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DESCRIPTION: Tank 241-Z-361 is an inactive, underground storage tank located within the protected area of
the Plutonium Finishing Plant (PFP). The tank is a reinforced concrete, rectangular underground structure
located near the east end of the south fence line of PFP between Building 241-Z and the retention basin.

On October 15, 1997 the Department of Energy declared an unreviewed safety question {USQ) existed for
Tank 241-Z-361 based upon the discovery that the potential hazards associated with the tanks had not been
previously evaluated in the development of the PFP authorization basis. The USQ noted the potential for
flammable gas build up in the tank, unevaluated structural condition, and the potential for time-related
phenomena to invalidate prior criticality analysis.

As part of the October 15, 1997 declaration of the USQ, the Department of Energy also accepted PFP’s
recommendations for interim operating restrictions. The controls were replaced by controls approved in
Revisions QA and 1 of this justification for continued operations {(JCO).

The work completed under the previous revisions to this JCO resulted in a weight test being performed. This
test showed there has been no significant degradation of the tank top load bearing capacity up to 4000 Ibs.
The tank has also been vented and a passive filter has been installed to ensure there is no build up of
flammable gas within the tank. Vapor samples have been drawn and are undergoing analysis. The interior of
the tank has been videographed. These activities have eliminated or mitigated two key hazards potentially
associated with the tank: steady-state flammable gas build up and tank pressurization.

A step-wise approach has been adopted to developing an authorization basis for this tank. This second
revision of the JCO has been developed to support characterizing the tank. The purpose of this USQ
evaluation is to determine if the revision to the JCO prepared to support Tank 241-Z-361 characterization
activities requires approval by the Department of Energy — Richland Operations.

INTRODUCTION: The revision to the JCO evaluates PFP-unique hazards associated with the planned
characterization activities. The specific activities considered include:

i. Shortening risers and replacing flanges.

2. Moving fence lines, associated security systems, and power lines.
3. Installing truck sampling foundation piers.

4, Truck sampling bridge construction.

b, Preparing risers for push-mode sampling.

6. Opening risers for video maonitoring.

7. Establishing grounding/bonding termination point.

8. Establishing contamination contro! area.

g, Installing push-mode core sampling riser equipment.
10. Position push-mode-sampling truck on bridge.

11. Stage push-mode core sampling equipment.

12. Ground/bond equipment.

13. Raise and level sampling truck and assemble drill string.
14. Collect push-mode core segment,

15. Seal core segment in onsite transfer cask.

16. Package wastes and clean up area.

17. Store onsite transfer cask

The revision to the JCO also evaluated potential natural phenomena hazards associated with tank
characterization activities.
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Hazard Analysis

A hazard analysis has been performed for Tank 241-Z-361 tank characterization activities. Tank 241-Z-361
has many of the same potential hazards as other TWRS tanks. Many of the activities being performed are
the same as those performed by TWRS. Accordingly, the hazard analysis that was used to develop the
TWRS authorization basis was not repeated. The hazard analysis performed identifies PFP-unique hazards
{e.g., the structural condition of the tank) that may warrant additional controls that were not considered in
the development of the TWRS authorization basis.

The principal hazard types and controls that resulted from the hazards analysis are summarized below:

1. Events that result in ignition of a quantity of flammable gas in the tank head space, that involve major
damage to the tank roof, and result in a significant release of radioactive aerosols to the atmosphere.

As a result of Phase | activities the tank is now passively and continuously vented, Monitoring shows
the tank is less than 25% of the lower flammability limit. During Phase Il activities, flammable gas
release events are only postulated to potentially occur as a result of the push-mode core sampling
activity. :

The applicable controls for this event include:

Control of access to the tank roof and general vicinity, determination of maximum allowable roof
loading, control of roof loading when access is required, use of the Hanford rigging manual. These
controls are intended to prevent collapse that could result in a spark and subsequent ignition of
flammahle gas.

A set of ignition controls similar to the TWRS ignition controls that specify bong requirements,
allowed tools, allowed instrumentation, and procedures to minimize the likelihood of producing a
spark.

2. Events that result in collapse of the tank roof or failure or the risers in the tank roof that cause
significant release of toxic vapors and radioactive aerosols and possibly gross contamination of
workers,

The applicable controls for this event include:

Control of access to the tank roof and general vicinity, determination of maximum allowable roof
loading, control of roof loading when roof access is required, and the use of the Hanford Rigging
Manual.

Control of mechanical forces on the risers.

Construction of the truck sampling bridge to prevent loads being applied to the tank from the
sampling activity. Designing the bridge such that it can safely handle the static and dynamic loads
that may be applied during operations. Also, construction of the bridge such that the sampling truck
cannot be inadvertently driven off the edge of the bridge.

A-6000-615 {10/95) GEF319
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3. Events that result in minor releases of toxic vapors and radicactive aerosols with no damage to the

basic tank structure.
The applicable controls for these events include:

Institutional controls for working in an area where aerosols and vapors could be present. These may
include protective clothing, greenhouses, drapes, radiation monitoring and respiratory protection.

4, Events that result in a criticality occurring in the tank.
Criticality controls will be established through implementation of the PFP criticality safety program.

5, Events postulated to result in an ignition of nitrate compounds in the tank with subsequent release of
toxic vapors and radioactive aerosols,

The applicable controls for these events include:
Control of vehicle access to the tank to prevent vehicle impacts into risers that could dump burning
fue! into the tank. Control to stop operations on the tank when lightning is detected within a2 50-mile
radius of the tank,
Preventing flame cutting/welding in the tank unless approved by the PHMC President.
6. Events involving normal industrial hazards or small quantities of radicactive contamination.
Implementation of existing institutional control programs is sufficient to control the hazards identified.
7. Leaks to the soil column from the tank.
Video taken in the tank during Phase | has identified there is little free liquid in the tank. Accordingly
leaks to the soil column from tank leaks during this phase would be small and not pose a risk to
workers. For Phase |l, the tank characterization hazards for soil leak events will be controlled by
procedure,
The applicable controls for these events include:
Only permitting hand digging or the use of the “guzzler” in the vicinity of the tank.
Limiting down force on the push mode drill string.
Limiting the torque on the installation of the helical piers.

8. Events that result in pressurized releases from the tank.

Because the tank was vented during Phase | and no pressure was detected, there are no events in
this category for tank characterization activities proposed in this revision.
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9, Events that result in radicactive releases within or from, the OTC weather enclosure.
The applicable controls for these events include:

Ensure the weather enclosure is passively ventilated. Apply ignition controls during venting. Conduct
airborne radicactive particulate sampling hefore entry. Post warning signs.

SCOPE: The scope of this USQ is the evaluation of the hazards presented by the Tank 241-2-361
characterization activities as described in Revision 2 of HNF-2024, “Justification For Continued Operation For
Tank 241-Z2-361."

AUTHORIZATION BASIS: The USQ evaluation is done against HNF-2024, Rev. 1, “Justification For
Continued Cperations For Tank 241-Z-361,” which incorporates specifically identified PFP operational safety
requirements. (See Section 5.0} This authorization basis for Tank 241-Z-361 was specified in the Safety
Evaluation Report approving Phase | activities (DOE/RL 899-TPD-054),

CONCLUSION: This revision to the authorization basis for Tank 241-Z-361 will require DOE approval because
Tank 241-Z-361 characterization activities had not been evaluated in previous revisions of this JCO,

REFERENCES:

1. HNF-2024, Revisions 1 and 2, *Justification For Continued Operations For Tank 241-Z-361,” 1999,
B&W Hanford Company, Richland, Washington.

2, RL Letter, J.D. Wagoner to R.D. Hanson, 99-TPD-054, “Justification For Continued Operation {JCO}

For Hanford Underground Storage Tank 241-Z-361," dtd. December 21, 1998.

Instructions:  Respond to each question and provide justification for each response. A restatement of the
guestion does not constitute a satisfactory justification or basis. An adequate justification
provides sufficient explanation such that an independent reviewer could reach the same
conclusion based on the information provided [DOE 5480.21, 10.e.1].

QUESTIONS

1. Does the PROPOSED CHANGE, test, experiment or DISCOVERY increase the probability of occurrence of
an accident previously evaluated in the AUTHORIZATION BASIS documentation?
{X] No [] Yes/Maybe

BASIS: The probability of occurrence of accidents was not determined as part of the JCO. However, the
qualitative likelihood was assigned to each hazardous event during the performance of the hazards analysis.

Comparison of Appendix B for Revisions 1& 2 of the JCO does not reveal any previously analyzed hazardous
event for which the probability of occurrence has increased.

2. Does the PROPOSED CHANGE, test, experiment or DISCOVERY increase the consequences of an accident
previously evaluated in the AUTHORIZATION BASIS documentation?
[X] No [I Yes/Mavybe

BASIS: Revision 2 of the JCO identifies that as a result of Phase 1 activities a continuous, passive, filtered
ventilation path has been established. As a result, the tank is known to be unpressurized and be less than

A-8000-615 (10/95) GEF319
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25% of the lower flammability fimit. The hazard analysis {(Appendix B} shows that for similar accidents
during Phase il the conseguences are generally less and in no case greater. This resulted from elimination of
the potential for the tank headspace to have a detonable or flammable level of hydrogen present.

3. Does the PROPOSED CHANGE, test, experiment or DISCOVERY increase the probability of occurrence of a
- malfunction of EQUIPMENT IMPORTANT TO SAFETY (ITS EQUIPMENT) previously evaluated in the
AUTHORIZATION BASIS documentation?

(I No X1 Yes/Maybe

BASIS: The probability of equipment failure was not determined as part of the JCO. However, the likelihood
of failure can be inferred from failure modes identified in the hazards analysis.

Revision 1 of the JCO identified that Tank 241-2-361 was designated as a safety significant structure.
Revision 2 of the JCO identifies that a sampling platform will be constructed over the tank to carry the
weight of the sampling truck. This prevents over-stressing the tank due to the weight of the sampling truck.
The hazards analysis for Revision 2 (Appendix B) identifies several hazardous events where failure of the
sampling platform leads to failure of the tank. These fallure modes where not present during the analysis in
Revision 1 of the JCO. Accordingly, it can be inferred that the probability of the tank failing has increased.

4. Does the PROPOSED CHANGE, test, experiment or DISCOVERY increase the consequences of a
malfunction of ITS EQUIPMENT previously evaluated in the AUTHORIZATION BASIS documentation?
[XI No [ Yes/Maybe

BASIS: Revision 2 of the JCO identifies that as a result of Phase | activities a continuous, passive, filtered
ventilation path has been established. As a result, the tank is known to be unpressurized and be less than
25% of the lower flammability limit. The hazard analysis (Appendix B} shows that for similar accidents
during Phase 11 the consequences are generally less and in no case greater. This resulted from elimination of
the potential for the tank headspace to have a detonable or flammable level of hydrogen present. No
hazardous event was identified where failure of the equipment caused a greater consequence than previously
analyzed.

5. Does the PROPOSED CHANGE, test, experiment or DISCOVERY create the possibility of an accident of a
different type than any previously evaluated in the AUTHORIZATION BASIS documentation?
[1No [X] Yes/Maybe

BASIS: Section 3.2.2 of Revision 2 of the JCO identifies that the onsite transfer cask may be stored in a
weather enclosure at PFP. The hazard analysis {Appendix B) identifies hazardous events that could lead to
release of radioactive aerosols from that weather enclosure. Revision 1 of the JCO only described potential
radioactive aerosol releases from Tank 241-Z-361, As such, this set of potentially hazardous events
associated with the weather enclosure is a possible accident not previously evaluated in Revision 1, but
which is addressed in Revision 2.

6. Does the PROPOSED CHANGE, test, experiment or DISCOVERY create the possibility of a malfunction of
ITS EQUIPMENT of a different type than any previously evaluated in the AUTHORIZATION BASIS
documentation?

I No [X] Yes/Maybe

BASIS: Revision 2 of JCO establishes the sampling platform as a safety significant structure. The basis for
this designation was that its failure could lead to a tank failure, {The tank had been previously designated as
safety significant.) The hazard analysis (Appendix B} in Revision 2 of the JCO postulates failure mechanisms

A-6000-6156 (10/98) GEF319




AR C’/s/??

g£c- USQ EVALUATION 1 Z s
Identification Number: 84894884 : Page

W
Titte: ECN 648948 Revision 2, HNF-2024, “Justification For Continued Operation For Tank 241-2-361"

for the sampling platform. Structural failure of the sampling platform had not been considered in Revision 1
of the JCO because that JCO did not authorize installation of the sampling platform and tank characterization
activities

7. Does the PROPOSED CHANGE, test, experiment or DISCOVERY reduce the margin of safety as defined in
the basis for any Technical Safety Requirement?
[X] No ] Yes/Maybe

BASIS: The controls established in the JCO do not address margin to safety for Tank 241-Z-361 activities.

8. Does the PROPOSED CHANGE, test, experiment or DISCOVERY require a new or revised Technical Safety
Requirement?
[1 No [XI] Yes/Maybe

BASIS: The JCO does not impose TSR, However, as specified in Section 5.0 of the JCO, “The control
requirements for performing characterization activities in Tank 241-Z-361 are administrative in nature...They
will be considered equivalent to OSR for the Plutonium Finishing Plant.”

To control potential hazards associated with the new activity of shortening risers {Section 3.2.2(1), an
additional contro! was necessary that prevents flame cutting or welding in the tank unless a waiver is granted
by the PHMC President and a debris catch is used {Section 5.3.3.4}). This contrcl was necessary to prevent
ignition of nitrate compounds potentially in the tank, which could lead to releasing significant amounts of
toxic and radioactive aerosols from the tank.

To control potential hazards associated with the new activity of storing the onsite transfer cask at PFP in a
weather enclosure, additional controls were needed to prevent radioactive releases from, or within, the
weather enclosure. These controls are derived from the potential for hydrogen to be generated in the onsite
transfer cask during storage that pressurizes the onsite transfer cask. This hydrogen will be periodically
vented. Ignition of the hydrogen or releases from the onsite transfer cask could potentially result in releasing
significant radioactive aerosols, Leaks from a pressurized onsite transfer cask could simitarly release
radioactive aerosols. As specified in Section 3.2.2, storage of the core samples in the transfer cask is part of
the transfer cask safety and analysis report and outside the scope of this JCO. As such, the controls
associated with establishing the frequency of venting are outside the scope of this USQ.

Push mode core sampling activities will apply about 1000 Ibs. or more vertical lcad to the riser being )
sampled. Previous analysis had limited these loads to lower vertical loads consistent with the activities being
performed. The new analysis performed to support this JCO (Appendix I} show the risers can accept the
loads that will be applied during sampling. On the basis of this revised analysis, the previous load limits for
the risers have been modified in Table 5-6.2.
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EXECUTIVE SUMMARY

This justification for continued operations (JCO) summarizes analyses performed to better
understand and control the potential hazards associated with Tank 241-Z-361. This revision to
the JCO has been prepared to identify and control the hazards associated with sampling the tank
using techniques developed and approved for use in the Tank Waste Remediation System
{(TWRS) at Hanford.

Tank 241-Z-361 is an inactive, underground storage tank located within the protected area of the
Plutonium Finishing Plant (PFP). The tank is a reinforced-concrete, rectangular underground
structure located near the east end of the south fence line of PFP between Building 241-Z and the
retention basin. This settling tank received all low-salt, liquid effluent from the plant processes
from 1949 to May 1973. As such, the tank contents are expected to include constituents from
nearly all PFP processes used during that period, and be dominated by those from Buildings 234-
5Z,236-Z, and 232-Z. After 1973, the liquid from the tank was pumped leaving about 75 cubic
meters of siudge in the tank. In 1985 the tank was sealed, including sources of ventilation.

On October 15, 1997 the Department of Energy declared an unreviewed safety question (USQ)
existed for Tank 241-Z-361 based upon discovery that the potential hazards associated with the
tank had not been previously evaluated in the development of the PFP authorization basis. The
USQ evaluation noted the potential for flammable gas build up in the tank, unevaluated structural
condition, and the potential for time-related phenomena to invalidate prior criticality analysis.

As part of the October 15, 1997 declaration of the USQ), the Department of Energy also accepted
PFP’s recommendations for interim operating restrictions. The controls were replaced by the
controls approved in Revisions 0A and 1 of this JCO. This revision to the JCO is the second part
of a phased-authorization to conduct activities to characterize this tank in preparation for
remediation.

The previous revisions of this JCO indicated that the principal hazards of this tank are potential
flammable gas build-up from radiolysis and structural degradation of the tank. The potential for
inadvertent criticality has been shown to be extremely unlikely. Moreover, because the tank had
almost 2,000,000 gallons of water flowing through it each year, it is very unlikely significant
chemical reactants remain, but the potential for an organic-nitrate reaction cannot yet be excluded.
Under previous revisions of the JCO the tank has been vented. As a result, the principal potential
immediate hazard posed by this tank, flammable gas build-up, has been eliminated.

Newly authorized activities associated with this JCO include shortening the height of risers,
installation of a truck bridge over the tank, and conducting core sampling (push-mode) of the
Tank 241-Z-361.
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Structural analysis of the tank has been performed to determine if undisturbed tank collapse is
likely or if collapse is likely during the range of activities proposed in this JCO, There is
uncertainty in the rebar condition and the rebar-concrete bond. As a result, a load test was
completed to ensure adequate load capacity was available to complete Phase I activities. This test
showed there has been no significant degradation of the tank top load bearing capacity up to 4000
lbs. Also, analysis has been performed of the load applied to the tank during past snowfall and by
the past practice of parking an armored vehicle next to the tank. This analysis forms the basis for
the load limits surrounding the tank established in this JCO.

The load limits established by previous testing and analysis are insufficient to allow placement of
the TWRS sampling truck (32,000 lbs) directly on top of the tank. Based on previous analysis,
placing the truck directly on top of the tank could potentially result in structural damage to the
tank. As a result, this JCO authorizes the placement of a bridge over the top of the tank to bear
the weight of the sampling truck. The load-bearing piers for the bridge are being installed
sufficiently deep and in a configuration such that the load applied to the tank when the sampling
truck is on the bridge will be within the limits stated in this JCO.

Prior analyses (see Section 2.3.2) indicated that this tank contained between 26 and 75 kg of
plutonium. Material accountability records indicated that the tank contained about 31.2 kg of
plutonium. Using the sampling data generated in the mid-1970's, the criticality hazard associated
with this tank has been re-evaluated. This analysis shows the average plutonium density is 0.38
grams plutonium per liter (g Pw/1) -- 29 kg plutonium total inventory. This is below the minimum
critical density of 4.7 g Pu/l for a waste sphere with a diameter of 86 inches. The 99% upper
bound confidence interval for the average plutonium concentration is 0.61 g Pu/l, still well below
the minimum critical density. Using the upper bound plutonium density, the plutonium areal
density is 136 g/ft?, which is below the minimum critical areal density of 240 g/f>. The k4 for the
tank was determined to be 0.13 and, even in the case of the worst-case hypothetical compaction
and drying, k. was still very subcritical at 0.75.

Review of tank characterization data also shows that the plutonium is distributed relatively evenly
throughout the tank. This makes the likelihood of finding a pocket with a sufficiently high
plutonium concentration to achieve criticality extremely unlikely. As a resuit, this assessment
concludes that the qualitative likelihood of criticality in this tank is extremely unlikely during
sampling and storage activities, including the consequences of natural phenomena hazards. Even
though extremely unlikely, controls for criticality have been proposed that will protect key
assumptions, reduce residual risks, and address key areas of uncertainty.

Analysis of samples taken in the 1970's indicate the tank sludge solids are inorganic materials
largely comprised of aluminum, calcium, and iron and other inorganic materials. Analysis for
carbon content was generally under 1%, but one sample had 6% carbon. The source of the
carbon is unknown but may be a combination of ash from the incinerator operations, carbonate
from scrubbers, or small amounts of organic materials, such as tri-butyl phosphate. Although the
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waste was reportedly neutralized to pH 8 prior to being placed in the tank, a March 1975 tank pH
sample was measured at pH 4. This acidic tank pH may have been due to incomplete
neutralization during operations, the discharge to Tank 241-Z-361 of un-neutralized nitric acid
flushes of Tank D-7, or both. The potential for large, energy-releasing reactions within this tank
was found to be extremely unlikely during the PFP chemical hazard assessment. Sampling is
needed to confirm that an organic-nitrate reaction is not possible.

Although the tank contents do not appear to be capable of bulk or localized chemical reactions
that can cause a signtficant hazard, hydrogen gas generation is expected because of the radiolytic
decomposition of water. This hydrogen is being released through the vent installed on the tank
during Phase I activities, and the tank atmosphere has been shown to be less than 25% of the
lower flammability limit (LFL). Based on the analysis in this JCO, Tank 241-Z-361 will be treated
as a Flammable Gas Category 3 tank for the purposes of establishing the appropriate flammable
gas controls. In general, Flammable Gas Category 3 means the tank atmosphere is not flammable,
but the tank is potentially capable of a localized gas release event (GRE) during waste disturbing
events such as push-mode core sampling.

The substantial experience developing Tank Waste Remediation System (TWRS) controls for
flammable gas has been used to develop flammable gas and other hazard controls for this tank.
The TWRS flammable gas controls are applicable because the flammable gas hazard is similar to
that found in TWRS tanks. Tank farm control development considered both the steady-state and
episodic release of flammable gas. Tank farms controls were developed from the conservative
standpoint that a flammable gas concentration could exist and therefore ignition sources must be
prevented, and the atmosphere will be monitored and maintained below lower flammability [imits
where possible. The activities being undertaken for Tank 241-Z-361 are the same as those
conducted within the tank farms. Moreover, the process history, sampling data, and preliminary
hazard analysis (PHA) do not indicate that a hazard exists in Tank 241-Z-361 that was not
contemplated in the development of the TWRS controls. As such, use of the TWRS controls
during Tank 241-7Z-361 activities offers the same accepted degree of hazard control that is
achieved in tank farm operations. The hazard and accident analysis provided in the TWRS
authorization and safety basis are not repeated in this JCO.

For unique hazards associated with activities associated with Tank 241-Z-361 a preliminary
hazards analysis (PHA) has been performed to systematically evaluate the hazards. The PHA
postulates four principal hazards to the public and on-site workers associated with this tank:
flammable gas ignition, structural collapse, pressurized releases from the tank, and inadvertent
criticality. The PHA identifies the types of controls needed to prevent or mitigate these hazards.
This PHA also identifies controls needed to protect facility workers during the proposed work.
All controis to will be implemented through the PFP work planning and control process, and
reviewed by the PFP Plant Review Committee (PRC).

-iX-
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1.0 INTRODUCTION

Tank 241-Z-261 is an underground inactive settling tank within the protected area of the
Plutonium Finishing Plant (PFP). [t is approximately 240 feet south of Building 236-Z. (Figure
1-1) This settling tank received all low-salt (caustic) liquid effluent discharged from plant
processes from 1949 to May 1973. As such, the tank contents are expected to include
constituents from nearly all PFP processes used during that period, and be dominated by those
from Buildings 234-5Z, 236-Z, and 232-Z.

As part of the 1997 PFP chemical hazard assessment (Ref 1-1), the tank was evaluated to decide
whether the hazards present were evaluated and controlled within the current PFP authorization
basis. This review identified that the potential hazards associated with the tank, primarily that
associated with a potential hydrogen concentration increase, had not been evaluated in the
formulation of the current PFP authorization basis. Also, concerns were raised regarding the
structural integrity as a result of corrosion and the potential for inadvertent criticality.
Accordingly, a potential inadequacy in the PFP authorization basis was identified per DOE Order
5480.21, “Unreviewed Safety Question” (Ref 1-2). After completing its evaluation, on
September 24, 1997, PFP recommended to DOE-RL that an unreviewed safety question (USQ)
be declared (Ref 1-3). In this letter PFP also transmitted to the Department the operating
restrictions imposed. On October 5, 1997, the Department of Energy accepted the
recommendation that a USQ existed and agreed to the interim controls (Ref 1-4).

In its October 15 letter, the Department further directed the preparation of a Justification for
Continued Operations (JCO). Phase [ of this JCO provided a basis for DOE to approve the
controls needed to open the tank safely. The tank is currently being managed using the controls
provided in Revision | to this JCO.

This phase of the JCO (Revision 2) addresses characterization. This two-phased approach
allowed resolving flammable gas concerns and assessing the physical condition of the sludge (dry
or wet) before characterization activities were authorized. This phased approach limited the need
for overly-conservative speculative hazard controls.

Once the tank is characterized, further steps to establish a final authorization basis may be
undertaken. This phased approach to establishing an authorization basis is consistent with DOE
Order 5480.23, “Nuclear Safety Analysis” and DOE Standard 3011-94, “Guidance for
Preparation of DOE 5480.22 (TSR) and DOE 5480.23 (SAR) Implementation Plans.”
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The hazard categorization of this tank has also been determined to evaluate the types of safety
analysis appropriate for this facility. Appendix A documents an initial hazard categorization of
this tank per DOE-STD-1027-92. If this tank were a stand-alone facility, it would be designated
Hazard Category 2. This classification is consistent with that of the overall PFP complex.

Accordingly, this tank requires performance of a formal nuclear safety analysis to define and
control potential hazards.
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2.0 BACKGROUND

2.1 TANK LOCATION AND DESCRIPTION

Tank 241-Z-361 is constructed of reinforced concrete, and is a rectangular underground structure
located near the east end of the south fence line of the PFP between Building 241-Z and the
retention basin, 240' south of 236-Z. The tank is 26 feet long and 13 feet wide and varies in depth
between 17 feet deep at the inlet (north end) and 18 feet deep at the outlet (south end). The base
mat is 9 inches thick with grout and waterproofing added for a total thickness of 12 inches. All
walls are 12 inches thick and the roofis 10 inches thick. The top of the tank was sealed with 1/4"
mastic and approximately 4 inches of concrete were poured over the mastic with 2"x 2" 14 gauge
reinforcement mesh. The elevation of the top of the tank is 672' 6". (Figure 2.1-1) Grade level
elevation is 674' 6".

The interior of the tank was lined with 3/8" carbon steel on the bottom and up the sides to within
6" of the roof. A protective coating was placed between the liner and the concrete as a corrosion
barrier. Two 6" stainless steel pipes lead into the tank (from the retention basin and 241-Z) at the
north end of the tank and one 8" stainless steel pipe forms the discharge at the south end of the
tank. Baffle boxes were installed around the inlet and discharge pipes, and attached to the liner.
The bottom of the inlet piping is elevation 669" and the bottom of the discharge pipe is elevation
668'.

The tank roof has three large penetrations and eight riser penetrations (Figures 2.1-2, 2.1-3). A
three foot manhole exists at the north end on the tank on the centerline, centered 2' 8" from the
outside wall of the tank. A second manhole is centered 1' 3" west of the centerline, 2' 8" from the
south outside wall of the tank. The third large penetration is a four foot diameter concrete plug in
the geometric center of the tank roof. There are two 8" risers, one 2" riser and one 3" riser built
into the south west corner of the tank, and one 3" riser built into the northeast corner of the tank.
One 6" riser penetration was installed through the concrete plug, and two 8" riser penetrations
were installed north of the center plug.
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Figure 2.1-1 - Side View Tank 241-Z-361 ‘
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Previous photographs show the liner plate (elevation 668"} appears to be corroded away down to
the sludge (Figure 2.1-4). More recent videographs (Phase I of this JCO) suggest the liner plate
is in better condition than anticipated. Unexpectedly, the video revealed that 5 dry wells are
installed in the tank, although historical information indicated their removal. Dry wells appear to
be installed in both 3-ft concrete manholes (See Figure 2.1-2). Dry wells are also installed in
risers F and G. The recent video also shows the tank walls to be in apparently good condition.
The tank top showed more cracking than was expected.

The sludge is approximately 94 inches deep. One of the south end 8" risers had a dry well
installed, and it is removed or corroded away. The inlet and outlet pipes have been isolated and
plugged or flanged two feet from the outer wall of the tank. The reinforced concrete poured over
the top of the tank has been removed over the two manholes and the tank was opened for
sampling in the mid 1970's. The manhole covers were subsequently reinstalled, covered with
weather covers and buried. The tank is covered with approximately two feet of soil.
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Figure 2.1-4 Tank 241-Z-361 Interior
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2.2 PROCESS SOURCES OF TANK CONTENTS

A study has been completed of the processes that resuited in effluent to Tank 241-Z-361 (Ref 2.2-
1) in order to evaluate the contents of the tank for potential hazards and to determine the range of
potential contents for planned characterization activities. Records of transfers into the tank, past
characterization efforts, and scientific experience/judgement were used to estimate the current
condition of Tank 241-Z-361 and its contents.

2.2.1 Background

The Plutonium Finishing Plant was built in 1948 and began processing plutonium in mid-1949
with Tank 241-Z-361 as part of the low-salt waste disposal path from all PFP processes including
the Incinerator, the Plutonium Reclamation Facility and the Waste Treatment Facility. The
Incinerator (232-Z) operated from December 1961 until May 1973. The Plutonium Reclamation
Facility (PRF, 236-Z) began operation in May 1964. The Waste Treatment Facility (242-Z)
operated from August 1964 until August 1976. Waste from some processes and laboratories
went through transfer lines to Building 241-Z sump tanks. High salt and organic waste under
normal operation were sent to the Z-9 or Z-18 cribs.

The transfer lines to Building 241-Z were numbered D-4 to D-6 as represented in Figure 2.2-1.
(Note: there were several different configurations of the PFP drain system, Figure 2.2-1 identifies
the general flow path to Tank 241-Z-361 and then to the cribs.) The 241-Z sump tanks were
numbered D-4 through D-8. The D-4, 5, and 6 drains went to the D-6 sump tank. When D-6
tank was full it was transferred to D-7 tank. The D-6 sump tank eventually failed and D-7 was
used in it’s place. Prior to transfer to cribs, the D-7 tank contents were sampled. Ifthe
plutonium content was analyzed to be more than 10 g per batch, the material was generally sent to
be reprocessed. Below the plutonium discard limit, caustic was added and the material was sent
to the cribs via Tank 241-7Z-361 where solids settled out and the liquid overflowed by gravity to
the cribs. Accordingly, the materials discharged via Tank 241-Z-361 would be expected to
generally have been low in plutonium concentration.

10
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Figure 2.2-1 - PFP Drain System
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In addition to drain lines, an unquantified (but large) amount of process water was discharged
from the retention basins to the cribs via Tank 241-Z-361.

Waste liquids that passed through the Tank 241-Z-361 settling tank flowed from PFP to ground
in the following sequence: Processes to D-4, D-5, D-6 Drains to D-6 Sump Tank to D-7 or D-8
Sump Tank to 241-Z-361 Settling Tank to cribs.

2.2.2 Processes
Low-salt waste going through Tank 241-Z-361 generally consisted of large volumes of water
containing relatively low concentrations of chemicals in contrast to the “high-salt” waste that

went to Cribs Z-9 or Z-18. Process streams volumes and plutonium mass contributing to the low-
sait waste for a typical year (1969) are listed in Table 2.2-1.
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L] Each of these process streams contributed some unique waste constituents and would only
be discharging to Tank 241-Z-361 while that process was in use. Cooling water was
sanitary water in closed lines that did not come in contact with chemicals or radioactive
material.

= Laboratory wastes may have contained almost anything, and there is virtually no
information about its constituents. The small volume coupled with large dilutions with the
process streams make it unlikely they contributed enough material to be of concern.

u The incinerator burned a variety of materials including organic chemicals, paper and
plastic. A caustic off-gas scrub solution was used to trap acid fumes, combustion
products and fine particles. The incinerator operated intermittently from December 1961
to May 1973. It was estimated that 600 grams of the 870 grams of plutonium sent in
1969 to Crib Z-12 via Tank 241-Z-361 were from the incinerator.

Table 2.2-1 Typical Low-Salt Aqueous Process Streams in the Plutonium Finishing Plant
(Circa 1969) [Ref 2.2-1]

Stream Drain Source Thousands of | Plutonium Chemical
Gallons/Yr. Grams/Yr. | Contaminanot
Uncontaminated lab | D-4.5 Cooling water 127 0 None
wastes for equipment
in labs
Contaminated lab D-4,5 Lab drains 174 100 Miscellaneous lab
wastes ' chemicals
Waste treatment D-6 TIon exchange 86 60 Principally Al, Ca,
aqueous waste process Mg, nitrate
Incinerator scrubber | D-6 Spent caustic 6 600 Considerable Na
solution from scrubber
Reclamation D-6 Process 54 12 Slight
condensate concentrators
Fluorinator off-gas | D-6 Water for 1506 100 hydrogen fluoride
jet vacuum jet
Total 2353 872
= There is little known about reclamation condensate except that the chemical contaminants

were considered “slight”.

» Fluorinator off-gas jet and scrubber solutions from hood HC-3A and HC-9B on the
“Button Lines” contributed the largest volume of waste to D-6. These were responsible
for failure of D-6 due to corrosion. The HF concentration was approximately 0.06 M.
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Large amounts of water were flushed through Tank 241-Z-361. The discharges to the tank were
generally dilute. Accordingly, even slightly soluble materials and suspended materials were likely
flushed from Tank 241-Z-361 and discharged to the cribs. Moreover, materials sent to Tank 241-
Z-361 were steam jetted. Compounds with low boiling points would be expected to have been
vaporized and released through vents then existing in the tank. Other than the laboratories, there
are no processes that discharged reactants that would be reasonably capable of generating large,
exothermic reactions. The laboratory chemicals discharged would be small quantities and well
diluted, and therefore not likely to present a significant hazard. Combined these factors suggest
there should be very little if any significant chemical reactants in this tank. However, some of the
organic materials used are heavier than water (but not the sludge-water density) and may exist in
layers. As such, the potential for organic or organic-nitrate reactions cannot be completely
excluded.

From the foregoing example typical of when the incinerator operated, the principal source of
plutonium in Tank 241-Z-361 was the incinerator. Extrapolating that single year example, the
plutonium inventory would be expected to be on the order of 20 kg.

Material Unaccounted For (MUF) records can be used to refine this estimate. These records
identify material that was discharged to various PFP cribs. There was no measurement performed
at the cribs that provides the actual plutonium received in the cribs. If instead we assume that
plutonium settled in Tank 241-Z-361 and none got to the cribs, then the records of discharges
with Tank 241-Z-361 in the flow path provides a conservative estimate of the plutonium in Tank
241-Z-361 based on MUF records. Using this assumption that all plutonium settled in Tank 241-
Z-361, then about 31.2 kg of plutonium is in this tank, as shown below (Ref 2.2-2):

Discharges With Tank 241-Z-361 In The Flow Path

Crib Recorded As Having Received The Discharge Plutonium (grams)
Z-1&Z2 199
Z-3 5,698
Z-12 25.300
Total 31,197

As will be seen in Section 4.2, this 31.2 kg plutonium closely matches the estimate of 29 kg
plutonium established during the criticality analysis.

13




HNF-2024, Rev. 2

How that plutonium is deposited within the tank is also important, particularly to determine the
likelihood of inadvertent criticality. If the sludge deposition rate is assumed to be proportional to
the volume discharge, these discharge records can be further developed into annual plutonium
discharges as a function of sludge depth in Tank 241-Z-361 as shown in Table 2.2-2 (Ref 2.2-2).

