, and the ventilation system is expected to be turned off during 
pump removal. 

The risk assessment for Tank 101-SY gives an ignition probability of 1.3 x 10-3 
(Ref. 4). Because the probability of an ignition source is very small, the probability 
of no bum essentially is 1.0. 

The unavailability of the ventilation system or probability that the ventilation 
system is not operating is discussed in detail in Ref. 4. Reference 4 takes credit for 
an emergency diesel generator. In Ref. 1, an estimate of ventilation system failure 
probability was obtained. The unavailability or failure probability of the ventilation 
system without the diesel generator or without an equivalent backup power supply 
is 4.8 x The major contributors to the unavailability are replacing the 
deentrainer and prefilter.4 

The probability of a single panel of the MPR opening during a GRE is -4.8 x 
event.5 

per 

2.1.2. Flammable Gas Release with Bum 
This consequence category assumes that a hydrogen burn occurs. There is only one 
branch on the event tree to consider during normal operations and pump 
installation. This branch distinguishes between the ventilation system being 
operable vs inoperable. The split fraction for this branch is the same as for a 
hydrogen or toxicological gas release. During pump installation, the ventilation 
system must be turned off. The burn pressurizes the tank and causes the MPR to 
open. Therefore, only the case of an open MPR is considered. 

The risk assessment for Tank 101-SY gives an ignition probability of 1.3 x 10-3 
(Refs. 4 and 6). 

2.2. 

There is a possibility of hydrogen accumulation in various stagnant regions in the 
dome, risers, and ventilation ducts. The discussion in Sec. 4 of the SA indicates that 
these hazards are inconsequential; thus, the frequencies are not quantified. 

2.3. GRE in Neighboring Tank 

There are two other tanks in the SY farm. Of these tanks, only Tank 241-SY-103 
exhibits GREs. Based on the available data, the frequency of GREs is -2.5/yr.l 

Flammable Gas Accumulation in Dome, Riser, or Ventilation Duct 
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2.4. Nuclear Criticality 

Discussions in Sec. 4 of the SA and App. I indicate that- there is no physical 
]mechanism for producing nuclear criticality in the tank; thus, there are no initiating 
events for this hazard, and no frequency is assigned. 

2.5. Filter System Release 

'The filter system is assumed to fail as a result of a hydrogen release and a burn. No  
other accident initiators are considered because these additional initiators are 
considered to be part of normal tank farm operations. 

2.6. Foaming 

Excessive foaming was identified as a potential hazard before pump installation and 
operation. Pump operating experience indicates that foaming does not occur. No  
initiating events have been identified that cause foaming, so no frequency is 
assigned to this hazard. An additional discussion of foaming is included in the 
analysis of long-term issues summarized in App. P. 

2.7. Tank Penetration 

The analysis of drop accidents summarized in Sec. 4 of the SA and App. L indicates 
that there is no mechanism for penetrating the tank, provided that the 
administrative controls in Sec. 6 of the SA are implemented properly. No initiating 
events have been identified that cause tank penetration; thus, no frequency is 
assigned to this hazard. 

2.8. Flooding the Tank 

Based on qualitative arguments in Sec. 4 of the SA, flooding of the tank is not 
considered to be credible; thus, no attempt has been made to quantify the frequency. 
External events leading to flooding are not considered credible, and excessive water 
addition is not considered because adequate controls on water addition have been 
established. 

2.9. 

Sections 3 and 4 of the SA identify splashing during pump installation and removal 
a s  a potential mechanism of spraying waste into the dome. The discussion in Sec. 4 
of the SA indicates that this accident is bounded by a spill during pump removal. 
Therefore, no attempt has been made to quantify the frequency of this accident. 

Based on the discussion in Sec. 4 of the SA, no credible mechanism has been 
identified that can cause a spray of waste into the dome other than a CRE. Because 

Spray of Waste into Dome Region 
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there are no credible initiators UI d Wd>LC > p d y  db d >eparate accident, no attempt has 
been made to quantify the frequency of this accident. 

2.10. Pump-Induced Waste Release 

Section 4 of the SA identifies a discharge through the pressure measurement system 
8s the only credible initiating event for a pump-induced waste release. The 
frequency of this event is -5 x lO-3/yr (see App. I).  

2.11. Waste Spill during Operation 

Several mechanical failures have been identified as a possible cause of waste spill 
during pump operations. Based on the discussion in Sec. 4 of the SA, these failures 
are either incredible or inconsequential. Therefore, no attempt has been made to 
quantify the frequency of this accident. 

2.12. 

Two possible reasons for removing a pump are (1) failure of the current mixer 
pump, which would necessitate removal and replacement; and (2) emergency 
removal of the replacement pump during installation. During pump installation, a 
conservative value of 1.0 is assumed for the probability of emergency removal. The 
probability of a spill during removal is -4.8 x 10-3/lift.7 The probability of a drop 
during removal is -3 x 104/lift.8 

2.13. 

During pump installation and removal, risers are open. If the tank pressurizes 
during these operations, there will be an unfiltered release through an open riser. 
Based on data from UORs> possible causes of pressurization are loss of ventilation 
flow, pressurization of the interfacing system for that tank, inadequate ventilation, 
filter plugging, and deentrainer plugging. 

During installation, the ventilation system is operating, and the frequency oi over- 
pressurization can be estimated from the available data. The estimated frequency of 
failure is 0.54/yr for continuous operation.’ During pump removal, the ventilation 
fan is turned off. To be conservative, the probability of over-pressurization during 
removal must be assumed to be 1 .O. 

Waste Spill or Drop during Removal 

Unfiltered Release through Open Riser 

3.0. SUMMARY 

The probabilities and frequencies discussed above are associated either with 
initiating events or top events. The initiating event is the first event in an accident 
sequence. The top event is associated with the branches of the event tree. The 
initiating event frequencies and top event probabilities are summarized in Tables 1-3 
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through J-5. The frequencies of the GREs are based on level controls (Sec. 6 of the 
SA) for normal pump operation, pump installation, and pump removal. 

Tables 1-6 through J-8 summarize the accident sequences analyzed in this SA and 
their frequencies. There is a one-to-one correspondence between these tables and 
the accident sequence tables in Sec. 4 of the SA. 

TABLE J-3 
BEST-ESTIMATE ACCIDENT INITIATOR FREQUENCIES FOR EVENT-TREE TOP 

PROBABILITIES DURING PUMP INSTALLATION 

accumulafion 
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TABLE 1-4 
BEST-ESTIMATE ACCIDENT INITIATOR FREQUENCIES FOR EVENT-TREE TOP 

PROBABILITIES DURING PUMP OPERATION 

GRE 2 8650-ft3 

1000 to 6000-fG GRE 
during dome intrusion I 
Ignition snurce I 

Waste spill through Not 
auxiliary piping quantified 

vibrator quantified 
Waste spill through Not 1 F l y '  

Initiator 

I 

--i 

quantified 

uantified 

uantificd 

q u a n t i f i e d  
5.0 1 0 - 3 1 ~  

uantified 

q u a n t i f i e d  
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TABLE J- 5 
BEST-ESTIMATE ACCIDENT INITIATOR FREQUENCIES FOR EVENT-TREE TOP 

PROBABILITIES DURING PUMP REMOVAL 

Accident Initiator or Initiator Exposure Top Event-Tree Top Frequency Probabllity 

GRE during removal 1.2 x 10F2/opn 0.125opn/yr 
window (level 5404 in.) 
Ignition source 1.3 1 ~ 3  

Ventilation system 1 

I’ump ejection 1 .o 

Filter failure caused by 

inoperable 

1 .o 
hydrogen release with 
txlm 
Ilammable gas Not 0.125opn/yr 
accumulation in dome, quantified 
riser, or ventilation duct I 
(>RE in neighboring tank I 2.5/yr I 

Reference Effective 
Initiator 

Frequency 
1.5 1 0 - 3 1 ~  

Expected 
rocedure 
-rg 

quantified 

2.8 x 104/yr 
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TABLE J-6 
ACCIDENT SEQUENCES DURING PUMP INSTALLATION 

Accident 
Outcome 

Flammable or 
toxicological gas 
release 

Flammable or 
toxicological gas 
release 

Flammable gas 
release with burn 

Flammable gas 
release with burn 

Flammable gas 
release with burn 

Hammable or 
toxicologcal gas 
release 
Pump ejection 

Filter system release 

Tank penetration 
Spill during removal 

Contamination from 
dropped Pump 

Flooding of tank 

Ilnfiltered release 
through open riser 
Spray of waste into 
dome 

Accident Initiators 

GRE during installation 
window (level 6 0 4  in.) 

GRE during installation 
window (level 6 0 4  in.) 

GRE during installation 
window (level GO4 in.) 

GRE during installation 
window (level 94404 in.) 

Flammable gas accumulation 
in dome, riser, or ventilation 
duct 

GRE in neighbonng tank 

GRE during installation 
window (level a04 in.) 

Flammable gas release with 
bum 
None 
Failure of installation 

Failure of installation 

- External event 
- Inadvertent water addition 
- Vcntilation svstem failure 
- External event5 
Splashing during pump 
installation 

Accident Sequence 

GRE 
- no ignition source 
- ventilation operable 
- n o  pump e w o n  
CRE 
- n o  ignition source 
- ventilation inoperable 
- no pump eparon 
GRE 
-ignition source 
- ventilation opcrdblc 
- no pump ejection 
GRE 
- ignition source 
- ventilation inoperable 
- no pump ejection 
Flammable gas accumulahon 
- ignition source 
- ventilation operable 
- no pump e w o n  
no longer considered to result 
in bum 

GRE 
- ignition source 
- ventilation operable 
-pump cjechon 

Failure of installation 
- Spill from contaminated 

pump 
Failure of installation 
- No spill 
- Drop of contaminated pump 

Best- 
Estimate 

Frequency 
1.5 1 0 - 3 / ~ ~  

7.2 x 1W6/yr 

2 x 10-6/yr 

Not quantified 

-- 
2.8 x lfl-4/yr 

2 x 10-6/yT 

Not quantified 

-- 
7.4 x 10-6/yr 
-- 
Not quantified 
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TABLE J-7 
ACCIDENT SEQUENCES DURING PUMP OPERATION 

Accident Sequence Accident Best- 
Estimate Outcome 

- MPR open or &sed 
GRE 
- ignition source 

Flammable or 

2.6 x 1W8/yr 

toxicological gas 
release 

GRE 
- n o  iwition source 

Flammable or 

- 
4.8 x 1V6/yr 

toxicological gas 
release 

Flammable gas 
release with burn 

- MPR closed 
CRE 
- ignition source 

Flammable gas 
release with burn 

I .R x 10-6/yr 

Flammable release 
with bum 

Flammable release 
with bum 
Flammable or 
tmoxicological gas 
release 
Flammable or 
toxicological gas 
release 

Flammable or 
toxicological gas 
release 

kammable release 
with bum 

Flammable release 
with bum 

Flammable or 
toxicological gas 
-elease 

Accident Initiators 

GRE 2 8650-ft3 

GRE 2 8650-ft3 

GRE 2 8650-ft3 

GRE 2 8650-ft3 

Flammable gas accumulation 
in dome, riser, or ventilation 
duct 

Flammable gas accumulation 
in pump pit 
GRE in neighboring tank 

1wO- to 6000-fG GRE during 
dome intrusion 

1MX)- to 6ON!-f$ CRE during 
dome intrusion 

10o-to h000-fG CRE during 
dome intrusion 

1wO- to 6000-f$ GRE during 
dome intrusion 

CRE ~3650 f t?  

I Frequency 
GRE I 4 . 2 ~  10-3lVr 
- n o  ignition source 
- ventilation operable 

- no ignition source 
- ventilation inoperable 
- MPR closed 
GRE I 5.5 x 10-6lVr ,, 

I -ignition source 
- ventilation oDerable 

- ventilation inoperable I 

- ignihon source 
- ventilation operable 

I 

-ignition source 
- No longer considercd to I 2.5/yr 

result in bum 

1.0 x 10-3/yr 
- no ignition source 
- ventilation operable 

- ventilation inoperable I 

- ventilation oDerable I 
- MPR open or closed 
GRE I 6.2 x 11)+/yr 

I 
-ignition source 
- ventilation inoperable 

- no ignition source 
. ventilation operable 
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Accident 
Outcome 

Flammable or 

TABLE J-7 (CONT) 
ACCIDENT SEQUENCES DURING PUMP OPERATTON 

Accident Initiators Accident Sequence Best- 
Estimate 

Frequency 
GRE 2 8650-ft3 GRE 9.7 1 0 - 9 1 ~ ~  

kuclear  criticality 
Filter system release 

I ioxicological gas 
release 

- MPR open 
None 
Flammable gas release with 

I - n o  ignition source I - ventilation inoperable 

f:oaming 
Tank penetration 
Flooding of tank 

Spray of waste into 
dome %on 
Waste spill 

Flammable or 

release - ventilation operable 
- no ignition source 

- n o  ignition source 
release - ventilation inoperable 

bum 
None 
None 
- External event 
- Inadvertent water addition 
Discharge manifold break 

Not quantified 

Not quantified 

Pump-induced waste releases 5.0 1 0 - 3 / ~  
- p u m p  control system failures 
- electrical failures 

Cvaste spill 
- mechanical failures 
Waste spill through Not quantified 

auxiliary piping _ . .  Y 

- mechanical failures 
-leak in pump discharge 

measuring system 
Waste spill through vibrator 
- mechanical failures 

kas te  spill Not quantified 
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APPENDIX K 
STRUCTURAL CONSEQUENCES OF TANK 101-SY DURING 

BURN PRESSURE TRANSIENTS . 

1.0. 

This appendix provides details and summary results of structural analyses 
performed for Tank 101-SY under postulated hydrogen burn conditions. The basis 
for the structural acceptance criteria discussed in Sec. 5 of the SA also is documented 
in this appendix. 

The results show that the 245-m3 (8650-ft3) GRE volume burn satisfies the structural 
acceptance criteria for Tank 101-SY. The dome and primary liner shell stresses and 
strains are within allowable limits to preclude structural failure. 

Concrete cracking is evident throughout the dome in both burn pressure transients; 
however, rebar stresses remain below the elastic limit and therefore provide an 
adequate margin against dome failure. The 261.4-m3 (9230-ft3) GRE burn exhibits 
much higher dome velocities during the transient, exceeding the limiting value of 
dome velocity to preclude dome failure from soil reimpaction and subsequent 
collapse. 

2.0. BACKGROUND AND INTRODUCTION 

OBJECTIVE AND SUMMARY OF RESULTS 

The structural response of the tank to a hydrogen burn is determined by the tempc- 
ral changes in several key parameters, which include 

* 

Although these parameters are important, the most significant factors are whether 
the tank maintains its structural integrity below the liquid waste level and whether 
it maintains its overall structural integrity. The structural consequence analysis 
summarized herein is based on current LANI. documentation.' 

the concrete side-wall uplift and vertical displacement of the tank dome, 
radial displacement of the primary tank side wall, 
uplift of the primary tank bottom corner, and 
strains throughout the primary and secondary steel tank liners. 