14
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. Table 2.2-2.  Calculated Plutonium Concentration in Tank 241-Z-361 if Sludge Deposition
Is Assumed Proportional To Volume Discharged *
Year Volume Plutonium, g Plutonium Layer Top
Concentration
Percent | poiimated® | Adjusted (cm from
(g Pwl) hottom)

1949 - 1958 8.4¢9 2,000 2,302 0.357 20.5
1959 13.7 1,276 1,469 0.140 54.0
1960 14.5 2,508 2,887 0.260 89.4
1961 13.7 3502 | 4,135 0394 122.7
1962 8.2 2,844 3,274 0.519 142.8
1963 7.5 3,842 4,422 0.772 161.1
1064 6.2 3,199 3,682 0.772 176.2
1965 5.7 1,864 2,145 0.495 190.0
1966 5.0 767 883 0.232 202.2
1967 3.9 1,035 1,191 (.396 211.8
. 1968 2.0 680 783 0.517 216.6
1969 2.2 517 595 0.360 221.9
1970 1.2 650 748 0.842 224.7
1971 2.8 1,067 1,228 0.583 231.4
1972 3.9 939 1,081 0.359 241.0
1973 1.2 327 376 0421 243.8
Total or Average 100.0 27,100 31,200 0.408 243.8

® Solids deposited assumed proportional to total waste passing through tank
® This column is for wastes routed to Crib Z-12.

© Plutonium quantities adjusted to make total equal to estimated total discharged to Tank 241-Z-361 from all
sources.

4 Volume of solids for 1949-1958 chosen to make plutonium concentration equal to measured vatue of 0.36
g/L.
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Table 2.2-3 has been prepared to help compare the expected values from Table 2.2-2 and the
values measured during prior tank characterization activities (Section 2.3). The measured values
were grouped and averaged for 20-inch intervals. Similarly, the estimated concentrations were
grouped and averaged for 20-inch intervals.

Table 2.2-3  Plutonium Concentrations in 20-inch Increments above the Floor of Tank 241-

Z-361
Layer Average From Records Average Measured
in. Pu g/l Pu g/l

0-20 0.25 0.35

20-40 0.29 0.38

40-60 0.52 0.52

60-80 0.56 0.35
80-top 0.46 0.21

This comparison is graphically represented in Figure 2.2-2 (Ref 2.2-2). This shows the expected
values compare well with the measured values. Furthermore, Figure 2.2-3 (Ref 2.2-2)
demonstrates the horizontal distribution of the plutonium is also reasonably uniform. Together,
these tables strongly suggest that the sludge has been deposited in reasonably simple layers with
Pu concentrations varying within a factor of 2 of the average.

Table 2.2-4 (Ref 2.2-1) shows a broad range of chemical constituents that could potentially be
present in Tank 241-Z-361 based on laboratory and process reviews. Although process history
strongly suggests any reactants of concern would have been flushed to the cribs, the existence of
organic-nitrate reactants cannot yet be excluded. Moreover, some of the potential sludge
components represent materials with specific exposure limits (Cd, Pb) under occupational health
requirements. Exposure will need to be controlled accordingly. An estimate of the mass of
chemicals in the low salt waste from all sources in 1969 is given in Table 2.2-5 (Ref 2.2-1).
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. Table 2.2-4. Known and Probable Components of 241-Z-361 Tank Sludge.
Type of Component Component Probable Source
Known Metals Al Waste Treatment
Na Incinerator Off-gas Treatment
Ca Waste Treatment
Si Incinerator Off-gas Treatment
Cd Most likely an analyticat artifact
Known Non-Metals F Hydrogen Fluorinator
Cr Waste Treatment
C (organic or total?) | Incinerator Off-gas Treatment
H,O All
H All
Probable Metals Pb Incinerator Off-gas Treatment
Mg Waste Treatment
Mn Waste Treatment
Cr Corrosion of SS Equipment
Ni Corrosion of SS Equipment
Ag Lab Film Processing
Probable Non-Metals | NO; Waste Treatment
NO, Radiolysis of NO;
SO,* Waste Treatment
. PO/ Degradation of TBP
CO,” Incinerator Off-gas Treatment
Probable Organics CCl, Waste Treatment
DBBP Waste Treatment
TBP Waste Treatment
DBP Degradation of TBP
MBP Degradation of TBP
Butanol Degradation of TBP
Urea Incinerator Off-gas Treatment
Lard Oil {Triolein) Waste Treatment
Oxalic Acid Waste Treatment
Acetic Acid Incinerator Off-gas Treatment
Benzene Incinerator Off-gas Treatment
Phthalic Acid Incinerator Off-gas Treatment
Known Radionuclides | Pu All
Am Decay of Pu®*!
U Waste Treatment
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Table 2.2-5. Chemicals from Processes that Discharged to Low-Salt Waste in 1969

Chemical Weight/vear Chemical Weight/year
Plutonium 8§70 ¢ Aluminum 96 kg
Calcium 320 kg Sodium 7.394 kg
Magnesium 128 kg Fluoride 6,100 kg
Manganese 13 kg Nitrate 19,904 kg

2.2.3 References

2.2-1 Jones, S.A., BWHC, 1997, Tank 241-Z-361 Process and Characterization
History, HNE-1989, Richland, Washington.

2.2-2 Lipke, E.J., Rogers, C.A., Miller, EM., et al., 1997 Engineering Study Of The
Criticality Issues Associated With Hanford Tank 241-Z-361, HNF-2012, Rev. 0,
Richland, Washington.

2.3 CHARACTERIZATION HISTORY
2.3.1 Characterization

Tank 241-7Z-361 was characterized in the mid-to-late 1970's as described in HNF-1989 ( Ref 2.3-
1) and HNF-2012 (Ref2.3-2). The main focus of that characterization was on the Pu content of
the sludge, the distribution of Pu, and the presence of various nuclear poisons.

The sludge was found to vary greatly in solids content, but to be on average 30 percent solid
material with the rest being liquid (mostly water). The sludge was deposited in layers from the
various operating campaigns, and exhibits considerable variability in consistency. Tables 2.3-1
(Ref2.3-1) and 2.3-2 (Ref 2.3-2) portray the sludge appearance and non-radioactive content
based upon core sampling.

Little is known regarding the routine acidity of the wastes sent to the settling tank, other than the
general guidance that the waste was to be neutralized. However, one pH sample was measured at
4.0 in March 1975. The corroded carbon steel liner indicates that some wastes were not
completely neutralized or the acidic flushes of Tank D-7 caused a low tank pH, or more likely
both. Likewise, while some organic materials have likely entered the tank, carbon has not been
found except for in a few samples. Most carbon detected was about 1%, but the carbon
concentration was as high as 6% in one sample. This could be as carbon from fly ash in the
incinerator scrubber solution, carbonate from neutralization and absorption into caustic solution,
or from organic compounds. Most likely it is from a combination of all of these sources. There
has been no separate organic phase identified in the tank.
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Table 2.3-1. Sample Descriptions for 1977 Sludge Sample.

Sample Description

NW-1 Dark Brown -almost Black - loose —wet

NW-2 Color of Sample 1 - thicker

NW-3 Small amount of free liquid on top Color of sample 1 — thicker than 2
NW-4 Dark brown -lighter than 2- thinner

NW-5 Lighter color than 4 - very watery - thin soup

NW-6 Thicker than 5 - lighter color than 5 - gritty ~ sandy

NW-7 Thicker than 6 - dark tan color - pasty, creamy consistency

NW-8 Same as 7 except lighter color

NW-9 Free liquid on top - only slightly darker color than 8 — same consistency
NW-10 }Sameas?9

NW-11 |Tan-brown Same as 10 - slightly darker

NW-12  [Lot of liquid on top. Lt. brown darker than the five samples above

Table 2.3-2 Component Concentrations in Air Dried Tank 241-Z-361 Solids

Component Northeast Core Southwest Core Center Manhole Bottle
gL oL gL
Sample #8 Sample #9
Aluminum 71.8 304.0 -~ 290.3
Calcium 345.0 460.0 3224 213.6
Cadmium <3.8 <34 <0.4 0.97
Iron 230.9 562.2 59.0 74.0
Sodium 18.6 40.5 6.3 200.4
Siticon 10.5 10.4 4.4 8.3
Oxygen . 20. 200. - ---
Hydrogen 0.6 60. o -
Carbon 46. 8§7.2 --- —
Chloride --- 34.2 --- ---
Fluoride - 39 —— -
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2.3.2 Plutonium Contents

Extensive work was done to determine the plutonium concentration in Tank 241-Z-361 between
1974 and 1978. Efforts included making estimates of the plutonium in the liquid waste streams
released from PFP to the tank; chemically analyzing grab samples of liquid and sludge taken with
bottles; full height and partial height core sludge samples taken with 2 and 3-inch diameter core
drills at five locations at each end and center of the tank; and measurements by foils and BF;
neutron detectors at four locations. The data from all sources showed a consistently low
plutonium concentration.

Two families of sample data have been generated for the contents of this tank: 1975 and earlier
and 1977 and later. Plutonium concentrations for 1975 data are more than twice as high as data
from 1977 and later. In 1976 corrected plutonium concentrations were calculated. The
correction involved recalculating the percent volume solids. This recalculation of the earlier
results yielded 17 to 86 percent reductions in the plutonium concentrations. The recalculated
plutonium concentrations still have a significant error that yields values that are high by about a
factor of two. This error arises from the fact that the volume of water evaporated from the
filtered solids was not accounted for in the calculated sludge volume.

The plutonium concentration and neutron measurements for 1977 data are more consistent.
Discharge records and material accountability records are also more consistent with measured
plutonium inventories for the 1977 data. Accordingly, the 1977 data has been evaluated as the
most reliable.

Section 4.2 and its references describes in detail the analysis of the 1977 data. In summary, this
analysis identified that the average plutonium concentration is 0.38 g Pwl. The 99% confidence
interval density is 0.61 g Pw/l. The average plutonium concentration translates to a total
plutonium inventory of 29 kg, and the 99% confidence interval concentration equates with 46 kg.
This inventory range is consistent with the inventory expected from review of the discharge
records.

2.3.3 Recent Atmosphere Samples
When Tank 241-Z-361 was opened to install passive, filtered ventilation, initial samples were
collected. These samples did not identify any significant hydrogen or organic vapors of concern.

A larger sample has been drawn and is undergoing more detailed analysis.

2.3.4 References

2.3-1 Jones, S.A., BWHC, 1997, Tank 241-Z-361 Process and Characterization
History, HNF-1989, Richland, Washington.
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2.3-2 Lipke, E.J., Rogers, C.A., Miller, E.M., et al., 1997 Engineering Study Of The
Criticality Issues Associated With Hanford Tank 241-Z-361, HNF-2012, Rev. 0,
Richland, Washington.

24 SUMMARY

Tank 241-Z-361 is known or suspected to have received waste in large volume from all of the
sources identified above. The waste was very dilute, with upwards of 2,000,000 gallons per year
flowing through the tank. The sludge represents a small portion of that large volume stream, with
potential constituents shown in Table 2.2-4. Significant amounts of highly reactive or
combustible materials are not expected, and no controls are proposed specifically for them.
However, even if encountered, the controls applied for flammable gas safety (Section 5.0) are at
least as restrictive as those that would be applied to control chemical reaction hazards.

As noted in the characterization sections, the predicted tank constituents from process chemistry
analysis match reasonably well the measured tank contents, particularly with respect to plutonium.,
The characterization data supports an average plutonium concentration of about 0.38 g Pw/l, also
consistent with process history records. Accordingly, there is a strong basis to judge that the
plutonium inventory of Tank 241-Z-361 is on the order of 30 kg and that the plutonium has been
distributed in relatively uniform layers across the tank.

23



HNF-2024, Rev. 2
3.0 PLANNED OPERATIONS UNDER JCO

The planned approach to accessing and characterizing Tank 241-Z-361 has involved the use of a
two-phased authorization in order to ensure that certain of the potential hazards are properly
understood and controlled prior to undertaking the more complex characterization activity. This
approach was developed based on the initial hazard evaluation conducted. (Ref. 3-1.) This
approach reduced the level of speculative hazards analysis and contingency planning that must be
done, and has been more conserving of the scarce PFP resources while preserving the level of
safety provided. :

During Phase [ activities, the fank has been load tested, vented, vapor sampled, been inspected
with video, and had a continuous, filtered vent installed on Riser H of Figure 2.1-2. Load testing
has shown that the tank top can safely carry 4000 lbs a 2000 lbs load limit for the tank top was
selected to be conservative. Phase I efforts have relieved any potential build-up of flammable
gases in the tank. With passive ventilation through the filtered vent, the tank is no longer
potentially pressurized and will remain less than 25% of the lower flammability limit (LFL). This
condition for the tank is the assumed beginning condition for the work activities described in this
section for Phase II of this JCO.

3.1 INTERFACES

The planned work will involve more than one work force, performing work in series so that no
confusion exists regarding field work control. All work forces will be operating under the same
PFP work release process. The PFP Shift Manager will release the work.

This JCO will serve as authorization basis for all work forces, and will be administered under the
PFP administrative controls for authorization bases. Access controls will be used to administer ail
the controls specified in Section 5.0. Access will only be permitted under an approved work
instruction, and the review and approval of those work instructions will be the mechanism for
ensuring application of the controls associated with work activities described in this JCO. All
work controls, including radiological, industrial hygiene, criticality, job hazards analysis and
application of JCO controls to work processes involving the tank will be implemented through the
work control procedures. As specified in Section 5.2.2, work procedures will be reviewed by
the PFP PRC on PRC clearance to ensure implementation of the controls specified in this JCO,
and they will be released by the PFP Shift Manager through the PFP work control process.

32  WORK DESCRIPTION AND LOGIC

Phase II activities have been established to complete the characterization of the tank. The desired
tank samples have been specified using the data quality objectives process (Ref 3-6). This process
systematically develops an agreed set of samples and sample locations that will ensure sampling
objectives are satisfied. The primary purpose of these samples is to gather the data needed to
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develop a remediation plan for the tank. In some cases, the information developed will help
reduce uncertainty regarding some tank hazards, such as the potential for unplanned criticality.

Section 3.2.1 describes the activities that were conducted during Phase [. In some cases, the
analysis of these activities has been used to support performance of like activities that will be
performed during Phase II. As a result the descriptions of the activity and the associated analysis
have been retained in this revision to the JCO. Those elements of Phase I activities necessary to
complete Phase II activities remain authorized, e.g., riser flange asbestos abatement, and they may
be implemented using the flammable gas controls specified in Section 5.0. Since the flammable
gas hazard has been eliminated or controlled, the risk associated with the activities approved for
Phase I has been reduced from that identified in previous revisions of this JCO. Section 3.2.2
describes the activities that will be performed during Phase II.

3.2.1 Phase I Work Activities

This section describes activities that were analyzed during Phase I of the JCO (Revision 1) and the
planned order they were conducted in to perform Phase I activities.

1) Radiological survey and toxic vapor survey of the risers to be opened were performed,
and peutron and gamma measurements obtained from the exterior at one or more risers.
No flammable gases were detected. No radiological dose rates above background were
detected

2) The risers were inspected and prepared for opening. This included taking measurements
for riser adapters, fabrication of required hardware, staging adapter and filter assemblies
at, or over, the riser, staging asbestos abatement and riser preparation tools, and all other
qualified tools required to safely open the riser.

3) A glovebag was installed around the riser with HEPA filtration to control contamination
upon tank opening. The bolts holding the riser flange were replaced one at a time with
bolts made of non-sparking materials. Inert gas was staged to provide a purge for the
glovebag and the tank if needed.

4) Any pressure in the tank was then relieved and the riser flange removed. The flange was
raised by slowly loosening the riser flange bolts in incremental steps. To prevent excessive
rates of tank venting, the tank was vented through a small orifice. The rate of venting was
controlled through controlled loosening of the flange bolts. The flow rate was controlled
to prevent over-pressurization of the glovebag, damage to the HEPA filters, or ripping the
glovebag due to high flow rates. The atmosphere in the glove bag was continuously
monitored while work was in progress until the breather filter is installed. Once the tank
was vented and a relief path was verified, a non-sparking insert was slid between the riser
and the flange to prevent inadvertent contact between them. The flange was then lifted off

25




3)

6)

7

8)

9

10)

11)

12)

HNF-2024, Rev. 2

the riser. To ensure the local region of the tank was less than 25% of the LFL, an inert
purge was applied to the tank through the riser via a hose. All of this work was
performed in appropriate confinement, with worker protection provided that was
consistent with the potential hazards.

Asbestos abatement was conducted where needed, and the riser flange was prepared to
receive the breather filter adapter using non-sparking tools. The breather filter was
lowered onto the open riser. An inert gas purge was used in the glovebag to ensure the
flammable gas concentration around the riser less than 25% of the LFL.

A second larger riser was opened to insert the video camera and videograph inside the
tank.

Although not performed during Phase 1, a zip-cord measurement of the waste height was
authorized during the internal inspection of the tank. Waste height measurements using a
zip-cord will be obtained during Phase II. Camera equipment (still and/or video) was
installed into an open riser, and the tank internals and the sludge were video-taped. This
was done with equipment and methods compliant with the controls specified in Section
5.0.

The tank was vapor sampled in accordance with the Data Quality Objectives and Tank
Sample Analysis Plan (TSAP).

Although not performed during Phase 1, a grab sample was authorized to be collected
from the top surface of the sludge in the tank.

The tank and nearby grounds were surveyed with civil survey and ground penetrating
radar techniques as needed to ensure that the tank elevation was well known and buried
conduits or piping were located in preparation for excavation to the top corners of the
tank to evaluate tank structural integrity or as otherwise needed.

Although not performed during Phase I, the tank corners were authorized to be excavated
to about 3 feet by hand or by use of a “guzzler,” a vacuum excavation device with filtered
exhaust. The exterior of the side face of the tank roof and the top of the tank sidewall
were authorized to be cleaned off in preparation for structural evaluation.

Although not performed during Phase I, additional structural evaluations were authorized
(e.g. ground penetrating radar and ultrasonic) to evaluate the tank structural condition for
Phase II or other activities. Ultrasound transducers were authorized to be connected and
an ultrasonic shear wave non-destructive examination of the tank roof and sidewall
performed.
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Using the controls identified in this JCO, each of these steps and additional contingency actions
analyzed in the hazard analysis was authorized to be repeated as necessary.

3.2.2 Phase II Work Activities

This section describes the activities within Phase II for which this JCO provides a basis. Controls
for these activities are specified in Section 5.0.

The first four steps to be performed install the inspection platform bridge necessary to keep the
weight of the sampling truck off of Tank 241-Z-361 and protect the tank’s structural integrity.

1)

2)

3)

Two of the risers (Risers A and B of Figure 2.1-2. See also Figure 2.1-3) are
approximately 48-inches high. To accommodate the truck bridge, these risers must be
shortened to approximately 12 to 18-inches high. The risers will be cut off using a
portable bandsaw or similar equipment. The spark production will be minimized, and the
sparks will not produce a high thermal energy slag that could ignite organic nitrate
compounds. Ifthe old riser cover gaskets are removed, asbestos abatement will be
conducted if necessary. New riser gaskets and flange covers will then be installed to re-
seal these risers. The new flange covers will not require welding inside the tank during
installation. This activity is not waste intrusive and is minimally dome intrusive. The
flammable gas controls of Section 5.3.3 will be applied during the performance of this
work. As such, during all of these activities the tank atmosphere will be monitored to
ensure it remains < less than 25% of the LFL.

Video examination during Phase I has revealed pipes installed in the tank at risers desired
for conducting sampling. These pipes may be moved or removed to accommodate
sampling or videography. As risers are opened, these dry wells may be removed or moved
out of the way. No flame cutting will be conducted to remove/move the risers. This
activity is done intrusive and minimally waste disturbing. Flammable gas controls of
Section 5.3 will be applied to this activity. The pipes may be moved/removed at any time
during Phase II. Ifthe pipes are dry wells, then they may be logged using gamma and/or
neutron technique to assist in characterizing the tank.

The power lines and communication lines must be removed/relocated to provide room for
the truck bridge and supports. If necessary, fences and associated security systems will
also be removed temporarily. This activity is not waste intrusive and is not dome
intrusive. Flammable gas controls for an ex-tank intrusive activity apply as required in
Section 5.3.3. Dome loading controls of Section 5.6 will apply during the performance of
this activity, including load lift restrictions.

Piers will then be installed to support the inspection platform bridge. About 42 helical
piers will be screwed into the soil surrounding Tank 241-Z-361 as indicated in Ref 3-2 to
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a minimum depth of about 23 feet. The helical piers may be installed manually, or with
powered turning equipment. This activity is not waste intrusive and is not dome intrusive.
Flammable gas controls for an ex-tank intrusive activity apply as required in Section 5.3.3.
The helical coils will be screwed in to minimize the application of force to the tank,
prevent damaging the tank walls, and to minimize any soil disturbance. During the
installation of the piers, the dome load limits of Table 5.6-1 will apply. Because the piers
will proceed to a depth beneath the tank, vertical load applied to the piers will not affect
the tank. Angled helical anchors will also be installed to prevent any lateral loads from
being applied to the helical piers and potentially to the tank walls. Dome loading controls
of Section 5.6 will apply during the performance of this activity, including load lift
restrictions. The bridge and piers are further described in Section 4.6 and Appendix H.

4) Bridges will then be installed on the piers. The bridge and pier foundation support system
are further described in Section 4.6 and Appendix H. The construction of the foundation
support system is also described in Ref 3-2. This activity is not waste intrusive and is not
dome intrusive. Flammable gas controls for an ex-tank intrusive activity apply as required
in Section 5.3.3. Dome loading controls of Section 5.6 will apply during the performance
of this activity, including load Lift restrictions. Appendix H provides the calculations
demonstrating the bridge and pier design is adequate for bearing the design load.

The next series of steps are those required to perform push-mode sampling of the tank using the
TWRS sampling truck. Conducting push-mode sampling of the tank is locally waste disturbing
and dome intrusive. These steps will be repeated as needed to collect the three full-depth core
samples desired to meet data quality objectives (Ref 3-6). Throughout these steps the flammable
gas controls of Section 5.3 and the dome loading controls of Section 5.6 will be applied. Other
controls from Section 5.0 will be applied as applicable. TWRS Procedures, TO-020-453, Setup
and Takedown of Core Sample Equipment at 241-Z-361 (Ref 3-7), and TO-080-520, Core
Sampling at 241-Z-361 (Ref 3-8), will be prepared specifically for the core sampling of 241-Z-
361. These procedures will be adapted from existing TWRS procedures, T0O-020-451, Setup and
Takedown of Core Sampling Systems, and TO-080-503, Push Mode Sampling With Truck #1
(Ref. 3-3 and 3-5). Steps 5-18 represent general types of actions necessary to push-mode sample.
These steps may be altered for specific Tank 241-Z-361 applications.

5) The risers to be sampled (Risers B, E, and F on Figure 2.1-2) will be prepared. The
activities include removing the riser covers, conducting asbestos abatement, and then the
bolts in the riser covers will be replaced. A zip-cord reading will also be obtained from at
least one of the sampling risers. If the waste level data under the other sampling risers is
required to support core sampling, then zip-cord data from the other risers may also be
obtained. If an obstruction is encountered and a full core sample cannot be obtained from
a sampling riser, then an additional core sample may be obtained from an alternate riser.
Taking the waste height reading is dome intrusive, but is not waste intrusive.
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To assist in monitoring the sampling drill string, other risers may be prepared for opening.
In these risers a video camera may be inserted. A separate video van and generator will be
placed outside the controlled area to support operation of the video camera in this case.

Grounding/bonding termination points will be established.
Contamination control equipment will be established around the riser to be sampled.

The riser equipment will then be installed. This includes the riser sleeve, riser adapter,
spray wash assembly, foot clamp, “frisbee,” and “frisbee” plug.

The push mode sampling truck will be positioned on the bridge.

Sampling support equipment will be staged. The equipment to be staged around the tank
includes the distribution trailer, inert gas trailer, diesel generator, support truck, cask
stands, and on-site transfer casks (OTC). |

Equipment will be grounded and bonded as specified in the flammable gas controls
(Section 5.3.3).

The sampling truck will be raised and leveled. Final measurements from the riser to the
quill rod on the sampling truck will be taken to determine the drill string makeup, i.e.,
length and number of pieces.

The sampler is installed into the core barrel and the drill string is lowered into the tank
down to the waste surface. The sampler will be pushed up to 19-inches using the
sampling truck hydraulic ram into the waste to collect a core segment. (See Ref 3-6, 3-7
and 3-8 for additional details.)

The sampler is then recovered from the drill string. The sampler is then placed in the
OTC, and the OTC is then sealed. A new sampler is then placed in the drill string.

Drill string is washed to remove contamination and the drill string is packaged as waste.
Up to 1000 gallons of Lithium Bromide (Li Br) solution may be added to the tank during
drill string washing operations.

Steps are repeated until a full depth core is obtained. Then this overall process is repeated
at each of the three risers to be sampled.

At the completion of sampling, all equipment will be removed and the areas surveyed for
contamination and released. Each riser opened will be sealed after sampling or opening to
perform video monitoring of the drill string.
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After the samples are collected, they are stored and then transported to the analytical laboratory in
the OTC. Samples may be stored in the OTC at Tank 241-Z-361 after push mode sampling is
“complete. If storage at the tank or outside the laboratory is required for an extended period (e.g.,
>30 days), then a weather cover with passive ventilation may be erected and the OTC will be
placed in it. Controls for storage of the OTC at PFP in a weather enclosure are provided in
Section 5.7. The authorization basis and controls for the storage of samples and transport to the
analytical laboratory is provided in the SARP for the OTC (Ref 3-4). These activities are outside
the scope of this JCO and separately authorized.

3.3 REFERENCES

3-1  HNF-SD-CP-CN-003, Hazard Analysis of Tank Z361, Fluor Daniel Northwest
1997, Richland, WA.

3-2  Drawing H-2-829739, Civil Foundation Supports For Inspection Platform, Fluor
Daniel Northwest, March 1999, Richland, WA.

3-3  Procedure TO-080-503, current revision, Push Mode Sampling With Truck #1,
Lockheed Martin Hanford Corporation, 1998, Richland, WA.

3-4  WHC-SD-TP-SARP-002, current revision, Safety Analysis Report for Packaging
(Onsite) Onsite Transfer Cask, Waste Management Federal Services, Northwest
Operations.

3-5  TO-020-451, current revision, Setup and Takedown of Core Sampling Systems,
Lockheed Martin Hanford Corporation, 1998, Richland, WA. '

3-6  BWHC 1995, 241-Z-361 Sludge Characterization Sampling and Analysis Plan,
April 1999, B&W Hanford Company, Richland, WA.

3-7  Procedures TO-020-453, Setup and Takedown of Core Sampling Equipment at
241-Z-361, Lockheed Martin Hanford Corporation, 1999, Richland, WA, (Draft)

3-8  Procedure TO-080-520, Core Sampling at 241-Z-361, Lockheed Martin Hanford
Corporation, 1999, Richland, WA. (Dratt)
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4.0 HAZARD ASSESSMENT

Section 4.0 provides a summary of the process used to systematically identify the hazards
associated with Tank 241-Z-361 and the activities proposed within this JCO. An initial hazard
categorization of this facility has been performed and is provided in Appendix A. That analysis
indicates that if this facility were stand-alone it would be defined as Hazard Category 2. That
broad class of facilities includes those with the potential for significant on-site consequences if an
adverse event were to occur. Hazard Category 2 facilities require formal safety analysis. This
hazard categorization is consistent with the overall PFP hazard categorization.

A preliminary hazards analysis (PHA) was performed to systematically evaluate the hazards of the
tank for Phase I activities, and it and other analysis performed in support of this JCO were used as
the basis for the designation of safety functions and the controls specified in Section 5.0.

Subsequently, this PHA was modified to address unique aspects of Phase II characterization
activities. The push-mode sampling activities have not been addressed in this PHA. The hazard
analyses and accident analyses associated with these activities are addressed in the TWRS
authorization basis, and these analyses are not repeated in this JCO except where unique hazards
associated with Tank 241-Z-361. Where appropriate, the hazard analysis from Phase I activities
has been used to evaluate similar Phase II activities.

A key difference in Phase II activities is the starting condition of the tank. During Phase II, the
tank is known to be vented, unpressurized, and have a flammable gas concentration less than 25%
of the LFL. The only flammable gas releasing events postulated for this type of tank are
associated with locally-waste disturbing activities such as push-mode core sampling. As such,
principle hazards of concern have been eliminated or mitigated by Phase I activities. The
preliminary hazards analysis (PHA) results have been incorporated into this JCO as Appendix B.

Section 4.1 describes how the PHA was conducted for Tank 241-Z-361. Sections 4.1.2 and
4.1.2.1 describe the process. Section 4.1.2.2 describes which activities were considered. Section
4.1.2.3 describes how each activity was further broken down into component parts. Section 4.1.3
describes the methodology used to group the results from the PHA. Section 4.1.4 describes how
the controls were tied to the hazards identified so that each hazard could be systematically
controlled.

Section 4.2, 4.3, 4.4, and 4.5 describe the more in-depth analysis performed on the four principal
hazards identified within the PHA: inadvertent criticality, tank structural failure, tank
pressurization, and flammable gas ignition. Section 4.6 describes the sampling bridge that will be
constructed to prevent structural damage to the tank during characterization activities. These
sections also define the bases for the controls proposed for these specific hazards. These controls
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will be further delineated in Section 5.0.

4.1 PRELIMINARY HAZARDS ANALYSIS
4.1.1 Introduction

The activities to vent Tank 241-Z-361 and to characterize and remediate the tank waste contents
will be performed in phases. This PHA identifies the potential hazards associated with Phase I
and Phase I1 activities. The Phase I activities are those necessary to load test the tank, gather
information about the structural integrity of the tank, open the tank, passively ventilate the tank,
obtain video and/or still photographs of the interior of the tank, obtain vapor space samples, and
take waste surface (grab) samples\from the tank if desired. Phase II activities are those associated
with characterizing the contents of the tank using push-mode sampling.

An earlier PHA, HNF-SD-CP-CN-003 (Ref 4.1-1), evaluated the hazards associated with the tank
being in a state of isolation and inactivity. The PHA presented in this document is the follow-on
step in evaluating hazards associated with Tank 241-Z-361. In the interest of completeness, the
hazardous conditions identified in the earlier HNF-SD-CP-CN-003 have been incorporated into
the current PHA. Moreover, some contingent activities have also been evaluated.

4.1.2 Methodology

Hazard identification is the process of highlighting material, system, process, and facility
characteristics with the potential to initiate accidents having undesirable consequences. The
hazardous events that are of primary concern for this PHA are:

. Events that can result in the airborne release of radiological or toxicological material from
the tank.

L Events that can result in operator exposures to elevated levels of ionizing radiation.

L Industrial type accidents that can result in severe injuries to plant workers.

The primary method of hazard identification/hazard evaluation used for the Tank 241-Z-361 was
a PHA. In this systematic approach, the basic elements of the system and the hazards of interest
for postulated activities are identified, potential causes and effects are evaluated, and possible
corrective and/or preventive measures are proposed.

A PHA is a technique that is derived from the U.S. Military Standard System Safety Program
Requirements. A PHA focuses in a general way on hazardous materials and major processes. In
a PHA, a team of individuals with experience in process safety and with extensive knowledge of
the operation or process to be evaluated are assembled. The team's collective experience is
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elicited in "brainstorming" sessions to discover the potential hazards posed b)} a given operation
or process. The team members involved in the performance of this PHA were: Gary R Franz, J.
Michael Grigsby, Brett Hall, Keith E. Myers, Milton V. Shultz, Alan L. Ramble, and Duane M.
Bogen. Subsequent entries into the PHA tables have been developed by John D. Williams.

4.1.2.1 PHA Table Structure. PHA is a form driven technique. The form used in the
performance of this PHA is shown in Table 4.1-1. The PHA was structured primarily based on
planned Phase I activities. Each Phase I activity was broken down into significant sub-activities
or procedural steps for analysis. An alphanumeric system was used to designate the severity, with
the following "S" rankings characterizing safety consequences:

S0 no effect outside the facility confinement systems and no safety concerns for the
facility worker, the onsite worker, or members of the general public

S1 potential industrial injury, radiological dose consequences or chemical exposure to
the facility worker; limited environmental discharge of hazardous material outside
the facility,

S1*  potential severe harm or potential death from industrial injury, radiological dose
consequences or chemical exposure to the facility worker,

S2 potential significant radiological dose consequences or chemical exposure to the
maximum onsite worker outside the facility; environmental discharge of hazardous
material within the plant site boundary, and

S3 potential significant radiological dose consequences or chemical exposure to the
offsite population; environmental discharges of hazardous material outside the
Hanford site boundary or to the groundwater.

The frequency ranking column is a "first cut,” qualitative, consensus estimate of the frequency of
the consequences. This frequency estimate is based on a "no controls present" character of the
accident. An alphanumeric system was used to designate the frequency, with the following "F"
rankings characterizing safety consequences:

FO Events not expected to occur and categorized as beyond extremely unlikely. The
frequency range is <1 E-06/yr,

F1 Events not expected to occur within the lifetime of a typical facility and
categorized as extremely unlikely. The frequency range is 1E-06/yr f < 1E-04/yr,

F2 Events which could occur during the lifetime of the facility and categorized as
unlikely. The frequency range is 1E-04/yr f < 1E-02/yr, and
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E3 Events which are expected to occur one or more times during the lifetime of the
facility and categorized as anticipated. The frequency range is 1E-02yr £ < 0.1/yr.
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Table 4.1-2. Phase I Tank 241-Z-361 Operations/Conditions

Civil Survey and Load Test - Check to Determine Ground Level and Soil Depth and Verify
Capability of Tank to Support Personnel and Equipment for Riser Opening

2. Ground Penetrating Radar (Optional) - Determine Outline of Tank Top and Location of Buried Lines
near Tank

3. Excavate Small Area next to Tank to Permit Ultrasound Wall and Roof Check (Optional)

4. Perform UMltrasound Check - Attempt to Verify Tank Wall and Top Integrity (Optional)

5. Install People Bridge (Optional Depending on Tank Load Test Resulis)

6. Radiological Survey of Risers {Activity Preliminary to Any Further Actions to Enter Tank)

6.A External Gamma and Neutron Scans {Optional) - Attempt to Determine If Criticality Event Has
Occurred

7. Inspect Riser [Procedure Item - Riser Prep} (It Is Assumed That a People Bridge Is in Place or it Has
Been Determined That One Is Not Required for Access on the Tank Roof)

. 8. Open Riser - Replace Bolts, [nstall Glovebag, Relieve Pressure, Remove Flange

9. Install Breather Filter On Open Riser

9.A Purge Tank {This Is a2 Contingency and the Only Way Tank Can Be Accessed if Atmosphere s
Determined to Be Flammable]

10. Take Pictures/video Inside Tank (Requires Entry Through 8-inch Riser)

11 Perform Vapor Sampling (This Data Is for Characterization)

12. Take Hard Gamma/test for Mixed Fission Products (Optional) - Further Testing to Determine If
Criticality Has Occurred

13. Take Waste Grab Sample (Optional)

Table 4.1-3 Phase II Tank 241-Z-361 Operations/Conditions

1. Shortening risers and replacing flanges.

2. Moving fence lines, associated security systems, and power lines.

3. Installing truck sampling foundation piers,

4, Truck sampling bridge construction.

5. Preparing risers for push mode sampling.

6. Opening risers for video monitoring (Optional).

7. Establishing grounding/bonding termination point.
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8. Establishing contamination control area.

9. Install push-mode core sampling riser equipment.

10.  Position push mode sampling truck on the bridge.

11.  Stage push-mode core sampling equipment.

12.  Ground/bond equipment.

13.  Raise and level sampling truck and assemble drill string.

14.  Collect push-mode core segment.

15. Seal core segment into On-site Transfer Cask.

16.  Package waste and clean-up area.

17.  Store Onsite Transfer Cask.

18.  Natural phenomena hazards.

4.1.2.2  Activities/Conditions Evaluated. The activities to be performed in Phase I and Phase
IT were determined by cognizant engineers at the PFP responsible for ultimately dispositioning the
waste in Tank 241-Z-361 and by the PHA team. In some cases, insights gained from performing
the PHA resulted in the reordering or modification of planned activities to enhance benefit or
reduce risks. This is one of the advantages provided by the structured PHA approach. In
addition some activities were incorporated into the PHA to address contingencies and options that
may be exercised during the performance of the work. The activities covered in the PHA are
listed in Tables 4.1-2 and 4.1-3. In Appendix B, Phase I and Phase II activities have been
separated in the PHA tables.

In addition to the hazardous events that can occur during the Phase II activities, hazardous events
can occur while the tank is in an isolated, passive condition prior to the initiation of Phase II
activities (e.g., spurious collapse of the tank due to long term structural degradation). After
Phase II activities are completed, Tank 241-Z-361 will be left to passively ventilate through
installed breather filters before future remediation activities are initiated. Certain hazardous
events can be postulated for the tank during this time period, e.g., criticality due to dry out and
subsidence of the tank sludge. These passive time periods for the tank were evaluated separately
and are shown as items 14 through 15 for Phase [ activities in Appendix B. These hazards are
unchanged by Phase II activities. The PHA entries for the passive isolated tank prior to Phase I
activities are essentially those from the prior hazards analysis performed on the tank (Ref 4.1-1),
except that the likelihood of flammable gas deflagration has been largely eliminated because of the
passive ventilation that was installed during Phase I.

A PHA structured to look at operational steps or activities is not designed to highlight accidents
initiated by natural phenomena (e.g., earthquakes) or external events (vehicle accidents). The

general effects of natural phenomena and external hazards on facilities are to cause process upsets
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and/or to challenge the integrity of facility confinement systems. In some cases, external events
can add hazardous material to the system (such as fuel from a truck crash) which might initiate a
unique accident. Natural phenomena and external events are treated separately in the PHA table
{Appendix B) for both Phase I and Phase II activities. Phase I natural phenomena hazards have
not been altered, however the likelihood of flammable gas deflagration, and therefore the
consequences, have been reduced because the tank is now passively ventilated.

4.1.2.3 Brainstorming Approach. Each activity was broken down into significant sub-
activities or procedural steps to ensure a comprehensive review. The TWRS procedures for
activities similar to those planned for Phase I and Phase II were reviewed to determine the
significant sub-activities and procedural steps associated with each major activity.

The PHA team brain stormed potential hazards associated with the sub-activities and procedural
steps. Brainstorming was based on the team's general collective experience, the team members'
knowledge of hazards identified for similar activities in other safety basis documents, and on
logical "what if" type questions posed by PHA team members--"what if" questions such as: "what
if the activity is not performed or performed out of order,” "what if the activity takes longer than
desired," "what can go wrong during the performance of the activity,” etc. For hardware systems,
the safety functions performed by those systems were identified and functional failures were
simply postulated to determine potential hazardous outcomes. Finally, a hazard/energy checklist
from DOE 76-4519, “Job Safety Analysis” (Ref4.1-2) was reviewed for each activity to aid in the
brainstorming process.

4.1.3 PHA Resuits

The qualitative consequence and likelihood estimates for the various hazardous events (columns 8
and 9 of the PHA tabie) were generated based on the PHA team members' experience and
judgment. The selection of accidents for further treatment to identify equipment and controls
important to safety is accomplished by a binning process. The initial accident screening criteria
used in the binning process is based entirely on qualitative consequence rankings. Any accident
postulated in the S2 and S3 consequence categories is a potential candidate for the application of
specific administrative controls or adding engineered features. This results in a broad spectrum of
candidate accidents being considered and provides for consideration of a broad enough spectrum
of representative and unique accidents to furnish adequate technical justification for the choice of
engineered features and administrative requirements.

All the accidents having S2 or S3 consequences are classified by type. The type of accident
relates to the accident phenomena such as leak, fire, explosion, etc.

The hazardous events identified in this PHA can be grouped into eight categories. These
categories are:

1. Events that result in ignition of a quantity of flammable gas in the tank headspace, that
involve major damage to the tank roof, and that result in a significant release of
radioactive aerosols to the atmosphere.
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2. Events that result in collapse of the tank roof or failure of the risers in the tank roof that
cause a significant release of toxic vapors and radioactive aerosols and possibly gross
contamination of a worker or workers.

3. Events that result in minor releases of toxic vapors and radioactive aerosols with no
damage to the basic tank structure.

4. Events that result in a criticality occurring in the tank waste.

5. Events postulated to result in an ignition of nitrate compounds in the tank with subsequent
release of toxic vapors and radioactive aerosols.

6. Events involving normal industrial hazards or small quantities of radioactive
contamination.
7. Leaks to the soil column due to general tank degradation. Also, events that result in

localized flooding above the tank and intrusion of water into the tank, exacerbating a tank
leakage condition.

8. Events that result in pressurized releases from the tank.
9, Events that result in radioactive releases within, or from, the OTC weather enclosure

Natural phenomena and external events were found in general to be initiators for the hazardous
conditions specified above. Controls identified to minimize risk during Phase I and Phase I1
activities for the above hazardous conditions will in most cases also be adequate for natural
phenomena initiators. However, the natural phenomena hazards may dictate certain design
requirements.

4,1.4 Controls Identification

The following controls are proposed for the seven general categories of events identified for JCO
activities. The controls are grouped according to the preceding categories of hazardous events.
The controls established for the significant hazardous event categories are discussed in more detail
in Section 5.0.

1. Events that result in ignition of a quantity of flammable gas in the tank head space, that
involve major damage to the tank roof, and that result in a significant release of
radioactive aerosols to the atmosphere.

General Controls:

(Note: as a result of Phase I activities the tank is now passively and continuously vented.
Monitoring shows the tank is less than 25% of the LFL. During Phase II activities,
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flammable gas release events are only postulated to potentially occur as a result of the
push-mode core sampling activity.) Control of access to the tank roof and general vicinity
(includes crane and vehicle controls), determination of maximum allowable roof loading,
control of roof loading when roof access is required, and use of crane critical lift
procedures where required by the Hanford Rigging Manual. These controls are intended
to prevent collapses that could result in a spark and subsequent ignition of flammable gas.

A set of ignition controls similar to TWRS ignition controls that specify bonding
requirements, allowed tools, allowed instrumentation, and procedures to minimize the
likelihood of producing a spark.

Administrative controls to halt operations on the tank when lightning is detected withina
50 mile radius from the tank.

Events that result in collapse of the tank roof or failure of the risers in the tank roof that
cause a significant release of toxic vapors and radioactive aerosols and possibly gross
contamination of a worker or workers.

Genera] Controls:

Control of access to the tank roof and general vicinity (includes crane and vehicle
controls), determination of maximum allowable roof loading, control of roof loading when
roof access is required, and use of crane critical lift procedures where required by the
Hanford Rigging Manual.

Contro] of mechanical forces on a riser to prevent failure of a degraded riser.

Institutional controls for emergéncy response to earthquakes - reduces number of
individuals potentially exposed to radioactive material. (See Section 5.0 for the PFP
operational safety requirements (OSR) and other institutional controls relied upon in this
JCO.)

Construction of the truck sampling bridge such that significant lateral loads to the tank
walls are prevented.

Construction of the bridge such that it can safely handle static and dynamic loads that mayr
be applied during operations.

‘Construction of the bridge such that the sampling truck cannot be inadvertently driven off
the edge of the bridge.

Events that result in minor releases of toxic vapors and radioactive aerosols with no
damage to the basic tank structure.

General Controls:
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Institutional controls for working in an area where aerosols and vapors could be present.
These may include protective clothing, greenhouses, drapes, radiation monitoring and
respiratory protection.

Events that result in a criticality occurring in the tank waste.

General Controls:

Controls to prevent inadvertent criticality are identified in Section 4.2.

Events postulated to result in an ignition of nitrate compounds in the tank with subsequent
release of toxic vapors and radioactive aerosols.

General Controls:

Control of vehicle access to the tank to prevent vehicle impacts into risers that could
dump burning fuel into the tank. Control to stop operations on the tank when lightning is
detected within a 50 mile radius of the tank.

Preventing flame cutting/welding in the tank unless approved by the PHMC President.

Events involving normal industrial hazards or small quantities of radioactive
contamination.

General Controls:

No special controls beyond what are imposed by the normal institutional requirements for
this type of work.

Leaks to the soil column due to general tank degradation. Also, events that result in
localized flooding above the tank and intrusion of water into the tank, exacerbating a tank

leakage condition.

General Controls:

Only hand digging or excavation using the "guzzler” machine should be allowed near the
tank to minimize the possibility of breaking water lines. Ground penetrating radar will be
used to identify the location of water lines near the tank. The concrete cap poured on top
of the tank limits potential intrusion. Should a water tank be used to load test the tank a
limited water source will be used to fill the tank to limit the volume of water potentially
spilled on the tank.

Limiting down force on the push-mode core sample drill string.

Installation of the helical piers with appropriate torque limits such that the tank walls are
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not damaged by the helical piers. .

Events that result in pressurized releases from the tank.
General Controls:

( Note as a result of Phase I activities the tank is passively and continuously vented. As
such, this general type of hazard is no longer present. This section is retained for
reference purposes.) A glovebag will be installed around the first riser to be opened to
confine and mitigate any potential release of radioactive particulate matter when the riser
is opened. The riser should be opened in a manner that controls the blow down rate of the
tank and prevents ejection of the flange. The glovebag HEPA filter(s) should be sized
large enough to accommodate the controlled blow down flow without failing the glovebag
or HEPA filters from pressurization. Moreover, the flow rate needs to be sufficiently low
that the glovebag is not damaged by the hydrodynamic forces associated with flow
through the glovebag. If purging is used, controls on purge flow are needed to ensure
glovebag and filter integrity are maintained. A control is also needed to ensure installed
breather filters are not valved out during purging to prevent tank pressurization or
unfiltered releases through HEPA filter assembly seal loops. Ignition and spark source
controls need to be established for glovebag activities to ensure hydrogen released from
the tank into the glovebag is not ignited.

Events that result in radioactive releases within, or from, the OTC weather enclosure.

General Controls:

Ensure weather enclosure is passively ventilated to reduce likelihood that the hydrogen
can build up or airborne radioactive concentrations will be significant. Apply ignition
controls during venting. Conduct airborne radioactive particulate sampling before entry.
Post warning signs identifying the presence of flammable gas.

References

4.1-1 HNF-SD-CD-CN-003, 1997, Hazard Analysis of 241-Z-361 Tank, Rev. 0, Fluor
Daniel Northwest Inc., Richland, Washington.

4.1-2 DOE 76-4519 Job Safety Analysis, U.S. Department of Energy, Washington D.C.
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4.2  CRITICALITY SAFETY

Tank 241-Z-361 has been the subject of three prior criticality analyses (Ref 4.2-1,4.2-2,4.2-3).
Each has found the tank substantially subcritical but with somewhat differing conclusions, and in
some cases used data now believed suspect. Accordingly, another criticality assessment has been
performed in support of this JCO and is documented in “Engineering Study Of The Criticality
Issues Associated With Hanford Tank 241-Z-361" (Ref 4.2-4). This analysis is an integral part of
this JCO and is summarized within this section.

For the purpose of evaluating the very limited activities proposed under this JCO, “Engineering
Study Of The Criticality Issues Associated With Hanford Tank 241-Z-361" provides the initial
basis to evaluate the criticality safety of the proposed activities. Criticality analysis is being
continued, including independent evaluation, so that a criticality safety evaluation report (CSER)
may be completed. The CSER will provide the basis for developing criticality prevention
specifications (CPS).

Two conditions are required to achieve criticality. The minimum areal density of plutonium must
exceed about 240 g/ft’, and the minimum critical concentration must be exceeded. Tank 241-Z-
361 does not likely meet either condition. As a result, the qualitative likelihood of criticality in
this tank has been found to be extremely unlikely during storage and sampling, including the
consequences of natural phenomena hazards.

Two families of sample data have been generated for the contents of this tank: 1975 and earlier
and 1977 and later. Plutonium concentrations for 1975 data are more than twice as high as data
from 1977 and later. In 1976 corrected plutonium concentrations were calculated. The
correction involved recalculating the percent volume solids.

The 1977 family of data was used for the analysis. The plutonium concentration and neutron
measurements for 1977 data are more consistent. Discharge records and material accountability
records are also more consistent with measured plutonium inventories for the 1977 data.

The two different families of data does generate some uncertainty. But the differences in
plutonium concentration reported in the 1975 family of data (higher Pu concentrations) would not
alter the conclusions drawn. The margin to criticality would be reduced from that found when
using the 1977 data. Even so, there would remain enough margin that the tank would remain
subcritical during evaluated storage and upset conditions even with the higher plutonium
concentrations.

Several additional conclusions using the 1977 sample results have been reached as a result of this
criticality safety assessment:

. Even if the plutonium concentration were much greater than postulated, the plutonium
concentration would be well below the minimum critical plutonium concentration. The
average of all samples was calculated to be 0.38 g Pw/l, corresponding to a total tank
plutonium inventory of about 29 kg. The upper bound for the 99% confidence interval for
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the average plutonium concentration is 0.61 g Pu/l, corresponding to a total tank
plutonium inventory of about 46 kg. If all free water has been lost, but bound water and a
small amount of interstitial water remains, the maximum average concentration (99%
confidence) would be 0.69 g Pw/l. For a tank inventory of 30 kg, the minimum critical
concentration is 4.7 g Pw/i, much greater than any of the concentrations noted above.
Moreover, even if the inventory were postulated to be 70 kg, the minimum critical
concentration would still be above 4.0 g Pw/l.

. The estimated upper limit of plutonium areal density is 136 g/ft* (based on the upper
bound of the 99% confidence interval for plutonium concentration). This is well below
the 240 g/f* minimum critical areal density. As such, there is no postulated condition
where this second necessary condition for criticality can be achieved.

. Tank samples show the plutonium settled roughly uniformly across the surface of the tank
in layers consistent with expectations from plant operation campaigns and activities., (See
Figures 2.2-2 and 2.2-3) The characterization data suggests that it is unlikely that regions
exist with a plutonium concentration more than twice the average plutonium
concentration. Accordingly, it is extremely unlikely that there is a non-homogenous area
with a plutonium concentration sufficient to achieve criticality.

. The k. for this tank was calculated to be substantially subcritical at approximately 0.13.
Increasing the sludge depth by a foot, such as might happen if sludge were dropped during
sampling or removal, left the k  unchanged. In addition, flooding the space above the
sludge with water would not increase k. ¢.

. The greatest effect on k. comes from drying the sludge. Even when worst case accident
scenarios are considered, including drying and compression, there is a wide margin of
safety. The accident conditions evaluated did not cause k 4 to increase beyond 0.75.

The criticality safety assessment supports the conclusion that activities conducted to open,
sample, and characterize the tank can be done without causing an inadvertent criticality.

. Opening the tank and applying ventilation can cause increased drying of the sludge. The
drying that could result, even from forced ventilation, would not eliminate the bound
water. If dried in the field, the sludge volume is expected to decrease by about 88%. The
plutonium concentration would only increase by about 14%. Accordingly, criticality is
extremely unlikely as a result of passive or active ventilation being applied to this tank for
an indefinite period of time.

. Push mode core sampling (a Phase II activity) could result in compression, redistribution
of plutonium, and changes in the neutron reflection. Furthermore, during sampling there is
the possibility for sludge to be dropped on top of other sludge. Modeling of compression,
increased sludge depth, drying and increased reflection show that core sampling would not
reduce the margin of subcriticality below a safe level. As such, the grab sampling or push-
mode sampling can be completed without causing inadvertent criticality.
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. Because of hydrogen generation in the tank, the possibility of tank deflagration occurring
during a tank intrusive activity is evaluated in the JCO. If a hypothetical deflagration
occurred in the tank, compression of the waste would occur. To achieve criticality would
require the sludge to be completely dry and the density to be more than doubled. No
credible degree of compaction would be capable of increasing the density this much.
Accordingly, criticality is extremely unlikely to occur from a deflagration occurring within
the tank.

Subsequent analysis has been performed to evaluate the to potential consequences for adding drill
rinse solution during push mode core sampling. (Ref 4.2-5) This analysis shows up to 1000
gallons of the aqueous solution can be added into the tank.

Even though the likelihood of criticality is remote, controls are needed to protect key assumptions
used in this analysis, to reduce residual risks, and to address key areas of uncertainty. Those
controls will include:

. Fisstle material should not be added to the tank.

. Large scale mixing, such as that which would result from the use of mixer pumps or
sluicers, is prohibited. (The minor amount of mixing resulting from characterization
operations and upsets has been shown to be acceptable.)

. No more than 5 liters of chemical or organic solvents should be added to the tank. (Note,
however, that the accidental spill of hydraulic fluid into the tank was analyzed and
concluded to be acceptable.)

. No more than 1000 gallons of aqueous solution (e.g. push mode core sampling rinse
solution) should be added to the tank.

HNF-PRO-334 (Ref 4.2-6) designates Tank 241-Z-361 as a limited control facility. This
designation means the tank contains greater than one-third of a critical mass of fissile material, but
that material is in a form that precludes the potential for a criticality. This more recent criticality
safety assessment of Tank 241-Z-361 (HNF-2012) confirms the extreme unlikelihood of criticality
in the tank, which was the basis for the earlier designation of the tank as a limited control facility.
Accordingly this facility will continue to be designated a limited control facility.

4.2.1 Safety Functions

The potential for inadvertent criticality has been assessed to be extremely unlikely. All of the
controls specified are administrative and will be implemented through the existing PFP criticality
prevention program. No safety systems, structures or components (SSC) have been identified for
the criticality hazard.

4,2.2 References
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4.3 STRUCTURAL INTEGRITY ASSESSMENT

A structural analysis (Ref 4.3-1) was performed of Tank 241-Z-361. Because of the potential
for chemical degradation of the rebar, analysis has been performed of both the as-buiit
condition and a condition assuming that 50% of the interior rebar has been degraded. Stress
calculation were performed using American Concrete Institute (ACI) load combinations and
load factors. To gain a better understanding of likely actual tank conditions “best estimate”
load conditions have also been evaluated.

Analysis shows that using ACI load combinations and load factors with a uniform subgrade
reaction model and for the as-built and as designed (not degraded) condition:

. The tank is adequate for 100 pounds per square foot (psf) distributed load or 5,000 lbs
concentrated load applied above the tank at grade.

. The tank is also adequate for 0.25¢g seismic induced loads.

. Tables 4.3-1 and 4.3-2 show that as the live load on the tank is increased the stress in
the wall increases. At 200 psf live load, the wall is predicted to be over stressed.

Analysis shows that using ACT load combinattons and load factors with a uniform subgrade
reaction model and for an assumed 50% degraded rebar condition in the interior wall:

. Tables 4.3-3 and 4.3-4 show that with an assumed degraded rebar in the interior wail
(degraded carrying capacity), the mid-wall is over-stressed. From this it can also be
seen that hydrostatic plus dead load is the governing load combination for this tank.

. ~ Table 4.3-5 through 4.3-8 assess the tank condition if it is assumed that a hinge joint
has formed. A hinge joint is possible from over stress and since the tank has been in a
liquid environment for almost 50 years. Over-stress conditions in the side wall are
developed for large dead and hydrostatic loads.

An elastic subgrade reaction model was also evaluated (Tables 4.3-9 through 4.2-12).
Although the margins improve, the same basic conclusions may be drawn. The governing
load combination is hydrostatic plus dead. With a 50% degraded rebar, the tank wall is
predicted to be over-stressed.

Analysis for the “best estimate” loads (Tables 4.3-13 and 4.3-14), using an elastic subgrade
reaction model and assuming a 50% degraded rebar condition in the interior wall, show that
the bottom slab and the wall do not appear to be over-stressed in the present state.

The conclusions drawn are based on an assumed degradation of the rebar. The rebar condition

is not known and may be difficult to verify. There are also uncertainties associated with
concrete degradation that may effect the rebar-concrete bond. As such, it is not known
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whether the 50% degradation assumed i$ conservative. Three-dimensional modeling
calculations might also reveal some additional non-conservative features in the two-
dimensional modeling performed.

However, there i no evidence of tank failure. The at-grade surface is not sagging and is not
settling as would be expected if significant tank cracking had occurred. The tank has received
significant snow and rain loads. Prior to establishing the access restriction, there have been
muitiple people on top of the tank, and heavy vehicles have operated near the tank edge. This
recent operational history suggests the tank has received [oads as large as those contemplated
for Phase I JCO activities without adverse consequence. Based on the analysis and these
operational factors, engineering judgement is that access over the tank by a limited number of
people carrying hand-carried equipment is likely to be safe.

As a result of this uncertainty, a load test has been conducted using an approved test plan.
This load test applied 4000 ibs to the tank top and 600 1bs {(moving) to the regions outside the
tank. Following completion of the load testing, the data measured was evaluated (Ref 4.3-5).
This evaluation concludes that the tank response to increasing load was linear and the
maximum deflection observed was well within acceptable values. The load test confirmed that
the tank top is structurally adequate for a working load up to 2000 Ibs anywhere above the
tank. No sagging or other failure mechanisms were observed as a result of the 600 1bs load
test performed outside the tank top area.

In addition to analysis of tank structural integrity, analysis has been performed to define
acceptable load carrying capacity for the tank risers. The analysis documented in
“Engineering Load Evaluation of the Riser on Tank 241-Z-361,” (Ref. 4.3-3) was performed
to ensure that the risers would have a minimum load carrying capacity. The assessed load
capacity is sufficient to allow safely working in the vicinity of the risers. An additional
analysis was performed (Ref. 4.3-4) to examine in greater detail the load carrying capacity of
the risers that may have breather filters installed on them. This analysis has been incorporated
into this JCO as Appendix F.

Subsequently, another analysis has been performed of the risers that will be used for push-
mode core sampling. This analysis shows that Risers B and F (See Figure 2.1-2) are adequate
to with stand the load of the sampling equipment (1500 lbs). The strength of Riser E is
indeterminate, and additional support will need to be installed around this riser to perform
push-mode core sampling through it. (Ref. 4.3-5) This analysis has been incorporated into this
JCO as Appendix I. The specific limits for each riser resuiting from this set of analyses are
provided in Table 5.6-2.

After the successful load testing of the tank and regions around the tank, new analysis has been
performed (Appendix G) to compare stresses induced by snow load and an armored personnel
carrier that was formerly parked in the vicinity of the tank. Prior analysis showed that the
region of concern was about 8-feet down the walls or lower. The load tests show the integrity
of the upper portions of the wall. Comparison of the previously applied snow load and
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armored personnel carrier shows that a margin of greater than 2.0 for the load to be applied in
Phase I can be maintained (in the tank wall regions of concern) with greater loads than the
initial very conservative limits established for the region outside the tank. Based on this
analysis, and the successfully completed load test, the load limit for regions outside the tank is
being increased as specified in Section 5.0. These increased loads in the regions external to
the tank will enable the balance of Phase I and Phase II activities to be completed with reduced
risk of contamination spread.
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Legend for Tables 4.3-1 through 4.3-14:

D = Dead Load

L = Live Load

H = Earth Pressure

E, = Soil earthquake load (0.25 g)
Safety Margin = Capacity/Demand - 1

* Demand moment at intersection of wall and slab.
*F Demand moment near middle of wall or slab.

Sludge weight on base slab has been considered to modify moment from ANSYS
computer run which did not include sludge weight.

Reduced capacity due to corroded rebar at inside face of concrete.

Load case applicable during construction.

Denotes elements from ANSYS model (see Figure 1).

Includes 2-way action of load distribution because of lateral earth pressure and respective
capacity in each direction. It does not take into account the moment effect due to vertical
earth pressure. This computation is based on an approximate and simplified analytical
approach in lieu of a 3-directional analysis which would have provided a more realistic
load distribution resulting from the 2-way action.

4.3.1 Safety Functions

Although consequence analysis has not been performed, Tank-241-Z-361 serves the safety
function of being a barrier to prevent significant worker radiological exposure, i.e. the tank does
not collapse. As an interim measure the tank will be designated safety significant because of this
function.

4.3.2 References

4.3-1 Islam, M. A., Structural Integrity Assessment For PFP Tank 241-Z-361, Fluor
Daniel Northwest, December 1997, Richland WA.

4,3-2 Julyk, L.J. letter report, Tank 241-Z-361 Dome Load Test Results Summary,
October 1998, Fluor Daniel Northwest, Richland WA.

4.3-3 McShane, D.S., letter report, Engineering Load Evaluation of the Riser on Tank
241-Z-361, January 1998, Fluor Daniel Northwest, Richland WA.
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4.3-4 McShane, D.S., letter report, Re-Evaluation of 3-inch and 8-inch Risers for
Breather Filter Mounting on Tank 241-Z-361, June 1998, Fluor Daniel
Northwest, Richland WA.

4.3-5 McShane, D.S., letter report, Evaluation Of Tank 241-Z-361 Nozzles B, E, And F
For Load Induced By Sampling Equipment, April 1999, Fluor Daniel Northwest,
Richland, WA.

44 FLAMMABLE GAS SAFETY

The following is a general discussion of flammable gas production, behavior and control as
developed for the wastes and tanks of the Hanford Tank Farm, with clarifications interjected to
relate more directly to Tank 241-Z-361. Within the Tank Farm, there is a great variability in the
generation rate of flammable gas, the waste conditions and gas hold-up, and the ventilation for the
tank head spaces. Due to some uncertainty in the actual conditions within Tank 241-Z-361, the
discussion has been kept broad to ensure all for the potential hazards and complexities. A more
detailed discussion is included in control Appendix C. Relevant conditions that are factors in
flammable gas production and are thought to exist in this tank include:

. The supernate was removed in 1975 and no known liquid additions have occurred since.

. The heat source from the nuclides in the tank is on the order of 100 watts in 75 cubic
meters of waste. Elevated temperatures were not measured in the mid-1970's.

. The tank has no intentional ventilation path but some hydrogen is expected to be removed
through diffusion.

. The organic contents are lower than that in most Hanford Tank Farm tanks. The sludge
has been effectively washed by the large volume through-put.

. The liner corrosion has in all likelihood already been accomplished so that it is not
contributing additional flammable gas.

Since these factors are difficult to quantify, the approach to the hazards will be to assume a higher
degree of hazard exists until conditions can be verified to be acceptable.

Radioactive waste generates hydrogen through the radiolysis of water, thermolytic decomposition
of organic components, and corrosion of a tank's carbon steel walls. Radiolysis and thermolytic
decomposition also generate ammonia. Non-flammable gases such as nitrogen, which act as
diluents, are also produced. Additional flammable gases, such as methane and an oxidizer, nitrous
oxide, are generated by chemical reactions between various degradation products of organic
chemicals originally present in the tank. Volatile or semi-volatile organic chemicals may also
produce organic vapors.

The gases generated by the waste have the potential to accumulate in flammable concentrations in
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the tank vapor spaces or within the waste.

This section summarizes the understanding regarding flammable gases generated by Hanford tank
wastes including hazard phenomenology and control strategies. This understanding and control
strategy has been developed based on extensive study of the flammabie gas hazards present in the
TWRS Tank Farms and is adapted for the hazards present in Tank 241-Z-361.

The flammable gas control strategy for TWRS facilities, and its application to Tank 241-Z-361 is
designed to prevent a flammable gas accident by: (1) maintaining the head space concentration
below 25% of the LFL for gases that are released in a steady manner; and, (2) preventing ignition
sources when and where flammable gases may be present due to gas retention within the waste
and gas release events (GRE)s or accumulation within waste intruding equipment.

When and where ignition controls are required is determined by three factors affecting the nature
and extent of postulated flammable gas hazards: (1) waste behavior postulated as defined by the
facility group assignment {Section 4.4.3); (2) the type of operational activity that may be
performed (i.e., waste disturbing or non-waste disturbing); and, (3) the region or location within
the tank that will be accessed (i.e., dome intrusive, waste intrusive, or ex-tank intrusive).

4.4.1 Vapor Space Flammable Gas Concentration Because of Steady State Releases

Steady state releases are managed by diluting and removing the gases from the tank headspace
through passive ventilation. This prevents a steady accumulation of gas from reaching flammable
concentrations.

Passive ventilation consists of atmospheric breathing combined with a convective flow through
tank openings caused by the buoyancy effects from gas temperature differences, and Bernoulli
flow caused by wind blowing past the tank exhausts. Diffusion of hydrogen through the porous
concrete wall and top, however, is also an important mechanism for diluting the hydrogen
released from the waste.

4.4.1.1 Controls for Steady State Releases. Tank 241-Z-361 now has a continuous passive
ventilation system. Monitoring shows the tank atmosphere is being maintained less that 25% of
the LFL.

4.4.2 Gas Retained Within the Waste

Some generated gas is retained in the waste. Because retained gases can include fuel (for
example, hydrogen, ammonia, methane) and an oxidizer (for example, nitrous oxide), the gases
can be in flammable concentrations. Retained gas presents a flammability hazard in the following

ways:

®  [tis theorized that the retained gas could burn below the waste surface if ignited;
and the amount of gas, bubble type, size, and distribution could enable flame
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propagation.

® Gases can be released from the waste in a gas release event (GRE) and burn in
tank domes, connected vapor spaces such as ventilation systems, and outside of
tank openings such as ventilation inlet paths or open risers if the released gas
remains above 100% of the LFL.

®  The retained gases can be released and ignited inside equipment inserted into the
waste, such as core sample drill strings.

4.4.2.1 Deflagrations Below the Waste Surface. The original USQ declaration for the TWRS
Tank Farm flammable gas hazard acknowledged that a flammable mixture of gases may exist in
the waste thereby creating the possibility of a combustion event below the waste surface. Further
study of this potential has indicated that such a scenario is at best very uniikely since the waste
must be porous to allow flame propagation. However, a porous material also allows the
flammable gas to diffuse out of the waste and into the tank head space. This issue has not been
completely resolved, and, therefore, this JCO specifies ignition source controls to be used with
waste intruding equipment in Tank 241-Z-361. Data regarding the amount of gas that may have
accumulated in the waste in this tank has not yet been obtained, and thus these controls have been
adopted to address the potential for subsurface combustion.

4.4.2.2 Gas Release Events (GREs). Gases that are released from the waste in a nearly
continuous manner can be managed effectively by ventilation. Less straight forward, however, is
the situation where a significant amount of the gas is retained within the waste and released
relatively rapidly in a GRE.

The large GREs that occurred in Tank 241-SY-101 before the mixer pump was installed were
unique in size and frequency in TWRS double-shell tanks. None of the gas releases in the other
double shell tanks (DSTs) have been large enough to have created flammable mixtures after
mixing in the tank headspace. The mechanism for large gas releases in these DSTs is thought to
be a buoyant displacement instability (sometimes referred to as a rollover). This occurs whena
waste sludge is stored with a large supernate liquid layer above it. Gas is retained in the sludge,
the gas void builds until the sludge becomes less dense that the supernate, and then a glob of
waste breaks free from the sludge layer and rises to the waste surface. The expansion of the gas
bubbles as the waste rises breaks apart the sludge/bubble matrix and releases some of the gas to
the tank headspace.

The TWRS single shell tanks (SSTs), like Tank 241-Z-361, do not have large supernate liquids
and therefore buoyant displacement GRESs are not possible in these tanks. The ongoing study of
gas retention behavior of SST waste forms has narrowed the number of plausible spontaneous
release mechanisms to only a few possibilities that are capable of only small releases. Observation
of a number of the most notable flammable-gas-retaining SSTs indicates that no large GREs are
occurring and only a few SSTs experience small spontaneous GREs. The typical spontaneous
GRE in a SST has a small release volume of tens of cubic feet of hydrogen.
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Gas releases can be induced by waste disturbing operations, but local disturbances do not trigger

a general, large-scale gas release. Rather, gas is released only from the volume of waste actually
disturbed.

4.4.2.3 Controls for Preventing Ignition During GREs. To manage the risks associated with
retained gases and GREs, specific ignition source controls and continuous monitoring
requirements are applied on a graded basis depending on (1) the tank’s flammable gas facility
group status (Section 4.4.3) which defines when and where flammable conditions resulting from a
GRE are a concern, and (2) the nature of the work performed.

Prevention of ignition sources involves the use of two sets of ignition source controls that are
each invoked depending on the type of activity performed and where the activity may create
sparks. The ignition source controls address electrical equipment requirements, non-electrical
equipment and materials requirements, and work practices. “Set 1" primarily apphes to activities
and [ocations that involve direct contact with waste and undiluted waste gases. “Set 2" primarily
applies to circumstances where flammable gas conditions may be postulated to occur in the dome
space or ex-tank locations. To ensure consistent application and interpretation of industry
standards used by these control sets, a TWRS Flammable Gas Advisory Board (FGEAB) has been
formed to oversee the implementation of the ignition source controls.

Monitoring is used prior to work activities to prevent work when gas concentrations resulting are
in excess of 25% of the LFL.

4.4.3 Flammable Gas Facility Group Approach

Tank 241-Z-361 is similar to other tanks under TWRS control. The same control strategy
approved for use with TWRS tanks will serve as the starting point for identifying flammable gas
controls for Tank 241-Z-361. For the purpose of applying controls, each facility in TWRS has
been placed in one of four facility groups. The placement depends on whether the waste is
postulated to present a hazard from large or small GREs, whether the GREs may be spontaneous
or only induced during waste disturbing operations, or no GREs are postulated at all. Ignition
source controls and monitoring requirements are applied at times when, and in locations where,
flammable conditions resulting from GREs can be present, as appropriate to this grouping
scheme. Facilities that have had significant GREs are conservatively postulated to have the
potential for large spontaneous and large induced GREs. These tanks have been assigned to
Facility Group 1 (FG1). Five TWRS DSTs have been place in this category.

If a facility is postulated to have the potential for a large induced GRE but only a small
spontaneous GRE, it is assigned to Facility Group 2 (FG2). The remainder of the 28 TWRS
DSTs have been placed in this category along with a number of SSTs that indicated a significant
amount of gas retention.

Facilities that show no propensity for spontaneous GREs but may produce a small induced GRE,

are assigned to Facility Group 3 (FG3). The majority of TWRS SSTs have been placed in this
category. Facilities with little or no waste solids capable of retaining gases are categorized as
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non-GRE. All facility groups assume that the subject tanks undergo steady state gas generation at
all times.

The grouping of facilities reflects a conservative approach even in light of uncertainties in the
underlying methodology. It also enables a graded application of controls based on perceived
hazards and frees less hazardous tanks from unnecessarily restrictive or burdensome controls.
This method also enables a degree of simplicity in applying control sets to specific tanks.

Because many of the TWRS Inactive Miscellaneous Underground Storage Tanks (IMUST)
contain waste similar in composition to SST waste, it is postulated that flammable gas behavior
(gas generation, retention, and release) is analogous to that in SSTs, but on a much smaller scale
because of the small amount of waste present.

The facility group control sets for TWRS IMUST were assigned based on the amount of waste
solids and overlying supernate known or suspected to be contained in the tank. The IMUST with
significant solids but little supernate (less than 378.5 L (100 gal) or less than 1% of the tank
capacity) were assigned to FG3. Conversely, IMUST with significant solids and a large supemnate
layer were assigned to FG2. If the waste solid and liquid volumes of an IMUST were unknown,
the tank was assigned to FG2 as a prudent measure until better knowledge of the waste contents
is obtained. Finally, those IMUST containing mostly liquids with only a small amount of solids
(less than 378.5 L [100 gal]) were classified as non-GRE tanks.

Based on a comparison of Tank 241-Z-361's configuration and contained waste (a large amount
of sludge with little or no supernate liquid) controls used for FG3 facilities are appropriate. But,
Appendix D postulates the possibility of flammable hydrogen concentrations in the tank.
Moreover, there are uncertainties in the actual tank conditions upon which this facility group
determination was made. Accordingly, until the conditions are shown to be safe (i.e., less than
25% of the LFL) and consistent with FG 3, more restrictive controls will be applied. Phase I
activities have shown the tank to be safe, i.e., less than 25% ofthe LFL. Accordingly, the
controls appropriate for a FG 3 tank will be applied during Phase II.