Previous HMS/TRAC burn analyses and corresponding structural analyses of Tank 
101-SY have been evaluated based on a certain percentage of void fraction or on the 
assumption of a certain amount of compressibility of the waste medium.2-5 
Ekaluations of waste samples by WHC using voidmeter instrumentation data have 
shown recently that the waste may be nearly incompressible after a large GRE. 
Consequently, we revised our burn model and removed the waste compressibility to 
assure that the SA remains conservative if  or when data from the void fraction 
instrummt are confirmed in the future. 
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The structural analyses contained in this appendix have been performed with 
pressure-time histories developed from gas burn analyses conducted with 
HMS/TRAC (App. D) These burn analyses have been performed for given 
conditions of vent-flow openings through the MPR. Because the MPR has a full 
complement of tank monitoring equipment installed, the MPR vent-flow area IS 

reduced to 66% of the total cross-sectional area of the 1.07-m (42-inJ-diam riser. 
Also, as shown in earlier analyses,’ burns initiated at the dome apex result in faster 
pressurization than burns initiated at the waste surface. Faster pressurization 
becomes more limiting in terms of structural response. Therefore, the analyses 
reported herein simulate a spark source located at the dome apex. This appendix 
presents the results of structural analyses as driven by these limiting hydrogen burn 
conditions, spark source location assumptions, and waste fluid incompressibility 

3.0. ANALYTICAL METHODS AND ASSUMPTIONS 

The structural response of the tank to accidental hydrogen burns is determined by 
the ABAQUS6 finite element code by imposing the transient burn pressure history 
to a material nonlinear and geometric nonlinear dynamic FEA model. The FEA 
structural model was adapted from one developed by WHC and ADVENT 
I3ngineering.7 The basic model is documented thoroughly in the referenced report 
and documents by Los Alamos National Laboratory.2 The modeling assumptions 
and details therefore are not described herein; only the changes that have been made 
to the FEA model relative to the conditions to be analyzed are described. 

Figure 1-1 in Sec. 1 of the SA shows a cross-sectional view of Tank 101-SY and the 
installed hydrogen mitigation mixer pump. The tank structure comprises a primary 
steel liner, secondary steel liner, and reinforced concrete containment structure 
surrounding the tank. The primary liner is made of carbon steel manufactured to 
specification ASTM-A516 and varies in thickness from 9.53 mm (3/8 in.) in the 
dome section to 19.05 mm (3/4 in.) at the lower knuckle of the tank bottom. 
Between the primary and secondary steel liner is the annulus region, which is a 
76.2-cm (30-in.) gap primarily used to ventilate the surface of the tank from the 
waste’s internal heat generation and also used to monitor for waste leakage. 

The reinforced concrete containment structure has a 24.38-m (80-ft) i.d. and is 
14.33 m (47 ft) high to the dome apex, with an inside diameter of the primary liner 
of 22.86 m (75 ft) .  The dome is constructed from reinforced concrete in a semi- 
elliptical geometry, with the primary liner anchored to the concrete with Nelson 
studs. 

F:igure K-1 shows the ”true” stress-strain relationship for the primary and secondary 
liner material, as well as the reinforcing bar in the tank’s concrete structure. The 
primary and secondary liners are manufactured from carbon steel to specification 
ASTM-A516, Gr 65 and have a maximum tensile strength of 450 MPa (65 ksi). 
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Reinforcing bars are manufactured from carbon billet steel to specification ASTM- 
A615, Gr 40 or Gr BO, depending on the location of the rebar within the tank. As 
noted previously, much of the information relative to the structure and analysis 
assumptions can be obtained from previous e~aluations.'-5,~ 

Figure K-2 shows the axisymmetric FEA model of Tank 101-SY depicting certain 
locations that are of critical interest in the analysis. Soil masses above the dome and 
soil springs simulating the lateral earth pressure on the concrete side wall are not 
shown in the figure for the purpose of clarity. 

The analysis for the accidental burn assumes that the gas release volume is constant. 
Two burn cases are studied herein in bounding the structural capacity of the tank. 
GRE volumes of 261.4 m3 (9230 ft3) and 245 m3 (8650 ft3) are analyzed and 
summarized in Table K-1 . 

'- Su 1 1  0 kipltn2 
ASTM 61 5-MI-Gr 60 

Su - 76 kipIin2 
ASTM 615Gr 40 

ASTM 61 5 Gr 40 

ASTM 516 Gr 65 

0 2 4 6 8 10 12 ( 4  16 18 

Strain (%) 

Fig. K-1. Stress-strain curves for steel liner and rebar. 
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Case 

1 
2 

AP 
TRANSITION 

Gas Volume Waste Level Maximum Maximum Pressure 

(psia) (bar) (psiah) 
(ft3) (in.) Pressure Pressure Rate 

9230 398 60.0 4.14 325. 
8650 398 58.1 4.01 312. 

The MPR is assumed to be venting a capacity equal to 66% of a fully open 1.07-m 
(42-in.)-diam riser. That is, the MPR has a full complement of equipment installed, 
thus allowing only a 66% vent flow through the doors. The MPR vent doors open 
at 41.4 kPa (6.0 psig) and take 100 ms to open fully. We assume that the veniilation 
fans are inoperable during the full transient. 

150th of these GRE burn cases assume a conservative estimate of gas composition 
and burn rate, as specified in App. D of this SA. Furthermore, the burn is initiated 
with a spark ignition at the dome apex. 

A major change in the modeling of this tank was to increase the soil depth to a 
2.13-m (7-ft) minimum above the dome apex, corresponding to the latest figures 
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from the OSD. Also, the soil density was increased from 1760 to 1920 kg/m' (110 to 
120 Ib/ft3), corresponding to the latest WHC data. These two modifications 
increased the overall soil mass above the dome from the original 3.06 x 106 to 3.44 x 
106 kg (6.75 x 106 to 7.58 x 106 Ibm). If we include the additional concrete structures 
(such as the pump pit, cover block, and MPR concrete pad) and the mixer pump 
weight, the overall mass above the dome is -3.50 x 106 kg (7.72 x 106 Ibm). 

As will be seen later in the summary results, the 261.4-ms (9230-ft3) CRE volume 
burn did not satisfy the structural acceptance criteria because excessive dome 
velocities resulted in potential reimpact of soil and consequent collapse of the dome. 

4.0. 

REV 2 

BASIS FOR STRUCTURAL ACCEPTANCE CRITERIA 

The technical purpose of the structural acceptance criteria is to maintain 
confinement of the high-level radioactive waste within the primary liner and 
prevent uncontrolled releases of tank contents to the environment. Modifications 
to the acceptance criteria are adopted primarily from the ASME's Boiler and 
Pressure Vessel Code, Secs. 111 and X L ~ - ~  The area of major concern with the 
original acceptance criteria is the definition (or lack of definition) of gross structural 
deformations. 

4.1. Maximum Strain 

The maximum (or ultimate) tensile strain of 27% for the steel liners is based on 
uniaxial test specimens. However, the effects of biaxiality must be considered, as 
well as any localized or global strain-concentrating effects. Biaxiality effects reduce 
ductility of a material but may be addressed as increasing the far-field global strains. 
Thus, biaxiality is akin to a strain concentration: 

€peak = P K ~ E , q l o b a l  , 

where 

/3 = biaxiality factor; 
= 2.0 

= & 
= 1.0 (uniaxial); 

(sphere; ul = q); 
(cylinder; 01 = 202) ;  

K ,  
cglobal = far-field global strain. 

= strain concentration factor, and 

For the steel liner in the dome region and the tank cylinder portion, the peak strains 
would he: 
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&peak = 2.0K~Egloba/ 

and 

The strain concentration in the dome's primary liner thickness transition region, 
where a 10.16-cm (4-in.) riser penetrates the primary liner, is a function of the far- 
field strain. Work performed by WHC7 and ADVENT Engineering1" shows similar 
strain concentrations for this region. Based on these two documents, the maximum 
strain concentration in the transition region with the penetration is between 10.0 
and 13.0. Thus, using the upper-bound value and limiting the peak uniaxial strain 
to 27%, we determined that the far-field global strain from the finite-element model 
analysis should be <-1.O% to prevent tank failure. 

4.2. Gross Deformations 

Gross or local deformations (or discontinuities) occur in regions where the stress 
gradient is nonlinear. These are regions (although the far-field stress may be in the 
elastic range) where peak stresses in the discontinuous region may be several times 
the yield strength of the material, thus creating a plastic zone. The fundamental 
shell theory11 shows that discontinuity (or local) stresses tend to attenuate over a 
characteristic length of shell that approaches a value of -3.0, as shown in Fig. K-3. 
The functions that define the bending of the shell (moment 4, deflection p, and 
slope 0) are plotted vs the characteristic length Ax.  These quantities approach zero 
as Ax becomes large. These functions are related to the shell-bending characteristics 
as: 

[f(rp)l, 
1 displacement: w = -- 

2A3D 

[fP)ll and 
dw 1 rotation: _=- 
dx 2 L 2 ~  

[f(4)1. 
d2w 1 moment: 

Figure K-3 indicates that the bending produced in the shell is of a local nature 
because it tends to attenuate to near zero at: 
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Fig. K-3. Stress attenuation in local shell bending. 

The characteristic attenuation factor ?, for a cylindrical or spherical shell is: 

3(1- v’) 
.1={;~ 

where 

v = Poisson‘s ratio, 
R = radius of the shell, 
f = thickness of the shell, and 
x = length of the shell required to attenuate stresses 

Solving for the length of shell where discontinuity stresses attenuate out: 

and 

x = 2 . 3 3 G  , 

For simplicity, we use: 
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From the above derivation for the attenuation length of discontinuity stresses, the 
limit at which we may consider local or gross deformation is a length of x = 2 .5 f i  
in either planar direction on the shell. 

4.3. Gross Discontinuities 

Discontinuities in a pressure vessel that are through-thickness imply that the 
complete circumference of the vessel is plastic across the full thickness. The 
through-thickness terminology here implies that the model has a full finite depth. 
Therefore, a gross-type failure could occur from this condition because of large 
plasticity. As an analogy, consider a cantilever beam with an applied end-load. The 
cross section at the fixed end of the beam is subjected to a bending moment, thus 
developing a linear stress gradient. As the load increases, the outer-fiber stress 
increases past the yield strength and a larger through-thickness section gradually is 
taken into the plastic range. When the complete cross section is fully plastic, the 
deformations can be quite large, and gross failure can occur. It should also be noted, 
however, that the computer model includes the physical characteristic for the 
primary and secondary liner material’s strain-hardening capability. As such, 
although the complete through-thickness section may be have yielded under the 
applied loads, or is plastically deformed, the load carrying capability of the structure 
has potentially increased. 

4.4. Local Discontinuities 

Discontinuities that do not penetrate through the complete thickness of the material 
are considered local because the deformations induced are very small and of no 
consequence to the overall behavior of the structure. Furthermore, if the plastic 
region does not penetrate through the thickness, the structure will behave as 
linearly elastic. Thus, a similar analogy of the above cantilever beam with minimal 
plasticity through its thickness would show that deformations are quite small. 

.4.5. 

If we limit gross structural deformations in the tank’s steel liner, excessive plasticity 
throughout large portions of the structure is prevented. That is, gross deformation 
or discontinuities imply that gross plasticity is occurring over a large region of the 
tank structure. Therefore, significant overall degradation of the elastic behavior of 
the tank is expected. This condition obviously would render all current structural 
analyses invalid, including the burn analysis. 

For example, assume that a pump drop on the dome causes a large region of the 
tank’s dome structure to deform grossly without creating a breach. Because the 
region in question is not localized, we assume that the overall structure will no 

Intent of Criteria for Limiting Gross Deformations 
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longer behave elastically. The behavior of the tank, as analyzed under a beyond- 
design-basis burn event, no longer is valid to predict the correct response because 
the structural conditions have changed. 

Localized deformations or discontinuities are allowed because stresses and strains 
will redistribute from the localized plastic zones to elastic regions. These localized 
regions have no significant effect on the overall behavior of the tank structure and 
therefore are of no concern. 

4.6. Extension of Criteria 

The philosophy in applying the above criteria to specific locations on the dome 
must be examined. For example, assume that a 10.16-cm (4-in.bdiarn riser has been 
deformed grossly from an accidentally dropped load, thus implying that the riser-to- 
liner weld also may be deformed. Given the above descriptions of gross 
deformations, we cannot allow this condition to occur. However, our concern is 
whether the gross deformation of a 10.16-cm (4-in.)-diam riser now will have an 
adverse effect on the overall behavior of the tank dome. 

Because the overall state of the tank dome is unaffected by the localized deformation 
of a 10.16 cm (CinJ-diam riser, the tank (or dome) behavior would be well predicted 
by elastic methods. We therefore conclude that gross deformations must be viewed 
from the overall effect on the tank and dome behavior. 

4.7. Steel Liner Tears (Cracks) 

We impose limits on steel liner tears (or crack length) to allow for the existence of a 
crack without the possibility of unstable propagation under load. That is, the basic 
assumption is to prevent unstable crack growth and subsequent failure of the dome 
liner under a postulated burn event, given a certain crack size. If we assume that a 
flaw exists in the dome liner and that membrane stresses are at the elastic limit 
(yield) during a burn event, then a certain crack size exists that will not propagate in 
an unstable manner based on the materials' fracture toughness. Using the ASME 
Boiler and Pressure Vessel for lower-bound fracture toughness and based on 
the operating temperature of the material, we derived the critical flaw size under 
plane strain conditions. 

4.8. Flaw Size 

From App. G ,  Sec. 111 (or Sec. XI) of the ASME Code,8-9 the following lower-bound 
reference stress intensity factor K ~ R  (fracture toughness) at the operating 
temperature of the material (dome temperature) is recommended for ferritic steels 
with yield strengths <345 MPa (50 ksi): 

K I R  =26.78+1.223exp[O.O145(T- RTNDT +160)] , 
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This curve is based on the lower bound of static, dynamic, and crack-arrest critical 
KI values measured as a function of temperature. The reference temperature at the 
nil-ductility transition region is not known for the primary liner material (the 
ASTMs material specification is A516-GR 65) but is expected to be --73°C (-100°F); 
therefore, we assume that RTNDT is -18°C (O'F), which should be conservative. The 
design-operating dome temperature for 241-SY tanks is -93°C (200°F), but we 
conservatively assume 66°C (150OF) for the following calculations. Based on this 
criteria, the lower-bound fracture toughness is: 

If we assume a through-wall flaw in an infinite plate with a far-field stress o, as 
shown in Fig. K-4, the following stress intensity factor is derived:'? 

where 

Kr = stress intensity factor, k s i f i ,  
C = crack geometry constant 

= 1.00 (Ref. 12), 
(T = far-field stress, ksi 

= 35 ksi (min. yield strength), and 
I? = flaw half-length, in. 

a 

a 
Fig. K-4. Centrally cracked panel 
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Solving for the flaw half-length: 

a = 4.8 in. 

Thus, the total flaw length is twice the above value (or 2a), or 244 cm (9.6 in.) 
Because the operating temperature actually is 93°C (200°F) [rather than the 
conservative 66°C (150"F)], for simplicity we assume that the critic,al flaw size is 
25.4 an (10 in.). 

5.0. ANALYSIS RESULTS 

The results of the structural analyses show that the 261.4-m3 (9230-ft3) GRE burn 
model does not satisfy the structural acceptance criteria. Although the tank suffers 
from extensive concrete cracking in the dome and the liner strains durihg the 
transient are below the allowable peak strains, the maximum dome apex velocity far 
exceeds the limit to prevent dome collapse from soil reimpaction. The peak 
pressure attained during this transient is 414 kPa (60.0 psia) at 2.24 MPa/s 
(325 psia/s). The maximum dome velocity was shown to be -1.65 m/s (65 in./s), 
which (as stated previously) exceeds the limiting value. 

After soil reimpaction on the dome structure, the actual peak strains developed 
exceed the failure criteria. A typical deformed shape plot of the tank structure under 
a burn transient is shown in Fig. K-5. 