4.4.4 Application of Flammable Gas Coatrols to Tank 241-Z-361
Table 4.4.4-1 summarizes the application of the contro! strategies to address each flammable gas

hazard discussed above. More details regarding the control strategies are described in Appendix
C. Specific control requirements for Tank 241-Z-361 are included in Section 5.0.

65



HNF-2024, Rev. 2

Table 4.4.4-1. Summary of Flammable Gas Controls Strategy for 241-Z-361 (FG 3). (1 sheet)

Flammable Gas Hazard

Control Strategy

Steady state accumulation in
head spaces

p——

Dilution by ventilation, and

Gas monitoring (characterization sampling and work
activity entry gas monitoring)

If adequate ventilation has not been verified, apply
ignition source controls (Set 1) or
de-energize

Accumulation in sealed risers

Ignition source controls (Set 1) for installed equipment
until low concentrations are verified.

Work activity entry gas monitoring to verify low
concentrations when opening riser

Ignition of flammable gas
retained within the waste

Ignition source controls (Set 1) at all times

Large spontaneous GREs

Not postulated for 241-Z-361 as a FG 3 tank.

Small spontaneous GREs

Not postulated for 241-Z-361 as a FG 3 tank.

Large induced GREs. (Only
postulated in Tank 241-Z-361
during globally waste
disturbing operations -- post-

1.

Ignition source controls (Set 2) in ex-tank and dome
intrusive locations during waste disturbing operations
and activities and

Phase I1.) 2. Continuous gas monitoring during manned waste
disturbing activities
Small induced GREs (Only | 1. Ignition source controls (Set 2) for dome intrusive
postulated in Tank 241-Z-361 locations during waste disturbing operations and
during locally waste ' activities and
disturbing operations.)
2. Continuous gas monitoring during manned waste
: disturbing activities
Accumulation in waste 1. Purge or flush before energizing equipment and during
intruding equipment (e.g., use of equipment or
inside core sampler drill
string) -- Phase II 2. Ignition controls (Set 1) at all times
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4.4.5 Exceptions to Ignition Source Contrel Requirements

The performance of work activities in Tank 241-Z-361 requires the use of some equipment and
materials that do not meet the ignition source control requirements and do not have safety
equivalency with ignition source controls (Set 1 or Set 2) established by the FGEAB. Most of
these items are used throughout TWRS tank farm field activities and are needed to perform
important characterization activities in Tank 241-Z-361. Therefore, the exceptions described in
Appendix C (Table C-2) are required to perform the activities that are, or will, be covered in this
JCO for Tank 241-Z-361.

4.4.6 Adequacy of Flammable Gas Controls

The three-pronged control strategy (ventilation, monitoring, and ignition source control) has been
judged to be a practical means for preventing the accumulation of flammable gases where ignition
sources may be present or to eliminate ignition sources where flammable gases may be present in
TWRS. This same strategy and controls are proposed for use within the Tank 241-Z-361 JCO.
The strategy and specific controls have been reviewed and approved for use in TWRS Facilities
by RL based on the following findings (TWRS-RT-SER-02, Revision 1). In summary, the SER
on the TWRS JCO stated:

. The JCO provides a valid formalized process for selecting controls to minimize the risk of
activities where the flammable gas hazard is likely to be present, and

. The control suite represents the best available knowledge on how to practically minimize
the hazard of flammable gas presence and minimize potential for ignition if present.

4.4.7 Safety Functions

TWRS equipment has been previously evaluated for its classification under these hazards, and
because of the similarity of hazard, this JCO does not repeat that effort. However, as part of
Phase I activities, a breather filter was installed on Tank 241-Z-361. That breather filter provides
a filtered, passive ventilation path for the tank that will maintain the atmosphere less than 25% of
the LFL. Even though a consequence analysis has not been performed, as an interim measure, the
breather filter is being designated safety significant.

4.4.8 References

4.4-1 HNF-SD-CP-CN-003, 1997, Hazard Analysis of 241-Z-361 Tank, Rev. 0, Fluor
Daniel Northwest Inc., Richland, Washington.

4.4-2 DOE 76-45/19, SSDC-19, 1979, Job Safety Analysis, U.S. Department of Energy,
Washington D.C.

67



HNF-2024, Rev. 2

45 TANK PRESSURIZATION

Even small cracks or holes in Tank 241-Z-361 on the order of 1/16 inch would keep the tank
from significantly pressurizing and allow atmospheric breathing. Since the tank is about 50 years
old, such cracks and holes are expected. However, the existence of relief paths for the tank could
not be assured. Accordingly, Appendix E was prepared to evaluate the potential for tank
pressurization and the resulting hydrogen concentration. Furthermore, this appendix evaluates the
expected flow rate as the tank is vented from this pressurized condition. This appendix formed
the basis for developing the controls needed to safely vent Tank 241-Z-361 during Phase [. Asa
result of Phase [ activities the tank has a continuous vent path established, and it therefore cannot
be pressurized any longer. Appendix E is retained for reference purposes.

4.6 SAMPLING TRUCK BRIDGE

This section discusses the truck sampling bridge and the basis for its functional classification. The
truck sampling bridge is being installed to prevent structural damage to the tank resulting from the
weight of the sampling truck. However, the installation and use of the truck sampling bridge
introduce hazards that must be appropriately controlled through bridge design features and
operating limits. A detailed description of the design basis for the bridge is provided in Appendix
H.

4.6,1 Bridge Foundation And Bridge Design

There were six failure modes associated with the bridge and its installation identified during the
hazards analysis that could cause damage to Tank 241-Z-361:

The installation of load support piers in the proximity of the tank could potentially cause
damage to the tank by excessive weight being applied during the installation process, or
the insertion of the piers could potentially damage the walls of the tank with mechanical
force leading to a potential leak to the soil column from the tank.

The weight of the sampling truck could be applied in areas external to the tank as it
approaches the tank potentially causing structural damage to the tank.

The heavy members associated with the bridge construction could be dropped onto the
tank during installation and potentially cause tank structural damage.

The bridge could collapse due to dynamic or static loads applied when the sampling truck
is positioned onto the sampling bridge. The collapsing bridge and truck could potentiaily
cause structural damage to the tank. Alternatively, the loads could be applied above the
bottom of the tank because the piers were not installed sufficiently deep, leading to
potential tank damage. Also, the static and dynamic loads associated with positioning the
truck on the sampling bridge could cause excessive forces to be transferred to the tank
walls potentially causing structural damage to the tank.
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The sampling truck could inadvertently be driven off the sampling bridge and fail onto the
tank potentially causing structural damage.

Although collapse of the tank is unlikely even if damaged, this cannot be assured. As a result,
events leading to significant overstress of the tank walls or tank top were conservatively
considered to be events that could lead to tank collapse. Tank collapse could cause grievous
injuries to multiple workers and significant facility worker contamination.

The tank has been vented and is being maintained less than 25% of the LFL with passive breathing
through the vent. As indicated in Section 4.4, the tank is not subject to large episodic gas release
events. Accordingly, these tank collapse events in Phase II are not postulated to lead to
deflagrations that could affect the onsite worker or the public.

The approach to the design and installation of the bridge has been structured to address failures
that could potentially lead to tank structural damage. These failures include errors during
installation that lead to tank collapse and overstress conditions during sampling. Other features of
the bridge have been installed to address operational requirements and to ensure worker safety
while working on the platform.

The method chosen to install the foundation for the sampling bridge has been developed to
address several potential hazards. The use of helical piers that are inserted by rotation minimizes
soil disturbance. The torque control on the rotation of the helical piers reduces the likelihood that
the walls will be damaged by mechanical force, thereby reducing the likelihood of potential leaks
to the soil column from this activity. Installation of the helical piers does not require use of heavy
equipment that would likely apply excessive weight to the areas surrounding the tank. During the
installation of the piers, the dome loading controls of Section 5.6 will be applied to ensure the
tank walls are not over-stressed by weights applied in the area surrounding the tank.

To ensure the sampling truck weight is not applied in the areas external to the tank except on the
sampling bridge, the bridge has been extended about 22-feet from the tank walls. Qutside this
distance, any load applied would not be seen by the tank walls.

The dome loading controls of Section 5.6 require the use of the Hanford Rigging Manual during
lifts. These controls also limit the load lift height. In combination these controls reduce the
likelihood that heavy members will be dropped on the tank during construction of the bridge.

The bridge foundation and the bridge structure were designed and evaluated for the expected
loading in accordance with AISC allowable stress criteria for steel components and in accordance
with manufacturer recommendations for helical pier foundation components. Figures 4.6-1 and
4.6-2 provide the general layout of the foundation for the bridge that has been developed. The
vertical piers will be installed to a minimum depth of about 23-feet. As such, load applied to the
piers is transmitted to a depth beneath the tank and will not affect the tank. Angled helical piers
are installed to a minimum insertion length of about 22-feet. These angled anchors in combination
with the bridge structure prevent lateral stresses from being transferred to the tank walls resulting
from the dynamic load applied by the truck being positioned on the sampling bridge and from the
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wind force on the sampling truck. Specific design features and tolerances are provided in the
design media.

Included in the dynamic load evaluated was the wind force potentiaily being applied to the
sampling truck. Seismic loads were not evaluated. Because of the short duration of the sampling
activity, and that it is a one-time activity, the likelthood of a large earthquake occurring while
sampling was judged remote. Accordingly, the bridge was not designed to accommodate seismic
loads from a design basis earthquake.

Although the truck is positioned at very low speeds on the bridge (<2 mph), operator error or
failure of the truck could lead to events where the truck is inadvertently driven off the bridge. To
prevent this event, the bridge has had edge guards (bumpers) instailed that will restrain the truck
in this event.

4.6.2 Bridge Load Limit

The analysis provided in Appendix H evaluated load combinations that might be applied to the
bridge as static loads and the dynamic loads associated with the force of wind on the sampling
truck and that associated with the stopping of movement of the truck as it is repositioned. This
analysis provides the basis for the bridge foundation support design specified in drawing H-2-
829739. (Ref. 4.6-1) As a result of the analysis of the design of this bridge, an aggregate load
limit for the sampling bridge of 35,000 Ibs has been established.

4.6.3 Safety Functions

Since the potential for flammable gas deflagration has largely been eliminated by providing a
passive, continuous ventilation path for the tank, collapse of the tank no longer would likely result
in a large deflagration that could spread contamination that could affect the onsite worker or the
public. Collapse of the tank could result in grievous injuries and ingestion of significant amounts
of contamination for multiple facility workers. The collapse of the tank could also cause a tank
splash. This splash could loft radioactive material that could potentially contaminate onsite
workers. The function of the bridge is to prevent structural collapse of the tank during tank
characterization to prevent injury to facility workers and potential contamination of onsite
workers. Accordingly the bridge is designated a safety significant structure including the edge
rails that prevent the truck from inadvertently falling off the bridge.

4.6.4 References

4.6-1 Drawing H-2-829739, Civil Foundation Supports For Inspection Platform, Fluor
Daniel Northwest, March 1999, Richiand, WA.

70



1L

«9.0C

«9.0Z

sIalg

1201y jeoniop ——— |

sureag-|
———oddng —w

)
>

:"::::::". ' —@mlNl— 44 u—ﬂﬁfﬁ

. — '“u“uuuuuuu"nnun"n"u"n""u"ﬁ"u"u""u"nuO
2@ 26T 26 SIOUoUY [ed1jaH po[3uy

(afe05 01 10N)
uone|jeisu] 1314 28pug Jurjdweg [9¢€-Z-1#Z YU L - MOIA UR[d [-9'f 2an3L]

T 'A%Y vTOTINH




sloyouy
[BO19H pa[duy

s191d [e2119H

o TRA

urr €7

19¢-Z- 19T qUeL

T

(21208 0L 10N)

uone|jesu] Ja1d 53pug Buijdwies | 9€-Z-1T YUBL -~ MIIA [BUOII03E 7-9't 2131

7 A ‘YZ0T-ANH




HNF-2024, Rev. 2
5.0 HAZARD CONTROL REQUIREMENTS

The initial plant screening for the Unreviewed Safety Question (USQ) identified that the potential
for significant hazards and lack of an authorization basis would constitute a potential discovery.
As a result, the PRC imposed operating restrictions on activities near the tank, including an
expanded exclusionary boundary and a CPS posting around the tank. A formal USQ evaluation
was then performed and additional controls instituted, including prohibition of flammable gases,
liquids, oxygen or combustible storage, open flames or sources of ignition within 25 feet of the
tank risers and flammable gas posting. These controls have been replaced by those approved by
DOE in Revision 1 to this JCO. .

In general the controls necessary for Phase II activities are similar to those imposed for Phase I
activities. The controls for Phase II activities will become effective prior to commencement of the
activities being authorized (Section 3.0) and after receipt of approval from DOE-RL to use these
controls. The controls implemented will be those defined in this JCO and any additional controls
specified by DOE-RL in their agreement to this authorization basis. These controls will remain
effective until replaced by another approved authorization basis document.

Violations to the authorization basis controls approved for Tank 241-Z-361 activities will be
reported in accordance with the existing PFP administrative control -- Administrative Control 5.4
- Operational Safety Requirement Violations.

Exemptions to the requirements specified in this JCO may be implemented in an emergency under
the provisions of existing PFP Limiting Condition for Operation (LCO) 3.0.7 - Emergency
Exceptions. Other non-emergency exemptions may be gained following the procedures, as
applicable, provided in the existing PFP Administrative Controls: 5.6 - Revision To Operational
Safety Requirements; 5.7 - Operational Safety Requirement Basis Control; and 5.11 - Unreviewed
Safety Questions.

The controls identified in the PHA will be administered through the access restriction that is the
same as that already in place. Work performed within 25 feet of the tank risers must be reviewed
by the PFP PRC and released through the PFP Shift Manager. Thus, the work planning and
control process will ensure that these controls are incorporated into the work that is being
released for the tank, and the PRC will approve the work planning process and approve JCO
control incorporation. This control administration mechanism is suitable because of the short
duration of the work, the transitory nature of some of the controls, and the relative simpticity of
the controls given the TWRS experience applying the flarumable gas controls.

Another aspect of controls that must be considered are the institutional controls for this work. In
the hazards analysis process, personnel familiar with work done around the Tank Farm tanks were
present to ensure that the hazards were all recognized and that the mechanisms for mitigating
personnel hazards were identified. The work that was anticipated and the mechanisms for control
of hazards were then reviewed by personnel familiar with the institutional programs at PFP to
ensure that the expected or postulated control would exist. Examples of areas where controls on
day-to-day work were evaluated include industrial safety and hygiene, radiological control,
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environmental protection, excavation control, conduct of operations, work planning and release,
criticality program administration, and emergency planning.

Existing PFP institutional programs will be relied upon to control hazards identified in the hazards
analysis. The programs include: industrial safety, industrial health, criticality safety, radiological
control, work control, fire protection (range fire control), and quality assurance. The existing
PFP programs can provide the control specified in the hazard analysis. Where necessary (e.g.,
emergency preparedness) program implementing procedures will be modified to cover JCO
activities, and they will directly cover TWRS personnel working at PFP. These procedure
changes will be implemented prior to commencing any Phase I JCO activities. As such, this JCO
relies upon and incorporates existing PFP authorization basis administrative controls and other
existing institutional programs.

In addition to the controls specified in this JCO in Sections 5.2 through 5.6, the specific PFP
Operational Safety Requirements (OSR) included within the terms and conditions for this effort
are: LCO 3.0.7 - Emergency Exceptions; Administrative Control (AC) 5.2 - Contractor
Responsibility; AC 5.3 - Compliance; AC 5.4 - Operational Safety Requirement Violations; AC
5.5 - Occurrence Reporting; AC 5.6 - Revision To Operational Safety Requirements; AC 5.7 -
Operational Safety Requirement Basis Control; AC 5.9 - Procedures; AC 5.10 - Facility Change
Control; AC 5.11 - Unreviewed Safety Questions; AC 5.12 - Personnel Qualifications And
Training; AC 5.13 - Facility Reviews And Audits; AC 5.14 - Audit Records Requirements; AC
5.15 - Nuclear Criticality Safety; AC 5.16 - Radiation Protection; AC 5.19 - OSR Interfaces With
Other Facilities; AC 5.20 - Fire Protection; and AC 5.23 - OSR Compliance Program.

Elements of the TWRS authorization basis are also being adopted while performing push-mode
core sampling activities, Those elements of the TWRS authorization basis that are applicabie and
relevant to push mode sampling at PFP have been incorporated into Section 5.2 though 5.6.

A health and safety plan has been prepared to address specific hazards potentially associated with
the sampling activities. The health and safety plan has been provided in Appendix C to “241-Z-
361 Characterization Sampling and Analysis Plan, HNF-4371 (Ref 5.3-5). This plan also
identifies emergency planning requirements associated with this activity.

The activities at Tank 241-Z-361 will utilize HNF-IP-0263-PFP, “Building Emergency Plan for
Plutonium Finishing Plant Complex.” (Ref 5.3-6). The PFP emergency plan will be implemented
by PFP procedures, and work packages will specify applicable emergency preparedness and
response activities. All TWRS field staff working on Tank 241-Z-361 will attend a PFP
emergency response briefing and will be trained on emergency response provisions in the work
packages. That training includes:

. facility layout and location;
. energy signals, notification, and communications;
. routes of egress and staging areas;
. plant-specific safety requirements; and
. plant emergency response procedures
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Specific emergency response notifications and their actions are specified in Z-plant casualty
response procedures (ZCR). These procedures identify actions for a broad range of potential
emergencies. -

The following subsections provide the detailed control requirements for the hazards identified and
evaluated in performing the PHA and preparing this JCO. The control requirements for
performing characterization activities in Tank 241-Z-361 are administrative in nature and are
therefore provided in the form of administrative controls. They will be considered equivalent to
OSR for the Plutonium Finishing Plant. Flammable gas controls being used are the set that were
developed for the Tank Farm and approved as the TWRS authorization basis controls.

51 DEFINITIONS

DOME INTRUSIVE A DOME INTRUSIVE region is one that is within the tank
between the top of a riser and the surface of the waste. Because
the filter housing and connecting ducting extends the riser, the
DOME INTRUSIVE region extends to the open-air inlet/outlet of
breather filters or active ventilation system inlet filters, or
bags/sleeving around an open riser. The DOME INTRUSIVE
region includes regions above the riser, such as vapor sample
streams that may contain undiluted dome space gases.

EX-TANK INTRUSIVE An EX-TANK INTRUSIVE region is one that includes all vapor
spaces with a direct connection to the tank dome space but does
not meet the definition of either DOME INTRUSIVE or WASTE
INTRUSIVE.

The EX-TANK INTRUSIVE region includes the environment
outside a tank opening, which is directly connected to the dome
space, out to the shortest of the following distances:
. 18 opening diameters
. 15 fi
. The boundary of temporary containment devices.
INTRUSIVE INTRUSIVE tank regions include EX-TANK INTRUSIVE,
DOME INTRUSIVE, and WASTE INTRUSIVE.
WASTE DISTURBING WASTE DISTURBING operations and activities include ali work
that may result in significant motion under the waste surface.

WASTE DISTURBING operations and activities include GLOBAL
WASTE DISTURBING and LOCAL WASTE DISTURBING
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defined as follows:

] GLOBAIL WASTE DISTURBING: Operations and
activities that cause a large global disturbance of the waste.

Exampies of GLOBAL WASTE DISTURBING operations
and activities include waste sluicing and retrieval or mixing
as with a mixer pump. (These operations are not
anticipated in Phase I or Phase I of this JCO.)

L LOCAI WASTE DISTURBING: Operations and activities
that disturb only a small, local portion of the waste.

Examples of LOCAL WASTE DISTURBING operations
and activities include waste grab sampling and core
sampling.

WASTE-INTRUDING WASTE-INTRUDING EQUIPMENT includes open-ended or

EQUIPMENT breached objects that are inserted below the waste surface and
create an unvented vapor space where flammable gases retained in
the waste may accumulate. An example of WASTE-INTRUDING
EQUIPMENT is a core sample drill pipe.

WASTE INTRUSIVE The WASTE INTRUSIVE region is the region below the waste
surface.

5.2 ACCESS RESTRICTIONS
5.2.1 Requirement for Access Restrictions

Limit access to the zone surrounding Tank 241-Z-361 to control potential hazards associated with
flammable gas ignition, structural collapse, criticality or burning fuel in the tank.

5.2.2 Program Key Elements

1. Establish and post a Controlied Area surrounding and over Tank 241-Z-361 out to 25 ft.
from the tank risers.

2. No personnel or vehicles shall access the Controlled Area except as allowed by an
approved work package.

3. Work packages allowing work within the Controlled Area shall be reviewed by the PFP
PRC to ensure implementation of the controls of this JCO.

5.3 FLAMMABLE GAS SAFETY
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The purpose of the flammable gas safety controls is: to ensure that gas volumes are controlled to
be less than 25% of the LFL; that ignition sources are controlled where potentially flammable
gases exist; and, that monitoring is performed to evaluate potentially flammable gas conditions.
This set of controls is consistent with industry practice and was justified and approved in the
TWRS Basis for Interim Operation (BIO) (Ref 5.3-1).

5.3.1 Ventilation, Purging And Pressure Relief

Ventilation shall be provided to Tank 241-Z-361 after opening such that the head space gas

concentrations resuiting from the steady release of the gas generated in the tank are maintained
below 25% of the LFL.

If the initial flammable gas concentration exceeds 25% of the LFL, then the adequacy of the
ventilation shall be verified by monthly measuring the concentration in the head space and
verifying that concentrations are less than 25% of the LFL subsequent to initial riser opening.

If purge gas is applied to the tank or a confinement (i.e., glovebag) or pressurized gas will be
vented from the tank, HEPA-filtered ventilation path(s) shall be operating and filter this air flow
prior to release to the environment. These filtered vent path(s) shall be sized to accommodate the
sum of the expected vent flow rate and the purge flow rate while preventing excessive tank
pressurization, confinement failure due to pressurization or flow-induced forces, or excessive
filter differential pressure.

The rate of tank venting and purge application shall be controlled so that the confinement (i.e.,
glovebag) and HEPA filters are not damaged.

5.3.2 Flammable Gas Ignition Controls

5.3.2.1 Ignition Source Control Applicability. Ignition source controls are required as shown
in Table 5.3-1

5.3.2.2 Ignition Source Control Requirements.
Ignition Source Control Set #1

The Ignition Source Control Set #1 is used for equipment that is installed or used during work
activities for that portion of the work in a WASTE INTRUSIVE region or inside
WASTE-INTRUDING EQUIPMENT.

1. Mechanical tooling, equipment, and materials (including lubricants, adhesives, gaskets,
corrosion inhibitors, epoxies, etc.) shall be constructed of spark-resistant material, or shall
be rendered incapable of sparking with sufficient energy to combust hydrogen, or shall
have been analyzed and evaluated to be incapable of sparking with sufficient energy to
combust hydrogen under the applied conditions. Material compatibility shall be evaluated
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for thermite reaction potential. For the first flange opened, the flange bolts shall be
replaced with bolts made of spark-resistant material. Also, for the first riser opened, an
insert made of a spark resistant material shall be inserted between the flange and riser
while the flange is being lifted off the riser.

2, Electrostatic ignition sources shall be controlled by providing bonding or grounding
according to NFPA 77, Recommended Practice on Static Electricity. (Ref 5.3-2)

3. Exposed polymer materials shall be rendered incapable of electrostatic charge or discharge
potential with sufficient energy to combust hydrogen either by design, through acceptable
work around practices, or by evaluation of the applied conditions (NFPA 77).

4. The surface temperatures of heat-generating devices (this includes potential compression
heating and open flames) shall not exceed 780 °F. The surface temperature is limited to a
maximum of 320 °F if the device can contact the waste and cause ignition by triggering
exothermic reactions in the waste (i.e., organic salt-nitrate reactions). Internal
temperatures of heat-generating devices may exceed these temperatures (NFPA 70,
National Electric Code, Articles 500 - Hazardous [Classified] Locations and 501 - Class
I Locations) [Ref 5.3-3] if the heat source is either isolated (pressurized) from the gas
environment, or if the design of the device enclosure meets the requirements for
explosion-proof housings.

5. Electrical equipment shall be designed to meet NFPA 70, Class I, Division i, Group B
criteria or provide equivalent safety. As a minimum, this shall be interpreted to mean that
no single point failure of energized equipment can result in an arc, spark, or gas bumn
propagation to the environment external to the source enclosure (NFPA 70). In the case
of waste-submerged equipment containing potential ignition sources, demonstration by
design that the equipment is non-sparking under normal operation and is designed to be
isolated from the waste environment is an acceptable alternative.

6. Shutdown of purged and pressurized electrical equipment, and purged and pressurized
heat-generating equipment, on loss of protective gas pressure or flow, shall be automatic
by design as defined by NFPA 496, Standard for Purged and Pressurized Enclosures for
Electrical Equipment. (Ref 5.3-4)

7. Interlocked startup of purged and pressurized electrical or purged and pressurized heat-
generating equipment shall only be allowed when the system senses preset limits (e.g.,
adequate protective gas pressure established as defined by NFPA 496). If pressurized
enclosures are used to isolate energized components, a minimum of four enclosure
volumes shall be purged through the enclosure for energized components, and/or ten
volumes shall be purged for enclosed motors before controlled startup of the system
components (NFPA 70, NFPA 496).

Ignition Source Control Set #2
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The Ignition Source Control Set #2 is applied to vapor space regions (EX-TANK INTRUSIVE
and DOME INTRUSIVE) when a gas release event (GRE) is postulated to create flammable
conditions.

1.

Mechanical tooling, equipment, and materials (including lubricants, adhesives, gaskets,
corrosion inhibitors, epoxies, etc.) shall be constructed of spark-resistant material, or shall
be rendered incapable of sparking with sufficient energy to combust hydrogen, or shall
have been analyzed and evaluated to be incapable of sparking with sufficient energy to
combust hydrogen under the applied conditions. Material compatibility shall be evaluated
for thermite reaction potential.

Electrostatic ignition sources shall be controiled by providing bonding or grounding
according to NFPA 77.

Exposed polymer materials shall be rendered incapable of electrostatic charge or discharge
potential with sufficient energy to combust hydrogen either by design, through acceptable
work around practices, or by evaluation of the applied conditions (NFPA 77).

The surface temperatures of heat-generating devices (this includes potential compression
heating and open flames) shall not exceed 780 °F. The surface temperature is limited to a
maximum of 320 °F if the device can contact the waste and cause ignition by triggering
exothermic reactions in the waste (i.e., organic salt-nitrate reactions). Internal
temperatures of heat-generating devices may exceed these temperatures (NFPA 70) if the
heat source is either isolated (pressurized) from the gas environment, or if the design of
the device enclosure meets the requirements for explosion-proof housings.

Electrical equipment shall be designed to meet NFPA 70, Class I, Division 2, Group B
criteria or provide equivalent safety. As a minimum, this shall be interpreted to mean the
equipment is non-sparking under normal operation or, if normally sparking, the sparking
component(s) shall be continuously isolated (purged and pressurized) from the potentially
flammable gas environment, or the design of the device enclosure shall be of sufficient
strength (explosion-proof) to prevent propagation of a gas burn to the environment
external to the enclosure (NFPA 70).

Either automatic shutdown or alarming with manual shutdown is required upon loss of
protective gas pressure or flow as defined by NFPA 496 Type Z pressurization. In
EX-TANK INTRUSIVE region applications, electrical equipment that does not meet
Class I, Division 2, Group B may be used, if it is automatically shutdown by combustible
gas detection systems.
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7. Automatic or manual startup controls of purged and pressurized electrical or purged and
pressurized heat-generating equipment shall only be allowed on system sensing of preset
limits (e.g., adequate protective gas pressure established as defined by NFPA 496). If
pressurized enclosures are used to isolate energized components, at least four enclosure
volumes shall be purged through the enclosure for energized components, and/or ten
volumes shall be purged for enclosed motors before controiled startup of the system
components (NFPA 70, NFPA 496). When combustible gas detection shutdown systems
are employed, startup of equipment shall only be allowed once measured acceptable
flammable gas levels are indicated.

5.3.2.3 Deviations From Flammable Gas Ignition Controls. Deviations from Ignition Source
Control Sets #1 and #2 are permitted provided the equipment, materials or work practices: (1}
provide equivalent ignition source control safety, as approved by a TWRS Flammable Gas
Advisory Board, or (2) is an approved exception listed in Table 5.3-3.

Deviations from Ignition Source Control Sets #1 and #2, or from the DOE-approved list of
exceptions listed in Table 5.3-3 are subject to the unreviewed safety question (USQ) process.

80



18

*22B}INS 91seM 2111 yuo Junyie] wo.g Fers/[eew jo 3uaaa1d 03 pasn 3q [[BYS I21IASP 10
IDLLIEQ © “D0¥JINS 21SEM Y} 0IUIO |[8) PINOD SLIap 21oym pautic)ied pue paziioyine st Jurpjam/Sumno awefy J] "pa1edasep aq 10uued

juawaanbar jpacadde siy] peatadaa st eacidde s juapisasd DNH Y2 ssajun pantuniad Jou st juel s1y) w1 FuipomySuiynd awe|| 1
"33BLINS 915BM YT o Fulj|el woy
$301N0s 10 35} Juaraid 03 pasn oq [[BYS poylaw B ‘Sluswe|1] 1oy yim (14 ‘soapia ‘sesowed ©F-9) Juswdimbs Surjeisur usym .

*391I0YS$ S[ JSAIYOIYM ‘S201A9P JuaUreIu0D ATeiodwa) Jo Arepunoq o) 10 (Y 1) W Z6'p
‘siatsurerp Sutuado g jo aouelsip B 0] 10 20dSPEAY A1) 01 PRISIULOD AJ0RaIp 21t eyl sSutuado yue) jo
SPISING JUIWUOIAUS 3Y] S& pauljap uo1Fal FAISNALNT MNVL-X3 2y ul (uiionuow Apus Junmnp §{00U0d 524105
uoinudi) gz Aq pannbal jou ale sjoU0) a2inog uolIud] 1ew ate (g <) sjuowsambai Sutionuow Anus

ANANOR YJOM [1IUR s[el1alew puk wawdinba poje[a-A1alioe o1 sondde gy 10§ [0RU0D) 991nog uoljud} -gz7
20UBQINISIP LSV M 241 Jo uonenp ay 1oj A[uo sarjdde g 19§ [0nuo0)) 931nog uoijtudy -VZ
sour] [[e Je sarjdde |4 19§ [00u07) avmM0S uonrud| -1
S010N
1€
! \Z4 gz VT gz 304 5t dnoip Anpioed) 19¢-Z- 147
. . FAISMALNI | JAISNULND | SAISNRINI | JAISNAINI | FAISNHEINT | SAISOYIN
Wﬂ__%mﬁﬂw ANOC ANV.I-X3 JNO ANY.L-XA ANOa ANVL-XT SHURL
g_v rwﬁw SBINATIOY SONIATIOY SANIATIOY
q \.:m:z,_.z_ ONIFYNLSIA ALSYM | DNISINLSIA FLSVM ONIgUNLSIa
ALSVM Tva01D Suung Tv201 fulng 1SV M-uoN Suung

suswannbay uonesnddy 19§ [oNU0) 22IN0g UOINUT] Ser) djqewe],] ‘[-¢'S JaB],

T A bTOT-ANH



HNF-2024, Rev. 2

5.3.3 Flammable Gas Work Activity Monitoring Controls

The foliowing flammable gas monitoring controls shall be performed during work activities to
monitor flammable gas concentrations to prevent deflagrations.

5.3.3.1 Work Activity Entry Monitoring Verify that flammable gas concentrations in
INTRUSIVE tank regions are < 25% of the Lower Flammability Limit (LFL) prior to
commencing any work. If flammable gas concentrations are > 25% of'the LFL, do not start
manned work activities. This entry monitoring does not require the monitoring of the EX-TANK
INTRUSIVE region.

This requirement shall be applied to all manned work activities in waste containing vessels (i.e.,
when the manned work activity is near an opening in the vessel containment) to ensure that
flammable conditions in the work space are not present because of steady-state accumulation
and/or recent gas release events (GREs), subsequent to initial riser opening.

For manned activities on this tank, the entry monitoring requirements are:

1. Monitor at breather filter (passive ventilation) or vent duct (active ventilation) prior to
start of activity, subsequent to initial riser opening.

2. For work in pits or enclosures, monitor inside of pit prior to start of pit or enclosure work.

3 Monitor inside riser (passive or active ventilation) or allow for a one minute pause with
riser opened (active ventilation only) prior to start of operations and activities in DOME
INTRUSIVE regions.

4, For DOME INTRUSIVE work, follow 1 through 3 above, plus monitor below bottom of
riser (passive or active ventilation) or in vent duct upstream of the first mixing point
(active ventilation only) prior to start of activity.

5. For manned activities involving WASTE- INTRUDING EQUIPMENT, monitor in the
vapor space prior to start of activity.

The flammable gas entry monitoring requirements are also shown on Table 5.3-2.

5.3.3.2 Work Stops

1. If flammable gas concentrations are > 25% of the LFL, manned work activities shail be
stopped except for gas sampling, taking necessary actions to reduce gas concentrations,
and discontinuing use of ignition sources that do not meet Section 5.3.2, "[gnition
Controls." Installed equipment that meets Section 5.3.2 may continue to be used (not be
de-energize) if > 25% of the LFL.

2. If lightning is detected within 50 miles of the Hanford site, all work on Tank 241-Z-361
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shall be halted.

3. Secure equipment in lowest position (e.g., lay down equipment elevated above the tank
and lower crane boom) if lightning is identified within a 50-mile radius of the Hanford site.

5.3.3.3 Confinuous Monitoring For GRE During the performance of manned work activities
there is the possibility of flammable conditions developing as a result of a GRE, therefore, work
space (EX-TANK INTRUSIVE or DOME INTRUSIVE) flammable gas monitoring is continued
as indicated in Table 5.3-2. Continuous monitoring means use of a continuous monitor (e.g.,
Standard Hydrogen Monitoring System [SHMS]) or use of portable combustible gas monitors
(CGMs) that monitor continuously and alarm at < 25% LFL. It is acceptable to disconnect a
CGM or similar instrument during continuous monitoring to permit the temporary connection of
alternate measurement devices such as organic vapor monitors (OVMSs) or Drager tubes.

Continuous monitoring requirement applicability is shown in Table 5.3-2.

Stop manned work activities if flammable gas concentrations are > 25% of the LFL with an
exception for gas sampling, necessary actions to reduce gas concentrations, and discontinuing use
of ignition sources that do not meet the ignition source controls in Section 5.3.2.

5.3.3.4 Welding/Flame Cutting Welding and flame cutting are not authorized on this tank
unless the PHMC President’s approval is received. This approval requirement cannot be
delegated. If flame cutting/welding is authorized and performed where debris could fall onto the
waste surface, a barrier or device shall be used to prevent hot metal/slag from falling onto the
waste surface,
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Table 5.3-3. Exceptions to Ignition Source Control Requirements. (3 Sheets)

Item
# Authorized Activities

Personal Protection Equipmert (i.., raingear, airline respirator hoses, rubber/plastic

I and canvas gloves, respirator masks, rubber/plastic boots, masking tape, Tyvek®
coveralls) are authorized for use in ex-tank locations, but may be used in a minimally
dome intrusive location (e.g., at the plane of a riser).

2 Wearing of plastic badges, badge holders, and dostmeters.
Installation of, removal of, working on, or extended presence of nonconductive lead

3 blankets in ex-tank regions. Lead blankets shall not be used in a vapor trapping
configuration.
Installation, removal, or extended presence of nonconductive adhesive tape (e.g.,

4 green tape, white tape) in ex-tank regions, Dome Intrusive regions, and in Waste
Intruding Equipment.