Fig. K-5. Deformed shape of the tank 
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A summary of the Tank 101-SY shell and dome primary steel- liner stresses and the 
peak plastic strains for both burn cases are shown in Table K-2. Stresses and strains 
are well below the bounding structural case of a 371-m3 (13,100-ft3) GRE burn 
documented by LANL for a waste surface burn.3 

The 245-m3 (8650-ft3) GRE burn analysis showed acceptable primary and secondary 
liner strains and a dome velocity below the allowable limit during the transient. 

The maximum strain in the dome is in the vicinity of the thickness transition from 
the 9.53- to 12.7-mm (3/8- to l/Z-in.)-thick plate. Also in this region is a 10.16-cm (4- 
in.)-diam riser that tends to increase the strain concentration around the 
riser/thickness transition. The strain concentration factor in this region has been 
documented7.'0 to be a maximum of 13.0 (see Sec. 4.0 of this appendix). Therefore, 
the maximum strain in the dome's thickness transition for the 261 .4-m3 (9230-ft3) 
GRE, which is the critical value, is: 

&peak = PKcEglobal 

P = biaxiality factor; 
K, 
&globa[ = far-field global strain. 

&peak = 0.150 in./in. 

= strain concentration factor, and 

or 15.0% 427%) allowable 

The total strain also includes a biaxiality factor of 2.0 to the dome to account for 
ductility reduction based on a biaxial vs uniaxial test specimen. In the main :shell of 
the tank, the strains are somewhat higher, specifically in the vicinity of the lower 
knuckle. However, the lower-knuckle region does not have the large strain 

case 

1 
2 

Waste Dome Dome Max. Rebar Max.  Shell Max. Shell 
Liner Stress (ksi) Stress (ksi) !Strain (%) 4 Level (in.) Liner 

Stress (ksi) Strain (9%) 
398 46.2 0.58 65.9 53.9 
398 50.0 0.58 71.3 53.3 
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concentration factors. 
concentration factor of 1.0.2 Thus, the maximum peak strain is: 

In this vicinity, the biaxiality factor is 1.73, with a strain 

= 0.029 in./in. or 2.9% 4 7 %  allowable 

The 245-rn3 (8650-ft3) GRE analysis shows extensive concrete cracking and rebar 
yielding throughout the tank dome structure. Nevertheless, the stresses and peak 
strains are well below those for the 261.4-m3 (9230-ft3) GRE and therefore are 
adequate by comparison. Table K-3 provides a listing of the maximum dome apex 
displacements and velocities for the two cases studied. 

Results for the 261.4-m3 (9230-ft3) GRE show that the peak dome apex velocity 
exceeds the overall limiting value of 1.38 m/s  (54.5 in./s) to prevent dome collapse 
from soil reimpaction. The limiting value is estimated as the "average" dome 
velocity that will cause complete soil separation and subsequent failure from soil 
reimpact, based on limiting the kinetic energy at impact to the strain energy of the 
hoop rebar in the haunch region. The mass of the soil, pump pit, cover block, MPR 
concrete pad, and pump compose a total of 3.5 x 106 kg (7.72 x IO6-lbm) distributed 
over a 24.4-m (80-ftl-diam area. As mentioned previously, the overall mass above 
the dome has increased because of additional soil/gravel deposited in 1994, as well 
as from a better estimate of the pump pit and pump mass. 

Case 1 shows a maximum dome apex velocity of 1.65 m/s  (65.0 in./s), which is 
greater than the limiting dome velocity of 1.38 m/s  (54.5 in./s) to preclude soil 
separation and reimpaction on the dome that could cause a collapse. The additional 
liner strains, caused by soil reimpaction on the dome, exceed the 1im.iting v.alue of 
27.0% in the thickness transition (accounting for strain concentrations). A:: such, 
the 261.4-m3 (9230-ft3) GRE with burn does not satisfy the structural acceptance 
criteria set forth. 

Case 2 shows slightly lower dome displacements and peak dome apex velocity. We 
therefore concluded that, based on the stress and strain resultants and the dome 
velocity attained during the transient, the 245-rn3 (8650-ft3) CRE is the upper-,bound 
gas release volume for Tank 101-SY to prevent structural failure. 

TABLE K-3 
MAXIMUM DISPLACEMENTS AND VELOCITIES AT THE DOME 

Case Waste Level GRE Volume 

I 0 J . U  

I L I I 50.0 5YU 8650 12.0 

(in.) (fP) 

,La" 'lf.2 
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Summary Results for the 245-rn3 (8650-fP) GRE 
Figures K-6 and K-7 show the pressure-time history for the 245-m3 (8650-ft3) GRE 
burn event. Figure K-8 shows the pressure reduction effect -of volume expansion. 
Figures K-9 through K-13 show the transient response parameters for the dome and 
other locations within the tank structure. 

H M W R A C  Pressure-Time History 
GRE 8650 ft"3 Bum - 66% MPR Vent Flow 

H L W  Tank 101-SY 

Time (s) 
Fig. K-6. Pressure-time history. 

h 

'% 

HMSlTRAC Pressure-Time History 
GRE 8650 fP3 Bum - 66% MPR Vent Flow 

H L W  Tank 101-SY 

0.9 I I I  1 2  1 7  1 4  

Time (s) 
Fig. K-7. Pressure-time history (zoom). 
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Pressure-Time History with Volume Expansion 
GRE 8650 ftA3 Bum - 66% MF'R Vent Flow 

HLW Tank 101-SY 

0 0.2 0.4 0.6 0.n 

Time (s) 
Fig. K-8. Pressure-time history with volume expansion effect 

Fig. K-9. 

Displaccmeni-Time History Selected Lccahons 
GRE 8650 fP3  Bum - 66% MPR Vent Flow 

HLW Tank 101-SY 

-0.2 0 0.2 0.4 0.6 0. n 

Displacement-time history for selected tank locations. 
Time (s) 
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Velocity-Time History Selected Locations 
GRE 8650 ft"3 Bum - 66% MPR Veni Flow 

HLW Tank 101-SY 

' 

0 0.1 0.2 0.3 0.4 0.5 0.6 0 7  0.X 
Time (s) 

Fig. K-10. Velocity-time history for selected tank locations. 

Velocity-Time History Dome Apex 

HLW Tank 101-SY 
GRE 8650 ft"3 Bum - 66% MPR Vent Flow 

60 

50 

40 

30 

3 20 
8 

;; 

.- - 2 I O  

0 

-10 

-20 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

Time (s) 
Fig. K-11. Velocity-time history dome apex. 
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Velocity-Time History Dome Apex 

HLW Tank 101-SY 
GRE 8650 ft"3 Bum - 66% MF'R Vent Flow 

0.25 0.1 0 15 0 4 0.45 0.5 
Time (s) 

Fig. K-12. Velocity-time history dome apex (zoom). 

The high-frequency vibrations shown in the zoom plot above are representative of a 
dome apex excitation. Fundamental frequencies of attached dome structure may be 
excited during the transient and exhibit this type of behavior. 

Figure K-14 shows a typical displaced shape plot of the tank structure at the 
maximum pressure during the burn transient. 

Velocity-Time History Dome Transition Thickness 
GRE 8650 ft"3 Bum - 66% MPR Vent Flow 

h 
0 

P 
P 
v 

HLW Tank 101-SY 

0 0 1  0.2  0.3 0.4 0.5 0.6 0.7 O X  

Time (\) 
Fig. K-13. Velocity-time history dome thickness transition 
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Fig. K-14. Deformed shape of tank at maximum 
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HMSmAC Pressure Time History 
GRE Burn 9230 fP3  - 66% MPR Flow 

pressure 

Time (s) 
Fig. K-15. Pressure-time history. 
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Displacement-Time H~slory Selected Locations 
GRE 9230 ft"3 Burn - 66% MPR Vent Flnw' 

Fig. K-16. 

Fig. 

Rev. 14 

HLW Tank 101-SY 
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

Time (s) 
Displacement-time history of selected locations on tank. 

Velocily-Time History Selected Locailons 
GRE 9210 ft"3 Bum - 66% MPR Vent Flow 

K-19 March 31, 1995 



LA-UR-92-3196 (Revised) WHC-SD-WM-SAD-033 
REV 2 

Velocity-Time History Dome Apex 
GRE 9230 ftA3 Bum - 66% MPR Vent Flow 

0 0.1 0.2 0.3 0.4 0.5 0.h 0.7 0 . X  

Time (s) 
Fig. K-18. Dome apex velocity-time history. 

Summary Results for the 261.4-rn3 (9230-ft3) GRE 
This attachment provides all transient response data for the tank based on the 
261.4-m3 (9230-ft3) GRE burn. The pressure-time history was developed from the 
burn kinetics model in HMS/TRAC. 

Figure K-15 shows the pressure-time history for the 261.4-m3 (9230-ft3) CRE burn. 
Figures K-16 and K-17 show the displacement and velocity time hi:;tories, 
respectively, for several locations within the tank structure. Figure K - 1 8  shows the 
transient velocity response for the dome apex depicting the maximum velocity at 
1.65 m/s  (65.0 in./s). 
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5.0. CONSEQUENCES OF ACCIDENTS 

This section discusses the consequences of accidents developed in Sec. 5. As mentioned 
in Sec. 6, we limit the intrusive waste level to 10.26 m (404in.I during voidmeter 
operations. The conservative estimate for the maximum expected gas release at this 
level is 159.4 m3 (5630 f@) (see Mixer Pump SA, App. C).  In this section, we compare 
the radiological and toxicological consequences of a 245-m3 (8650-ft3) gas release. This 
approach adds more conservatism to OUT current analysis and allows us to operate the 
voidmeter at higher waste levels if necessary. The radiological and toxicological 
consequences of a 245-m3 (865O-fG) release are analyzed in App. D of the Mixer Pump 
SA and bound the radiological consequences of voidmeter operations. 

The radiological consequences of a GRE without a bum are small in comparison to 
consequences of a bum accident. When the ventilation is operable, the initial peak fuel 
concentration in the dome before the bum is slightly less as compared to the inoperable 
ventilation case. However, the differences are very small and are within the uncertainty 
range o f  the computations. Consequently, we evaluate only the consequences for the 
ventilation-inoperable case, which is slightly more conservative than the ventilation- 
operable case. The radiological consequences associated with the releases were 
computed using the methodology described in App. G of the Mixer Pump SA. 

For toxicological consequences, we are concerned only with ammonia, which bums 
during the burn phase. Thus, the consequences are evaluated only during the gas 
release phase (without bum). As discussed in Sec. 5 of the Mixer Pump SA, the analysis 
showed that the peak ammonia release rate is insensitive to small changes in the 
available riser area. The toxicological consequences for voidmeter operations are 
compuied using the methodology described in App. G of the Mixer Pump SA. Using 
the peak ammonia release rates given at a gas release 245 m3 (8650 ft3) and using the 
ammonia exposure factors given in App. G of the Mixer Pump SA, we calculated the 
peak ammonia concentrations in various locations. 

The structural consequences of a GRE and bum with a gas release of 159.4 m3 (5630 ft3) 
are not of concern because structural damage exceeding the acceptance criteria is 
expected only if the GRE size exceeds 245 m3 (8650 ft3) (App. K of the Mixer Pump SA). 
The structural failure acceptance criteria are the same in this section as in Sec. 5 of the 
Mixer Pump SA. 

'The analyses presented in this section demonstrate that there are no credible accident 
:sequences where the consequences exceed the acceptance criteria established in the 
Mixer Pump SA. 

5.1. Summary of Accident Consequences 

The consequences of accidents identified in Sec. 4 of this addendum are summarized in 
Table Add.2.5-la for radiological effects and in Add.2.5-lb for toxicological effects. 
Consequences are presented by accident sequence and the phase of voidmeter 
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operation. GRE-only conditions, i.e., no burn, may have an additional release quantity 
because of waste inside the voidmeter that may be entrained, depending on whether 
waste on the mast or sampler arm can be entrained. 

The radiological and toxicological consequences given in Tables Add.2.5- la and 
Add.2.5lb are computed for a gas release of 245 m3 (8650 ft3) that can occur at a waste 
level of 10.26 m (404 in.). The gas release of 245 m3 (8650 f$) is considered to occur in a 
GRE-burn accident for all phases of voidmeter operations. The burn calculation 
considered a bottom-up burn of the waste gases, which has been observed to produce 
the greatest radiological releases and ammonia release rates. The radiological 
consequences are maximum for this scenario. Toxicological consequences occur during 
a GRE without a bum. 

Figure Add.2.5-1 shows the calculated offsite dose limits for voidmeter operations with 
the acceptance limits. The calculated offsite doses for the voidmeter operations are well 
below the guidelines of WHC and therefore are acceptable. 

'The calculated onsite doses (SY Farm) are shown in Fig. Add.2.5-2 for voidmeter 
operations with acceptance limits. As shown in this figure, the calculated doses are 
below the acceptance guidelines. 

.Appendix G of the Mixer Pump SA describes how to calculate the organ doses. We 
multiply the onsite radiological doses by a factor of 15. The calculated organ doses are 
compared to an onsite limit 10 times higher than the acceptance criteria shown in Fig. 
Add.2.5-2. The results of this comparison are given in Fig. Add.2.5-3 and indicate that 
d l  consequences are below the guidelines and therefore are acceptable. 

The offsite toxicological consequences at 13.8 km essentially are zero (<1 ppm). The 
onsite toxicological consequences are shown in Fig. Add.2.5-4, where the toxicological 
consequences are less than the guidelines. In this figure, we plot only the maximum 
ammonia release of 45.5 ppm at the SY Farm with various frequencies. The accident 
sequences listed in Table Add.2.5-lb consider various scenarios for voidmeter spill. As 
mentioned previously, this spill is not expected to result in an additional ammonia 
release because the release mass inside the voidmeter is very small. The basis for this 
assumption is as follows. The maximum possible amount of material released as a 
result of a spill in the voidmeter, 65 kg (143.3 lbm), is small in comparison to the spill of 
916 kg (2019 lbm) considered in the Mixer Pump SA. 

A simple scaling based on spill mass indicates that almost no additional practical 
toxicological consequences can occur from the voidmeter spill. Thus, the maximum 
ammonia release during voidmeter operation can be only as a result of a GRE-burn 
accident. We listed the accident sequences in Table Add.2.51b for completeness. Only 
sequences involving a release of tank gases, such as a GRE or a GRE and bum, result in 
toxicological consequences. 
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TABLE ADD.2.5-la 
RADIOLOGICAL CONSEQUENCES OF ACCIDENT SEQUENCES 

10% voidmeter release 

filter systeml0.36 kg 

b50-yr dose. 
T h e  ma utude of these estimated frequencies are unimportant because they fall below the range of the WHC 

guidgnes. 

02JL 5-3 
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Fm:;srr” 
o.018 

2.34B-5 

Accident Sequence 

Open 10.16-m (4-h. ) riser--GRE and no 
bum 
Open 10.16-cm (&in. )riser--GRE and bum 

F Toxicological (ppm) 

SY Farm 242-S Evap. U Plant Hwy. 240 

4551 35.44 13.n 1A4 

35.44 13.72 1.44 4551 

TABLE ADD.2.5-lb 

1.8E-5 voidmeter release 
Open lO.16-cm (4in. ) riser-bum and 10% I ~ ~ ._ 

Toxicological (ppm) 

4551 35.44 13.72 1.44 
~ 

4551 35.44 13.72 1.44 

IOpen 10.16-cm &in. )riser- GRE and 1% 

lvoidmeter release 1.5w-M 

In summary, the radiological and toxicological consequences for accidents postulated 
for voidmeter operations (Tables Add.2.5-la and Add.2.5-lb) are within the WHC 
guidelines. In the following sections, we discuss the consequences of each accident in 
detail. 

5.2. 

This section presents the consequences of the accidents postulated to occur during in- 
stallation of the voidmeter. The material release conditions governing the evaluation of 
radiological and toxicological consequences in this assessment are presented below. 

Accident Sequences during Voidmeter Installation 
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Fig. Add.2.5-4. Toxicological consequences. 
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IGREwiths650-@ release, b u m  I 14.87 I 58.8 1 7.85 I 4.2 

55.1. Flammable and Toxic Gas Releases4- in-dim Riser Open 
During installation of the voidmeter assembly, we assumed that the 10.16-cm (4411.1 
riser is completely open to the atmosphere. The consequences of a GRE and bum under 
a variety of conditions have been evaluated in Sec. 5 of the SA for the 10.7-mm (42-in.) 
riser. Controls in Sec. 6 of the Mixer Pump SA require that the waste level be limited to 
110.26 m (404 in.) during voidmeter operations. This level corresponds to a maximum 
expected gas release of 159.4 m3 (5630 ft?) (using the conservative gas release-waste 
level relation given in App. C of the Mixer Pump SA). To be conservative on the 
radiological releases, we performed HMS/TRAC calculations for a GRE-bum scenario 
at a limiting gas release of 8650 ft3 to estimate the released material. All GRE and bum 
radiological consequences include the addition of a 0.36-kg (0.794-lbm) ground release 
caused by tank filter system failure, as discussed in Sec. 5 of the Mixer Pump SA. 

The radiological and toxicological consequences were computed using the methodology 
described in App. G of the Mixer Pump SA and are summarized in Tables Add.2.5-3 
and Add.2.5-4, respectively. 

The intrusive waste level of the tank for voidmeter installation is 10.26 m (404 in.), as 
specified in Sec. 6 of the Mixer Pump SA. To assess the radiological consequences of a 
GRE and burn, we performed an HMS/TRAC calculation with bottom-up bum. The 
ground and stack releases calculated are 3.417 kg (7.53 lbm) and 0.313 kg (0.69 lbm), 
respechvely. 

3.417 0.313 

TABLE ADD5.5-2 

GAS RELEASES DURING VOIDMETER INSTALLATION AND REMOVAL 
THERMAL-HYDRAULIC RESULTS FOR THE FLAMMABLE OR TOXIC 

7.85 0.131 
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Accident Sequence SY Farm 2424 U Plant Hwy. 240 Max. 
Evap. Offsitea 

GRE with g650-g release, 3.62E-1 7.298-2 150E-2 1.17E-3 1.74E4 
no bum 

GRE with 86*@ release, 11.25 2.27 455E-1 3.33E-2 4.%E-3 
burn 
aAcute dose 
b50-yr dose. 

Max. 
O a i t e b  

5.75E-3 

X.64E-1 

Accident Sequence SY Farm 242-5 Evap. U Plant 

GRE with a650-@ release, 45-51 35.44 13.72 

GRE with 8650-# release, 4551 35.44 13.72 

no burn 

burn 

The releases calculated for the voidmeter installation with an open 10.16-an (4-in.) riser 
are bounded by that estimated for a GRE with a 297-m3 (10,480-ft3) release with an open 
10.7-m (42411.) riser in the Mixer Pump SA. 

5.2.2. Unfiltered Release caused by Loss of Negative Tank Pressure 
Section 4.4.1 of this addendum identified conditions under which a release through an 
open 10.16-cm (4-in.) riser was possible given that the pressure inside the tank dome 
space was greater than or as great as the atmospheric pressure. If this condition were to 
occur, tank gases would exit the tank through the 10.16-cm (4411.) riser and impact the 
immediate area around the riser. The analyses in Sec. 5 of the SA discuss the unfiltered 
release through an open 10.7-m (42-in.) riser given a failed ventilation system with a 
release Juration of 1 h. 

To determine the release rate from the 10.7-m (42-in.) riser, an HMS/TRAC analysis was 
performed that assumed a heat generation rate of 12 kW in the waste. The calculated 
release rate as a result of natural circulation was found to be 0.093 m3/s. If we assume 
that the natural circulation rates are not affected by the open-riser area (because the tank 
dome space is so large), we can scale the gas release from the 10.16cm (&in.) riser by 
the area fraction. However, this assumes that the friction losses are similar in the 
110.16-cm (4-in.) and 10.7-m (42-in.) risers. The 10.16-cm (4-in.) riser is 3.35 m (11 ft) 

Hwy. 240 

1.44 

1.44 
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long; the friction losses are expected to be much higher. Thus, the actual release rate 
will be less than that obtained from the area scaling. Even when this effect is neglected, 
the release is expected to be three orders of magnitude smaller. However, the exit 
velocity from the riser will be the same in both cases because the release is scaled with 
the area fraction. Thus, a gas release from a 10.16-an (4411.) riser and its radiological 
and toxicological consequences are bounded by the gas release from the 10.7-m (42-in.) 
riser, as reported in Sec. 5 of the Mixer Pump SA (Table 5-7) and summarized in Table 
Add.2.5.la. Gas would continue to be released until the riser was sealed. Because of the 
ease of covering a 10.16-an (Pin.) riser, the open time is expected to be less than the 1 h 
identified in the 10.7-m (42-in.) riser analysis; therefore, the release consequences are 
reduced even further. 

5.3. 

Two discussions related to radiological consequence assessment for voidmeter accidents 
during normal voidmeter operations are included. The first establishes the release 
contribution caused by the voidmeter for those accident conditions where the waste on 
the voidmeter may be released. The second considers the effect of operational 
restrictions placed on the allowable waste level for all voidmeter actions (as defined in 
the controls in Sec. 6 of the Mixer Pump SA). The information in these two discussions 
is used to compute the radiological consequences of the voidmeter operation accidents 
presented in Table Add.2.5-la of this addendum. 

When it is in upward motion, the voidmeter could entrain waste. The decontamination 
system will be operated as the voidmeter is raised. There are no data on the 
effectiveness of the decontamination system, although previous experience showed 
reasonably good success. Using a waste simulant with a chemical composition about 
the same as the waste, we performed experiments1 to determine how much waste 
simulant could remain on the voidmeter surface. For these laboratory tests, we used a 
3.2-mm (l/&in.)-thick 3044s plate and a waste simulant that chemically includes most 
of the waste chemicals. We inserted the plate into a constant-temperature mixed waste 
simulant. After the plate was pulled back into the air, we waited until no more 
drainage was observed. Results showed that 0.0197 g / m 2  (2.8E-4 lbm/in.2) of waste 
simulant remained on the plate. Although this number is not directly applicable to 
predict the amount of waste that could remain on the voidmeter if the decontamination 
system does not work properly, we believe that it represents a reasonable value for the 
real waste. We will use it to estimate the expected releases from the voidmeter. 

5.3.1. Radiological Consequences caused by Waste on the Voidmeter 
The controls will require decontamination of each 4.57-m (15-ft) segment of the 
voidmeter before it is raised. To estimate the waste on each 4.57-m (15-ft) segment, we 
need to calculate the total surface area in each segment and multiply that by the 
entrainment value given above. However, to make the calculation conservative, we will 
use the total surface area reported by WHC2 For this analysis, the voidmeter is 
assumed to have a radioactive waste inventory of 650 g (1.43 lbm) based on the surface 
area of the voidmeter. The waste may be released with an associated release fraction of 

Accident Sequences during Voidmeter Operation 
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either 1% for a GRE or 10% for a GRE with burn, as assumed in Sec. 4.4 of this 
addendum. 

All voidmeter releases are ground releases; thus, the methodology of App. G of the SA 
for ground releases were used to calculate the EDE associated with the voidmeter 
portion of the release. The two combinations of voidmeter release consequences for an 
open 10.16-cm (4-in.) riser during voidmeter operations are presented in Tables 
Add.2.5-5 and Add.2.5-6 for 1% and 10% release fractions, respectively. 

An HMS/TRAC simulation for a 2Wm3 (8650-ft3) GRE predicted the amount of 
material at the inlet, exhaust, and MPR (see App. D of the Mixer Pump SA). We added 
6.5 g (1.43E-2 lbm) for the GRE acadent and 65 g (0.143 lbm) for the GRE-burn acadents 
to the released values predicted by HMS/TRAC to consider the additional releases by 
the voidmeter. The total radiological consequences for both combinations are 
summarized in Table Add.2.5-7. 

5.3.2. Radiological Consequences for Operational Restrictions on Allowable Waste 
Levels 

Intrusive criteria presented in App. Y of the SA, which governs open-tank and waste- 
intrusive operations, specify the conditions that must be satisfied. For voidmeter 
operations, a maximum waste level of 10.26 m (404 in.) has been chosen, which is 
consistent with operational needs and safety considerations. The analysis supporting 
the selection of a maximum waste level of 10.26 m (404 in.) is presented in this section. 
We will show that the radiological and toxicological consequences of a burn accident 
during voidmeter operations are bounded by WHC guidelines. 

TABLE ADD2.5-5 
CALCULATED RADIOLOGICAL DOSE CONTRIBUTION FROM THE 

VOIDMETER, 6.5-g (0.0143-lbm) INVENTORY, 1% RELEASE FRACTION 
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TABLE ADD2.56 
CALCULATED RADIOLOGICAL DOSE CONTRIBUTION FROM THE 
VOIDMETER, 65-g (0.143-lbm) INVENTORY, 10% RELEASE F'RACITON 

Accidentsequence S Y F m  2424 UPlant Hwy240 Max. Max. 
Evap. Ofkite. Offsiteb lGREwith245-m3(R650-ft3) I 3.78E-1 I 7.62E-2 I 156E-2 I 1.21E-3 I 1.81E-4 I 5.98E-3 I 

release and 1% voidmeter 
release 
GRE with 245-m3 ( 8650-ft3) 
release and 10% voidmeter 
release 

2.3 4.62E-3 3.38E-2 5.04E-3 1.67E-1 A3 

We first discuss the effects on the radiological consequences of voidmeter operations 
with respect to controls on the tank waste level for voidmeter operations. We have 
shown that by limiting the tank waste level for allowable voidmeter operations to 
110.26 m (404 in.), the consequences of a gas release involving the additional waste 
inventory that may be on the voidmeter are bounded by the worst-case releases 
associated with a GRE of 297 m3 (10480 ft3) reported in Sec. 5 of the Mixer Pump SA. 

'The voidmeter mast and sampler arm may be contaminated with waste that can be 
entrained given a GRE or GRE and burn if the decontamination system is ineffective in 
removing waste. Section 4.4.2 considers the condition where a bum occurs and the 
voidmeter has waste that may be entrained because of a failed decontamination system. 
In this accident scenario, the material released to the atmosphere will be the sum of the 
material entrained from the voidmeter, the material released because of a burn in the 
dome, and the material released from the filter system as a result of bum in the dome. 

Because the burn is an energetic event, we will assume that 10% of the waste 
accumulated on the mast and/or sampler arm will be released during this accident. 
Thus, for the worst possible case, we add 65 g (0.143 lbm) (10% of the maximum 
voidmeter inventory of 650 g (1.43 lbm) to the 3.417-kg (7.53-lbm) ground release from 

A n n  
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the GRE and bum, resulting in a total ground release of 3.482 kg (7.68 lbm) for open- 
riser conditions. The stack release quantity is a function of the GRE size only and is not 
affected by the additional ground release from the voidmeter. The total ground release, 
3.482 kg (7.68 lbm), is less than the maximum ground releases of 3.6 kg (7.94 lbm) for a 
GRE of 297 m3 (10480 ft3), as reported in Sec. 5 of the Mixer Pump SA. Thus, we 
conclude that when the waste level for voidmeter operation is limited to 10.26 m 
(404 in,), the worst-case release quantities assessed in Sec. 5 of the Mixer Pump SA will 
not be exceeded. The radiological consequences are identical to those calculated in 
Sec. 5.3.1 for the 10% release fraction case. 

5.3.3. Toxicological Consequences for Voidmeter Operation 
The toxicological consequences for voidmeter operations are identical to those 
calculated for voidmeter installation (see Table Add.2.5-4). Additional releases from the 
waste on the surface of the voidmeter are not assumed to contribute to the toxicological 
consequences. The IDLH limit of 500 ppm also is not violated because the maximum 
concentration at the SY Farm is 45.5 ppm. The toxicological consequences of voidmeter 
operation accidents are small and less than the acceptance limits shown in Fig. 
Add.2.5-4; therefore, they are acceptable. 

5.4. 

This section presents the consequences of the accidents postulated to occur during 
voidmeter removal. The material release conditions governing the evaluation of 
radiological and toxicological consequences in this assessment are presented below. 

The consequences of flammable and toxic gas releases with a 10.16-cm (4-inJ-diam riser 
open are identical to those analyzed in Sec. 5.2.1 of this addendum for voidmeter 
installa tion. 

Accident Sequences during Voidmeter Removal 

5.5. 

If the tank filter system is damaged during installation or removal of the voidmeter, a 
release of materials trapped in the filter system is possible. The consequence of a simi- 
lar event, release of material from the filter system caused by a GRE and bum, is 
discussed in Sec. 4.3.3 in the Mixer Pump SA. The radiological consequences are 
assumed to be the same as those considered in the Mixer Pump SA, although a strong 
case could be made for a reduction of the release fraction to 1% rather than 10% (as used 
in the SA analysis) because the damage mechanism is not as energetic as the GRE and 
burn condition assumed in the SA. The radiological consequences of this event are 
shown in Table Add.2.5-la, are less than WHC guidelines, and therefore are acceptable. 

5.6. 

The accident analyses in Sec. 4 demonstrated that there were few credible accident 
conditions that lead to a breach of confinement provided by the tank and that accidents 
that lead to breach of containment can be prevented through the application of controls. 
As a worst case, damage to the 10.16-an (4-@.) riser during installation or removal of 

Consequence of Release from Filter System 

Consequences of Accidents Challenging Tank Confinement or Containment 
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the voidmeter caused by dropping the voidmeter on the riser would lead to an open- 
tank condition where the consequences are bounded by the open riser and GRE-and- 
bum conditions already discussed. 

A breach of confinement caused by a bum in the tank dome is not expected because the 
gas release is limited to 245 m3 (8650 f@) based on the conclusion given in App. K of the 
Mixer Pump SA. The probability of drop accidents is low. The critical lift height has 
been determined to be 36.3 an (14.3 in.) so as not to damage the riser in the absence of 
an impact limiter. The use of a limiter further diminishes the possibility of damage to 
the riser and the tank bottom liner. A drop of the voidmeter or crane boom on the tank 
dome is found to not exceed the dome capaaty (as discussed in Sec. 4.4.4). Critical lift 
procedures will be put in place to reduce the likelihood of drops. 

If the voidmeter is dropped into the tank, it was found that the tank bottom liner will 
remain intact. Drag loads caused by wind and motion of the voidmeter in the waste 
were found not to introduce enough moment to damage the riser. 

If the forearm were to become debris in the tank and hit the tank wall or other tank 
components as a result of jet motion, no damage to the tank wall and other components 
would be expected. 

The riser is expected to remain elastic during the DBE scenario. This analysis indicates 
that no unacceptable damage to the tank will result given the DBE. Further, the 
elastically calculated bending stresses on the voidmeter for the DBE condition are less 
than the stresses to cause a plastic hinge at the riser-liner location. In conclusion, the 
DBE scenario does not present a containment or confinement breach to the tank and 
riser, and the voidmeter will remain intact. 