5 Use of Portable Alpha Monitor (PAM) in ex-tank regions, Dome Intrusive regions,
and in Waste Intruding Equipment.

6 Use of nonconductive poly bottles in ex-tank and Dome Intrusive regions.

7 Use of zip cords in ex-tank regions and Dome Intrusive regions.

8 Use of nonconductive plastic ropes in ex-tank regions.
Use of nonconductive plastic tubing in ex-tank regions and

9 Dome Intrusive regions (e.g., acrosol testing). Nonconductive plastic tubing shall not
be used below the plane of a riser.

10 Installation and removal of Garlock gaskets in ex-tapnk regions.

1 Use of nonconductive plastic garden type sprayer ( approximately 3 gallons, hand
pump pressurizer and brass spray wand) in ex-tank regions.

12 Use of grab sample cap, sampling and sludge weight retrieval device and coated steel
cable in ex-tank and Dome Intrusive regions.

13 Installation and removal of PVC riser liners in Dome Intrusive regions.
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Table 5.3-3. Exceptions to Ignition Source Control Requirements. (3 Sheets)

Item

Authorized Activities

18

Installation of, removal of, working with, or extended presence of the pipe wiper
(Frisbee) during push mode core sampling (PMCS)} with Truck 1, 2, and 3, in ex-tank
and Dome Intrusive regions.

18

Installation of, removal of, or extended presence of plastic Kamlock caps during push
mode core sampling with Trucks 1, 2, or 3 in ex-tank and Dome Intrusive regions.

19

The presence of extension cords in ex-tank regions. Power strips (and outlet strips)
are not allowed in these regions. Energized lines shall not be connected or
disconnected in an ex-tank region.

21

Electrical bonding is not required for removal or installation of fittings on openings
less than or equal to 2.54 cm (1 in.) inside diameter during intrusive location entry.

22

Use of Type 4 vapor sampling head in ex-tank and Dome Intrusive regions.
Conductive plastic sleeving shall be used during Type 4 vapor sampling.

24

Use of Type 4 vapor cart in ex-tank and Dome Intrusive regions.

25

Open riser work related equipment {(e.g. Pike Poles, T-Bars, Sockets, Chokers,
Shackles, and Bull Hooks) in ex-tank regions. Installation and removal of vapor seal
in ex-tank regions. Continuous monitoring in the tank dome and the ex-tank region
required during use of this exception.

27

Installation, removal, presence of, or movement of cover blocks, riser flanges, shield
plugs, tank installed waste and non waste intrusive equipment items (e.g. heated vapor
probes, corrosion probes, water lances, void fraction meter, core sampling drill string,
cameras/lights, viscometer, auger, sampler) each as used in ex-tank or dome intrusive
or waste intrusive regions. Work packages and procedures will include practical
measures to reduce the likelihood of a mechanical spark when equipment movement
performed as part of an operation or activity can create mechanical sparks. Such
measures may include: limiting insertion speeds, water bathing of equipment,
prevention of contact with other non-spark resistant materials by use of collars or
bumpers, use of critical lift procedures where appropriate. This exception does not
cover the operation of large mixer pumps that might cause significant motion of
installed equipment. Any other ignition source hazards (other than mechanical spark
source potential) must comply with this JCO's requirements for ignition source
controls.
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Table 5.3-3. Exceptions to Ignition Source Control Requirements. (3 Sheets)

[tem
# Authorized Activities
Use of Continuous Air Samplers in ex-tank regions. CAS shall be shutdown if 10% of
31 the LFL is exceeded in the ex-tank area. Motor shall be placed outside the ex-tank
region. Continuous monitoring in the tank dome and the pit is required during use of
this exception.

5.3.4 References

5.3-1 HNF-SD-WM-BI0-001, Rev. 0, Tank Waste Remediation System Basis For Interim
Operations, Fluor Daniel Hanford, 1997, Richland Washington.

5.3-2 NFPA, 1993a, Recommended Practice on Static Electricity, NFPA 77, National Fire
Protection Association, Quincy, Massachusetts.

5.3-3 NFPA, 1996, National Electric Code, Articles 500 - (Classified) Locations and 501 -
Class I Locations, NFPA 70, National Fire Protection Association, Quincy,
Massachusetts.

5.3-4 NFPA. 1993b, Standard for Purged and Pressurized Enclosures for Electrical
Equipment, NFPA 496, National Fire Protection Association, Quincy, Massachusetts.

5.3-5 BWHC 1999, HNF-4371, 241-Z-361 Sludge Characterization Sampling and Analysis
Plan, April 1999, B&W Hanford Company, Richland, WA.

5.3-6 BWHC 1998, HNF-IP-0263-PFP, Rev. 5, Building Emergency Plan for Plutonium
Finishing Plan Complex, 1998 B&W Hanford Company, Richland, WA.

5.4 VEHICLE FUEL FLAMMABILITY SAFETY

The following controls shall be in place prior to use of vehicles in the Controlled Area for

Tank 241-Z-361 to prevent vehicle accidents that could cause burning fuel in the tank.

1.

Vehicle access within the Controlled Area shall be limited to vehicles whose fuel systems
are protected from damage to the integrity of the fuel systems caused by potential
collisions with tank structures (e.g., mechanical protection such as a skid plate on the fuel
tank or reservoir tanks physically located higher than risers or vehicle axles).

Vehicle speeds shall be limited to 5 mph.
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5.5 NUCLEAR CRITICALITY SAFETY

The purpose of the Nuclear Criticality Safety control is to ensure that criticality safety analyses
are performed and approved and resulting administrative controls are applied for Tank 241-Z-
361.

5.5.1 Requirement for Nuclear Criticality Safety

The PFP Nuclear Criticality Safety Program shall be maintained for ensuring waste in Tank 241-
Z-361 remains subcritical.

5.5.2 Program Key Elements Applicable to Tank 241-Z-361

1. Criticality limits and controls shall be documented and implemented.
2. Procedures shall be established for recovery from a CPS nonconformance.
3. Criticality safety training shall be provided for operations and technical personnel.

5.5.3 Specific Requirements for Work Activities in Tank 241-Z-361

Specific requirements applicable to Tank 241-Z-361 shall be administered through the PFP
Criticality Control program.

5.6 DOME LOADING CONTROLS

The purpose of the dome loading controls is to ensure that distributed or concentrated loads
applied to Tank 241-Z-361 are within the analyzed limits to prevent structural failure.

5.6.1 Requirement for Dome Loading Controls

Limit loads so waste is not released from Tank 241-Z-361 due to accidental equipment drops or
excessive loads leading to tank structural failure,

5.6.2 Program Key Elements

1. For mechanical lifts within 20 ft of Tank 241-Z-361, the lower equipment boundary of the
lifted item (e.g., bottom of the breather filter) shall be less than 10 ft above surface grade,
or above the waste storage tank (covered or uncovered).

2. Use the Hanford Site Hoisting and Rigging Manual (DOE/RL-92-36) for lifts.

3. Dome loading shall be managed to limit distributed and concentrated loads above waste
storage tank per Table 5.6-1 and Table 5.6-2.
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Only hand digging or excavation using a “guzzler” machine (i.e., a vacuum soil extraction
system) shall be used in the vicinity of the tank to remove soil. This control shall not limit
the installation of piers and foundations that use minimally soil disturbing installation
methods (e.g., screwing in helical piers).

The weight applied to the sampling bridge shall be limited to 35,000 pounds.

OTC WEATHER ENCLOSURE

The purpose of the OTC weather enclosure controls are to minimize the likelihood of a spread of
contamination from an OTC that is placed within a weather enclosure.

5.7.1 Requirement for OTC Weather Enclosure Controls

Provide passive ventilation in the OTC weather enclosure to reduce the likelihood of significant
concentration hydrogen or radioactive contamination build up during OTC storage in a weather
enclosure.

5.7.2 Program Key Elements

1.

Ifthe OTC is stored in a weather enclosure, the weather enclosure shall have passive
ventilation.

Ignition controls, grounding/bonding and spark free tools, shall be used during OTC
venting in the weather enclosure.

Radiological control requirements shall be implemented under the PFP radiological control
program.

When an OTC is present in the weather enclosure, the weather enclosure shall have

warning signs on the outside that identify the presence of flammable gas and prohibit
smoking or open flames within 25 feet of the weather enclosure.
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Table 5.6-1. Authorized Tank Dome Loads For Tank 241-Z-361

Location Applied Maximum Total Load Above Nominal* *-*
Tank Top Area 2000 Ibs total
Restricted Access Area Outside ' Load patterns where, *
of the Tank Top Area

(For each tank wall) *-°

Sy eyt ]
2

% 957+163.6D,+48.14D}

Nominal conditions consist of the existing soil overburden without significant snow or rain load
present i.e. accumulated moisture in the previous 72 hours is less than 0.1 inches.

One-haif of the load applied outside of the tank top area but within 2 ft of a tank wall (as
measured from a vertical extension of the tank wall) shall be considered as being applied to the
tank top.

Loads applied beyond 20 ft from the tank walls (as measured from a vertical extension of the
tank wall) are not restricted.

For the load evaluation critena,
Q, = the discrete load in lbs.

D, = the distance in ft from the tank wall as measured from a vertical extension of the tank
wall.

Work may proceed to next safe stopping point (as determined by the PIC) if rain or snow
commences during work.

Loads applied with the angle subtended by the orthogonal wall (outside the tank top area) will
be applied 50% to each wall.

The load associated with snow may be removed by removing the snow from the ground, i.e.
shoveling.

The following table provides examples of the approximate largest single load that may be
applied versus distance from the tank using this control.
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Load (Q)
950 1bs
1900 Ibs
3400 Ibs
5200 lbs
7400 Ibs
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Distance (D))
0ft
5f
10 f
15 fi
201t

The limits identified in this table do not apply to loads applied to piers mnstalled in

accordance with this JCO. These piers have been installed sufficiently deep (23-feet for
vertical piers and a minimum insertion of 22-feet for angled piers) that the load is not

significantly applied to the tank walls.

The following controls shall be applied to ensure tank risers do not fail from applied loads. Such
controls shall be maintained until the risers are found to be capable of receiving greater loads:

Table 5.6-2  Authorized Tank Riser Loads
Tank 241-Z-361 Riser Load Limits
Riser” Vertical Side Torque Additional Limitations And
Load Limit | Load Limit | Load Limit Comments
(Ibs) (ibs) (ft-lbs)
A - 8-inch 500? 250 100 Only one of these two risers should
] be loaded at a time.

B - 8-inch 15007 250 100

C - 2-inch 100 100 50 Adequate to work around.
However, if necessary to use, then a
load test should be conducted.

D - 3-inch 100 100 50

E - 6-inch 100" 100 50 Insufficient design detail to fully
analyze.

F - 8-inch 1500? 100 50

G - 8-inch 1500° 250 100

H - 3-inch 500 250 100

The riser vertical load limit can be increased to 1500 Ibs if an equivalent method (riser

clamp) such as that identified in Appendix I is applied to the riser to bear the load.

See calculations provided in Appendix I

+ See the load riser designations provided in Figure 2.1-2 and Appendices F and I.
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Al Introduction

This analysis determines the initial hazard categorization for Tank 241-Z-361. A facility's hazard
categorization determines the level of DOE oversight required for the facility and the level and
type of safety analyses required for the facility.

DOE-STD-1027-92 provides the requirements and guidance for performing facility hazard
categorizations. Hazard Category 1 facilities are defined in DOE Order 5480.23 as those with the
potential for "significant offsite consequences.” According to DOE-STD-1027, Hazard Category
1 facilities are limited to Category A reactors and facilities designated by the DOE Program
Secretarial Officer (PSQ). Category A reactors are those that have a steady-state power level
greater than 20 MWt, as defined in DOE Order 5480.6. The Hazard Category 1 designation is
not applicable to Tank 241-Z-361. Tank 241-Z-361 does not have the radiological inventory or
inherent energy source potential to produce dose consequences comparable with a Category A
reactor under worst case accident scenarios.

Hazard Category 2 facilities are defined as those with the potential for significant on-site
consequences. The interpretation in DOE-STD-1027-92 is that Hazard Category 2 facilities are
those with the potential for nuclear criticality events or with sufficient quantities of hazardous
material and energy such that on-site emergency planning activities are required.

Hazard Category 3 facilities show the potential for significant but localized consequences. The
Hazard Category 3 designation is intended to capture facilities such as lab operations, low level
waste handling facilities, and research machines which possess less than the Category 2 quantities
of material and are considered to represent a low hazard.

The primary manner for determining whether a facility is Hazard Category 2 or 3 is to compare
the facility's radiological inventory with the threshold quantities (TQ) listed in Table A-1 of DOE-
STD-1027-92. The bases for the Hazard Category 2 and 3 threshold quantities are provided in
Attachment 1 to DOE-STD-1027-92. A comparison of the estimated Tank 241-Z-361
radiological inventory with the Hazard Category 2 TQs from DOE-STD-1027 is provided below.
This comparison shows that the tank warrants designation as a Hazard Category 2 facility.

A.2  Comparison of Tank Isotopic Inventories with Hazard Category 2 Threshold
Quantities

The primary radiological constituents in Tank 241-Z-361 are plutonium (various isotopes} and
Am-241. Based on previous sludge sample results, the total plutonium content of the tank was
estimated to range from 26 kg to 75 kg (WHC-SD-EN-040,1994). Material unaccounted for
(MUF) indicates there is approximately 31 kg of plutonium in the tank. For this analysis, the
conservative maximum value of 75 kg is assumed.
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The isotopic makeup of the plutonium in the tank is unknown. However, it can be reasonably
assumed not to exceed in specific activity the isotopic makeup of the plutonium currently being
stored within the PFP. The isotopic distribution of plutonium in PFP is characterized in Table 9-
44 of the Plutonium Finishing Plant Final Safety Analysis Report, WHC-SD-CP-SAR-021
(1996). Two distributions are provided in the FSAR: one for the portion of the PFP inventory
containing less than 10% Pu-240; and one for PFP Pu material containing greater than 10% Pu-
240. The bulk of the material processed through PFP was weapons-grade, containing less than
10% Pu-240 (BNWL-CC-925, 1974). The isotopic distribution shown in Table 9-44 of the PFP
FSAR for the portion of the PFP Pu material containing less than 10% Pu-240 is therefore used in
this analysis.

Table A-1 (attached) compares the plutonium isotopic inventory values predicted for Tank 241-Z-
361 with the Hazard Category 2 and 3 thresholds. Column 1 of the table provides the list of
isotopes considered in this analysis. The second column gives the weight percent estimated for
each isotope based on Table 9-44 of the PFP FSAR. The third column of the table gives the total
inventory estimate for each isotope, in g, based on the maximum estimated total plutonium
quantity (all isotopes) of 75 kg for the tank and the isotopic weight distribution given in column 2.
The fourth column provides the specific activities of each isotope, in Ci/g. The fifth column
converts inventory estimates from a gram to a Curie basis by multiplying the elements in the third
and fourth columns together. The sixth column in the table gives the DOE-STD-1027 Hazard
Category 2 TQs for each isotope, in Ci. The last column of the table ratios (divides) the isotopic
inventory estimates in the fifth column by the TQ values in the sixth column. The last column of
the table therefore gives the fraction (ratio) of the TQ taken up by each radioisotope.

Where there are combinations of radionuclides in a facility, DOE-STD-1027 requires that the
hazard category be determined based on the summation of the radionuclide threshold ratios. This
summation is provided at the bottom of the last column in Table A-1. The sum of the threshold
ratios for Tank 241-Z-361 is shown to be 111. Since this sum exceeds 1, a Hazard Category 2
designation is warranted.

A.3  Fissile Material Inventory And Criticality Potential

Facilities with fissile material in quantities in excess of the theoretical minimum critical mass limits
specified in ANSI 16.1 are considered to be Hazard Category 2 facilities (whether of not the
Hazard Category 2 TQs are exceeded), unless material form or segmentation preclude the
possibility of a criticality. From Table A-1, Tank 241-Z-361 may contain approximately 70 kg of
Pu-239. The minimum critical mass limit for Pu-239 is 450 g (Table A-1, DOE-STD-1027).

HNF-PRO-334 (1997) designates Tank 241-Z-361 as a limited control facility. This designation
means the tank contains greater than one-third of a critical mass of fissile material, but that
material is in a form that precludes the potential for a criticality. The most recent criticality safety
assessment of Tank 241-Z-361 (HNF-2012) confirms the extreme unlikelihood of criticality in the

A-3




HNF-2024, Rev. 2

tank, which was the basis for the earlier designation of the tank as a limited control facility.
Accordingly, the fissile material inventory therefore does not factor into the hazard category
assignment for the tank.

A4 Conclusion

Tank 241-Z-361 is designated Hazard Category 2 based on the inhalation dose potential
radionuclide inventory.

A.5 References

DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques for Compliance
With DOE Order 5480.23, Nuclear Safety Analysis Reports, 1992, U.S. Department of
Energy, Washington, D.C.

BNWL-CC-925, The Ecological Behavior of Plutonium and Americium in a Fresh Water
Ecosystem: Phase II, Implication of Differences in Transuranic Isotopic Ratios, 1974,
Pacific Northwest Laboratory, Richland, Washington.

HNF-PRO-334, Criticality Safety: General Requirements, Rev. 0, 1997, Project Hanford Policy
And Procedure System, Richland, Washington.

HNF-2012, Engineering Study of the Criticality Issues Associated With Hanford Tank 241-Z-
361, 1997, Richland, Washington.

WHC-SD-EN-ES-040, Engineering Study of 50 Miscellaneous Inactive Underground
Radioactive Waste Tanks Located at the Hanford Site, Washington, Rev. 0, 1994, Golder
Associates, Inc., and Engineering-Science, Inc., for Westinghouse Hanford Co., Richland,
Washington.

WHC-SD-CP-SAR-021, Plutonium Finishing Plant Final Safety Analysis Report, Rev. 1, 1996,
Westinghouse Hanford Company, Richland, Washington.
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Table A-1. Comparison of Tank 241-Z-361 Isotopic
Inventory With Hazard Category 2 Thresholds

Sid. 1027
Isotopic+ Specific Isotopic Inventory Cat2 Fraction of
{nventory Activity (ChH Threshold** Threshold
Isotope weight¥%e® (g) (Ci'g) (CD (unitless)
Pu-238 t.0E-04 7.5E«00 1.71E+01 1.28E+02 6.20E+01 2.06E+00
Pu-239 9.37E+01 7.03E+04 6 20E-02 4.36E+03 5.60E-01 7.79E- 01
Pu-240 6.05E-02 4. 54E+03 2.27E-01 1.G3E+03 5.50E+01 1.87E- 01
Pu-241 2.0E-03 1.50E+02 1.03E+02 1.55E+04 2.90E+03 5.34E-00
Pu-242 3.0E-04 2.25E+01 3.83E-03 3.73E-02 5.50E+01 1.59E-03
Am-241 i.5E-03 1.13E+02 3.43E+00 3.88E+02 5.30E+01 7.05E+02
Sum-of-fractions: L1IE-02
* From Table 9-44 of WHC-SD-CP-SAR-021, mass-weighted isotopic distripution for Pu [nventory at PFP containing <10% Pu-240
+ Basis: 75kg of total Pu
** From Attachment 1 of DOE-STD-1027-92. Thresholds for unspecified alpha emitters
Pu-240 and Pu-242 set at 55 Ci per footnote 1 at end of attachment
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B.1.0 INTRODUCTION

The activities to vent Tank 241-Z-361 and to characterize and remediate the tank waste contents
will be performed in phases. Phase I activities are those necessary to safely approach the tank,
perform a load test of the tank, gather information about the structural integrity of the tank, relive
tank pressure, open the tank, passively ventilate the tank, obtain video and photographs of the
interior of the tank, and to obtain vapor space and waste surface grab samples from the tank.
Phase II activities are those associated with characterizing the tank for subsequent remediation.
This PHA has been revised to address both phases.

An earlier PHA, HNF-SD-CP-CN-003, Hazard Analysis of Tank 241-Z-361 (1997), evaluated
the hazards associated with the tank being in a state of isolation and nactivity. The PHA
presented in this document is the follow-on step in evaluating hazards associated with Tank 241-
Z-361. In the interest of completeness, the hazardous conditions identified in HNF-SD-CP-CN-
003 have been incorporated into the current PHA.

B.2.0 METHODOLOGY

Hazard identification is the process of highlighting material, system, process, and facility
characteristics with the potential to initiate accidents having undesirable consequences. The
hazardous events that are of primary concern for this PHA are:

o Events that can result in the airborne release of radiological or toxicological material from
the tank.

e Events that can result in operator exposure to elevated levels of ionizing radiation.

. Industrial-type accidents that can result in severe injuries to plant workers.

The primary method of hazard identification/hazard evaluation used for Tank 241-Z-361 isa
PHA, a systematic approach in which the basic elements of the system and the hazards of interest
for postulated activities are identified, potential causes and effects are evaluated, and possible
corrective and/or preventive measures are proposed.

A PHA is a technique derived from the U.S. Military Standard System Safety Program
requirements. A PHA focuses, in a general way, on hazardous materials and major processes. To
prepare a PHA, a team of individuals with experience in process safety and with extensive
knowledge of the operation or process to be evaluated are assembled. The team’s collective
experience is elicited in "brainstorming" sessions to discover the potential hazards posed by a
given operation or process. Several revisions of the PHA have been prepared over the course of
this JCO, and not all team members participated in each revision of the PHA.
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The team members involved in the performance of this PHA and their qualifications are:

Duane M. Bogen

Gary R. Franz

J. Michael Grigsby

Brett Hall

Keith E. Myers

M.S., Nuclear Technology. Principal Engineer, PFP Transition
Engineering, B&W Hanford Company. More than 20 years experience at
Hanford: 2 years, Plutonium Finishing Plant; 9 years, Westinghouse
Hanford Company, including Manager B Plant/WESF; 4 years UNC
Nuclear Industries; 4 years Department of Energy, Richland, WA.

B. 8., Physics. Member, The Chiron Group, LLC. Twenty-three years
experience in ES&H and engineering analysis and management. Performed
and managed safety analyses for Hanford, INEL, and WIPP for a total of
18 years, with 2 years on TWRS, including forming the FSAR project
team. Managed the Safety Analysis and Nuclear Engineering Department
for WHC. Authored the N Reactor Safety Issues Resolution Report, the
Special Isotope Separation Project Siting Analysis, and the FFTF Control
Room Habitabiiity Design Basis Evaluation.

B.S., Mechanical Engineering. Senior Consultant, G&P Consulting, Inc.
Seven years experience at Hanford performing or managing safety
evaluations and safety analysis of TWRS tank farm operations and
activities, including investigation of safety issues relating to ferrocyanide,
organic complexant and organic solvent combustion, and flammable gas
hazards and accidents. Co-author of safety analyses that iead to the
closure of USQs involving ferrocyanide and organic solvent in the tank
farms, Lead author of the TWRS flammable gas JCO. Eleven years
experience in commercial nuclear power safety analysis and licensing.

B. S., Chemical Engineering. Process Engineer, FDNW Safety Analysis
and Risk Assessment Group. Over 8 years experience at Hanford. Seven
years of experience in performing and documenting safety analyses for
various Hanford facilities, including the TWRS tank farms and the
Plutonium Finishing Plant (PFP). One year experience in tank waste
characterization.

B.S., Production Management. Senior Project Manager, E2 Consulting
Engineers. Twelve years experience working in Tank Farm Operations.
Began as a nuclear process operator performing all forms of field activities.
Promoted to exempt position as a first-line supervisor overseeing day-to-
day tank farm operations. Formed the single-shell tank stabilization
organization to pump interstitial liquid from aging tanks. Operations
Manager for Tank Characterization Project. This group was tasked with
performing various tank intrusive activities to obtain samples in support of
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Milton V. Shultz

John D, Williams
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overall program goals. Independent consultant for the last 2 years,
primarily supporting tank farm tasks.

Mr. Ramble is currently the Criticality Safety Representative, the cognizant
engineer for the Safety Analysis Report, and project manager for the
Solution Stabilization Project at the Plutonium Finishing Plant. As the
Criticality Safety Representative Mr. Ramble has responsibility for
implementation of the criticality safety program at PFP, including approval
of Criticality Safety Evaluation Reports, Criticality Prevention
Specifications, operating procedures, initial training and annual retraining
of fissile material handlers, and inspection for compliance with criticality
safety requirements of PFP. Mr. Ramble is also responsibie for the annual
Safety Analysis Report, revision and any amendments required by new
processes. In Mr. Ramble’s previous position as Manager of Safety
Analysis and Nuclear Engineering he prepared safety documentation for
PFP, B-Plant/WESF, and Tank Farms as well as serving on the EFCOG
Safety Analysis Working Group board of directors. Mr. Ramble
successfully completed the milestone to design, construct and cold test a
direct denitration vertical calciner at the PFP. Completion of this milestone
is key to overall completion of the PFP 94-1 mission.

B. S., Nuclear Engineering Technology. Senior Process/ Specialty
Engineer, FDNW Safety Analysis and Risk Assessment. More than 22
years experience at Hanford: 1 year, N Reactor fuel fabrication QA; 3
years, N Reactor maintenance QA; 4 years, N Reactor process standards; 5
years, N Reactor independent safety; 9 years, probabilistic risk assessment
and risk evaluation.

B.A. Mathematics. Graduate Naval Nuclear Propulsion Training Programs.
President, Xron Associates, Inc. More than 19 years experience in the
nuclear industry: 11 years Naval Nuclear Propulsion Program, 3 years
DOE Deputy Director Advanced Reactor Program; 2 Years State
Department; 3 years Hanford experience with PFP and TWRS.

B.2.1 PHA Table Structure

PHA is a form driven hazards evaluation technique. The form used in the performance of this
PHA is shown in Tabie B-1 (see tables provided at end of report). The PHA was structured
primarily based on planned Phase I and Phase II activities. Each Phase I and Phase II activity was
broken down into significant subactivities or procedural steps for analysis. The first column in see
Table B-1, "Item Number," is a numeric identifier for each hazardous event postulated by the
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PHA team. The second column, "Operating Steps/Procedures,” identifies the significant
operating steps or procedures associated with each general activity that was considered in the
analysis. The third column, "Hazardous Event,” describes the postulated condition or
combination of events that can produce undesired consequences. The fourth column, "Cause,"
lists the potential cause or causes of the hazardous condition. The fifth column, "Consequences,”
contains a consensus description of the uncontrolled result of the hazardous event. The sixth
column, "Engineered Features," lists potential hardware means by which the consequences of the
hazardous event could be mitigated. The seventh column, "Administrative Controls," kists
potential administrative features that could prevent or limit the consequences of the hazardous
event. Administrative features include procedures, institutional control programs, operator
training, etc.

The eighth and ninth columns are "Cons Rank" and "Freq Rank," respectively. These columns are
used to capture a code designator for the level of consequence and frequency associated with the
hazardous event. The Consequence Ranking column is a "first cut," qualitative, consensus
estimate of the safety severity of the consequences. An alphanumeric system was used to
designate the severity, with the following "S" rankings characterizing safety consequences:

SO No effect outside the facility confinement systems; no safety concerns for the
facility worker, the onsite worker, or members of the general public.

Si Potential industrial injury, low to moderate radiological dose consequences, or low
to moderate chemical exposure to the facility worker; limited environmental
discharge of hazardous material outside the facility.

S1*  Potential severe harm or potential death from industrial injury, radiological dose
consequences, or chemical exposure to the facility worker.

S2 Potential significant radiological dose consequences or chemical exposure to the
onsite workers located outside the facility; significant environmental discharge of
hazardous material within the plant site boundary.

83 Potential significant radiological dose consequences or chemical exposure to the
offsite population; significant environmental discharges of hazardous material
outside the Hanford site boundary.

The Frequency Ranking column is a "first cut,” qualitative, consensus estimate of the frequency of
the consequences. The frequency estimate is based on a "no controls present” character of the
accident. By estimating the accident frequency on only the initiating event characteristics
{including consideration of real world physical effects, i.e., a motor vehicle can be assumed to not
be able to penetrate a 2-foot thick reinforced concrete wall), the importance of the various
postulated engineered and administrative preventers/mitigators can be evaluated. An
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alphanumeric system was used to designate the frequency, with the following "F" rankings
characterizing safety consequences:

FO Events not expected to occur and categorized as beyond extremely unlikely. The
frequency range is <!E-06/yr.

Fl Events not expected to occur within the lifetime of a typical facility and
categorized as extremely unlikely. The frequency range is 1E-06/yr £ < |E-04/yr.

EF2 Events that could occur during the lifetime of the facility and categorized as
unlikely. The frequency range is 1E-04/yr < 1E-02/yr.

F3 Events that are expected to occur one or more times during the lifetime of the
facility and categorized as anticipated. The frequency range is 1E-02/yr £<0.1/yr.

The "Remarks" column contains information that requires documentation. This includes, but is
not limited to, assumptions about facility operation and recommendations for changes in the
planned design or operation.

The first portion of the Table B-4 is the original portion of the PHA table prepared for Phase I
activities. Additional entries have been prepared to address Phase II activities. Several of the
activities associated with push mode sampling have been analyzed as part of the TWRS
authorization and safety basis. This analysis is not repeated in this JCO.

In addition to the TWRS authorization basis documents, a USQ evaluation (TF-97-0236)

was performed to evaluate push-mode sampling activities in single-shell tanks and double-sheil
tanks except for Tank 101-SY. This evaluation identified that about 95 hazardous conditions
associated with push mode core sampling had been evaluated during the development of the
TWRS authorization basis. This analysis concluded that push mode core sampling was within the
TWRS authorization basis for the identified tanks. The discussion in Section 4.4 and Appendix C
of this JCO identifies that hazards associated with Tank 241-Z-361 are generally the same the
same as those for a TWRS Flammable Gas Category 3 tank. Several of the tanks for which
TWRS authorizes push mode core sampling are significantly more hazardous, particularly from a
flammable gas perspective, than Tank 241-Z-361. Accordingly, the approach taken in this JCO
for Phase II activities is to provide hazard analysis for the potentially unique hazards (structural
failure) associated with push mode core sampling in Tank 241-Z-361, and to make use of the
previous analysis for typical push mode core sampling performed by TWRS.

B.2.2 Activities/Conditions Evaluated

The activities to be performed were determined by cognizant engineers at the PFP and TWRS
responsible for ultimately dispositioning the waste in Tank 241-Z-361 and by the PHA team. In
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some cases, insights gained from performing the PHA resulted in the reordering or modification
of planned activities to enhance benefit or reduce risks. This is one of the advantages provided by
the structured PHA approach. In addition some optional or contingency activities have been
incorporated to enable flexibility during the performance of the work. The activities covered in
the PHA are listed in Tables B-2 and B-3.

In addition to the hazardous events that can occur during Phase I and Phase 11 activities,
hazardous events (e.g., spurious collapse of the tank due to long-term structural degradation) can
occur while the tank is in an isolated, passive condition prior to the initiation of Phase I activities.
After Phase II activities are completed, Tank 241-Z-361 will passively ventilate through installed
breather filters until Phase II characterization activities are initiated. Certain hazardous events can
be postulated for the tank during this time period (e.g., criticality due to dry out and subsidence of
the tank sludge) given the lack of characterization information available for the tank. The PHA
entries for the passive isolated tank following Phase I and Phase II activities are essentially those
from the prior hazards analysis performed on the tank (HNF-SD-CP-CN-003), except that
following Phase I1 the tank is known to be passively ventilated at a rate that flammable gas build-
up and pressurization cannot occur.

A PHA is structured to look at operational steps or activities but is not designed to highlight
accidents initiated by natural phenomena (e.g., earthquakes) or external events (vehicle accidents).
The effects of these natural phenomena and external hazards on facilities are to cause process
upsets and/or to challenge the integrity of facility confinement systems. In some cases, external
events can add hazardous material to the system (such as fuel from a truck crash) which might
initiate a unique accident.

B.2.3 Brainstorming Approach

Each activity was broken down into significant subactivities or procedural steps to ensure a
comprehensive review. The TWRS procedures for activities similar to those planned for Phase I
and Phase II were reviewed to determine the significant subactivities and procedural steps
associated with each major activity. The TWRS procedures reviewed as part of this PHA include:
Phase I Activities

- T0-020-006, Perform Riser Prep

- T0-020-930, Perform MCCS Survey of Single-Shell or Double-Shell Waste Storage
Tanks

- T0-080-627, Perform Vapor Sampling of Waste Tanks Using In-Situ Vapor Sampling
System
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Phase II Activities

- T0-080-503, Push Mode Sampling With Truck #1

- TO-020-451, Setup And Takedown Of Core Sampling Systems

- TO-020-452, Setup And Takedown Of Core Sample Equipment At 241-SY-10t

For each primary activity, the PHA team brain stormed potential hazards associated with the
subactivities and procedural steps. Brainstorming was based on the team's general collective
experience, the team members' knowledge of hazards identified for similar activities in other safety
basis documents, and on logical "what if" type questions posed by PHA team members. Examples
of what if questions are: "What if the activity is not performed or is performed out of order?"
“What if the activity takes longer than desired?" "What can go wrong during the performance of
the activity?" For hardware systems, the safety functions performed by those systems were
identified and functional failures were postulated to determine potential hazardous outcomes.
Finally, a hazard/energy checklist from DOE 76-4519, "Job Safety Analysis," was reviewed for
each activity to aid in the brainstorming process. The hazard/energy checklist is provided in Table
B-4.
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B.3.0 PHA RESULTS

The hazardous events identified in this PHA were grouped into the following eight categories
based on accident phenomenology and consequence severity. The accidents having S1*, S2, or
S3 consequences are candidates for JCO controls and specific engineered features. Accidents
having S1 severity need to have controls provided by institutional programs such as radiological
protection and industrial safety. Accidents having an SO severity or estimated to have a frequency
beyond extremely unlikely do not need specific controls.

1.

Events that result in ignition of a quantity of flammable gas in the tank head space causing
damage to the tank roof and a release of radioactive aerosols to the atmosphere.

During Phase I, the events encompass quantities of flammable gas that range from the
entire tank head space being flammable to gas release events involving small pockets of
flammable gas. These events have the potential to produce S3 consequences. The
ignition sources include postulated static and mechanical sparks generated in the tank
vapor space or glovebag during riser entry, sparks from electrical equipment lowered into
the tank, lightning strikes into the tank or connecting piping, vehicle impacts into tank
risers that result in a spill of burning fuel into the tank, mechanical sparks due to wind
generated missile impact into tank riser (highly unlikely), mechanical sparks generated
during a seismic event, sparks generated due to micro-cracking of concrete during the
load test, and mechanical sparks generated due to collapse of the tank roof in various
overloading scenarios. Postulated scenarios for collapsing the tank roof are discussed in
the next category.

During Phase II, flammable gas initiating events are less likely. The tank has been vented
during Phase I and a passive, filtered ventilation path established that maintains the tank
atmosphere less than 25% of the LFL. As a result, the principal gas release mechanism is
associated with the locally waste disturbing push mode core sampling activity. During this
activity, gas would only be expected to be released from that small pocket of waste
disturbed by the sample drill string.

Events that result in collapse of the tank roof or failure of the risers in the tank roof that
cause a significant release of toxic vapors and radioactive aerosols to the atmosphere and
possibly gross contamination of a worker or workers. The collapse can range from the
entire tank roof to failure of a riser. This category exciudes flammable gas deflagrations
potentially ignited by mechanical sparks produced in the roof collapses (which are covered
in the previous hazardous event category). The events in this category have the potential
to produce S1* through S3 consequences.

During Phase I, postulated causes for failing the tank roof or risers include putting too
much Joad (people or equipment) on the tank, inadvertently driving a vehicle/crane onto or
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too close to the tank, various crane or winch load drop events, application of excessive
lateral load or torque during riser entry activities (with riser potentially significantly
weakened first by long-term corrosion), collapse of degraded riser due to weight of
installed Y-adaptor and breather filter, and pull out of riser with crane or winch due to
failure to disconnect rigging before withdrawing rigging. The tank may also fail during the
load test, if the test is not properly controlled.