The bwach-of-confinement analysis results indicate that accidents associated with 
voidmeter operations do not pose a threat to the structural integrity of the riser and 
tank. The consequences of breach-of-confinement accidents are acceptable, and their 
likelihoods are low because of the controls in place. 

5.7. Consequences of Flooding of Tank 

There are several consequences of flooding the tank. As a worst case, the hydrostatic 
pressure from too much water added [to a waste level of -10.7 m (422 in.)] will breach 
the primary confinement and lead to a release of wastes to the environment. This event 
was determined to be incredible because of the sheer number of gross errors that would 
be needed and the limits on total quantities of water available for addition. 

Increasing the waste level above 10.26 m (404 in.) presents operational consequences 
because intrusive tank operations controls become more restrictive when the tank level 
is 210.26 m (404 in.). 

Add. 2, Rev. 14 
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5.8. Consequences of Radiation Exposure (Shine) 

The radiation field expected at an open 10.16-cm (4in.) riser has been assessed, along 
with other radiation field sources expected in normal handling and care of the 
voidmeter. The analysis demonstrated that the radiation fields were within allowable 
limits and that normal radiological safety and work planning measures would be 
adequate to assure that workers were not excessively exposed. 

The voidmeter may be contaminated by tank waste during removal or operation 
phases. The level of waste can add significantly to the radiation fields because of tank 
shine alone. The amount of waste that could remain on the voidmeter surface was 
estimated experimentally as 3.316 g (7.31 x 10-3 lbm), with a standard deviation of 0.117 
g (2.58 x 10-4 lbm). This results in a waste film density of 0.0197 g/cm2 (2.8 x 
lbm/in 2). 

WHC analyses4 of radiation fields under the condition of unusual quantities of waste on 
the voidmeter (see Sec. 4.6.6 of this addendum) showed contact dose rates approaching 
1300 mrem/h for the arm assembly, 2100 mrem/h for the mast, and 14,000 mrem/h for 
the sampling chamber (assuming it is full of waste). At 30 cm (11.8 in.) away, these 
values drop to 78 mrem/h for the arm assembly, 170 mrem/h for the support mast, and 
570 mrem/h for the sampling chamber. All of these levels exceed the lOO-mrem/h limit 
established by WHC. Workers are required to aid in the assessment of decontamination 
effectiveness during removal actions. Therefore, workers could be exposed to the 
combined fields from tank waste on the mast and sampler arm assembly, as well as tank 
shine. The high-radiation conditions require special work controls to limit the 
exposure. 

The accident condition considered in Sec. 4.4.6 of this addendum postulates a failure of 
both the radiation alarm and the radiation survey to detect the unacceptable radiation 
levels. Therefore, if exposure through an 8-h shift is possible, the maximum exposure 
would be 8 h x 1500 mrem/h, or 12 rem for the case that the sampler contains waste. 
‘The maximum exposure from waste film on the voidmeter would be 8hV100 mrem/h, 
or  16.8 rem. These are far above the allowable annual exposure level of 5 rem but do 
not pose any immediate threat to health. Controls established in Sec. 6 of the Mixer 
Pump SA (radiation monitor, decontamination operation, and radiological survey) 
minimize the possibility of an adverse event. 

5.9. 

Hazardous material may be on the mast or trapped in the sampler. Material on the 
mast is subject to spills. The material that may be trapped and pressurized inside the 
sample chamber presents a release hazard because it is under pressure and, if released, 
may cause the waste to become an aerosol. 

Spills of hazardous material can result during removal. A spill analysis for quantities of 
material in excess of any possible for the voidmeter 1910 kg (2019 lbm)] was considered 

Consequences of Hazardous Materials Exposure 
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in the Mixer Pump SA, Sec. 5, and found to be within radiological and toxicological 
acceptance criteria. If we consider that the maximum length that the mast can have in 
the waste is 8.81 m (347 in.) with an internal diameter of 7.62 an (3 in.), the mast and the 
sampler could have 65 kg (143 kg) of waste. The spill of this quantity is less than the 
spill of 916 kg (2019 lbm) of material, which is considered in the Mixer Pump SA (see 
Set. 5). Therefore, the toxicological consequences of this hypothetical accident already 
is bounded by the consequences discussed in Sec. 5 of the SA. 

The radiological consequences from a spill accident considers a pressurized sampler 
chamber as a result of actuator failure. The scenario includes removing the voidmeter 
from the tank and releasing the waste from the sampler as a result of actuator failure. 
The release fraction is assumed to be 20%. The release fraction of 20% calculated from 
the conservative upper-bound curve given in Ref. 3. The effective energy source for 
Fig. 4.3 of Ref. 3 is evaluated from the maximum expansion work of 800 J and the 
0.650-kg waste that could exist in the sampler. The radiological consequences of these 
spill accidents are summarized in Table Add.2.5-la. The amounts are lower than the 
WHC guidelines and are acceptable. 

5.10. 

Analysis of the ejection of an unsecured voidmeter from the riser was discussed in 
Sec. 4 of this addendum and was shown to be impossible. 

REFERENCES 

Consequences of Voidmeter Ejection from the Tank 

C. IJnal, "Estimation of Waste On Voidmeter if Decontamination System Is Not 
Effective or Operable," Los Alamos National Laboratory calc note TSACN-WT-SA- 
TH-50 (June 1994). 

D. Craves, "Void Fraction Instrument Surface Area," Fax from D. Garves to C. Unal, 
June 15,1994. 

Nuclear Fuel Cycle Facility Accident Analysis Handbook (Nuclear Fuel Cycle 
Facility Accident Analysis Handbook, NUREG-1320, May 1988). 

E'. Olson, "Void Fraction Instruments Estimate Dose Rates," Westinghouse Hanford 
Company report WHC-SD-WM-SDD-046, Rev. 0, App. G (October 1994). 

Add. 2, Rev. 14 m-2; 5-15 
March 31,1995 



WHC-SD-WM-SAD-033 
REV 2 

LA-UK-92-31%, Add. 2 

6.0. CONTROLS 

The controls for the installation/operation and removal of the voidmeter are 
provided in Sec. 6 of the Mixer Pump SA. The controls have been developed using 
WHC standard controls and the results, assumptions, and initial conditions of the 
analyses presented in this SA addendum. During development of the procedures 
for each of the activities, the current OS& and OSDs must be considered. The 
controls provided in Table 6-11 of the SA can be modified if the appropriate 
organization grants approval. 

Each mitigation activity requires some general standard safety controls, such as 
controls regarding the ventilation system for certain phases of its operation. Instead 
of repeating these standard controls applicable to all mitigation activities, we 
classified them into two general groups: the standard safety controls for all 
mitigation activities for both the open- and closed-tank operations required by the 
SA. Tables 6-1 and 6-2 of the SA present these standard safety controls for open- and 
closed-tank operations, respectively. The controls for voidmeter installation 
operation and removal found in Table 6-11 reference the Table 6-1 standard controls 
for open-tank operation for voidmeter installation and removal and Table 6-2 
standard controls for closed-tank operation for voidmeter operation. 
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J M Bullur, N6, LANL 

H Sulhvaq A Neuls, J Edwards, D Smk, K Pasamehmetogulu, R Jcnks, N6. LANL 
Davld Mattu~, Amanda Clark, Ames Labontory, 110 E n p e n n g  Annex, Amcs, Iowa 50012 

'Ibe purpose of this note is to determine whether the Ames Laboratory density monitors arc 
qualified for wastc-envimmnt operation in Tank 241-101-SY. T~IS rcvicw is or& applicable 10 the low- 
powered density monitors and docs not include the Amcs acounic ranging lransduccr, the safe installabon 
of these inmumcnts w m  consickred in an earlier pump mitigation revicwl. but lhcir operational safety 
assessment was excluded fmm this earlier review. This mte revicwr the safety aspects relaling to the 
possible from hydrogen ignition caused by the density monitors' pottion of the pumpextension 
immuncnlation equipment. With the exception of the acousticcavitation analysis. the presented results arc 
qualitative. This safety review considers only an assessment of thc of the in-lank portions of tk density 
mo~tors for thcir normal operating modes; maintenance of the in-tank assembly is not expected to be 
possible. Additionally, although we recommend some operational controls. we did not m i e w  the 
operational procedures for these m~nunents. Finally, becaux an earlier analysis determined that 
hydrogen detonation was not web in the tank 1, ttus evaluation concern itself ody  with igniuon. 

The evaluation appmach is to fim consider whether the density monitors have suflicient energy to 
ignite hydrogen; because the vanducers arc not located in a hydrogen ewironmenS this inibal screening is 
coILyrvatlve. If the density monitors are judged to be capable of Susraining a hydrogen bum, we will 
funhcr judge the ilu(rument hansduccr design and construction arnnsl the crilcna for equipment qualified 
to operate in a hydrogen environment ( Class 1, Division 1, Gmup B location). This approach IS more 
conservative than che OIT used to qual@ the remainder of the pump-nutigation elcclrical cqwpment2 
because of the inherent difficulty of rustairung an elcctncal a= in a liquid medium. Because the lnstrument 
wiring raceway passes through a Class 1, Division 1. Group B location, the wiring method does have to 
meet code specifications; we will evaluate the wiring assembly for adherence to c k w  specifcauons. 

Tlus conclusion dmwn from thrs cvaluabon is that the Ames Laboratory density m o ~ t o r s  (or 
sensors) can be safely operated m the hquid-waste cwuonment in Tank 241-101-SY based primarily on the 
conclusion that thew instruments are not potential igmtion sources. even in a hydrogen atmosphere 
Details of the analyses used to make this conclusion arc &-d in the remnder of tlus note. Also, 
suggested comrols that will emre safe and proper densiry monitor operation are discussed at the end of 
ttus note 

The review process began with a meeting convened at the Engineering Technology Center m 
Richland on July 7, 1993 where safely issues related to general operation of the Ames density mo~tors and 
acoumc ranging vanduccrs (echo rangers) were d~scussed A list of attendees IS attackd to this note. A 
summary of the meeting &cussions relevanl to this evaluation is interwoven into each of the note secuons 

The irnmuncnu considered in thu; analysis incorporate A~rmar Technology pan number B22 
densib vanducers. These adnrducers are assembled mto 2 insvument packages called density monitors 
(or sensors) that operate in the tank liquid waste, a location not covered by the National Electnc Code 
W ) 3 ,  Article 500 classificatlon scheme The sigtufcance of classifcabon in relabon to hazards 
assessment and design criteria will be discuswd after bnef descnptlons of the instrument packages. 

Each of (he two density monitors consist of an enclosed assembly of transmitting and receiving 
ultrasomc transducers that face each other acmss an approximately 3 inch gap Thcse sensors M driven by 
a 5V source tumd for maximum expected signal amplitude to approxunately 38 W z  sinusoidal, the 
possible frequency range of the source IS 30 to 200 kHz. The lagging phase relationship between the 
rcceivlng and adnsnutted signals is a function of the SONC velocity in the waste fluid. The fluid 
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tunpe- IS also m e d  b\ a l h c m o r  wired in parallel with thc UlUaSoNC rtCCiVer tranduccrs 
rns  k m o r  IS mounted wiUun (he momtor receiver The 2 densit) ~ O N I O K  face outward toward the 
I& and an mounted on opposite sides of thc pump at heighu of approxunatel) 4 5 and 16 6 ft abo\e the 
a a r  iuu of thc nrculauon pump output nozzles 

pacser through the dome-space atmosphere whch IS ckssrficd as a Class I Di\ision 1. Group B locauon 
because igrutablc c o n c ~ ~ ~ i l t i o n s  of hydrogen gas can emt under mrmal condiuons Thcrcfore. the H inng 
qrupment must adhere to thc requirements of Arucle 501 of the NEC pnmanh because of the potentlalh 
small cnergm reqund to igrute hydrogen (as low as 017 mJ under some condiuom4) WlMg 
rpccfmuon adherence is dtscussed later 

The density-momtors operate in an basic and rad~oacuvc hqwd em ironment whereas their ulnng 

In conuast. the densit) aanducers locauon IS such that therc arc no code standards a g a m  w hch 
k u  design. c o n s r m ~ o ~  and ins~aJlauon can be judged We wdl thcrefore fim considcr densin momtor 
safe9 q d i c a u o n  based on whethcr thcse LNllumenl nmu ha\ e Nfficicnt encrg 10 i g ~ l e  a h)drogcn 
atmosphere, a consewauvc cntena Based on Uus cn(Cna thc Amcs density momtor IS not capable of 
igtuttng even a 21% by volume h drogcn aunosphcre As ducussed k l o w  , Uus conclusion is based on an 
e m n a t i o n  of ig~uon-voltage and igNuon-cumnl curves for cucuits in Group B amsphcres4 for 
nrcwts that M assumed to be capaciuve or inducu\ e-impedance cucuits These cun es do mt mat  
nmts whose lmpedanccs are both capaciuve and mducuve. so we will consider che densit) -momtor 
c i m i  lmpedanas reparalCl) 

be appmxlmateh 20 nF5 The capacitive-igruuon curve m Ref 4 idcares  chat approNmateh lWpF is 
q m d  to igrutc a 21% b) volume hdrogen atmosphere dlhc circuit \oltage is IOV Thc maunum 
m d  operaoonal voltage ~ i h t h c  ~ C N I C )  momor generaled b+ ampl~fying a 1 \oh ins~~m~ntatioii  
power suppl) voltage is 5 volts E\en I f thn level doubles, whch is unllkel) even lrthe load cumm i s  
rapid) inlcmpted b) an open nmf thc densin momtor c i r ~ l l  has too low a capacil) (b a factor of 
approumatch 50,oOO) to c a w  i g~uon  ThcreTore w e  bchcve the c w t  IS safe in regards to \oltage 
level In regards to igluuon current, amther Ref 4 cune indicaics an inducuvc cucut of IWpH (twice thc 
50pl uductance of thc dcnsih momtor power circuit who% m n  conmbution is from the approumarel\ 
250 A of balanced cable5) circuit ha\ing a mammum open-circuit boltage of IOV requires shghth more 
than 800 mA shon-cucuii m n t  to igme a 21% b\ volume hjdrogen atmosphere Th~s le\el is 
esseet~alh cqwtalcnt io the 800 mA maximum the densin momlor output amplrfier can pro\ )deS Gnen 
that h e  tank atmosphere h\ drogen conxntntion is expected to remam well belou 2 1% and that the densin 
momtorcucut has an inductance d e n  margin of a factor of 2 w e  belinc the dcnsin morutor circuit does 
not hate sufficient energ\ to k an igtution source 

The capacilana of the densin morutors Irrludmg Vansdwcrs and winng has been measured 10 

The Ref 4 general guidehne CUNCS cannot be casil) pro\ en applicable for e\ en situauoq but m 
view of the fact chat the momtor IS mounted w i t h  a submerged enclosure that is not m danger of 
m ~ c h a ~ c a l  falure from c a  itauon, and that thc Class I Di\ision 1 wmng io  the tnstrumentation is enclosed 
and purged w e  belie+e our densin momtor uansducer safcn qual6icauon based on enerp considerauon is 

level othcr than 10 dlscuss cavitauon The nen secbon presents the basis for our contenuon that IIU dewin 
momtor cncloswe cannot be damaged b) ca\ itarion The c a  itauon discussion is adapied from Ref 6 

adqWtC WC Hil l1101 hu(her WalUte the CON1IUCUOn Of che dCNlh-mONtOr hardware k l O H  the liqwd 
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Backmound 
Cavitation can occur onlv w k n  tensile SVCIYS are mscnl in a liquid If thc tensile strcsses whch 

lead IO cavitation arc high. thcn &ally interne, high frque& spikes of &asoNc energy arc created as 
bubbles snap into existence; UICSC locally intern ullrasonic p m m  fields can lead lo the erosion of solids 
and unusual chemical mctions. If bubbles are already present in thc liquid and/or many nuclei for bubble 
d o n  exist, then bubbles will grow at low tensile stmses without the anendant release of high i t c n s i ~  
uhraronic encrgy. In any case, cnensivc bubble growth in a Liquid containing suspcndcd panicles can 
imiucc macroscopic fluid motion with attendant mechanical abrasion of solid surfaces by the suspended 
parucks. 

According to Steve Agnnv (LANL). it usually takes some time and relatively large tensile stress 
(ie., a high average power level) IO induce cavitation and lower levels of m s s  ( i t  lower average power) 
to m n  it. The dynamic pressure maxima in a plane atousuc wave are: 

w k r e  P IS pressure, 
W s m  powerpruru tam 
p is dcmiiy, and 
c IS acoUStlc wave vclocit) 

Care must be taken to use mass-based or force-based density III quatlon (1) as appropnatc 

flud pressure, Po. and the dynanuc tensde pressure 
Thc nummum flud pressure PI, for a submerged Uansducer wlll bc the sum of the hvdrostatic 

(2) p, =Po - (Wpc) 

Whm P, is less than zero, cavitauon is possible 

There is m cavita~on potential at the dcnsig momtors Tlus is because these momtors are 
operated at 10% mput power Levels, resulting in low pomer densit) m the fluid The maxlmum poser 
densih whch can be delivered by th~s system is less than 0 0 1 wans per square centlmeter, resulung III a 
d y ~ r m c  pressure vanatlon of less than 2 0 2 abnospheres, assunung worst-case convechve-layer 
cond~uons (p = 1 54 kgm3 and c = 1 9 x IO3 mls) Sina the local hydros~atic pressures at the density 
~ D N ~ O I S  exceed 1 9 aunospheres, no net tensile pressure can be generated and cavitatlon cannot occur 
&en lf cawtatlon wen an ssue, provisions emt 10 venfy the integniy of the muumcntatlon packages 
msc provlslons are discussed k l O H  

Because the SYSCAN system software recogrws error cond~ttons caused b> a loss or 
degradauon of the uansnuner or reccwer phase signals and thc thcmistor signal, any vansducer physical 
degradahon should be aulomaucally noted Therefore, no addiuonal elecmcal measurements should be 
r q m d  to detcmunc the mechan~cal intcgntv of the insrmm~m t r a n s d u c ~ ~ ~  ?he following sccuon 
dxusses qual~fkatlon of the densib momtor wmng scheme 

Because the instrument wmng raceway passes through a Class 1. Divsion 1, Group B locauon, it 
musl meet NEC speclficauons that allow for very few winng methods for Class 1, Division 1 locauons 
Thc density momtor wmng incorporates the most commonl) used method, ngid metal condut A 
numum of 5 fully engaged k a d s ,  made up wrench Ugh\ are nquired to make for adquatc conduit 
Joints However, the condut run through the dome space 1s Contlnuous, so conduit JOIN quality is not an 
ISSIC lk NEC also rcqms conduit leaving Class 1, Division 1 locauons IO be scaled as d i s c w d  in the 
followmg p a r a p p h  

The density momtor wmng conduit mns through raceway whch is enclosed w i h  16 inch metal 
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pressunzcd ptping as i t  feeds through the Class 1, Divlsion 1. Group B classlfed dome space We will 
dtscuss condut sealmg reqrurements before considcnng the aspects of thc pipmg pressure system 

Each condrut ntn lcavmg aClass 1, Dinsion 1 locauon must be sealed on either side of thc 
&vision boundary ex- when metal condwt conmrung no u ~ o n s ,  couplmgs, boxes, or fittmgs passes 
completely through a Class 1. Division 1 locauon with no fimgs less than 12 inches (305 mm) beyond 
each b o w  shall not be required to be sealed d thc ternunauon points of the unbroken c o h t  are m 
unclasslficd locauons3 Because the liquid waste IS an unclasslfied IocaooR Uus exception was followed 
where the condut entered the hqwd waste, however, cwpllngs or seals art welded at hardware J ~ ~ N O N  
below the hqmd level At thejuncuon where thc condmt enters a Class 1, Dlvision 2 locauon (the 241- 
101-SY pump pit) the winng must pass through a seal fitung that IS properly assembled and sealed The 
sealmg compound havmg a melung point of 2001  that IS not affened by the surrounding cmronment 
Also, the U u c b s s  of the seal must not be less than the condut SKC 

The density momlor wmng conduit passes through 2 seals F W  where the condmt pasws 
through the 16 i r rh  pipe cap, a seal-coupler IS welded to the ouler condmt wall and a seahng compound 
fills thc gap between the coupler and the pipe cap hole Tlus seallng compound is rated to 450T (dry) and 
2001  (wet) Wkre  the wmng passes into atmosphere, the condmt is sealed using a NECNnderwnters 
Laboratones approved seal-off coupler assembled to the speclficauons Qwussed m the paragraph above’ 
IC IS our opimon that the density momtor w m g  is qualified for Class 1. Division 1. Group B locauon 
operauon 

The Class 1, Drvision 1 quaMed conduit is also enclosed in pressunzcd metal piping as 
adQuonal unurance aganst possible h r d  resulting from conduit or finmgs leakage The NEC doesnt 
s p c c l f d )  define purged eqrupment, but i t  recogws that potenual nsk may be reduced or that locations 
may be mlassrfied as a result of using positive-pressure vcntllation as r e c o g d  by the Nauonal Fire 
Protecuon Associauon (NFPA) The venulauon pressure protecuon method emploved i s  a NEC 
mommended \anallon of the Type Y NFPA purgmg8, the NEC vanation suggests the system be i ~ u a l l j  
purged IO establish an inert aunosphere and that flow be continued to mmn a enclosure pressure of at 
least 25 Pa ( 004 psig) The conduit piping was ilutially purged and is constantly mnta~ned at 
approxunatel) 10 pig  using an men mtrogen ahnosphere, 10 psig is twice the m m u m  anucipated pipmg 
hydro~auc pressure iWd7 III accordance with NFPA rcqmrements for ~ y p e  Y purging, a pressure sensing 
device mps an alarm w k n  the pressure drops ( Uus alarm-point is 9 psig for the piping), but mstrununt 
power is not automallcally shut off5 It should be noted that the density monttor piping conduit posiuve- 
pressure sckme may allow for reduction in the classlfcauon of the lankdome-space equpment but we 
have not meshgated Uus possibibty Fmally, the last secuon detals controls that wtll ensure safe and 
propx densiiy monttor operation - 

TIUS sccuon d~S~usxs  the kvel of COnfiguraUOn control suggested for the density momtor system 

Mod~licauons 10 thc Amcs Laboratory SYSCAN system and component mSUUments should not 
be ma& wthout formal Wesunghouse Hanford Company (WHC) design configmuon and change confro1 
and appropnate safety review To do so could compronuse either system effccuveness and/or safety 
Speclfidy, the followmg INmUncnts must not be replaced, mternall) m&ied, or mternally adjusted 
without formal W C  design coniigurauon a d  change control and appropnate safety review 

the Hp Modcl467A Power Ampllfier, 
thc BK Precision Model 1541B 40 MHz Dual Trace Oscilloscope. 
these Stanford Research Systems INtnvncnu 

thc Model SR620 Umvenal Time Interval Counter and 
the Model DS345 S y n t h e s d  Funcuon Generator, 

the AD Data IN: Model 5600 ATE Switchg System, and 
UK TnValley Technology 4% MS-DOS Computer 

Addmody.  the wmng at thc temunal bamer m p s  in the insuumcntanon cabmet should never be 
W i e d  without formal WHC design contipuon and change control and appropnate safety review 
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The probability model for gas release events is based on bubble release 
volume. In Rev. 0, the size of the gas release went was assumed to be equal to 
bubble rcleasc volume. We account for the ammonia released as a result of 
mass transfer during the gas release event in this revision. We also include 
new estimatm of the pump failure frequency and expanded the analysis to 
consider the case of zero spares and one spare. 
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1.0 INTRODUCTION 

The purpose of the calculations is to estimate the frequencies and probabilities 
associated with accident sequences in Tank 241-SY-101 that are initiated by a 
gas release event. This analysis covers the frequency of gas release events in 
Tank 241-SY-101. the frequency of gas release events in Tank 241-SY-103, and 
the reliability of systems that affect the consequences of a gas release event. 

2.0 GAS RELEASE EVENTS IN TANK 241-SY-101 

2.1 

The consequences of a gas release event are a function of the size of a gas 
release event. This fact is reflected in the deterministic analysis by analysing 
various bounding gas release events. The implication of this approach is that 
if the bounding case is acceptable all lesser conditions in that category are 
acceptable. 

The variability in gas release event size is modelled as a continuous random 
variable; therefure, it is not reasonable to consider the probability of an event 
of a given size because the probability of an event with a specified size is 
infinitesimal. In practice, the prubability of a bounding event must be the 
probability of all events in the category. Thus it is necessary to specify the 
lower bound of the category as well as the upper bound. lhis section defines 
the size range for each probability class. 

2.1.1 Normal Operations 
Normal operations includes all periods other than pump installation and 
removal. Both periods of normal pump operation and periods of no activity 
in the event of a pump failure are considered n o d  operations. The 
categories of gas release events are: 

Definition of Release Size Categories 

- Inconsequential events are defined as gas release 
events that do not cause the average hydrogen mnccntration in the dome 
to exceed 25 "10 of the lower flammable limit. Ignition is thought to be very 
unlikely in this case and the consequences are minor. The bubble release 
volume needed to reach the lower flammable limit is lo00 scf.1 

- Acceptable gas release events release insufficient gas to 
cause structuraI damage to the tank in the event of a bum. Acceptable 
events correspond to a gas release volume of less than 8650 xf.2 Because 
no gas release volume less than 86.50 scf are analysed for normal 
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operations, the lower bound on this category is the volume require to reach 
25 % the lower flammable limit or 1000 scf. 

Luge Events - The consequences of a gas release greater than the structural 
limit are analysed. The maximum expected release volume is '10480 scf. 
This value is based on the maximum observed gas release event. This 
category of releases representv all expected releases that mult in structural 
damage. Therefore the lower bound for this category is 8.560 scf. 

V - m  - The maximum gar release volume considered in the 
safety assessment is 13100 scf. This value is based on deterministic 
arguments. There is an inconsistency between the deterministic and 
probabilistic analysis. The physics of the deterministic analysis predicts an 
upper bound to the gas release volume. The probabilistic analysis does not 
incorporate these physics. It is an empirical approach that assumes the 
range of gas release event volumes are from zero to infinity. Thus the 
probabilistic model incorrectly predicts that events can occur with gas 
release volumes much greater than 13100 scf. In order to obtain 
consistency between the deterministic and probabilistic models, it is 
assumed that the 13100 scf release represents all releases greater than the 
structural limit of 10480 scf. For the purpose of estimating event frequency, 
very large events are all gas releases with volumes greater than 104w1 scf. 

- During an intrusion, activities, such as a video camera 
replacement, are permitted. The maximum allowable gas release during 
an intrusion window is 6000 scf. For probability calculations, a window 
release is considered all gas release events with a volume betwecn 1000 scf, 
which is the upper limit of insignificant events, and MI00 scf. 

2.12 Pump Installation 
This phase of operation covers only the period during which a new pump is 
being installed. This phase does not include the t h e  between pump m o v a I  
and pump installation or the time between pump installation and the 
beginning of pump operations. These periods are expected to be relatively 
short, and they pose no hazards in addition to those that occur during pump 
operation. 

- Inconsequential events are defined as gas release 
events that do not cause the average hydrogen concentration in the dome 
to exceed 25 % of the lower flammable limit. Ignition is thought to be very 
unlikely in this case and the consequences: are minor. The bubble release 
volume needed to reach the lower flammable limit is 1000 sd.1 
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-- The maximum allowable gas release volume during 
pump installation is the lower flammable limit, which corresponds to a gas 
release volume of 3650 scf.3 The lower limit is the gas release volume that 
results in a dome concentration of 25% of the lower flammable limit. 

W r e e r  Than In stall- - In a probabilistic analysis, events larger 
than the maximum window burp must be considered. These events are 
neglec%ed in this analysis because they are assumed to occur with an 
extremely small frequency. 

2.1.3 Pump Removal 
This phase of operation covers only the period during which a ncw pump is 
being removed. This  phase does not include the period between pump failure 
and pump removal or the period between pump removal and pump 
installation. 
no hazards in addition to those that occur during pump operation. 

-a1 E v e  - Inconsequential events are defined as gas release 

These periods are expected to be relatively short, and they pose 

events that do not cause the average hydrogen concentration in the dome 
to exceed 25 % of the lower flammable limit. Ignition is thought to be very 
unlikely in this case and the consequences are minor. The bubble release 
volume neded to reach the lower flammable b i t  is 1000 scf.1 

' 
' - The maximum allowable gas release volume during 

pump removal is the lower flammable limit, which corresponds to a gas 
release volume of 2500 scf.3 The lower limit is the gas release volume that 
results in a dome concentration of 25% of the lower flammable limit. 

Even& -ThanVal T , a  - In a probabilistic analysis, even@ larger 
than the maximum window burp must be considered. These events are 
neglected in this analysis because they are assumed to OCN with an 
extrmely small frequency. 

2 2  

The probability of gas release events are evaluated using distributions obtained 
from the analysis of data. The probability will depend on the size of the 
release and the level control. 

221 Normal Operation9 
Two conditions exist that must be considered when evaluating the probability 
of a gas release event: the mixing pump fails and a natural rollover occurs and 
mixing pump operation induces a gas release event. 

Probabilities of Gas Release Eventa 
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The frequency of pump failure and a natural rollover depends on the number 
of spare pumps available. The frtquency of natural rollovers is estimated to 
he 1.9Iyr if there is no spare pump, 0.22/yr if there is one spare, and 0.0073 if 
there are two spares4 Assuming the pump is operated an average every three 
days, so the frequency of pump operation is 122Iyr. The frequency of a pump 
iriduced rollover is the frequency of pump operation times the conditional 
probability ol a rollover given pump operation. 

Y ! E  vents - If the tank reverts to a natural rollover cycle, the size 
distribution of gas release events is assumed to be the same as for the 
rollover cycle prior to mitigation. The distribution of level drops for 
natural rollovers can be represented by a three-parameter Weibull 
distribution:5 

This distribution implies that all natural gas release events result in level 
drops greater than 4.2 in. The probability of a natural gas release event 
with a level drop less than 4.2 in is 0.0. Volume of bubbles released during 
the event is proportional to level drop. The conversion is 755 scf/in. (App. 
T of Mixer Pump Safety Assessment Rev. 12 ) Level drop is related to 
volume of gas bubble released. Using the conversion given in App. B, the 
volume of bubbles released corresponding to a 10480 scl release is 9540 scf. 
The level drop corresponding to the structural limit of 9540 scf is 

The probability of an event greater than 8650 scf is 

Pr(Z>Az,) = 1 - P r ( U  .S Az-) . (2) 

Based on Eq. (l), Pr(AZ 6 Az,,) is 0.928. Based on Eq. (2) the probability of a 
gas release event that exceeds the maximum allowabfe release is 0.072 
given that an event has occurred. 