During Phase 11, several events associated with the truck sampling bridge have been
identified that can lead to overstress conditions for the tank that potentiaily results in tank
collapse. These events include: improper bridge instatlation, inadvertently driving the
truck off from the sampling bridge, applying excessive weight surrounding the tank during
construction, dropping heavy bridge members onto the tank during construction.
However, the consequences of a tank collapse are likely less than those postulated for
Phase I since there is not likely to be any significant concentration of flammable gas in the
tank to deflagrate at the time the tank collapse might occur.

Events that result in minor releases of toxic vapors and radioactive aerosols with no
damage to the basic tank structure. The events in this category produce only St
consequences. This includes releases of contamination due to wind effects or atmospheric
pressure changes when opening risers. Also includes minor contamination events when
withdrawing equipment from the tank. During Phase Ii, the contaminated drill string and
related equipment will be removed from the tank on several occasions.

Events postulated to result in a criticality occurring in the tank waste. Criticalities are six
of the events evaluated. Postulated causes for a criticality include inadvertent addition of
solvents to the tank and potential long-term chemical changes in the tank waste.

Events postulated to result in an ignition of organic nitrate compounds in the tank with
subsequent release of toxic vapors and radioactive aerosols. The events in this category
have the potential to produce S3 consequences. For an organic/nitrate reaction to occur,
the waste must be very dry and ignited by a very energetic heat source. Postulated
initiators are highly unlikely and include lightning strike and vehicle impact mto riser
resulting in a spill of burning fuel into the tank. During Phase II additional potential
initiators include the activity to cut off the risers.

Events involving normal industrial hazards or small quantities of radioactive contamination
(e.g., skin contaminations, excavation accidents, asbestos exposure, worker electrocution,
falls and tripping hazards, etc.). These events pose only S1 potential consequences.

Leaks to the soil column due to general tank degradation. Also, events such as water line
breaks that result in localized flooding above the tank and intrusion of water into the tank
exacerbating a tank leakage condition. Leaks to the soil column are 80 events since the
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release stays confined to the soil. During Phase I, large spills of water on top of the tank
may overload the tank roof causing roof collapse and S3 consequences. During Phase II
events that might cause leaks to the soil column include striking the tank walls during
installation of the foundation for the tank sampling bridge.

8. Events that result in pressurized releases from the tank. The events in this category have
the potential to produce S1* consequences due to worker injury (caused by ejected blind
flange) or unfiltered release of plutonium particulate from the tank. During Phase I,
pressurized releases are postulated during the opening of the first riser due to the potential
buildup of hydrogen (produced by radiolysis) in the tank. The tank is assumed to have no
vent paths prior to opening the first riser because of prior efforts to “seal” the tank.
Pressurized releases can also occur during purging of the tank (if performed) due to
excessive purge supply or blocked vents on the tank. Pressurized releases of flammable
gases from the tank can result in ex-tank regions with flammable gas concentrations above
the LFL. Pressurized release events are therefore a concern both from a flammable gas
hazard standpoint and from a direct worker injury and inhalation dose hazard standpoint.
During Phase II pressurized releases from the tank are not postulated to be present
because the tank has a continuous vent path established through the HEPA filter.

9. Events that result in contamination releases within, or from, the OTC weather enclosure.
The events in this category have the potential to produce S2 consequences because they
can cause particulate plutonium to be released to the atmosphere in certain unlikely events.
The OTC contain hydrogen that is produced by radiolysis. There is a possibility of this
hydrogen deflagrating within the enclosure. This deflagration could damage the weather
enclosure and loft particulate plutonium.

B.4.0 PROPOSED CONTROLS

The following general controls are proposed for the JCO activities. The controls are grouped
according to the preceding categories of hazardous events. The controls for the significant
hazardous event categories are discussed in more detail in the body of the JCO report (Section
5.0).

1. Category Description: Events that result in ignition of a quantity of flammable gas in the
tank headspace, that involve major damage to the tank roof, and
that result in a significant release of radioactive aerosols to the
atmosphere.

General Controls: (Note: as a result of Phase I activities the tank is passively and
continuously vented. Monitoring shows the tank is less than 25%
of the LFL. During Phase II activities, flammable gas release
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events are only postulated to occur as a result of the push-mode
core sampling activity.) Control of access to the tank roof and
general vicinity (includes crane and vehicle controis), determination
of maximum allowable roof loading, control of roof loading when
roof access 1s required, and use crane critical lift procedures where
required by the Hanford Rigging Manual. These controls are
intended to prevent collapses that could result in a spark and
subsequent ignition of flammable gas.

Control of mechanical forces on a riser to prevent spark creation
from failure of a degraded riser when inspections or riser cap
removals are attempted.

" A set of ignition controls similar to TWRS ignition controls that
specify bonding requirements, allowed tools, allowed
instrumentation, and procedures to minimize the likelihood of
producing a spark during riser entry.

Administrative controls to halt operations on the tank when
lightning is detected within a 50 mile radius from the tank.

2. Category Description: Events that result in collapse of the tank roof or failure of the risers
in the tank roof that cause a significant release of toxic vapors and
radioactive aerosols and possibly gross contamination of a worker
or workers.

General Controls: Control of access to the tank roof and general vicinity (includes
crane and vehicle controls), determination of maximum allowable
roof loading, control of roof loading when roof access is required,
and use of crane critical lift procedures where required by the
Hanford Rigging Manual.

Control of mechanical forces on a riser to prevent failure of a
degraded riser when inspections or riser cap removals are
attempted.

Institutional controls for emergency response to earthquakes -
reduces number of individuals potentially exposed to radioactive
material.

Construction of the truck sampling bridge such that significant
lateral loads to the tank walls are prevented.
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3. Category Description:

General Controls:

4. Category Description:

General Controls:

5. Category Description:

General Controls:
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Construction of the bridge such that it can safely handle static and
dynamic loads that may be applied during operations.

Construction of the bridge such that the sampling truck cannot be
inadvertently driven off the edge of the bridge.

Events that result in minor releases of toxic vapors and radioactive
aerosols with no damage to the basic tank structure.

Institutional controls for working in an area where aerosols and
vapors could be present. These may include protective clothing,
greenhouses, drapes, radiation monitoring and respiratory
protection.

Events that result in a criticality occurring in the tank waste.
Controls to prevent criticalities in the tank are provided in HNF-
2012 (1997), except as modified by the recently completed analysis
on addition of rinse solution to the tank (Ref 4.2-5). The proposed
controls from this reference as amended by (Ref 4.2-5) are:

° Fissile material should not be added to the tank,

. Shuicing and mechanical processing, other than activities
needed to characterize the tank, should be prohibited,

L No more than 5 liters of chemical or organic solvents should
be added to the tank,

L No more than 1000 gallons of aqueous solutions (e.g.,
Lithium Bromide drill rinse solution) should be added to the
tank.

Events postulated to result in an ignition of nitrate compounds in
the tank with subsequent release of toxic vapors and radioactive
aerosols.

Control of vehicle access to the tank to prevent vehicle impacts into
risers that could dump burning fuel into the tank. Control to stop
operations on the tank when lightning is detected within a 50 mile
radius of the tank.
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General Controls:

7. Category Description: -

General Controls:

8. Category Description:

General Controls:
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Preventing flame cutting/welding in the tank.

Events involving normal industrial hazards or small quantities of
radioactive contamination.

No special controls beyond what are imposed by the normal
institutional requirements for this type of work.

Leaks to the soil column due to general tank degradation. Also,
events that result in localized flooding above the tank and intrusion
of water into the tank, exacerbating a tank Jeakage condition.

Only hand digging or excavation using the "guzzler" machine
should be allowed near the tank to minimize the possibility of
breaking water lines. Ground penetrating radar will be used to
identify the location of water lines near the tank. The concrete cap
poured on top of the tank limits potential intrusion. Should a water
tank be used to load test the tank a limited water source will be
used to fill the tank to limit the volume of water potentially spilled
on the tank.

Installation of the helical piers with appropriate torque limits so that
the tank walls are not damaged by the helical piers.

Events that result in pressurized releases from the tank.

(Note as a result of Phase I activities the tank is passively and
continuously vented. As such, this general type of hazard is no
longer present. This section is being retained for reference
purposes.) A glovebag will be installed around the first riser to be
opened to confine and mitigate any potential release of radioactive
particulate when the riser is opened. The riser should be opened in
a manner that controls the blow down rate of the tank without
allowing ejection of the blind flange. The glovebag HEPA filter(s)
should be sized large enough to accommodate the controlled
blowdown flow without significant pressurization to protect the
glovebag and HEPA filter integrity. Moreover, the flow rate needs
to be sufficiently low that the glovebag is not damaged by the flow
through the glovebag. If purging is used, controls on purge flow
are needed to ensure glovebag or breather filter integrity. A control
is also needed to ensure installed breather filters are not valved out
during purging to prevent over pressurization of the tank or
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unfiltered releases through HEPA filter assembly seal loops.
Ignition and spark source controls need to be established for
glovebag activities to ensure hydrogen released from the tank into
the glovebag is not ignited.

9. Category Description: Events that result in radioactive releases within, or from, the OTC
weather enclosure.

General Controls: Ensure weather enclosure is passively ventilated to reduce
likelihood that the hydrogen can build up or airborne radioactive
congentrations will be significant. Apply ignition controls during
venting. Conduct airborne radioactive particulate sampling before
entry. Post warning signs identifying the presence of flammable
gas.
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Table B-2. Phase I Tank 241-Z-361 Operations/Conditions

1. Civil Survey and load test - Check to determine ground level and soil depth and verify capability of
tank to support personnel and equipment for riser opening

2. Ground Penetrating Radar (Optional) - determine outline of tank top and location of buried lines near
tank

3. " Excavate small area next to tank to permit ultrasound wall and roof check (Optional)

4. Perform Ultrasound Check - attempt to verify tank wall and top integrity (Optional)

5. Instail People Bridge (Optional depending on tank load test results)

6. Radiclogical Survey of Risers {(activity preliminary to any further actions to enter tank)

6.A External Gamma and Neutron Scans (Optional) - attempt to determine if criticality event has
occurred

7. Inspect Riser [Procedure Item - Riser Prep] (It is assumed that a people bridge is in place or it has
been determined that one is not required for access on the tank roof)

8. Open Riser - replace bolts, install glovebag, relieve pressure, remove flange

9. Install Breather Filter On Open Riser

9.A Purge Tank [This is a contingency and the only way tank can be accessed if atmosphere is
determined to be flammable]

10. Take Pictures/Video Inside Tank (requires entry through &-inch riser)

1. Perform Vapor Sampling (this data is for characterization)

2. Take Hard Gamma/Test for Mixed Fission Products (Optionaf) - further testing to determine if
criticality has occurred

13. TFake Waste Grab Sample (Optional)

Table B-3 Phase II Tank 241-Z-361 Operations/Conditions

1. Shortening risers and replacing flanges.

2. Moving fence lines, associated security systems, and power lines.
3. Installing truck sampling foundation piers.

4, Truck sampling bridge construction.

S. Preparing risers for push mode sampling.
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6. Opening risers for video monitoring (Optional).

7. Establishing grounding/bonding termination point.
8. Establishing contamination control area.

9. Install push-mode core sampling riser equipment.
10.  Position push mode sampling truck on the bridge.
11.  Stage push-mode core sampling equipment.

12.  Ground/bond equipment.

13.  Raise and level sampling truck and assemble drill string.
i4. Collect push-mode core segment.

15.  Seal core segment into On-site Transfer Cask.

16.  Package waste and clean-up area.

17.  Store Onsite Transfer Cask.

18.  Natural phenomena hazards.
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This appendix summarizes the understanding regarding flammable gases generated by Hanford
tank wastes including hazard phenomenology and control strategies. This understanding and
control strategy has been developed based on extensive study of the flammable gas hazards
present in the TWRS Tank Farms and is adapted for the hazards present in Tank 241-Z-361.

C.1 FLAMMABLE GAS GENERATION AND COMPOSITION

Radioactive waste generates hydrogen through the radiolysis of water, thermolytic decomposition
of organic components, and corrosion of a tank's carbon steel walls. Radiolysis and thermolytic
decomposition also generate ammonia. Non-flammable gases such as nitrogen, which act as
diluents, are also produced. Additional flammable gases, such as methane and an oxidizer, nitrous
oxide, are generated by chemical reactions between various degradation products of organic
chemicals originally present in the tanks. Volatile or semi-volatile organic chemicals in some
tanks also produce organic vapors.

Hydrogen. Hydrogen gas has been identified as a major component of flammable gas in tanks, A
primary source of hydrogen gas is the thermolysis of organic components which is a function of
total organic carbon, the liquid volume of waste, and waste temperature. Radiolytic
decomposition of water is another primary source of hydrogen gas, and it is proportional to the
radionuclide content of the tank. Corrosion of waste tank walls also produces hydrogen gas, but
it is an insignificant portion of the overall generation rate.

Although hydrogen is a major component of gas samples, and hydrogen generation mechanisms
are known, uncertainties still exist in the parameters of the equation used to estimate generation
rates. Conservative calculations have been performed to estimate the hydrogen generation rate in
Tank 241-Z-361. This calculation, contained in Appendix D, indicates a hydrogen generation rate
of 14 L/day with a bounding value of 27 L/day.

Other Gases. Other flammable gases and oxidizers have been identified in waste tanks.
Nonmethane organic compounds from past chemical processing operations have been found at
very low concentrations (less than 0.1% of the LFL) in the head spaces of TWRS tanks.

Nitrous oxide is not a flammable gas, but is an oxidizer. Its presence in trapped waste gases can
cause the trapped gas mixture to be flammable without needing to mix with air. When gases are
released from the waste and diluted with the air in the tank vapor space, the effect of nitrous
oxide on the LFL is significantly reduced.

Nitrogen is also a significant component of waste gas. It is not a flammable gas or oxidizer. Its
presence will dilute flammable gases in the waste gas mixture.

C-2
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C.2 FLAMMABLE GAS HAZARDS CONDITIONS

The gases generated by the waste have the potential to accumulate in flammable concentrations in
the tank vapor spaces or within the waste. This potential is evaluated below.

Vapor Space Flammable Gas Concentration Because of Steady State Releases. Flammable
gases are generated by all radioactive wastes, and although a fraction of the gas may be retained
in tanks containing waste solids, a portion of the generated gas is continuously released at a very
low rate. These steady state releases are different from the acute, episodic releases of retained
gas. Steady state releases are generally managed by diluting and removing the gases from the
tank headspace through active or passive ventilation. This prevents a steady accumulation of gas
from reaching flammable concentrations. Concentrations have been maintained very low with the
existing ventilation configurations in TWRS high level waste storage tanks.

For tanks having small waste volumes, low radionuclide content, small concentrations of organic
chemicals, and relatively large head spaces, steady state gas releases can be maintained at low
concentrations with passive ventilation. Passive ventilation consists of atmospheric breathing
combined with a convective flow through tank openings caused by the buoyancy effects from gas
temperature differences, and bernoulli flow caused by wind blowing past the tank exhausts.
Currently, passive ventilation rates have not been measured for Tank 241-Z-361. Under the pre-
Phase I configuration of capped risers and no passive "breather filters," passive ventilation maybe
limited to barometric breathing, which would not, by itself be adequate to reduce concentration to
below 25% of the LFL. Diffusion of hydrogen through the porous concrete wall and top,

. however, is also an important mechanism for diluting the hydrogen released from the waste.

Prior to installation of the breather filter, the head space concentration that resulted from a
conservative gas generation rate and diffusion through the tank walls and top are calculated in
Appendix D. The best estimate calculations indicate the hydrogen concentration is about 30% of
the LFL (1.2% hydrogen) assuming a 31 kg plutonivm source term. Using more conservative
assumptions about the diffusion performance of the tank’s mastic liner the calculated value is on
the order of 5.44%. The amount of hydrogen would also increase proportionately with the
plutonium source term.

Gas Retained Within the Waste. Some generated gas is retained in the waste. Because
retained gases can include fuel (for example, hydrogen, ammonia, methane) and an oxidizer (for
example, nitrous oxide), the gases can be in flammable concentrations. Retained gas presents a
flammability bazard in the following ways:

® It is theorized that the retained gas could burn below the waste surface if ignited; and the
amount of gas, bubble type, size, and distribution could enable flame propagation.

® Gases can be released from the waste and burn in tank domes, connected vapor spaces such
as ventilation systems, and outside of tank openings such as ventilation inlet paths or open
risers if the released gas remains above 100% of the LFL.

. ® The retained gases can be released and ignited inside equipment inserted into the waste, such
as core sample drill strings.
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Deflagrations Below the Waste Surface. The original USQ declaration for the TWRS Tank
Farm flammable gas hazard (Lawrence 1990) acknowledged that a flammable mixture of gases
may exist in the waste thereby creating the possibility of a combustion event below the waste
surface. Further study of this potential has indicated that such a scenario is at best very unlikely.
For a deflagration to propagate through a porous media, the gas voids must be contiguous and the
mean void size must be larger than the maximum experimental safe gap (MESG) for the mixture.
For stoichiometric mixtures of hydrogen in air, the MESG is 0.076 mm (0.003 inch}
(Underwriter's Laboratories 1970). However, hydrogen diffuses from a porous media.
Calculations show that diffision will readily occur in media with a mean pore diameter less than
1/100th the minimum diameter needed to support flame propagation (HNF-SD-WM-ES-410,
Rev. 0). This issue, however, has not been completely resolved and therefore this JCO specifies.
controls to be used with waste intruding equipment in Tank 241-Z-361. Data regarding the
amount of gas that may have accumulated in the waste in this tank has not yet been obtained, and
therefore it is prudent to address the potential for subsurface combustion.

Gas Release Events (GREs). Gases that are released from the waste in a nearly continuous
manner can be managed quite effectively by ventilation. Less straight forward, however, is the
situation where a significant amount of the gas is retained within the waste and released relatively
rapidly in a GRE.

TWRS Experience and Basis - The large GREs that occurred in Tank 241-SY-101 before the
mixer pump was installed were unique in size and frequency (130 to 200 m’ of gas, or 35 to 70%
of its 300- to 500-m’ retained-gas inventory every 100 to 150 days). In contrast, the next highest
mean release fraction is 16% in Tanks 241-AW-101 and 241-AN-105. None of the gas releases
in the other double-shell tanks (DSTs) have been large enough to have created flammable
mixtures after mixing in the tank head space. The mechanism for large gas releases in these DSTs
is thought to be a buoyant displacement instability (sometimes referred to as a rollover). This
occurs when a waste sludge is stored with a large supernate liquid layer above it. Gas is retained
in the sludge and the gas void builds until the sludge becomes less dense that the supernate and a
glob of waste breaks free from the sludge layer and rises to the waste surface. The expansion of
the gas bubbles as the waste rises breaks apart the sludge/bubble matrix and releases some of the
gas to the tank head space.

The TWRS single-shell tanks (SSTs), like Tank 241-Z-361, do not have large supernate liquids
and therefore buoyant displacement GREs are not possible in these tanks. The ongoing study of
gas retention behavior of SST waste forms has narrowed the number of plausible spontaneous
release mechanisms to only a few possibilities that are capable of only small releases. Observation
of a number of the most notable flammable-gas-retaining SSTs indicates that no large GREs are
occurring and only a few SSTs experience small spontaneous GREs. The typical spontaneous
GRE in a SST has a small release volume of tens of cubic feet of hydrogen.

Gas releases can be induced by waste disturbing operations, but local disturbances do not trigger
a general, large-scale gas release. Rather, gas is released only from the volume of waste actually
disturbed.

For the purposé of applying controls, each facility in TWRS has been placed in one of four facility
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groups depending on whether the waste is postulated to present a hazard from large or small
GREs and whether the GREs may be spontaneous or only induced during waste disturbing
operations or no GREs are postulated at all. Ignition source controls and monitoring
requirements are applied at times when and in locations where flammable conditions resulting
from GREs can be present, as appropriate to this grouping scheme. Facilities that have had
significant GREs are conservatively postulated to have the potential for large spontaneous and
large induced GREs. These tanks have been assigned to Facility Group 1. Five TWRS DSTs
have been place in this category.

If a facility is postulated to have the potential for a large induced GRE but only a small
spontaneous GRE, 1t is assigned to Facility Group 2. The remainder of the 28 DSTs have been
placed in this category along with a number of SSTs that indicated a significant amount of gas
retention.,

Facilities which show no propensity for spontaneous GREs but may produce a small induced
GRE, are assigned to Facility Group 3. The majority of TWRS SSTs have been placed in this
category. Facilities with little or no waste solids capable of retaining gases are categorized as
non-GRE. All facility groups assume that the subject tanks undergo steady state gas generation at
all times.

The grouping of facilities reflects a conservative approach even in light of uncertainties in the
underlying methodology. It also enables a graded application of controls based on perceived
hazards and frees less hazardous tanks from unnecessarily restrictive or burdensome controls.
This method also enables a degree of simplicity in applying control sets to specific tanks.

Because many of the TWRS IMUSTs contain waste similar in composition to SST waste, it is
postulated that flammable gas behavior (gas generation, retention, and release) is analogous to
that in SSTs, but on a much smaller scale because of the small amount of waste present.

The facility group control sets for TWRS IMUSTSs were assigned based on the amount of waste
solids and overlying supernate known or suspected to be contained in the tank. The IMUSTs
with significant solids but little supernate (less than 378.5 1. (100 gal) or less than 1% of the tank
capacity) were assigned to Facility Group 3. Conversely, IMUSTs with significant solids and a
large supernate layer were assigned to Facility Group 2. Ifthe waste solid and liquid volumes of
an IMUST were unknown, the tank was assigned to Facility Group 2 as a prudent measure until
better knowledge of the waste contents is obtained. Finally, those IMUSTs containing mostly
liquids with only a small amount of solids (less than 378.5 L [100 gal]) were classified as non-
GRE tanks. '

Flammable Gas Facility Group for 241-7Z-361 - Based on a comparison of Tank 241-Z-361's
configuration and contained waste (a large amount of sludge with little or no supernate liquid)
controls used for FG3 facilities are appropriate. But, Appendix D postulates the possibility of
flammable hydrogen concentrations in the tank. Moreover, there are uncertainties in the actual
tank conditions upon which this facility group determination was made. Accordingly, until
conditions were shown to be safe (i.e., less than 25% of the LFL) and consistent with FG 3, more
restrictive controls were be applied. Now, when the tank is known to be less than 25% of the
LFL, controls typical of a FG 3 tank will be applied.
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C.3 FLAMMABLE GAS ACCIDENT PHENOMENA

Flammable gas accidents require gases to accumulate in flammable concentrations {i.e., the
concentrations of fuel and oxidizers must be such that the mixture is above the lower flammability
limit [LFL]) and an ignition source must be present to initiate the combustion event.

Combustion Limits. Combustion limits for waste gas fuels have been developed to account for
nitrous oxide as a possible oxidizer rather than just air. Experiments have determined that below
20% hydrogen, there is no significant difference in the flammability data for hydrogen-air or 1:1 or
3:2 hydrogen-to-nitrous oxide ratios in air. The lower flammability imit (I.LFL) has been
measured and reported in (WHC-SD-WM-ES-219, Laboratory Flammability Studies of Mixtures
of Hydrogen, Nitrous Oxide, and Air):

Quiescent conditions, upward propagation 5% H,
Quiescent conditions, downward propagation 8% H,
Turbulent conditions, upward propagation 4% H,
Turbulent conditions, downward propagation 6% H,

Studies at the California Institute of Technology (Ross and Shepherd 1996) indicate that the
combustion limits for waste gas mixtures can be reasonably estimated by use of Le Chatelier's
Rule.

Ignition. Hydrogen, a major constituent of the flammable gases, ignites with a very small energy
source; only 0.017 mJ to 0.1 mJ electrical spark energy is required (Fischer 1986; Dufresne and
Karwat 1988). Other ignition sources include mechanical sparks, electrostatic sparks and contact
with a hot object (i.e., hotter than the autoignition temperature). Installed equipment in the tank
or ventilation system, activities being conducted in the tank, human errors, or natural phenomena
(such as an earthquake or lightning) provide potential ignition sources.

Combustion pressure. Global burns represent events when the gas concentration in the entire
vessel is above the LFL. For these deflagrations, the pressure in the vessel (e.g., tank) will be
nearly uniform and bounded by the adiabatic isochoric (constant volume) complete combustion
pressure (adiabatic isochoric complete combustion [AICC] pressure).

Under lean combustion conditions, developed pressures will be less than the AICC pressure
because of incomplete combustion. Combustion pressures are well below AICC until fuel
concentrations are well above the LFL. AICC pressures are approached when the mixtures are
above the limit for downward propagation (Ross and Shepherd 1996). Once concentrations
exceed the lower limit for downward propagation, combustion pressures exceed about 4
atmospheres gauge.

If insufficient gas is available to create flammable concentrations in the well mixed head space, but
a GRE creates a local plume of flammable gases, combustion of the plume will result in pressures
less than the AICC pressures shown above, as the combustion energy is dissipated into the rest of
the inert dome space volume. Tank pressures created by plume burns can range from very low
and inconsequential to pressures high enough to challenge the structure of Tank 241-Z-361.
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C.4 FLAMMABLE GAS CONTROL STRATEGY

The flammable gas control strategy for TWRS facilities, and its application to Tank 241-7-361 is
designed to prevent a flammable gas accident by (1) maintaining the head space concentration
below 25% of the LFL for gases that are released in a steady manner, and (2) preventing ignition
sources when and where flammable gases may be present due to gas retention within the waste
and GREs or accumulation within waste intruding equipment. When and where ignition controls
are required are determined by three factors affecting the nature and extent of postulated
flammable gas hazards: (1) waste behavior postulated as defined by the facility group assignment,
{2) the type of operational activity that may be performed (i.e., waste disturbing or non-waste
disturbing), and (3} the region or location within the tank. More specifically, the factors are as
follows:

1. Type of waste behavior known or postulated to be possible for a given facility:

- Steady-state gas release
- "Large” GRE

- "Small" GRE

- Spontaneous GRE

- Induced GRE.

A "large" GRE is defined to be capable of pressurizing the dome space above
atmospheric such that flammable gases may occupy pits and flow out of open
risers and other spaces external to the dome space. For 241-Z-361, the Facility
Group 3 assignment reflects the conclusion that small GREs are not postulated
except when induced when the waste is disturbed (locally), and a large GRE in this
tank is not postulated unless induced when a large portion of the waste were to be
disturbed (i.e., globally).

2. The impact of operational activities on the waste contained in a facility or
structure: :

- Nonwaste-disturbing
- Locally waste-disturbing
- Globally waste-disturbing.

Locally waste-disturbing activities include such work as grab sampling and core
sampling and are not considered to be capable of affecting significant portions of
the waste. Globally waste-disturbing activities, such as salt well pumping or waste
retrieval, more aggressively affect a larger fraction of the waste. No globally
waste disturbing activities are postulated until after Phase II. Phase I of the work
in Tank 241-Z-361 is non-waste disturbing, or in the case of grab sampling,
minimally waste intrusive. Phase II includes waste sampling activities that are
locally waste disturbing (e.g., grab sampling and core sampling).
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3. The location or region within a waste receptacle where work activities are being
performed:

Waste intrusive
Dome intrusive
Ex-tank intrusive
Nonintrusive.

1

Waste-intrusive locations are those below the waste surface and within the vapor
spaces of waste-intruding equipment where undiluted waste gas may accumulate.
Dome-intrusive locations are those between the top of the risers and the waste
surface, including ventilation systems up to the first mixing point. Ex-tank-
intrusive locations are those outside tank openings directly connected to the dome
space; this region also includes boundaries of greenhouses, as defined in Section
5.0 of this JCO.

These factors are used to specify the aspects of the three-pronged approach to flammable gas risk
management (i.e., ventilation, monitoring, and ignition control) required across the range of
TWRS facilities and operational activities and to Tank 241-Z-361 in this JCO. Controls differ
from activity to activity in a given facility depending upon each of these factors.

Prevention of ignition sources involves the use of two sets of ignition source controls that are
each invoked depending on the type of activity performed and where the activity may create
sparks. The ignition source controls address electrical equipment requirements, non-electrical
equipment and materials requirements, and work practices. Set 1 primarily applies to activities
and locations that involve direct contact with waste and undiluted waste gases. Set 2 primarily
applies to circumstances where flammable gas conditions may be postulated to occur in the dome
space or ex-tank locations. To ensure consistent application and interpretation of industry
standards used by these control sets, the TWRS Flammable Gas Advisory Board (FGEAB) has
been formed to oversee the implementation of the ignition source controls.

Monitoring is used to (1) verify that ventilation is adequately diluting gases that are being released
in a steady manner and (2) prior to work activities to prevent work when gas concentrations
resulting from a GRE are in excess of 25% of the LFL.

This three-pronged control strategy (ventilation, monitoring, and ignition source control) has been
judged to be a practical means for preventing the accumulation of flammable gases where ignition
sources may be present or to eliminate ignition sources where flammable gases may be present.

To effectively manage the risk associated with steady state accumulation, this JCO requires
passive or active ventilation to ensure that steady state flammable gas concentrations are well
below the LFL. To manage the risks associated with retained gases and GRESs, specific ignition
source controls and continuous monitoring requirements are applied on a graded basis dependmg
on the work performed.

Table C-1 summarizes the application of the control strategies to address each flammable gas
hazard discussed above. Each strategy is discussed in the following section.
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Table C-1. Summary of Flammable Gas Controls Strategy for Tank 241-Z-361 (FG 3).

(1 sheet)
Flammable Gas Hazard Control Strategy
Steady state accumulation in {1. Dilution by ventilation, and
head spaces
2. Gas monitoring (characterization sampling and work activity
entry gas monitoring)
3. If adequate ventilation has not been verified, apply ignition
source controls (Set 1) or
de-energize
Accumulation in sealed risers [1. Ignition source controls (Set 1) for installed equipment until
low concentrations are verified.
2.  Work activity entry gas monitoring to verify low

concentrations when opening riser

Ignition of flammable gas
retained within the waste

Ignition source controls (Set 1) at all times

Large spontaneous GREs

Not postulated for 241-Z-361 as a FG 3 tank.

Small spontaneous GREs

Not postulated for 241-Z-361 as a FG 3 tank.

Large induced GREs. (Only 1. Ignition source controls (Set 2) in ex-tank and dome

postulated in 241-Z-361 intrusive locations during waste disturbing operations and

during globally waste activities and

disturbing operations.) [Post

Phase I} 2. Continuous gas monitoring during manned waste disturbing
activities

Small induced GREs (Only 1. Ignition source controls (Set 2) for dome intrusive locations

postulated in 241-Z-361 during waste disturbing operations and activities and

during locally waste

disturbing operations.) 2. Continuous gas monitoring during manned waste disturbing
activities

Accumulation in waste 1. Purge or flush before energizing equipment and during use

intruding equipment (e.g., of equipment or

inside core sampler drill

string) [Phase I1] 2. Ignition controls (Set 1) at all times

C-9




HNF-2024, Rev. 2

Tank Regions.

Nonintrusive. Nonintrusive includes all equipment located in parts of the tank or ventilation
system isolated from the tank head space by a seal barrier (i.e., compressive mechanical barriets,
adhesive barrier, ventilation system seal loops, drain line seal loops, welded enclosures). There
are no JCO related flammable gas controls for nonintrusive equipment or work, except for
assurance that isolation exists, where applicable.

Conversely, equipment and work meeting the definition of intrusive (ex-tank intrusive, dome
intrusive, or waste intrusive) shall be subject to the control strategy specified in this JCO.

Waste Intrusive. Waste intrusive refers to the region below the waste surface. Waste intruding
equipment includes open ended and breached objects that are inserted below the waste surface
that may create an unvented vapor space where flammable gases retained in the waste may
accumulate with little dilution. Waste intruding equipment includes core sample drill pipes.

This region is defined so that gas retained within the waste is considered as a possible flammable
environment. Significant gas retention is not postulated unless waste solids such as studge or salt
cake are present. Equipment that comes in contact with gas bubbles retained within the waste are
therefore considered to be in a waste intrusive location.

Equipment, such as thermocouple trees, inserted below the waste surface and properly sealed is
not considered waste intruding equipment.

Dome Intrusive Dome intrusive includes any location within the tank between the top of a riser
and the surface of the waste. Gases released to this region mix with the air already present and
are diluted. However, local high concentrations may exist for a short period of time until mixing
occurs through natural convention and diffusion. Because breather filter housings and
connecting ducting extends the riser, the dome-intrusive region extends to the open-air inlet/outlet
of breather filters or active ventilation system inlet filters or bags/sleeving around an open riser.

Ignition source controls are applied to equipment installed in the region at the top of sealed risers.
Higher concentrations may result in this region because of buoyancy effects and the reduced
ventilation provided to these potentially stagnant areas. Based on anecdotal evidence from entry
monitoring and the expected effects of diffusion, accumulation of gas concentrations above the
LFL in this region is judged to be unlikely. Ignition source controls that are consistent with this
judgement are applied. Once the riser is opened and entry monitoring has confirmed that gas
concentrations are less than 25% of the LFL, normal GRE controls are applicable.

Ex-Tapk Intrusive. Ex-tank intrusive includes locations that are not within the tank vapor space
but could receive flammable gases above the LFL if the tank head space were to be pressurized as
by a large GRE. The gases from the tank head space are diluted with air already present in these
ex-tank regions and are therefore less likely to remain above the LFL than in dome intrusive
regions. The definition of this region for Tank 241-Z-361 is contained in Section 5.0.
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CS5 FLAMMABLE GAS CONTROLS FOR TANK 241-7Z-361

Adequate ventilation is the primary means for preventing a deflagration. In addition, this JCO
stipulates specific equipment and work controls (ignition source controls and monitoring) for
Tank 241-Z-361, until additional data is gathered. New data may justify relaxing the controls for
future activities. These controls shall apply to all equipment and activities unless the equipment or
work meets the definition of nonintrusive.

Ventilation Controls. Ventilation is the most fundamental control for flammable gas hazards in
waste containing tanks. Ventilation's main purpose is to dilute the gases that are released in a
steady state manner. If ventilation were inadeqguate, the tank vapor spaces could exceed the LFL
as an ongoing condition, posing an ignition risk from difficult to control, but unlikely, ignition
sources such as lightning and seismic events. With the steady state releases control by ventilation,
deflagration risk is reduced to that posed by the unlikely and short lived conditions created by
GREs and the unlikely risk that the gases retained within the waste being combustible.

Prior to Phase I activities, Tank 241-Z-361 did not have a dedicated ventilation system, either
passive or active. However, headspace gases are diluted by diffusion through the tank wall and
top, and barometric breathing through cracks in the tank manhole covers. Subsequent to Phase [
activities the tank now has a continuous, passive ventilation path through the installed HEPA
filters. Monitoring has shown that the tank can be maintained less than 25% of the LFL.

Ignition Source Controls. Ignition source controls are applied to equipment instalied or used
during work activities in tank intrusive locations on a graded basis as determined by Tank 241-Z-
361's FG 3 assignment. Field implementation, however, accounts for the specific details of the
facility and activity/operation under consideration. This detailed implementation of the JCO is
accomplished through work packages and operating procedures. The ignition source controls
described in the JCO are the baseline in meeting the intent of industry standards. Work packages
ensure that these controls are met across the planned operations and activities.

A process is followed to specify the allowed safe conditions and control requirements to address
the flammable gas hazards as described in this JCO. Ignition source control requirements and
work activity compliance with the requirements is documented by this process. In cases where
direct compliance with the ignition source controls cannot be accomplished, the equipment and
activity can be evaluated to determine if equivalent safety can be established. The TWRS FGEAB
has been formed to determine when specific work level control implementation provides
equivalent safety to the baseline controls in this JCO. The development of equivalencies shall
involve analysis, evaluation, or testing and will include appropriate documentation, review, and
approval. The FGEAB, consisting of TWRS Engineering, representatives {rom the Hanford
Electrical Codes Board, and the contractor NFPA Interpretative Authority, will review the design
based on equivalent safety, and approve the equipment and its installation.

Ignition Source Control Set 1 - All equipment installed or used during work activities is evaluated
and Set 1 is used for that portion of the equipment that can make contact with the gases retained
in the waste {in waste intrusive locations) or undiluted gases which may be present in the vapor
space of waste intruding equipment. The basis is that flammable conditions may be present in
these locations; therefore the highest level of control consistent with NFPA 70 (1996) Class I,
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Division 1 is appropriate, IC Set 1 includes controls for ignition that might occur from
mechanical sparks, electrostatic sparks, electrical sparks, and contact by hot objects. In addition,
IC Set 1 specifies requirements for use of purged and pressurized equipment if such are used o
prevent ignition of flammable gases. The application of this control set for Tank 241-Z-361 is as
indicated in Table C-1. Specific requirements are specified in Section 5.0 of this JCO.

[gnition Source Control Set 2 - Set 2 is applied to vapor space locations (ex-tank intrusive and
dome-intrusive) when a GRE is postulated to create flammable conditions. Set 2 is similar to Set
1 except that requirements (5), (6), and (7) are modified to allow the use of more readily available
equipment. The basis is that the flammable conditions are unlikely or of only a short duration.
Therefore, the use of equipment that meets the intent of NFPA 70 (1996) Class I, Division 2 or
equivalent is adequate. The applicability for Tank 241-Z-361 is summarized in Table C-1.
Specific requirements are specified in Section 5.0 of this JCO.
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Exceptions to Ignition Source Control Requirements

Table C-2 covers equipment and materials that do not meet the Ignition Source Control
Requirements and do not have safety equivalency with ignition source controls (Set 1 or Set 2)
established by the FGEAB. Most of these items are used throughout TWRS field activities and
are needed to perform important characterization activities in Tank 241-Z-361. Therefore, the
exceptions in Table C-2 are required to perform the activities that are or will be covered in this
JCO (Phase I and Phase IT) for Tank 241-Z-361, although not each of these exceptions may be
needed during Phase I activities.

A number of items in Table C-2 are considered to be "de minimus” exceptions because they are
judged to pose a negligible risk as ignition sources. These de minimus items are judged to
represent uncontrolled, but negligible spark sources. Most are associated with manned work. In
these cases, the work location monitoring requirements, as called for in this JCO, are in force.

Additional items in Table C-2 are equipment, materials, and activities that do not meet the JCO
Ignition Source Control Requirements and do not have safety equivalency established by the
TWRS FGEAB. These items do not meet the definition of " de minimus." Flammable gas risk
management, therefore, depends on flammable gas monitoring (standard monitoring or augmented
monitoring as indicted in Table C-2), ventilation, and/or work practices that minimize the
potential for a spark (for example, slow insertion of non-spark-resistant equipment). These
practices provide confidence that a spark source would not be present when a flammable gas
environment exists. This second category contains items that are evaluated to have an associated
small, incremental increase in risk, but the benefits associated with their use justify their continued
application in the field. It is judged that the risk posed by these items is acceptable for ongoing
operations. This decision is based on a qualitative assessment of the importance of the waste
management and safety-related activities and operations that must use these items. The TWRS
Flammable Gas JCO (HNF-SD-WM-BIO-001, Appendix E) describes the justification for these
exceptions.
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- Table C-2. Exceptions to Ignition Source Control Requirements. (2 Sheets)

Item
# Authorized Activities

Personal Protection Equipment (i.e., raingear, airline respirator hoses, rubber/plastic

1 and canvas gloves, respirator masks, rubbet/plastic boots, masking tape, Tyvek®
coveralls) are authorized for use in ex-tank locations, but may be used in a minimally
dome intrusive location (e.g., at the plane of a riser).

2 Wearing of plastic badges, badge holders, and dosimeters.
Installation of, removal of, working on, or extended presence of nonconductive lead

3 blankets in ex-tank regions. Lead blankets shall not be used in a vapor trapping
configuration,
Installation, removal, or extended presence of nonconductive adhesive tape (e.g.,

4 green tape, white tape) in ex-tank regions, Dome Intrusive regions, and in Waste
Intruding Equipment.

5 Use of Portable Alpha Monitor (PAM) in ex-tank regions, Dome Intrusive regions,
and in Waste Intruding Equipment.

6 Use of nonconductive poly bottles in ex-tank and Dome Intrusive regions.

7 Use of zip cords in ex-tank regions and Dome Intrusive regions.

8 Use of nonconductive plastic ropes in ex-tank regions.
Use of nonconductive plastic tubing in ex-tank regions and

9 Dome Intrusive regions {e.g., aerosol testing). Nonconductive plastic tubing shall not
be used below the plane of a riser.

10 Installation and removal of Garlock gaskets in ex-tank regions.

1 Use of nonconductive plastic garden type sprayer ( approximately 5 gallons, hand
pump pressurizer and brass spray wand) in ex-tank regions.
Use of grab sample cap, sampling and sludge weight retrieval device and coated steel

12 . A .
cable in ex-tank and Dome Intrusive regions.

13 Installation and removal of PVC riser liners in Dome Intrusive regions.
Installation of, removal of, working with, or extended presence of the pipe wiper

18 (Frisbee) during push mode core sampling (PMCS) with Truck 1, 2, and 3, in ex-tank

and Dome Intrusive regions.
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Table C-2. Exceptions to Ignition Source Control Requirements. (2 Sheets)

Item

Authorized Activities

18

Installation of, removal of, or extended presence of plastic Kamlock caps during push
mode core sampling with Trucks 1, 2, or 3 in ex-tank and Dome Intrusive regions.

19

The presence of extension cords in ex-tank regions. Power strips (and outlet strips)
are not allowed in these regions. Energized lines shall not be connected or
disconnected in an ex-tank region.

21

Electrical bonding is not required for removal or instaliation of fittings on openings
less than or equal to 2.54 cm (1 in.) inside diameter during intrusive location entry.

22

Use of Type 4 vapor sampling head in ex-tank and Dome Intrusive regions.
Conductive plastic sleeving shall be used during Type 4 vapor sampling.

24

Use of Type 4 vapor cart in ex-tank and Dome Intrusive regions.

25

Open riser work related equipment (e.g. Pike Poles, T-Bars, Sockets, Chokers,
Shackles, and Bull Hooks) in ex-tank regions. Installation and removal of vapor seal
in ex-tank regions. Continuous monitoring in the tank dome and the ex-tank region
required during use of this exception.

27

Installation, removal, presence of, or movement of cover blocks, riser flanges, shield
plugs, tank installed waste and non waste intrusive equipment items (e.g. heated vapor
probes, corrosion probes, water lances, void fraction meter, core sampling drill string,
cameras/lights, viscometer, auger, sampler) each as used in ex-tank or dome intrusive
or waste intrusive regions. Work packages and procedures will include practical
measures to reduce the likelihood of a mechanical spark when equipment movement
performed as part of an operation or activity can create mechanical sparks. Such
measures may include: limiting insertion speeds, water bathing of equipment,
prevention of contact with other non-spark resistant materials by use of collars or
bumpers, use of critical lift procedures where appropriate. This exception does not
cover the operation of large mixer pumps that might cause significant motion of
installed equipment. Any other ignition source hazards (other than mechanical spark
source potential) must comply with this JCO's requirements for ignition source
controls.

31

Use of Continuous Air Samplers in ex-tank regions. CAS shall be shutdown if 10% of
the LFL is exceeded in the ex-tank area. Motor shall be placed outside the ex-tank
region. Continuous monitoring in the tank dome and the pit is required during use of
this exception.

Gas Monitoring Requirements. Flammable gas monitoring is used as part of the flammable gas
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hazard management strategy for the following reasons:

. To prevent the introduction of an uncontrolled or errant spark source into a
location when and where flammable gas concentrations are above a level of
concern for fire, deflagration, or detonation. This includes entry monitoring for all
manned work to be performed in intrusive locations for the facilities within the
scope of this JCO. This function also is used if required ventilation is not operable
so that equipment that does not meet ignition source controls can be shut down
before concentrations of concern develop.

. To prevent the continued use of equipment and materials that may present
uncontrolled spark sources or errant spark sources if flammable gas concentrations
of concern develop during manned work activities. This includes manned activities
in facilities when and where the effects of GREs must be considered. Continuous
monitoring is required to satisfy this function.

These functions and requirements are discussed in the following paragraphs.

Entry Monitoring (and associated ignition source controls) - Flammable gas concentrations in
intrusive work locations must be verified to be below the flammable gas work control limits
before beginning manned work. This requirement shall be applied to all manned work activities in
waste containing vessels when the manned work activity is near an opening in the vessel
containment. Meeting this requirement will ensure that flammable conditions in the work space
are not present as a result of steady state accumulation and/or recent GREs. Manned work shall
not begin or proceed if flammable gas concentrations are greater than 25% of the LFL except for
gas sampling and necessary actions to reduce gas concentrations, de-energize ignition sources,
etc. Installed qualified equipment may continue to operate (not be de-energize) if flammable gas
concentrations are greater than 25% of the LFL. Specific requirements are included in Section
5.0 of this JCO. :

Until gas concentrations of less than 25% of the LFL are verified, the equipment used to perform
this verification shall meet the requirements of ignition source controls (Set 1).

Manned Activities (Continuous Monitoring) - Because of the possibility of flammable conditions
developing during work as a result of a GRE depending on the flammable gas facility group and

activity type, work space (ex-tank intrusive or dome intrusive) monitoring is continued. This
means using a continuous monitor, such as a portable CGM that monitor continuously and alarm
at <25% LFL. Ignition source controls are also imposed in these locations to prevent ignition in
the unlikely event that flammable conditions develop. The potential for an errant (uncontrolled)
spark is judged to be higher during manned work activities even though all equipment must meet
ignition source controls for manned activities and unmanned operations. The chance of an errant
spark is judged to be higher during manned activities because equipment is being manipulated, and
the chance for human error is present. Therefore, a distinction i1s made between manned and
unmanned activities. Manned activities require continuous monitoring and work stoppage if the
concentrations exceed 25% of LFL; unmanned operations generally do not require monitoring.
Monitoring thus provides an additional safety measure to the ignition source controls during these
activities. Therefore, all manned work activities must immediately halt if flammable gas
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concentrations exceed 25% of the LFL with an exception for gas sampling and necessary actions
to reduce gas concentrations, de-energizing ignition sources, etc. These manned work activity
monitoring controls are specified in Section 5.0 of this JCO,
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APPENDIX D

AN ESTIMATE OF POTENTIAL HYDROGEN CONCENTRATION
IN THE AIRSPACE OF TANK 241-Z-361

D-1



HNF-2024, Rev. 2

D.1  INTRODUCTION
This appendix estimates the potential hydrogen concentration in the air space of Tank 241-Z-361.

Tank 241-Z-361 is a settling tank that had been used in the effluent circuit of the Plutonium
Finishing Plant (PFP). The tank has been inactive since 1973. In the mid 1970s the majority of
supernatant liquid was pumped out, and inlet and outlet pipes were capped and sealed. The tank
has been in this "sealed" configuration for the past 20+ years.

Airborne hydrogen is a safety concern because radiolysis of water in residual waste is expected to
generate hydrogen at a slow rate. Since the tank is neither actively ventilated nor equipped with a
"breather” filter, hydrogen gas would build to a steady state level in which escape rate is balanced
by generation rate. Of key interest herein is the rate at which hydrogen would escape from the
tank by diffusion and leakage through tank walls.

D.2 OBJECTIVE AND SCOPE

The objective of this effort is to estimate the potential hydrogen concentration in the air space of
Tank 241-Z-361. The scope of this effort is quite limited in that it is based on readily available
information regarding the tank and its contents and on simple engineering mass transfer models.
It is difficult to estimate the diffusional admittance of the sealant layer applied to the top surface
of the tank and the diffusional admittance of an elastomeric liner originally applied to the inner
walls of the tank. A range of hydrogen concentration values is therefore estimated, varying the
diffusional admittance values assumed for the sealant layer and wall liner.

D.3  DESCRIPTION OF TANK AND CONTENTS

Tank 241-Z-361 is a rectangular concrete tank 26 feet long by 13 feet wide. Its depthis 17 feet
at one end and 18 feet at the other end, i.e. it has a sloped floor. The top of the tank is 2 feet
below grade.

The top slab of the tank is 10-inches thick and was originally cast with two man holes (3 feet
diameter) and one concrete plug (4 feet diameter). The side walls and floor consisted initially of
3/8 inch thick steel plate backed up by 1 foot of reinforced concrete. This information is taken
from drawing No. H-2-16024.

A note on drawing H-2-16024 indicates that a 4 inch thick concrete slab was poured over the top
of the tank. The 4 inch top slab was removed in the vicinity of the two man holes, and a 6 inch
hole was core drilled through the centrally located concrete plug. A riser, covered by a blind
flange is currently installed in this central hole.
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Note A on drawing H-2-16024 indicates that a sealant film (0.25 inch thick when wet) was
applied to the top (outside surface) of the 10 inch thick concrete ceiling of the tank. At present
the top of the tank would consist of a sandwich of two concrete slabs separated by the sealant
layer. The exceptions are the two 3 foot diameter man holes covered by steel plates. A number
of steel risers covered by blind flanges are instalied in the ceiling of the tank.

Photographs of the inside of the tank show that significant portions of the steel lining covering the
walls have corroded away, exposing the concrete wall and a water proofing liner installed
between the steel liner and the wall (Franz 1997).

Approximately 94" of sludge remains in the tank, estimated at 75 m’ (Bogen 1997), assuming the
sludge hasn't subsided due to dry out or leakage of liquid from the tank since the supernate was
pumped out in 1975.

D.4 ESTIMATE OF HYDROGEN CONCENTRATION
This section details how the hydrogen concentration is estimated.
D.4.1 METHODOLOGY |
Hydrogen concentration is predicted by making a hydrogen mass balance on the gas phase in

Tank 241-7Z-361, accounting for hydrogen generation by radiolysis and depletion by diffusion and
leakage:

accumulation rate = input rate - oulput rate ¢))
accumulation rate = V% (1a)

input rate = G _ (1Y)

output rate = QC + DC (1c)

Inserting equations 1a, 1b, and lc¢, into Equation (1), the differential equation that describes the
buildup of concentration with time is:

dc
V= = G-0C-DC
o o (2)
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where,

V = volume of gas space, cn?’,

C = hydrogen concentration, moles/cm?’,
G = hydrogen generation rate, moles/s,
Q = headspace ventilation rate, cm®/s,

D = diffusional admittance, cm’/s,

t = time, seconds.

The solution to Eq.(2), under conditions where G, Q, D, and V are constants, is:

c - G[1-exp-(Q+D)/")] (3)
g+D

The maximum in C occurs when t is large, causing the exponential term to go to zero. The
maximum, or equilibrium concentration, is

G

C = Q+D' 4)

The terms in Equations (3) and (4) are numerically evaluated in the following section, allowing an
estimate of C, as well as defining how long it would take to approach equilibrium conditions.

D.4.2 QUANTIFICATION OF RELEVANT PARAMETERS

G-Hydrogen Generation Rate

The sludge in Tank 241-Z-361 contains various Pu isotopes and Am-241. Radiolysis in the tank
is due primarily to alpha radiation. The hydrogen production rate due to radiolysis is given by the
following equation: '

m(H) = 3.1 E, F GUL,) 4, d (42)
i=1
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where,

m'(H,) = the hydrogen production rate, in molecules/s

I; = total inventory of the i, Pu isotope in the tank, in g

E, = the average alpha particle energy for the i, isotope, in eV/disintegration

F = fraction of tonizing radiation absorbed by the target molecules

G(H,) = radiolysis constant, molecules H, produced/eV of ionizing radiation absorbed
A, = average Pu alpha activity, in Ci/g of Pu

d = conversion from Ci to Bq, 3.7E10 Bqg/Ci = 3.7E10 disintegrations/s/Ci

The tank is believed to contain between 26 and 75 kg of Pu (Freeman and Pollard 1994).
Plutonium material accountability records at PFP indicate that approximately 31 kg of Pu is
contained in the tank. The "best estimate” 31 kg inventory estimate from the Pu material
accountability records is used in this analysis to determine the potential hydrogen generation rate
in the tank. The isotopic distribution of the plutonium in the Tank 241-Z-361 is assumed to be
the same as is used in estimating accident consequences in the PFP Facility. The PFP FSAR
(WHC-SD-CP-SAR-021), Table 9-44 gives the mass weighted isotopic concentrations for two
categories of Pu material stored in the PFP--for material containing less than 10% Pu-240, and for
material containing > 10% Pu-240. The bulk of the plutonium processed at PFP was weapons
grade with an isotopic composition of approximately 93% Pu-239, 6% Pu-240, and 0.6% Pu-241 .
(Emery and Garland 1974). In the late 1960's limited processing of fuel elements from power
reactors occurred. The plutonium recovered from this fuel had a different isotopic composition
estimated at 55% Pu-239, 25% Pu-240, and 15% Pu-240. Because the bulk of the material
processed through PFP was weapons grade, the <10% Pu-240 isotopic distribution reported in
the PFP FSAR is assumed to be representative of the Tank 241-Z-361 contents. Multiplying the
isotopic distribution values from the PFP FSAR by the best estimate total Pu value of 31 kg gives
the I; values needed to solve Equation 4a.

The radiolysis constant G(H,) needed to solve Equation 4 cannot be accurately determined until
the waste is characterized. G(H,) is a function of pH, NO, ion content, temperature and other
variables. G(H,) is significantly higher for organic molecules than for water. The organic content
of the waste is unknown. For this analysis the G(H,) for pure water is used. This is believed to
provide a conservative (but not necessarily bounding estimate if the tank unexpectedly contained
large amounts of organic) estimate of hydrogen generation as G(H,) tends to go down with
increasing salt content and decreasing pH (the pH of the liquid in the tank has been measured at
4). The G(H,) for water exposed to alphas with an energy of 5.3 MeV is 1.6E-02 molecules
H,/eV (WHC-SD-TP-RPT-014).

“F” is also difficult to determine. For sludges, the solids portion of the sludge can absorb a

fraction of the alphas and make them unavailable for cleaving hydrogen from water molecules.

For this analysis F is assumed to be 0.5. The basis for estimating 50% of alpha energy to be

absorbed by water is as follows. .
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¢ For a solid/aqueous material, the fraction of energy absorbed by water is a number that
' falls between 0 and 1. The average of the extremes is 0.5.

[ If half of the waste mass is water ( a reasonable guess for drained slidge) and if the alpha
range is Jong compared to particle size, roughly half of the energy would be absorbed by
water, i.e., F = 0.5.

® If the mean size of sludge particles was comparable to or larger than the alpha range,
geometric factors would cause a preferential absorption by the solids: This is because a
significant fraction of alpha particles originating from the solid phase (Pu expected to be
mainly present int solids) would be captured within the solid phase. Thus, the estimated F
of 0.5 is probably conservative. At present there is insufficient waste characterization data
available to justify an expanded analysis of F, so ¥ = 0.5 is proposed as a best-estimate
value.

The spreadsheet shown in Table D-1 was used to solve Equation 4a, to determine the potential
hydrogen production rate in the tank. The values for the variables I, E, F, G(H,), A, and d are
provided, respectively, in columns D through I of the spreadsheet. The hydrogen production rate
from each isotope is calculated in column J as the product of the respective values in columns D
through I. Cells B2 through B6 in the spreadsheet identify the alpha generating radioisotopes of
concern in the analysis. Cells C2 through C6 give the weight fraction of each alpha emitting
isotope, taken from the <10% Pu-240 distribution from Table 9-44 of the PFP FSAR. Cells D2
through D6 calculate the inventories of each isotope, values for the variable I, in Equation 4a, by
muitiplying the respective values in columns C and D together. The next column in the
spreadsheet (Cells E2 through E6) give the average alpha particle energies for each isotope,
values for the variable E;, in Equation 4a. The average alpha particle energies for each isotope
were determined using the RadDecay computer program (Grove 1990). Cells F2 through Fé give
the fraction of alpha particles assumed to be absorbed by water in the waste, or F. Cells G2
through G6 give the alpha radiolysis constant G(H,) used (basis discussed above). Cells H2
through H6 provide the specific activities for each isotope, to convert from a weight basis to a
curie basis for each isotope inventory. Column I gives the conversion constant (3.7E+10 Bg/Ci)
for converting the activities from units of Ci to units of Bq, or disintegrations per second.

The sum of the values in column J of the spreadsheet gives a total estimated hydrogen production
rate for the tank, M'(H,), of 3.74E+18 molecules/s. Dividing by Avogadro's number gives a
molar flow rate of (3.74E+18 molecules/s) /(6.0235E+23 molecules/mole) = 6.21E-6 moles/s.
Hence,

G =6.21E-6 moles H,/s

The ideal gas law is used to estimate the volumetric flow rate, assuming a tank temperature of
289 K and a tank vapor space pressure of 1 atm:
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Q'(H,) = (6.21E-6 moles/s)(0.08205 atm.L/mol. K)(289 K)/(1 atm)

= 1.47E-4 L/s, or 0.147 cm’/s

V- Volume of Gas Phase

Based on the tank dimensions discussed in Section 3.0, the volume of the tank is (13 f)(26
f1)(17.5 ft avg depth) = 5915 ft, or 167.5 m’. As discussed earlier, the volume of the sludge in
the tank has been estimated at 75 m’. The vapor space volume of the tank, V, is thus 167.5 - 75 =
92.5 i, or 9.25E07 cm?’.

Q - Ventjlation Rate

Ventilation would occur by atmospheric pressure fluctuations and by the outflow of gases
generated by chemical reactions in the waste. While known penetrations have been sealed, leak
paths would exist between manhole covers and their seats in the tank ceiling. The flow
admittance of leak paths is uncertain but is likely that the tank inhales and exhales in response to
atmospheric pressure fluctuations. If flow resistance in the leak path is neglected, then an average
ventilation rate of 0.45% of the tank volume per day is predicted (Crippen 1993). An average
breathing rate for Tank 241-Z-361, based on its vapor space volume, is (9.25E7 ¢cm®)(0.0045/day)
= 4.16E5 cm’/day, or 4.82 cm’/s. A best-estimate breathing rate of half this value, 2.41 cm®/s, is
used herein to account for flow resistance in leak paths.

In addition to atmospheric "breathing," gases generated in the tank will also cause ventilation as
they escape from the tank. Gases generated would include H,, O, and possibly N,O, NH,, and
N,. A best estimate of gas generation rate is twice the H, generation rate. Doubling the hydrogen
generation rate calculated earlier gives a gas displacement ventilation rate of 0.147 x 2 = 0.294
cm’/s.

The total ventilation rate is calculated by adding gas generation rate to ventilation rate induced by
atmospheric pressure fluctuations:

Q = 241 + 0294 = 270 cm?/s.
D - Diffusional Admittance
Hydrogen has a high molecular diffusivity and can diffuse through porous boundaries at an
appreciable rate. For the current exercise, a best estimate of diffusion rate will be made for

exposed side wall concrete and the ceiling concrete Iid. First, a simple version of Fick's law is
assumed to apply for the diffusional transport of hydrogen within concrete pores:
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N, = D, — (5)

where,

N, = diffusion flux of H,, moles/cm?s,

Dy, = molecular diffusivity of H, in air, cm?/s,

AC = concentration difference across the concrete walls, moles H,/ cm’s,
AX = thickness of concrete, cm.

Two additional factors are now applied to Eq.(5) to make it applicable on a macroscopic basis,
i.e., so that it applies to bulk concrete as opposed to just the pores. The factors are porosity and
tortuosity, € and T Equation (5) is reformulated as follows.

N. = ED
AC T

%1%

(6)

H

where,

N, = diffusion flux in concrete, moles/cm?s,
€ = porosity of concrete, dimensionless,
T = tortuosity factor in concrete, dimensionless.

The total transport rate of hydrogen through concrete walls is the flux multiplied by the cross-
sectional area for transport:

€ AC
WAC = ANA = 4 “; DH E (7)

By definition the diffuisional admittance factor, D, in Equations (1-4) is the transport rate divided
by the hydrogen concentration inside the tank:

w Ae AC
b= (E'iCZCrDHAX ®

A numerical estimate of D for Tank 241-Z-361 is evaluated as follows.

A-Area of Exposed Concrete Ceiling and Wall
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The plan cross-section of the tank is 13 feet by 26 feet. The total area is 13 x 26 = 338 fi*.
Diffusion would be greatly impeded by the steel manhole cover plates. The diameter of the
manhole seats is 4 feet. There are two manhole covers. Therefore, the surface area blocked by
steel is: 2m(2)2 = 25.1 fi2. The net area of concrete in the ceiling is:

ceiling area = (338-25.1) * (30.50 = 2091E5 cm?.

Concrete walls above waste level are likely to be exposed to the tank headspace air because the
steel liner originally present has suffered corrosion. The exposed area is calculated for walls
extending from the ceiling down 8 feet. The area is:

28)(26 + 13)(30.52 = 5.80E5 cm?

AX - Diffusion Path Length

For the tank walls, the diffusion path length is estimated as the concrete wall thickness. The wall
concrete is 12 inches thick so AX for the walls is 30.5 em. This estimate of diffusion barrier
thickness neglects the possible diffusional resistance of a sealant film originally applied to the
outside of the steel liner. It is the authors judgment, based on photographic evidence of large
scale corrosion of the steel liner (Franz 1997) that the sealant layer would be ineffective in
preventing head space air from communicating with concrete sidewalls. Cracking and corrosion
of sidewall concrete as a result of aging (~50 yr.) and exposure to acidic waste liquids would
probably enhance diffusional loss, but current information does not provide a basis for quantifying
such an enhancement. Therefore such effects are not accounted for in this analysis. Any increase
in concrete admittance due to corrosion and cracking would offset decreases in concrete
admittance attributable to sealant that is still in an effective configuration. Our estimate of side
wall diffusional admittance is thus based on the assumption that potential factors which could
cause an increase in diffusional resistance are balanced by factors which could cause the
diffusional resistance to decrease as compared to the bare concrete wall picture.

A bounding assumption with respect sidewall diffusion path length is that the sealant layer forms
an impermeable barrier, and totally prevents hydrogen loss by diffusion. For this hypothetical case
the effective diffusion length is infinite.

The concrete ceiling thickness in the ceiling is estimated as the sum of the two slabs, 10 inches
and 4 inches, or 14 inches (35.6 cm). The layer of sealant that is thought to exist between the two
concrete ceiling layers would probably represent a diffusion barrier with less admittance than
concrete. In the absence of more information on the diffusional properties of the sealant layer, it
is assumed herein that the admittance of this layer is 10% of that of the same thickness of
concrete. Therefore, the equivalent concrete thickness is calculated as 10(0.25 in.) =2.5 in. or
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5.04 cm. The total estimated equivalent thickness of concrete in the ceiling is 14 in. + 2.5 in. or
41.9 cm. The assumed diffusional resistance of the sealant layer can be considered only a first
guess. A technical reviewer (Marusich 1997) has suggested that the sealant diffusional
admittance could be an order of magnitude (or more) lower than estimated above. The potential
impact of a lower diffusional admittance of the sealant layer is quantified by comparing results for
three cases: (1) the effective concrete ceiling thickness is 16.5 in. (41.9 cm) (the best estimate),
(2) the effective concrete ceiling thickness is 14 in. + 25 in, or 39 in. (99.06 cm), (10x lower
admittance), and (3) the effective thickness of the concrete ceiling is infinite, i.e. the ceiling has
zero permeability to hydrogen.

Diffusional Impedance of Soil Qverburden

Diffusional impedance of soil overburden is neglected herein on the basis that diffusion is rapid in
soil as compared to diffusion in concrete. For soil, porosity is in the neighborhood of .3 and
tortuosity is expected to be a relatively small number, three or less. Using these values, the ratio
of € over T is ~0.1 for soil. This value is 0.1/4.97E-4 or ~200 times higher than estimated for
concrete (see discussion following Eq.(6a)). Since the effective diffusivity in soil overburden is
estimated to be several orders of magnitude higher than estimated for concrete, diffusional
resistance of soil overburden is expected to be negligible.

C. AC - Hydrogen Concentratton and Difference in Concentration Across Concrete Wall

The driving force for diffusion is the concentration difference across the concrete boundary, AC.
Numerically, AC is inside concentration minus outside concentration. Since diffusion in soil
overburden is expected to.be fast as compared to diffusion through concrete, hydrogen
concentration outside the tank is assumed to be negligibly small. Therefore, the ratio AC/C
expressed in Eq.(8) is evaluated as unity:

Dy, - Hydrogen Diffusivity

The molecular diffusivity of hydrogen was estimated by correcting an experimental value for H, in
N, at 298°K (Sherwood 1975) to the assumed tank temperature of 289°K:

= 0.74 em¥s.

1.75
D, = 0.78 cm¥s = Zﬁ]
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€. T - Porosity. Tortuosi

The ratio €/t can be interpreted as a correction factor to apply to gas phase diffusivity to account
for the diffusional resistance of a porous solid. This can be illustrated by factoring Eq.(6):

€ Ac . AC
N = — D _ = D J—
AC . H Ax €AY (6a)
where,
D, = £ D, = effective diffusivity of H, in concrete, cm?/s.
T

Experimental measurements on the effective diffusivity of hydrogen through a concrete slab
(Atkinson et al. 1988) can be used to estimate a numerical value of e/t for concrete. Atkinson’s
1988 report a measured value of D¢ of 3.83E-4 cm?/s for a hydrogen-argon binary gas mixture at
a pressure of 1 atmosphere. The diffusivity of hydrogen in argon gas is estimated from molecular
theory (Bird et al. 1960) to be 0.77 cm?*s. Therefore, based on the measured value of D, and the
predicted value of Dy, the €/t ratio is calculated as:

D _ .
€ _ Zc _ 38EA4 | L9pa
T 0.77

This value of €/1 is used herein to obtain a best-estimate of the diffusional admittance factor D.

D - Diffusional Admittance Factor

The diffusional admittance factor, D, as defined in Eq.(8), is quantified using the numerical values
of individual parameters described in the foregoing paragraphs. Inserting values of parameters for
the tank ceiling concrete slab,

_ 4eDy AT (2.91E5em)(4.97E-4)(0.74cm/s)(1)

X 2.55¢cm’/s.
tAx C : (41.9cm)

The sensitivity of this analysis to assumed sealant diffusional resistance as evaluated by varying
the effective concrete thickness of the roof slab. The diffusional admittance of the tank
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ceiling for an effective concrete thickness of 99.06 cm is 2.55 x 41.9/99.06 = 1.08 cm®/s. This
effective thickness is calculated for a 0.25 in thick sealant layer that offers diffusional resistance of
100 times that of dry concrete. For the infinite thickness case {assumed impermeable sealant
layer) the diffusional admittance of the tank ceiling is zero.

For the exposed side wall, D, is:

_ AeDyAC  (5.80E5cm*)(4.97E-4)(0.74cmYs)(1)

D, = 6.99cm’/s.
TAXC (30.5¢cm)

The total diffusional admittance is the sum of that of the ceiling and exposed walls:

D = D, +Dy, = 255 +699 = 9.55¢m/s.

Comparing D (9.55 cm3/s)'with Q (2.70 cm’/s), indicates that the diffusional loss rate of
hydrogen from Tank 241-Z-361 is predicted to be faster than the ventilation loss rate.

D.4.3 PREDICTED HYDROGEN CONCENTRATION

Equation (4) expresses the equilibrium hydrogen concentration as the ratio of generation rate to
loss admittance factors. Inserting numerical values of parameters quantified in the foregoing
paragraphs, '

G _  621E-6 moles Hys
g+ D 270 em?s + 9.55 em/s

= 5.07E-7 moles H)em?.

" This concentration can be converted to a volumetric basis using the standard molar volume of
22,400 cm’/mole. Correcting for a temperature of 289°K (60°F) at tank conditions

moles H, em’H, 289 em*H,
507E-7 ———-= x 22,400 * = 1.20E-2
cm 3 mole HZ 273 cm 3

Thus the volume percent of H, at equilibrium is predicted to be 100(1.20E-2) = 1.20%. This
value is approximately 30% of the LFL for hydrogen in air.

The impact of lower diffusional admittances assumed for the ceiling is illustrated as follows. For a
sealant layer having one-tenth the best-estimate diffusional admittance, the equilibrium hydrogen
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concentration is:

3 3
120% * 270 em3ls + 9.55 em’is - 1.36%.

2.70 em3s + 6.99 em3ls + 1.08 cm?s

For the hypothetical impermeable ceiling case the equilibrium hydrogen concentration is:

3 3
120% * 270 cm°ls + 9.55 cm’/s - 152%

2.70 em3s + 6.99 emi/s + 0 cmils

These calculations show that the diffusional properties of the tank ceiling are relatively
unimportant because the diffusional admittance of the ceiling is small compared to the sum of
admittances estimated for the sidewalls and head space ventilation.

A bounding case with respect to diffusion is to assume both sidewalls and ceiling are impermeable
to hydrogen. For this hypothetical case the equilibrium hydrogen concentration is:

3 3
120%  * 270 em’ls + 955 em®/s - 5.44%

270 em3s + 0 cm’ls + 0 cm’ls

Predicted hydrogen concentrations for the several cases of diffusional properties assumed above
are sumunarized in Table D-2.

If the high end Pu estimate of 75 kg is used instead of the best estimate value of 31 kg for
estimating the hydrogen production rate due to alpha radiolysis, the equilibrium H, concentrations
in the tank would be approximately a factor of 75/31 = 2.4 times higher than shown in Table D-2.

The temporal approach to equilibrium may be quantified from Equations (3) and (4). Dividing
Eq.(3) by Eq.(4), the ratio of concentration at time, t, to the equilibrium concentration (teo } is:

c .
E‘- = 1-exp-[(Q + Dyiv] 9

oo

The time required to reach 99% of the equilibrium concentration may be quantified by setting
C/C.=0.99 in Eq.(9):

099 = 1 -exp -[(Q + D)/V]
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From algebraic manipulation of this expression, time can be solved for. Assuming the best
estimate diffusional admittance for the tank sealant, the time to reach 99% of the equilibrium
value is:

In(0.01)V  _ 4.61(9.25E7cm?)

099 = 348E7 s.
Q+D (2.70em’s + 9.55¢cm>ls)

The time required to reach 99% of the equilibrium concentration is 3.48E7 s, which is 403 days.
This time is short compared to the storage time of decades, so it is concluded that equilibrium
concentrations prevail in Tank 241-Z-361.
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Table D-2. Summary of Predicted Hydrogen Concentrations

Case Description Predicted Equilibrium H,
Volume Percent
%

Best Estimate Diffusional 1.20
Admittance for Ceiling and Walls

Ceiling Sealant Film with 1.36

0.1 of Best Estimate Admittance

Ceiling Sealant Film with 1.52

Zero Diffusional Admittance

Ceiling and Walls with 5.44

Zero Diffusional Admittance

Note: Ifa tank Pu inventory of 75 kg is assumed instead of the "best estimate” value of 31 kg,
the H, equilibrium values would be predicted to be a factor of 2.4 times higher than in the above

table.
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APPENDIX: E

CALCULATION OF POTENTIAL FLAMMABLE GAS FLOW RATE FROM
THE RISER THROUGH 1/16" CIRCULAR GAP, CONDUITS, NEEDLES,
OR ORIFICES
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E.1.0 BACKGROUND

Tank 241-Z-361 may be significantly pressurized due to sealing the tank in the mid 1980's and the
subsequent production of H, and O, in the tank from radiolysis. The 3 in. diameter riser on the
tank will be opened in a filtered glovebag to prevent spread of radioactive contamination to the
environment. The riser must be opened in a manner that controls the gas flow rate into the
glovebag to prevent the glovebag or its HEPA filter from being ruptured due to over-pressure or
tearing the glovebag from an excessively high flow rate. The flow rate can be controlled by
limiting the gap that can occur between the riser and flange. To further control the rate of
pressure relief from the tank, small conduits or needles can be inserted through the gasket (See
Figure E-1), or a band could be applied around the riser/flange joint with a properly sized orifice.