For pump operation, the waste level must be below the specified control 
limit. This control or constraint must be considered in evaluating the 
probability of exceeding an 10480 scf rclcase during pump operations. The 
conditional probability of a pump induced rollover exceeding the 10480 scf 
release is the probability of exceeding the 10480 scf release given that the 
waste level less than or equal to the control limit. This probability has tn 
components. The probability that pump operation induces a gas release 
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and the probability that the induced event exceeds 1 M O  scf. The 
probability of inducing a rollover is a function of waste level, and it is 
gwen for several discrete level intervals.1 

Pr(GRE I404 in < z < 406 in) = 0.053 

Pr(GRE 1402 in c z <4w in) = 0.023 

Pr(GRE I 402 in) = O.Oo40 . 
The level at which a GRE occurs and the natural log of the gas release 
volume can bc represented by a joint normal dishibution.1 The xileans and 
standard deviations of waste level and natural log of gas volume are 

Waste Level: )L = 413.5 in o = 4.9 in. 

ln(Gas Volume): p = 8.37 o - 0.93 
The covariance matrix for the waste level and log of gas volume is 
estimated to be 

3.599 0.871 

The first index in this matrix corresponds to waste level and the second 
corresponds to the lag of gas volume. 

The joint pmbability density function for level and log of gas volume is 

where 

z = waste level, 
q 
pz = mean waste level, 
pln(q) = mean value of h(q) 
V = covariance matrix. 

= volume of gas bubble release, 
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The symbol I I indicates the determinant. The probability of a GRE with a 
gas release volume between q1 and 
and 22 is 

when the waste level is between Z, 

Th is  equation can be evaluated using Mathcad (See Appendix A). For 
releases larger than the maximum allowable release, q1 is the volume 
bubbles released during the event; and 42 is infinity. The results for the 
three level intervals are: 

The probability of pump operation inducing an event greater than the 
MAXIMUM EXPECTED RELEASE is 

Pr(qGE>lWBo scf I Pump Opera tion) = (5) 

Pr(GRE I Level Interval i) Pr(qG=>10480 scfl  Level Interval i) 
1 

The frequency of exceeding an maximum expected release is the frequency 
of exceeding maximum expected release due to pump failure plus the 
frequency of exceeding the maximum expected release due to pump 
operation. 

) i>~= = l f a i l ~ e  Pr(qcw10480 sd I Natural GRE) + (6) 
hoperation Pr(qcm>10480 scf I Pump Operation) , 

where Lfaiium is the frequency of gas release event s as a result of pump 
failure and LPeAtion is the frequency of pump operation. The frequency of 
an induced gas release event as Q function of waste level is given in Table I. 
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The level intervals only are defined up to a waste level of 406 in. To obtain 
results at levels greater than 406 in, probability model must be extrapolated. 
A linear extrapolation af the logarithm of probability ha.. been shown to be 
reasonable.1 Therefore, the cumulative probability for the level 408 in are 
based on a log-linear extrapolation. The 

Waste Level 
Control (in) 

408 

406 

404 

412 

Pr(q>10480 scf) Pr(qz10480 scf) Frequency of 
Given Induced Given Pump Pump Induced 
GRE and Level Operation and GRE>104BO scf 

Interval Level Control (Yr9 

Z.lx10-4 2.6~10-2 

2.2x10-4 1.2~10-5 1.5~10-3 

2.9~10-3 6.8x1W7 8.3~10-j 

21XlV6 8.4x10-9 1.Dxlo-6 
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Waste Level 
Control (in) 

408 

406 

404 

Frequency of GREs >lo480 sd (yrl) 

No Spare I spare 2 Spares 

1.6xlW1 45!~10-~ 2.7~10-2 

1.4x10-1 1.7~10-2 2.0~10-3 

1.4XlO.l 1.6~10-2 6.1~10-4 



I 402 

Pr(Large GRE I Natural GRE) = Pr(AW12.6 in) - Pr(AZSlO.4) . (7 
The probabilities in this equation are evaluated using Eq. (1). The 
probabilities are: 

Pr(U532.6 in) = 0.928 

Pr(AZ530.4 in) = 0.824 

The prnbability of a very large event given a natural rollover is 0.104. - 

The probability of a release between 8650 scf and 20480 scf given an induced 
event for each of the three level catwries is determined from Eq. (4). 
Using the results in App. A, the limits of integration for gas bubble volume 
are 7870 scf and 9450 scf. 

l.bl0-1 1.6~10~ 5.3~104 

Pr(8650 d c q ~ d r ) 4 8 0  scf 1404 in<zM06 in) = 4.9~104, 

Pr(86.50 scfcqr;mfl0480 d l 4 0 2  in<&- in) = s.0~10-5 . 

Pr(8650 scf<q~~:dl0480 scf I ~ 4 2  in) = 7.2~10-6 . 

The probability of an acceptable release given pump operation is computed 
in a similar manner to large 
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Pr(CRE I Level Intwval i) Pr(8650 s c f < q ~ ~ ~ 5 1 0 4 8 0  scf I Level Interval i) 
i 

Pr(q>lo4Iu) wf) 
Civen Pump 

Operation and 
Level Control 

4.1~104 

2.8x10-3 

1 * 9 X l o - ~  

2.8x10.8 

The frequency of a release between 8650 scf and 10480 scf is the frequency of 
a release due to pump failure plus the frequency of a release due to pump 
operation. 

Frequency of 
Pump Induced 
GRE>10480 scf 

( Y r 9  

5.GX10-* 

3.4xIN 

2.3~10”’ 

3.5x10-6 

~ A E  = &ailure Pr(8650 Scf<qG&1&80 scf I Natural GRE) + (9) 

The results for the frequency of pump induced gas release events are given 
in Table III. The cumulative probability for the level 408 in are based on a 
log-linear extrapoIation. The total frequencies of a GRE with a gas release 
volume between 8650 and 10480 scf are given in Table lV. 

)iopcratiOn Pr(8650 SCf<q~&10480 scf I Pump Cpetation) . 

TABLE IZI 
ESTIMATES OF THE FREQUENCY OF PUMP INDUCED CAS RELEASE 

BETWEEN 8650 AND 10480 SCF 

Waste Level 
Control (in) 

408 

406 

404 

402 

R(q>10480 scfl 
Given lnduced 
GRE and Level 

Interval 
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1 Spare 

Frequency of GREs between scf (yr') 
Waste Level 
Control (in) 

2 Spares I No Spare 

408 

406 

404 

402 

25x10-1 

2.Oxl04 

2.OxlV' 

ZOxlo-1 

The frequency of a large gas release event is dominated by induced 
rollovers if the high waste level control is selected and there is at least one 
spme pump. Otherwise, frequency is dominated by pump failure and a 
return to a natural rollover cycle. These estimates may be optimistic 
because these estimates are based on past data, which do not reflect the 
posRibihty of adverse long term changes. 

- Acceptable events corresponds to releases between 1000 scf 
and 8650 scf, which correspond to bubble release volumes between 910 scf 
and 7870 scf. The range of level drops for these releases are between 1.2 in 
and 10.4 in using the conversion factors in App. C. Given that a gas release 
event has occurred, the probability of a level drop between 1.2 in and 10.4 
inis 

Pr(Max. Allow. GRE I Natural GRE) = Pr(AZS10.4 in) - Pr(AZ51.2) . (7) 

The probabilities in this equation arc cvaluated using Eq. (1). The 
probabilities are: 

Pr(AZS10.4 in) = 0.824 

Pr(&<l.2 in) = 0.0 
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The probability of an acceptable event given a natural rollover is 0.883. 

The probabdity of a release between 1000 scf and 8650 r d  given an induced 
event for each of the three level categories is determined from Eq. (4). 
Using the results in App. B, the limits of integration for gas bubble volume 
are 910 scf and 7870 scf. 

Pr(1MXI x f < q G ~ & 6 5 0  scf I404 inczS406 in) = 0.70 , 

Pr(1000 SCf<qG&86% scf I402 in6404 in) - 0.50 . 

Pr(l(NHI scf<qa<8650 scf I 24102 in) = 0.26 . 
The probability of an acceptable release given pump operation is computed 
in a similar manner to large 

(8) Pr(1000 scf<qG&8650 scf I Pump Operation) = 

lJr(GRE I Level Interval i) Pr(IOOO xf<qG&88650 scf I Level Interval i) 
i 

The frequency of a release between 1000 scf and 8650 scf is the frequency of a 
release due to pump failure plus the frequency of a release due to purr~p 
operation. 

. ~ A E  - Pr(1000 scf<qc;~~9650 scf I Pump Failure) + (9) 
LPation Pr(1000 Scf<qm&K50 scf I Pump Operation) . 

The results for the frequency of pump induced gas release events are !riven 
in Table V. The cumulative probability for the level 408 in are based on a 
log-linear extrapolation. The total frequencies of a GRE with a gas release 
volume between 8650 and 1W scf are given in Table VI. 
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Waste Level 
Control (in) 

Prl:1M)o<qGRE< 
86% sa 

Given Pump 
Operalion and 
Level Control 

408 

44% 

4w 

402 

Frequency of 
Pump Induced 
GRE Between 

1000 and 8650 scf 
(F') 

Pr( lOOO<qCl~< 
86.50 scf) Given 

hduced GRE and 
Level Interval 

0.70 

0.50 

0.26 

l . B X l o - ~  

5.2~10-2 

15x102 

3.1~10-3 

22 

6.3 

1.8 

0.38 

1- 

No Spare 

23 

7.1 

2.6 

2 0  

2 Spares 

6.3 

1 .s 

0.38 

1 Spare 

22 

6.5 

2 0  

0.56 

TABLE IV 
ESTIMATES OF THE FREQUENCY OF GAS RELEASE EVENT BETWEEN 

8650 AND 1W SCF DURING PUMP OPERATION 

Waste Level 
Control (in) 

404 I 402 
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This frequency is dominated by pump operation except for the case of ~ I O  

spare pump. The probability of inducing an event releasing between lcloo 
scf and 8650 scf is very small but the frequency of pump operation is large. 
These estimates may be optimistic because these estimates are based on past 
data, which do not reflect the possibility of adverse long term changes. 

- By definition, inconsequential events are not a 
safety concern. Therefore, the frequency of the events is not estimated. 

W i n b  - During an intrusion window, activities arc permitted 
in the dome space. No waste intrusive operatiom are permitted includhg 
pump operation and pump bumping. Hence, there is hot possibility of 
inducing a gas release event during an intrusion window. Also, a waiting 
period of 4 hrs. is required after the last pump operation before an 
intrusion window can be opened. The waiting period miniiises the 
probability of that an induced gas release event o c m  during a window 
that w a  initiated as a result of pump operation prior to opening the 
window. Therefore, the probability of an induced rollover during a 
window is assumed to be zero. 

Thc frequency of a natural gas release event during a window is comprised 
of three parts: (1) the frequrncy of a window opcration, (2) the probability of 
a natural rollover while the window is open, and (3) the probability that 
the gas release volume is between 1000 scf and boo0 scf. 

The frequency of a dome intrusive operation is difficult to quantify because 
they is not a routine operation During the 20 month period between the 
start of pump operation July 1993 and the end of February 1995, there h,we 
been between 10 and 15 dome intrusions. These activities include 
installation of a new video camera, installation of the multi-port riser 
(MPR), installation and removal of water wands, installation and rmaval  
of the viscometer, and installation of a new level measuring instrument. 
Note, installation and operation of the void meter is not a dome intrusive 
operation, so it requires P separate safety assessment. Based on experien.ce a 
conservative estimate of the frequency of intrusion windows is  ?.5/yr. A 
bounding estimate of 10/yr will be used in this analysis. 

Various probability distributions for the maximum level prior to a nahlrd 
rollover are discussed in Ref. 5. The cumulative distribution function 
(CDF) for the maximum level can be interpreted as Foltows: given that a 
gas release event has occurred, the CDF is the probability that the next 
rollover will occur before the waste level reaches the specified level. Lf 'we 
assume that conhitions in Juring pump operatiom are similar to 
conditions after a natural rollover, the probability of a natural rollover 
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during the window is the CDF for maximum level evaluated at the level 
control for the window. If the window is closed before the level limit is 
reached, this probability estimate will be conservative. 

Reference 5 indicates that the maximum level data can be correlated 
equally well with normal distribution, a log-normal distribution, and a 
three-parameter Weibull distribution. The log-normal distribution is used 
in this analysis because it gives the most conservative extrapolations. 
Consider a random variable x. If x follows a log-normal distribution, then 
In@) follows a normal distribution If z is the maximum waste level prior 
to a gas reIease, the mean and standard deviation of ln(z) are 
769.6079/127.6646 = 6.02840 and 1/127/6646=0.007833 respectively.5 The 
probability that the next gas release event occur at level less than Z is 

Pr(Natura1 GRE Iz$Z) = @((ln(Z) - p)/o) , (10) 

where 4(.) is the CDF of the standard normal variate; and the values of this 
function are tabulated in most text books on probability and statistics. 

The probability that the gas release volume is between 1000 scf and 6000 scf 
given the specified level control for a window and a gas d e a s e  event can 
be estimated from Eq. (4) because this distribution is based on data for hth 
natural and induced rollover;. The limits of integration for volume arle 
1000 scf and 6ooo scf, and the h i t s  of integration for volume are -0 awl 2. 
A lower limit of QI is used because the control allows a window at all 
levels less than Z. This probability is evaluated using Mathcad (see App. 
A). 

The h.equency of a gas release event during an intrusion window is 

li. = &dOw Pr(Natura1 GRE I &) (11) 
X Pr(1m x f < q G R E m  SCf I Gm and Z a )  , 

where 

k 
Li,,duw = frequency of an intrusion window. 

= frequency of a GRE during and intrusion window, and 

The results of the calculations are given in Table VU. 
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Level Control for 
Window 

(in) 

40x 

406 

405 

404 

402 

Probability of 
GRE given Level 

Control 

l.&lO-* 

23x10-3 

8.7x1@ 

2.9xlo-Q 

2.4~10-5 

Probabdity of Gas 
Release Between 
1000 and 6000 sd 
given GRE and 
Level Control 

0. n 
0.58 

0.50 

0.41 

0.26 

Frequency uf (;RE 
Between 1000 and 

Window 
6OOo scf During 

( y r 9  

9.9x10-2 

1.4Xlo-2 

4.4xlW3 

1.2x10-3 

- 

62x10-5 

221 Pump Installation 
The probability of each category of release is considered. Only the case of 
induced rollovers need to be considered. The duration of the pump 
installation is very short and the maximum level for pump operation is 402 
in, so the probability of a ~tura i  rollover is extremely small. 

The frequency of pump installation is 0.38/yr, (See Ref. 4) which is the 
frequency of pump failure. 

- As stated above, evenis larger than the 

- Acceptable events for pump installation are releases 
between 1000 scf and 3650 scf. The probability of a rclcasc between loo(] sd 
and 3650 xf given an induced event for each of the three level categoties is 
determined from Eq. (4). Using the rewlts in App. B, the limits of 
integration for gas bubble volume are 910 sd and 3321) scf. 

installation limit are neglected; so the frequency is assumed to be zero. 

Pumn 

Pr(1000 scfcqC~S36.50 scf I404 in-3,5406 in) = 0.65 
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Pr(1000 xf<qG&a50 d l 4 0 2  in<ZS&l in) = 0.49 . 

h(1000 X f < q ~ ~ U 6 5 0  Xf I Z W 2  in) = 0.25 . 

The probability of a release between loo0 scf and 4000 scf given pump 
replacement is 

Pr(1MX) scf<qG&%50 xf I Pump Installation) = (12) 

R(GRE I Level Interval i) Pr(1000 scfeqS50 scf I Level Interval i) 
I 

The frequency of a release between loo0 scf and 3650 scf during installation 
is the frequency of a release due to pump failure plus the frequency of a 
release due to pump operation. 

~ ( G R E  = hfnilurc R(1000 scf<qGmU650 I k u n p  Operation) . (13) 

The r ad t s  of the probability and frequency calculations are given in Ta.ble 
MI. The probabilities and fwquencies at waste level controls of 405 in ,and 
403 in were determined by a log-linear interpolation of the results at 420 in, 
404 in, and 406 in. 

- By definition, inconsequential events art! not a afety 
concern. Therefore, the frequency of the events is not estimated. 

2.2.3 ?ump Removal 
The probability of each category of release is considered. Only the case of 
induced rollovers need to be considered. The duration of the pump removal 
is very short and the maximum level for pump operation is 403.4 in, so the 
probability of a natural rollover is extremely small. 

The fresuency of pump removal is O.O.JS/yr, (See Ref. 4) which is  the 
frequency of pump failure. 

Than - As stated above, events larger than the 
installation limit are neglected; so the frequency is assumed to be zero. 

- Acceptable events for pump removal are releaser . .  
between 1000 scf and 2500 scf. The probability of a release between 1000 !sd 
and 2500 scf given an induced event for each of the three level categories is 
determined from Eq. (4). Using the results in App. B, the limits of 
intepation for gas buhhle vriliim~ arc 910 w f  and 2280 scf. 
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TABLE VI11 
ESTUMATES OF THE FREQUENCY OF A 1000 SCF TO 3650 SCF GAS 

RELEASE EVENT DURING PUMP INSTALLATION 

Waste Level Pr(1000gqGmc 
Control (in) 3650 scf) Given 

Induced GRE 
and Level l- Interval 

404 

403 

402 0.25 

k ( l M < q G R E s  
3650 scf) 

Given Pump 
Installation and 
Level Control 

- 
Frequency of 
Ins tallation 

Induced GRE 
Between lOOCl 
and365OSCf  

1.9x10-2 

9.9~10-3 

53x10-3 

2 . 5 ~ 1 0 4  

1 . 1 ~ 1 0 ' 3  

Pr(1000 scf<q~&2500 scf I404 in<zS406 in) = 11.55 . 

Pr(1000 sc f<qmaOO scf I 402 in<zl;404 in) = 0.45. 

Pr(1000 scf<q'REm scf I &02 in) = 0.25 . 
The probability of a release between 1000 scf and 2500 scf given pump 
replacement i s  

Pr(1000 scf<qGES3650 scf I Pump Removal) = (14) 

Pr(GRE I Level Interval i) !?r(lOOO scf<qc~~%50 scf I Level Interval i) 
i 

The frequency of-a release between 1000 scf and 2500 scf during removal is 
the frequency of a release due to pump failure plus the frequency of a 
release due to pump op-mhnn. 
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The results of the probability and frequency calculations are given in Table 
TX. The probabilities and frequenaer at waste level controls of 405 in and 
403 in were determined by a log-linear interpolation of the results at 402 in, 
404 in, and 4% in. 

TABLE IX 
ESIZMATES OF THE FREQUENCY OF A Iw)o SCI; TO 2500 SCF GAS 

RELEASE EVENT DURING PUMP REMOVAL 

Waste Level 
Control (in) 

405 

404 

403 1 402 

w1000qcREc 
2500 sd) Given 
Induced GF!E 

and Level 
Interval 

0.55 

0.45 

0.24 

P ~ l m < q ~ ~ s  = scf) 
Given Pump 
Removal and 
Level Control 

4.2~10-2 

2.3~10-2 

1.3~10-2 

6.1~10-3 

2.ht10-3 

Frequency of 
Removal 

Induced CRE 
Between 1000 
and 2500 scf 

1.6~10-2 

8.7~10-3 

4.9~10-3 

23x10-3 

1.1x10-3 

3.0 GAS KELEASE EVENTS IN TANK 241-SY-103 

Gas release evenb illso occur in Tank 241-SY-103. Releases for this tank may 
have an impact on Tank 241-SY-101. The frequency of a release in Tal& 241- 
SY-103 can be estimated from thc available data. Table IV list the date and 
intervals between gas release events in Tank 241-SY-103. 

Based on the data in Table VI, the average period between gas release evenk is  
4.8 mo. The frequency is the inverse of the average period, so the frequency of 
a gas release event in Tank 241-SY-103 is O.Zl/month or 2.5/yr. 
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The frequency of a simultaneous gas release is the frequency of a gas release 
event in Tank 241-SY-101 time the probability given by Eq. (16). The frequency 
of a gas release event is the frequency of a pump induced event and a natural 
event that occurs in the pump fails. The frequency of a pump induced ewnt 
given the level control and without regard to size is 

0.053 

0.023 

0.004 

Assuming that there is only one spare pump, the frequency of a gas release 
event as a result of pump failure is given above as 022/yr. The frequency of a 
gas release event in Tank 241-SY-101 is 

~ I O I  = hpi + hfrulure . (1 8) 

The frequency of simultaneous gas release events is 

10 2~x10-3  

3.5 9.8~104 

0.n 2.0x10-4 

X2c.u  = )clo~ Pr(GRE in 103 I GRE in 101) . (19) 

The resulth for various level controls are given in Table X. 

TABLE X 
FREQUENCY OF SIMULTANEOUS CAb RELEASE EVENTS IN TANK 241- 

Waste Level 
Control (in) 

406 

404 

402 

SY-101 AND TANK 241-SY-103 

and Level Level Control 
Interval 
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3.2 Pump Installation 

In this analysis, it is assumed that a replacement mixer pump can be installed 
in one 8 hr shift. The exposure of pump installation is the period required for 
pump installation times the frequency of pump installation. The exposure 
time is 

tev = (8 hr/operation)(OfS operationqlyr)/(24 hr/day)(365 day/yr) 
= 3.5xlM yrlyr . 

The frequency of a gas release event in Tank 241-SY-103 occurring during 
pump removal is  

b = b1a tprp = ( 2 . 5 / ~ ~ )  (3.5Xle p/y) = 8 . 7 ~ 1 + / ~ ~  . (20) 

3.3 Pump Removal 

It is assumed that a failed mixer pump can be removed from the tank in a 
single 8 hr shift. Therefore, the frequency of an event in Tank 241-SY-103 
during pump removal is the same as the frequency for pump installation. 

4.0 O m  PROBABILITY CALCULATIONS 

Several accident .sequences are initiated by a gas release event. In order to 
estimate the frequencies of these accidents the split fractions for the various 
branches of the event tree must be determined. This section summarises the 
sources and analysis used to obtain the split fractions. 

4.1 Ignition Source Probability 

The risk assessment for Tank 241-SY-101 gives an ignition probability of 
1.3~10-3.7 This study references this probability to a report by Powers and 
Morales.8 

4 2  Vent System Failure ProbabiIity 

The availability of the vent system during a gas release event must be 
considered. The risk assessment of Tank 241-SY-101 reports the unavailability 
of the vent systcm to be 4.5~10-3.' This estimate takes credit for an emergency 
diesel generator. The reliability of this generator is reportcd to be 0.3 
failures/demand. Only one cut set for the system unavailability indudes loss 
of tank farm power and failure of the diesel generator. Therefore, the 
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unavailability of the vent system without the diesel generator can be 
estimated as follows: 

Uvent = u w / d b l  - Pr(Loss of Power)Pr(Diesel Fails I Loss of Power) (21) 
+ Pr (Loss of Power) 

The probability of loss of power to the SY Farm is 4.5~10-*.7 The unavailablility 
of the vent system without taking credit for the diesel generator, as calculated 
from Eq. (19), is 4.8~10-3. 

4.3 Multi-Port Riser Failure Probability 

The probability of a single panel of the Multi-Port Riser opening during a gas 
release event is estimated to be 4 .8x lH  per event.9 

4.4 Loss of Negative Pressure 

Loss of negative pressure in the waste tank is one of the consequences of a gas 
release event, but there are also other causes of tank pressurisation. Tank 
pressurisation is not a concern during normal operations because all of the 
risers are closed. Ressurisation during installation and removal can be a 
problem because there are open risers. 

Ana1ysi.s of Unusual Occurrence Reports7 list the following causes of 
pressurisation: transfer-caused over pressure, accidental loop seal fdling, 
vaporisation, loss of vent fan, interfacing system pressllrises tank, inadequate 
ventilation, filter plugginit and de-entrainer plugging. Accidental loop seal 
filling is only applicable to aging waste tanks, so it is not pertinent to Tank 241- 
SYdOl. Tank 241-SY-101 is not a high heat tank and does not contain any 
heater, so vaporisation is not applicable. There will be no transfer to or frcm 
Tank 241-SY-101 during pump installation and removal;  io transfer-caused 
over pressure is not applicable. This factor will need to be reevaluated for the 
analysis of retrieval operations. 

The frequencies of the various cause of pressurisation are listed in Table X I .  If 
all the c a w  of pressurisatim are assumed to be independent, the frequency of 
vent system failure during pump installation L the sum of the frequencies of 
the various causes. Combining the frequency gives a total frequency of 
pressurisation of O.%/yr. The vent system must be turncd off d+ng pump 
removal, so the probability of release must be assumed to be unity. The 
frequency of a release during removal is the frequency of removal, which is 
0.38Iyr. 
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Cause 
~~ ~~ 

Losfi of Ventilation Fan 4.1~10-1 r 
Median Frequency (yrl) 

Interfacing System Presswises Tank 

Inadequate Ventilation 

Filter Plugging 

Deentrainer Plugging 
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APPENDIX A 
MATHCAD FILE FOR WCULATING PROBABILIlY THAT AN INDUCED 

ROLLOVER GIVEN SIZE AS A FUNCTION OF LEVEL 

Evaluation of Probabilities of Volumes of Induced Rollovers 

The purpose of this calculation is to evaluate the probability that that an 
induced rollover release a gas bubble volume between ql and 42 given tha.t the 
level is betweeii z1 and z2. 

The waste level and the natural log of gas volume can be represented by ai joint 
normal distribution. The m e w  and standard deviations are: 

Waste Level (in): F, := 413.5 el := 4.9 

ln(Gas Volume) ( s d :  !Az := R.37 dz := 0.93 

The covariance matrix of the quantities is: 

v : = (  24.050 3.599 ) 
35" 0.871 

The joint probability density function is 

Now define the following function need to evaluate the probability: 
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Upper and lower limit for gas volume of 10 scf and 200M) scf are used instead 
of zero and infinity to prevent numerical problems. 

The maximum expected gas release volume is 10480 scf, which corresponds to 
a bubble release volume of YS40 scf. The coversion from total volume of gas 
release to volume of bubbles released is given in App. 6. The probability of gas 
bubble release greater thm 9540 scf is given below. 

Pr( In( 9540 

Pr( In( 9540 

Pr( In( 9.540 

The maximum gas release volume for which there is no structural damage in 
the event of a burn is 8650 scf, which corresponds to a bubble release volunie 
of 7870 scf using the conversion given in App. B. The probability of a gas 
release event greater than the structural limit but 1-5 than the maximum 
expected release is the probability of a bubble release between 7870 scf and 9450 
scf. 

Pr( In( 7870) ,In( 9450) ,404,406) = 4.9.10-4 

Pr( In( 7870) , In(  9450) ,402,404) = 8.10- 

Pr ( In( 7870 ) , I  n( 9450 ) ,395,402 ) = 7.2' 10" 
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Ignition of the flammable gas is assumed to be impossible if the average 
concentiation in the dome is less than 2% of the lower flammable limit. The 
gas volume corresponding to 25% of LFL is 1000 scf, which is a 910 scf bubble 
release. The probability of a gas release between 1000 sd and 8650 scf, which is 
equivalent to a bubble release between 910 and 7870 scf, is 

k( In( 910 ) , In( 7870 ) ,404 ,406 ) E 0.7 

Pr( I n (  910),1n(7870),402,404) = 0.5 

R( In( 910) , In( 7870) ,395,402) = 0.26 

The maximum allowable gas release during pump installation is 3650 scf. The 
probability of a release between 1000 and 36.50 scf, which as a bubble release 
between 910 and 3320 scf, is: 

Pr( In( 910 ) , In( 3320 ) ,404,406 ) = 0.65 

Pr( In( 910) , In(  3320) ,402,404) = 0.49 

R( In( 910) , In(  3320) ,395,402) = 0.25 

The maximum allowable gas releave during pump removal is 2500 scf. The 
probability OF a release between 11w10 and 2500 scf, which as a bubble release 
between 910 and 2280 scf. is: 

Pr( In( 910 ) , In( 2280 ) ,402,404 ) = 0.45 

Pr( In( 910 ) , In( 2280 ) ,395,402 ) = 0.24 

The m a h m  allowable gas release during window of intrusive operatioins 
in the dome is 6000 scf. The release during a window is the result of a nahxal 
rollover, so there is no need to divide the release into 2 in segments. The 
probabilities are conditioned on the level control of a, which is treated as the 
interval from 395 in to Z in these caILdlations. The probability of a release 
betwcen 1000 and 6OOO scf, which as a bubble release between 910 and 5460 srf, 
is: 
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Pr( In( 910 

Pr( I n (  910 

Pr( In( 910 

Pr( In( 910 

,ln(5460) ,395,405) = 0.5 

,ln(%60),395,404) = 0.41 

, ln(5460) ,395,408)  = 0.71 

,ln(5460),395,4m) = 0.26 
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2.11. Passwords 

GENESIS contains three levels of password entry into the DACS system. These 
levels are listed below, along with the privileges afforded by each level. 

Name Level Scope of Permitted Operation 

View only 0 

REV 2 

No changes or submenus can be displayed, will not exit to 
DOS 

Data entries in user displays can be modified, no submenus 
can be displayed, will not exit to DOS 

Algorithm submenus can be displayed, values on the first 
page can be changed, mode of operation can be switched 
between auto and manual 

All values can be changed during the runtime session 

(3perator 1 

Technician 2 

Engineer 3 

2.12. Pump Overspeed Protection 

Every AF5000+ motor drive has a parameter field MAXSPD, the maximum speed in 
the recorded speed unit that can be programmed through the SPDSET command. If 
an operator tries to command the drive to run a t  a value greater than the MAXSPD 
value, the speed setpoint becomes the value stored in MAXSPD. The MAXSPD 
value is stored in nonvolatile RAM so that the last programmed value is present 
upon power cycling. 

GENESIS also protects the setpoint entry field from being programmed with values 
out of range. Range extents are entered in AIN blocks in the configurator. These are 
changed by an operator entering the runtime system at the engineer password level 
or by a programmer knowing the password for altering the strategy. If an operator 
tries to over- or underlimit a setpoint, GENESIS restricts the entered value to the 
appropriate limit. 

The AF5000+ variable speed motor drives can be controlled by a manual panel or by 
the DACS. During pump testing, the control is communicated from the DACS over 
an RS-232 communications link (see Fig. 5-1). The manual control panels were 
disabled to avoid interference with the DACS. Protection against an inadvertent 
overspeed command is enabled by setting a MAXSPD in nonvolatile memory in the 
motor drive. This can be done over the communication link. A command to the 
speed controller to exceed this speed will be disregarded and the s p e d  set to the 
value of MAXSPD. 
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