E.2.0 PURPOSE

The purpose of this calculation is to determine the potential blow down rate from the tank
assuming a 1/16" gap is opened on the 3" diameter raised face flange on the tank; and to
determine the size of the HEPA filter needed on the glovebag to accommodate such blow down
flow from the riser.

High flow rates that might potentially be achieved if such a gap were opened are believed to
necessitate the construction of specialized enclosures owing to the significant hydrodynamic
forces such flow will create. This Appendix therefore also provides calculation of the potential
flow rates through small conduits (needles) inserted through the flange gasket into the tank air
space and the flow rates through an orifice in a band around the riser/flange joint. Additional
calculations are provided to address the cases where an orifice in a circumferential band is used to
control the flammable gas release rate. Flow rates were limited to 6 scfin because this is believed
to be acceptable for typical glovebag construction. Confirmatory testing will be conducted to
ensure these values of flow do not create unforeseen performance issues.

The potential pressure and the H, concentration in the tank is calculated first to provide a bases
for estimating the blow down rate. To examine the sensitivity of the blow down and HEPA filter
sizing calculations to assumed flange gap size, an 1/8" controlled gap is evaluated in addition to
the 1/16" base case (see Section E.6).

E.3.0 INPUT DATA AND ASSUMPTIONS
1. All gases are assumed to be ideal at 298 °K (60°F)

2. Initial tank atmosphere is assumed to be air at a pressure of 14.7 psi when the tank was
sealed up in 1985.
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The 3" diameter riser is assumed to be schedule 40. The riser flanges are assumed to be
raised face, class 150 RF weld neck. (Diagram ofriser is provided in Figure E-1.)

The flow through the flange is assumed to occur through a 1/16" gap, controlled by
turning nuts on riser bolts in < half turn increments.

The H, generation rate in the tank due to radiolysis is 6.21E-6 moles/s, the oxygen
generation rate is 3.1E-6 moles/s (see Appendix D, pg. D-6). The gas generation rate is
assumed to be constant.

The tank is assumed to have remained perfectly sealed and airtight for 14 years (since the
tank was sealed in 1985).

The vapor space volume of the tank is 92.5 m’ (Appendix D, pg. D-6).

The pressure outside the tank at the time the riser is opened is assumed to be 14.7 psi.
Due to atmospheric pressure fluctuations, actual ambient pressure might be slightly higher
or lower than this value, but assuming 14.7 psi introduces little error.

The differential pressure across the glovebag HEPA filter(s) is not to exceed 10 in. w.g.
The glovebag is assumed to handle pressure at least as well as the HEPA filter (e.g., the
glovebag is assumed to not rupture until glovebag pressure exceeds 10 in. w.g.).

E.4.0 SUMMARY OF KEY FINDINGS

The potential current H, concentration in the tank was calculated to be 34 vol%.
The potential current tank pressure was calculated to be 15.5 psig.

The maximum instantaneous flow rate if the tank is vented with a 1/16 in. gap between the
two flanges on a 3 in. diameter riser was calculated to be 385 scfm.

For the controlled 1/16 in. vent path, the following nuclear separator-type HEPA filters
were found to be adequate to accommodate maximum vent flow while maintaining a
pressure drop across the glovebag HEPAs less than 10 in. w.g.

- one 12" x 12" x 11 4" HEPA filter

- two 12" x 12" x 5 78" HEPA filter
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] Prefiminary testing indicated the glovebag may not be able to accommodate as much
pressure drop as a separator type HEPA filters, and flow rates through the glovebag may
have to be kept below 6 scfim to ensure satisfactory glovebag performance. If the flow
rate is to be limited to 6 scfim, then a single orifice with a cross-sectional area equivalent to
an 1/8-inch diameter circular opening can be made in a band around the riser/flange joint.
Alternatively, a single, rectangular conduit with a cross-sectional area equivalent to a 1/8-
inch inner diameter circular conduit can be inserted through the gasket, or up to 6
“hypodermic” needles with an outside diameter of 1/16" may be inserted to relieve the
tank pressure.

E.5.0 CALCULATIONS

E.5.1 MOLES OF GAS INITIALLY IN TANK

The number of moles of air in the tank at the time of closure in 1985 can be calculated from the
ideal gas law.

PV
air RT

where,
n,;, = moles of air initially in tank
P = initial pressure in tank, 14.7 psi (E.3, item 2)
V = volume of vapor space in tank, 92.5 m* (E.3, item 7)

R = ideal gas constant, 0.08205 atm *
mol °K

T = tank temperature, 289°K (E.3, item 1)

(1 atmy(92.5m Y122 Ly
m

Ry = = 3.90E3 moles
0.082 4m*L g9 gy

mol+K )
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E.5.2 POTENTIAL HYDROGEN CONCENTRATION IN THE TANK

The estimated H, gas production in the tank due to radiolysis is 6.2E-6 moles/s; the estimated
production rate of oxygen due to radiolysis is half this value, or 3.1E-6 moles/s (E.3, item 5).

Assuming the tank has been sealed for 14 years, the number of moles of each gas generated due
to radiolysis in the tank is:

3600s,, 24k, 36

By drowen = (O-2E-6 moles/s)( ) X Sday)(l 4yr)
varogen 7 day o
= 2.74E3 moles
M ovvgen = (3.1E-6)(3600)(24)(365)(14)

= 1.37E3 moles

The volume percent hydrogen in the tank atmosphere is given by:

nhydrogen

hydrogen
nair + nhydrogerx + noxygen

From the previous section, n; = 3.90E3 moles. Therefore,

= 2.74E3 = 0.34 mol fraction

C
hydrogen 3 9OE3 + 2.74E3 + 1.37E3

{or vol fraction)

E.5.3 POTENTIAL PRESSURE IN THE TANK

- The potential pressure in the tank can be estimated using the ideal gas law:
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PV, mRT,
ne mRT,

where,

P = pressure

V = volume

n = number of moles of gas in the tank, total
R = ideal gas constant

T = tank air temperature

1 = initial condition

2 = final condition

Since the tank vapor space volume and temperature are constant,

P, = P/(n/n)
ny, =R, * nhydrogen + noxyger:

= 3.90E3 + 2.74E3 + 1.37E3 = 8.01E3
n, = n, = 3.90E3 moles

Therefore,
P, = (14.7 psi)(8.01E3/3.90E3) = 30.2 psia (15.5 psig)

The above calculation assumes all of the oxygen generated due to radiolysis is evolved into the
tank vapor space. Oxygen is quite soluble in water, compared to hydrogen, and would also tend
to be scrubbed by nitrate waste in the tank, so it is conservative to assume all the oxygen
contributes to tank pressurization. '

E.5.4 MAXIMUM INSTANTANEOUS FLOW RATE UPON VENTING

The maximum instantaneous flow rate upon opening of the riser can be calculated from Eq'n 3-20
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from the Crane Handbook (Ref. 1).

where,

5 APp,
q, = 412Yd°IS, ' (Egn.1)

q',, = flow rate, in scfim (@14.7 psia and 60 °F)

aP = differential pressure, in psi

K = sum of resistance coefficient or velocity head losses through the flow path
d = diameter of equivalent circular cross-sectional area to flow path, in inches
S, = specific gravity of gas relative to air, unitless

p, = density of gas, in Ib/ft*

Y = net expansion factor for compressive flow

E.5.4.1

Determination of K Value

A diagram of the raised-face flange joint is provided in Figure E-1. For this analysis, the riser
flange and blind flange are assumed to be separated to a controlled gap of 1/16 in.

The following frictional losses occur as the gas flows through the gap between the two flanges
into the glovebag.

1.

2.

Contraction losses as the gas in the vapor space enters the riser
Frictional losses due to flow through the riser, which is approximately 5 ft long

Contraction losses as the gases passes into the 1/16 in. slot between the riser
flanges

Frictional losses as the gas passes through the 1/16 in. slot between the riser
flanges

Expansion losses as the gas expands into the wider slot associated with the bolted
portion of the flanges

Frictional losses as the gas flows through the slot associated with the bolted
portion of the flanges

Expansion loss as the gas escapes from the flanges into the glovebag.
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All losses will be calculated relative to the first 1/16 in gap, using the following eq'n (Crane, pg. 3-
)

L L
(B)z, = (B)b(da/db)4 (Egn.2)
Where 'a' is the reference, and 'b' is the known value.

Frictional Iosses 1 and 2

Frictional losses associated with flow through the riser will be negligible compared to the
frictional losses associated with flow through the gap between the riser flanges. Frictional losses
1 and 2 are thus ignored. '

Frictional Loss 3
For sudden contraction into a sharp edged entrance, K = 0.50 (Crane, pg. A-26).
K, =0.50

Frictiopal I.oss 4

In order to calculate the loss due to sudden contraction, the equivalent slot diameter must be
known. The equivalent slot diameter is the diameter of a circular shaped conduit giving the same
frictional loss per unit length as the non-circular conduit.

Doiv = 4Ry (Crane, Eqn. 3-35)
where,
Ry; = hydraulic radius

The hydraulic radius is given by the cross-sectional area divided by the wetted perimeter of the
conduit. For the slot between the flanges, this gives

where,

RH - 2rrw
drwr + 2w

r = radius of riser, inches
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w = width of gap, inches
For a slot with a very small width to length ratio Ry,  w/2 and hence

d, . =2w

equiv

For the 1/16 in. slot, d_.., therefore = 1/8 in.

equiv
The frictional loss coefficient, K for the slot is given by:

K, = fL/dqu
where,

L = length of slot associated with raised-face portion of the flange, in inches
f = friction coefficient for flow through pipe

It is assumed the surfaces of each flange have a roughness equivalent to that of wrought iron pipe.

This is conservative as the surface roughness of the gasket would be expected to be rougher than

iron. Assuming fully turbulent flow through the slot, the friction factor, £, can be estimated from a

Moody Diagram. Extrapolating from the figure on Pg A-25 of Crane's Handbook, for D = 0.125
. in., f = 0.05.

Therefore,

x 2 005(Lin) _ o,
Y118 in)

The assumption of full turbulence will be verified later.

Frictional Loss 5

For expansion from sharp-edged exit K is given by (Crane, Pg. A-26) to be:
dz

Ky =[1 - =T (Eqn. 3)
dz
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where,
d, = characteristic diameter of slot between the two raised-faces of the flanges
d, = characteristic diameter of slot between the bolted portions of the flanges
d, = 1/8 in (dertved for Frictional Loss 4).
d, =2 in. (see calculations for Frictional Loss 6)

Hence,

L) R

27?
Frictional L.oss 6

This is similar to frictional loss 4. The width of the slot in this region is 4/16 in., accounting for
the two raised faces, the 1/16 in. gasket, and a 1/16 in. gap.

R, =2w =172 in.

and

d = 4R, =2 in.

equiv

Assuming turbulent flow, f for a 2 in. wrought iron pipe is about 0.019 from pg. A-25 of Crane's.
L for this portion of the flange is about 1.25 in. based on Figure E-1.

Therefore,

x - 0.019(1.25 in)

p = 1.19E-2
(2 in)

This frictional loss is small compared to K,, K,, and K, and hence is considered no further. The
number becomes even smaller when corrected back to the 1/16 slot basis.

Frictional L.oss 7
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The K of expansion on the gas leaving the riser is 1 (see Crane, pg. A-26). This K must be
corrected back to the 1/16 in slot basis.

This is done by first converting K to equivalent pipe diameters.

. . K,
pipe diameters = 7-

o e~

The f for the 2 in. equivalent pipe representing the gap between the bolted portions of the flange
was estimated before to be about 0.019. Hence,

e
o
o
0O

. This L/D is now converted to a L/D for the equivalent pipe representing the gap between the
" raised-face portions of the two flanges, using Eqn. 2.

L L. 4
(—5) (—= )1,(~——)4

b

I8 in.ys . §.0E-4
in.

L
(Fa = (52.6)(=

Now K, can be converted to the proper basis, using the friction factor for the raised face portion
of the flange.

&=ﬂ%L

K, = (0.05)8.0E-4) = 4.0E-5

This frictional loss is negligible and is ignored in subsequent calculations.

Total K
K=K + K, + K,
=0.5+04+099
=19
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E.5.4.2 Calculation of Flow rate

Flow through the flanges is calculated from Eqn. 1:

' APp,
g, = 4I2Yd2/Sg —

Y can be determined from the graph on pg. A-22 of Crane's. Y is a function of AP/P,; the specific
heat ratio for the gases of concern, k; and K. AP was calculated previously to be 15.5 psig.

AP 155psi 44

P, 14.7 + 15.5 psi

For the gases of concern in this analysis k = 1.4. K from the previous section is 1.9. From the
graph on pg. A-22 of Crane's:

Y = 0.69

The specific gravity of the gas in the tank is estimated based on the molecular weight of the gas
compared to air. From Section E.5.2, the number of moles of air, H, and O, in the pressurized
tank are 3.90E3, 2.74E3, and 1.37E3, respectively. The molecular weight (MW) of air is 29, the
MW of H, is 2, and the MW of O, = 32. The specific gravity of the gas in the tank is thus:

_ (3.9E3)(29) + (T4E3)(2) + (1.37E3)(32)
£ (3.9E3 + 2.74E3 + 1.37E3)(29)

0.70

it

The density of the pressurized gas in the tank is calculated from the mass of each gas in the tank
and the vapor space volume of the tank.
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(3.9E3 mol)(228) + (2.74E3 mol)(2E.) + (1.37E3 mol(>2&)
o = mol mol mol
‘ (92.5 m)
_ 176E3 g
m3

The units for this parameter have to be converted to Ib/ft; to be used in the flow rate equation.

1.76E b )

3g., | m
=8

> =0.11 B3
4g 3.28ft) %

p;:(

m
The diameter, d, used in the flow rate equation is the diameter of a circular shaped conduit having

the same cross-sectional area as the flow path through the gap between the raised-faces of the
flanges. The cross-sectional area of the flow path is

Ag, = 2Rrw
where,
r, = radius of flange, middle of raised face = 2 in.
w = width of gap between two raised faces of flanges, 1/16 in.
Therefore,
Ay, =2m(2)(1/16) = 0.785 in?

The diameter of an equivalent circle with the same area is given by

d - iMJ - ‘__._(4)(0-785) = 1.0 in.
Lo ie

Solving Eqn. 1 for maximum flow rate through the riser gives
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a'm (412)(0.69)(1.0)2 |(15.5)(0.11)
(0.70) 1.9

385 f1/min

Verify that flow through gap in riser is turbulent.

Re = 123.9 dgy, vP/1L (Crane, pg. 3-2)
where,

d_ v = characteristic diameter of flow path, 1/8 in. (calculated previously)

v = velocity, ft/s

p = density of gas, 0.11 Ib/f°
i = dynamic viscosity, in Cp.

u for the gas mixture can be estimated from the table on pg. A-5 of Crane's. At 60°F, the
approximate viscosities of the three gases in the tank are 0.017 Cp for air, 0.0085 for H,, and 0.02
Cp for O,. Calculating the mole-weighted viscosity for the mixture gives:

L. BIEDO01T) + 2TAE3)0.0085) + (1.37E3)(0.020)
mix 3.9E3 + 2.74E3 + 1.37E3

= 0.0146 Cp

Flow velocity through the gap in the flanges is given by:

. (385 3 mim(R
v = g—”—, = ( f )(60 ) = 1’180ﬁ
A (0.785 inty Ly ’
12in.
Re = 1239(UB)(BNO.1D) _ | 30ps

0.0146

The high Reynolds Number is well into the flat portion of the curve on pg. A-25 of Crane’s.
Further iteration of the flow calculations therefore is not necessary.
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Verify flow is not sonic.

From Crane, Eqn. 1-10, sonic velocity is given by:

v = Jkg 144P" V,

where,
v = mean velocity of flow, ft/s

k = ratio of specific heat at constant pressure to specific heat at constant
volume = 1.4

P' = pressure at the point of interest = 14.7 psia

V, = specific volume of fluid, f*/1b, at the point of interest
= 1/0 e = 18.9 R7/Ib where

P o =p; (14.7/30.2) = 0.11 (14.7/30.2) = 0.053

g = acceleration of gravity, 32.2 f/s

Solving gives:

2 in? b

s 2 3
\](104)(32.2 ft)(14412m. )(14..7 by 189 fi)
s

= 1,343 fils

b
1

Since the predicted velocity is below the sonic velocity, gas flow is subsonic.

E.5.5 SIZE OF FILTERS REQUIRED FOR GLOVEBAG

For comparison purposes, nuclear grade separator-type HEPA filters will be used as the basis to
determine the sizes of the filters required for the glovebag. 11-1/2" deep filters are typically used
where there is a need for a minimum amount of space relative to a maximum amount of flow.
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Some of the 5-7/8" deep filters will be assessed due to potential size limitations in the glovebag.
Flow capacity for the various filter sizes are shown in Table E-1. Generally, rated flow
corresponds to approximately 1 in. w.g. pressure drop. Typically, 10 in. w.g. is the maximum AP
a filter can maintain. Pressure drop across a filter is proportional to the square of flow velocity
and the square of flow rate.

AP « velocity? « flowrate®

The assessment of various filter sizes follows:
12" x 12" x 11 %" AP =1 in. w.g. for 200 cfin

Pressure drop at the estimated maximum flow through the riser {flanges of 385 cfm.

1 in.(385 ¢fm)?
(200 cfim)?

AP =

= 3.71 in. w.g.

One 12" x 12" x 11 %" HEPA filter is adequate for use.

8" x8"x57/8": AP=1.3in w.g. for 50 c¢fm

(1.3 in)(385 cfm)?
(50 c¢fm)?

AP =

= 77.0 in. w.g.

One 8" x 8" x 5 7/8" filter is unacceptable as AP is well above 10 in. w.g.

12" x 12" x S 7/8": AP =1.3 in. w.g. for 125 cfm

_ (1.3 in)(385 cfm)?
(125 cfm)?

AP

=123 in. wg.

One 12"x 12"x 5 7/8" fikter would be inadequate as the AP is above 10 in. w.g. However, two of
these filters would be adequate with each handling half the flow at a AP of 3.1 in. w.g.

E.6 CALCULATION OF MAXIMUM FLOW AND GLOVEBAG
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HEPA FILTER SIZE FOR CONTROLLED 1/8 IN GAP

This section is provided to provide a basis to evaluate the sensitivity of calculations performed for
the 1/16-inch circular gap calculated in the previous section.

E.6.1 DETERMINATION OF K VALUE

Frictional L.oss 3

Frictional loss 3 is the same as in the base case.
K;=0.5

Frictional Loss 4
ooy = 2W = 2(1/8 in.) = 1/4 in.

From graph on pg. A-25 of Crane's, = 0.034

K = (0.034)(1 in.)

s = 0.136
Lin)
(4 in.
Frictional L.gss 5
1
(Z)2
K, =11 - /7 =097
(2
Total K

Ko = Ky + K, +K;

=0.5+0.14+0.97

K, = 1.61

E.6.2 CALCULATION OF FLOW RATE
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) APp,
i Sg Ktor

From the graph on Pg. A-22 of Crane's, for AP/P, = 0.51, k = 1.4, and K, = 1.61:

Y = 0.675

d is calculated as in the base case:

A, = QE2)(1/8) = 157 in?

d = 14(1'57) = 1.41 in.
i

From the base case S, = 0.70, AP = 15.5 psi, and P, = 0.11.

g - (412)(0.675)(1.41)? ’(15.5)(0.11)
" (0.70) 1.61

= 813 scfm

Therefore:

. Flow was confirmed to be subsonic and turbulent for this case.

E.6.3 SIZE OF FILTERS REQUIRED FOR GLOVEBAG

12" x 12" x 11 %2": AP =1 in. w.g. for 200 cfin
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1 in(813 c¢fm)?
(200 cfm)?

AP =

= 16.5 in. w.g.

One 12" x 12" x 11 %" HEPA would be inadequate. Two 12" x 12" x 11 1/2" HEPA filters
would be acceptable.

12" x 12" x 5 7/8": AP = 1.3 in. w.g. for 125 cfm

Ap = (13 in)813 cfm)?

(125 ofim)’ = 55.0 in. w.g.

The AP is well above 10 in. w.g., and even two filters would not be acceptable.

E.7.0 FLOW THROUGH SMALL CONDUITS AND NEEDLES

High flow rates described in the previous section are believed to necessitate the construction of
specialized enclosures owing to the significant hydrodynamic forces such flow will create. This
section provides calculation of the flow rates through small conduits (needles) that are inserted
through the gasket into the tank air space. Flow rates were limited to 6 scfim because this is
believed to be acceptable for typical glovebag construction. Confirmatory testing will be
conducted to ensure these values of flow do not create unforeseen performance issues.

E.7.1 CALCULATION OF FLOW RATE

Flow through the flanges is calculated from Eqn. 1:

;- 412v4* | BPp,
" Sg Ktot

E.7.1.1 Determination Of K,
The following frictional losses occur as the gas flows out of the riser into the glovebag:

1. Contraction losses as the gas enters the conduit.
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2. Frictional losses as the gas flows through the conduit.

3. Expansion losses as the gas flows out of the conduit and expands into the glovebag.

Frictional Loss 1

For sudden contraction into an inward projecting pipe entrance, K=0.78 (Crane, pg. A-26)
K, =078

Frictional Loss 2

The frictional loss flow through the conduit is given by:

. S
Ry

where,

f = friction coefficient for flow through conduit
L = length of the conduit, in inches
d = diameter of circular conduit, in inches.

It is assumed the conduit is made of smooth metal, such as drawn tubing. This provides the
lowest value for f, which in turn provides a conservative (high) estimate of flow rate. The value
of fis determined from a Moody diagram. [See fluid dynamics textbooks such as Bober and
Kenyon (1980).] The value of fis a function of the relative roughness of the conduit, e/d, and the
Reynolds Number, where e is the surface roughness of the conduit in inches. The Reynold’s
Number is given by (Crane, pg 3-2):

Py
n

Re = 123.9dv

where,

d = the diameter of the conduit

v = the velocity of the gas through the conduit, in ft/s
u = the viscosity of the gas, in Cp (Section E.5.4.2)
p, = density of the gas, in Ib/ft* (Section E.5.4.2).
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To accurately determine the flow rate, an iterative solution is required. First, a diameter for the
circular conduit is assumed. Using this, and assuming turbulent flow, determine an f value from a
Moody diagram. After calculating the flow rate using Eqn. 1, verify on the Moody Diagram that
the Reynold’s Number and the e/d value correspond to the assumed value for £. This process is
iterated until convergence is obtained.

Frictional Loss 3

For expansion from sharp-edged exit, K is given by (Crane, Pg. A-26):

where,

d, = diameter of the conduit
d, = diameter of the conduit the gas expands into

For this analysis, it is assumed the gas expands directly from the conduit into the glovebag.
Therefore, d2 >> d1 and thus:

E.7.1.2 Flow Rate Calculation For A 1/16-Inch Circular Conduit

For drawn tubing, ¢ = 6 x 107 inches (Bober and Kenyon, Figure 6-4). With d= 1/16 inch,

= 9.6x107*

e

Assuming turbulent flow, from the Moody diagram (Bober and Kenyon, Figure 6-4), fis about
0.02. Assume a conduit length of 2.2 inches. This is the minimum distance from the outside the
flange to the air space inside the riser (See Figure E-1).

K, = Q_OQ[M] = 0.7
1/16 inches

Hence,
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K, =K +K, +K =078 +07 +1 =248

The value of Y is a function of X, 4P/P, and the specific heat ratio for gases of concern, &. The
differential pressure (AP) was determined to be 15.5 psig in Section E.5.3. The absolute pressure
in the tank (P) is therefore 30.2 psia. Therefore,

AP o1
P

For the gases of concern in this analysis, ~=1.4. From the graph on pg. A-22 of Cranes:
¥=0.71

From Section E.5.4.2, S, = 0.70 and p, = 0.11 I/ft’. Accordingly, the estimated flow rate
through the conduit is:

o = (412)(0.71)(1/16)" ' USSHOID _ | 3500
0.70 2.48

The value for f'is then checked.

The Reynolds Number is given by:

Re = 123.9a‘v&

u
where,
d = the diameter of the conduit
v = the velocity of the gas through the conduit, in ft/s
u = the viscosity of the gas, in Cp (Section E.5.4.2)
0, = density of the gas, in Ib/ft® (Section E.5.4.2).

The flow velocity (v) is calculated by dividing the volumetric flow rate by the cross-sectional area
of the conduit (given by ©d*/4). Accordingly, the flow velocity is:
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(1.35/1*/min)(1min/60secs)
[(3.18)(1/16inches)(ft */144inches )}
4

= 1060fY/s

Verify the predicted flow is subsonic as in Section E.5.4.2.

From Crane, Eqn 1-10, sonic velocity is given by:

v = Jig 144P Y,

where,
v = mean velocity of flow, ft/s
& = ratio of specific heat at constant pressure to specific heat at constant

volume = 1.4
g = acceleration of gravity, 32.2 fi/s*

P = maximum tank pressure at the point of interest = 14.7 psia
V, = specific volume of fluid, ft*/Ib, at the point of interest
= 18.9 f*/1b

Solving gives:

’ a2 3
3 J(1_4)(32.22ﬁ)(14;2m. y 147 1by 189 fi°,

s in? ib

=
|

= 1,343 fi/s
Since the predicted velocity of 1060 ft/s is below the sonic velocity of 1,343 fi/s, gas flow is
subsonic.

The Reynolds Number is thus:
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e - (123.9)(1/16inches)(1060ft/sec)(0.1116/ft)
(0.0146Cp)

= 6.2x10*

From the Moody diagram (Bober and Kenyon, Figure 6-4), flow is in the transition zone between
turbulent and laminar. The value for £ at this Reynolds Number and an e/d of 9.6x10™ is 0.023
versus the assumed turbulent f value of 0.020. Accordingly, an iteration will be performed.

Tteration 2

Assume f= 0.023,

K = (0.023)(2.2) _

081 = K, =259
2 1/16 tot

From the graph on pg. A-22 of Cranes:
Y=0.72

The flow rate for this new assumed f value can then be determined:

g'm = (412)(0.72)(1/16) | (15.5)(0.11) _ 1.34scfn
0.70 2.59

This is essentially the same flow rate as estimated before and will therefore give the same
Reynolds Number and value of /. Convergence has occurred and no further iterations are
required. This 1.34 scfm flow rate is well below the maximum desired 6 scfm, and would
therefore be acceptable.

E.7.1.3 Flow Rate Calculation For A 1/8-inch Circular Conduit
With d=1/8 inch,

_ 6x107°

2 = 4.8x107*
d 1/8

Assuming turbulent flow, from the Moody diagram, £ is about 0.018 (Bober and Kenyon, Figure
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6-4). Assume a conduit length of 2.2 inches. This is the minimum distance from the outside the
flange to the air space inside the riser (See Figure E-1).

2.2 inches

K, = 0.018] -
1/8 inches

1 =032

Hence, .
K,=K +K, +K, =078 + 032 +1 =210

The value of Y is a function of K., 4P/P, and the specific heat ratio for gases of concern, £. The
differential pressure (AP) was determined to be 15.5 psig in Section E.5.3. The absolute pressure
in the tank (P) is therefore 30.2 psia. Therefore,

AP _ 451
P

For the gases of concern in this analysis, &~1.4. From the graph on pg. A-22 of Cranes:
Y=0.68

From Section E.5.4.2, §, = 0.70 and p, = 0.11 Ib/f’. Accordingly, the estimated flow rate

through the conduit is:
2
g'm = (412)(0.68)(1/8)" | (15.5)0.11) _ 5 63cfm
0.70 2.10

The value for fis then checked.

The flow velocity is:

- (5.6/t*/min)(1min/60secs)
[(3.14)(1/8inchesy(fi */144inches %))
4

= 1096/t/s

The predicted velocity is subsonic. (Section E.7.1.2)
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The Reynolds Number can then be determined:

Re = (123.9)(1/8inches)(1096f1/sec)(0.11/b/f )
(0.0146Cp)

= 1.28x10°

From the Moody diagram (Bober and Kenyon, Figure 6-4), flow is in the transition zone between
turbulent and laminar. The value for f at this Reynolds Number and an e/d of 4.8x10* is 0.019
versus the assurned turbulent 7 value of 0.018. Accordingly, an iteration will be performed.

Iteration 2
Assume /= 0.019,

_ 001902 _

= 1/8

33 =K, =211

From the graph on pg. A-22 of Cranes:

Y=0.68

The flow rate for this new assumed f value can then be determined:

o' = (412)(0.68)(1/8)* l (A55)011) _ 5 6506m
0.70 2.11

This is the same flow rate as estimated before and will therefore give the same Reynolds Number
and value of /. Convergence has occurred and no further iterations are required. The 1/8-inch
diameter conduit gives an acceptable flow rate.

E.7.1.4 Flow Through A Hypedermic Needle

The gasket installed between the flange and riser was 1/16-inch thick before compression. It may
only be possible to insert a “hypodermic” needle through the gasket between the flange and riser.
The wall thickness of a typical hypodermic needle is about 0.14mm. Assuming a maximum needle
outer diameter of 1/16-inch, the maximum inner diameter of a needle that can penetrate the gasket
is:
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(1/16inch) - [(2X0.14mm)(1cm/10mm)(linchi2.54cm)] = 5.15x10 Pinches

With d = 5.15x10%,

-5
_ o0y 7eg0

e
d 5.15x10%

Assuming turbulent flow, from the Moody diagram, f'is about 0.020 (Bober and Kenyon, Figure
6-4). Assume a needle length of 2.2 inches. This is the minimum distance from the outside of the
flange to the air space inside the riser (See Figure E-1).

K, = 0.020[—22nches 1 _ g5

5.15x10 "% inches

Hence,
K, =K +K +K =078 + 085 + 1 = 2.63.

The value of Y is a function of K, ,, AP/P, and the specific heat ratio for gases of concern, k. The
differential pressure (AP) was determined to be 15.5 psig in Section E.5.3. The absolute pressure
in the tank (P) is therefore 30.2 psia. Therefore,

AP _ 51
P

For the gases of concern in this analysis, A=1.4. From the graph on pg. A-22 of Cranes:
¥=0.72

From Section E.5.4.2, S, =0.70 and p, = 0.11 /ft’. Accordingly, the estimated flow rate
through the conduit is: '

-0242
o = (412)(0.72)(5.15x10 % | (15.5)(0.11) _ 0.90scfm
0.70 2.63
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The value for f'is then checked. .

The flow velocity is:

3 - .
v (0.907% °/min){  min/60secs) - 1038/
[(3.14)(5.15x10 ~“inchesy*(ft */144inches ?)]
4
The predicted velocity is subsonic. (Section E.7.1.2)
The Reynoids Number can then be determined:
-02 3
Re = (123.9)(5.15x10 ""*)(1038f#/sec)(0.111b/f2°) _ 4.99510%

(0.0146Cp)

From the Moody diagram (Bober and Kenyon, Figure 6-4), flow is in the transition zone between
turbulent and laminar. The value for f at this Reynolds Number and an e/d of 1.17x107? is 0.025
versus the assumed turbulent f value of 0.020. Accordingly, an iteration will be performed.

Iteration 2 .

Assume /= 0.025,

_ (0.025)2.2) _
5.15x10 "%

1.07 =K _ = 2.85

fot

K

From the graph on pg. A-22 of Cranes:
Y=0.72

The flow rate for this new assumed f value can then be determined:

om = (412)(0.72)(5.15x10 "% | (15.5)(0.11) _ 0.87scfm
0.70 2.85

The value for f'is then checked.
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The flow velocity is:

(0.87/t */min)(1 min/60secs)

v = 1003/t/s
[(3.14)(5.15x10 "ZinchesY*(ft */144inches *)]
4
This predicted velocity is subsonic. (Section E.7.1.2)
The Reynolds Number can then be determined:
-02 3
Re = (123.9)(5.15x10 *)(1003t/sec)(0.111b/ft") _ 485704

(0.0146Cp)

From the Moody diagram (Bober and Kenyon, Figure 6-4), flow is in the transition zone between
turbulent and laminar. The value for £ at this Reynolds Number and an e/d of 1.17x107 is 0.025,
and convergence has occurred. The flow rate through the needle would be an estimated 0.87
scfim. Up to six needles could be inserted and the flow rate would be under 6 scfm.

E.7.1.5 Flow Through A Circular Orifice In A Band Around The Riser Flange

A band around the circumference of the riser and flange that overlaps both provides a seal as the
flange bolts are loosened. A circular orifice in the band will allow a controlled flow release.

The maximum instantaneous flow rate upon opening of the riser and venting it through a circular
orifice can be calculated from Eq'n 3-22 of Crane's, and is given by:

/

412 vd C
q'm =

—JAP
where, S Py

g

q'm = flow rate, in scfm
Y = net expansion factor for compressible flow
d, = diameter of orifice, in inches
. C = flow coefficient for square edged orifice
S, = specific gravity of gas relative to air, 0.7 in this case.
AP = differential pressure, in psi
p, = density of gas, in Ibs/ft’
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The value of Y is a function of the orifice size d,\d, (where d, = diameter of orifice and d, = .
diameter of pipe), AP/P, and the specific heat ratio for the gases of concern, k. The differential

pressure (AP) was determined to be 15.5 psig in Section E.5.3. The absolute pressure in the tank

(P) is therefore 30.2 psia, and:

AP/P =0.51.

For the gases of concern in this analysis k = 1.4. For the orifice size in this analysis d,\d, is very
small and falls in the range of 0 to 0.2. From the graph on pg. A-20 of Crane's:

Y =0.85

The value of C is a function of the square edge orifice size (d,\d,), and the Reynolds Number of
the flow. For the orifice size of concern in this analysis d,\d, is very small and falls in the range of
0to 0.2. From Section E.7.1.2, Re = 6.2 x 10* for the flow through a 1/16-inch conduit, and
from Section E.7.1.3, Re = 1.28 x 10’ for the flow through a 1/8-inch conduit. In the graph for
determination of C on pg. A-19 of Crane's, the value of C (when dg\d, = 0 to 0.2) is a constant
value for Re numbers in the range from 10* to 10°,

From the graph on pg. A-19 of Crane's then:

C=0.595

From Section E.5.4.2, S, = 0.70, p, = 0.11 Ib/f. Accordingly, the estimated flow rate through
the orifice with a 1/8-inch diameter is:

g'm = (412)(0.858(71(/)8)2(0.595) (55010

= 6.07 scfm.

This is desired flow rate to insure that the glove bag does not incur damage.

As long as flow is turbulent, the total flow rate is proportional to the square of the diameter of the
orifice. A 1/16 diameter orifice would have a flow rate of:
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6.07 scfm) {16V
(1/8)

= 1.51 s¢fm

A 1/4-inch diameter orifice would have a flow rate of:

(6.07 .s‘cfm)—(l/fi)—zw = 24 scfm
(1/8)?

E.7.1.6 Summary Of Conduit, Needle And Orifice Fiow Calculations

These calculations show that a 2.2-inch long tube with a 1/16-inch inner diameter would produce
a flow rate into the glovebag of about 1.4 scfim. A tube with a 1/8-inch inner diameter would
produce a flow rate of about 6 scfm. Because of the limited space available between the riser and
. flange, “hypodermic” needles may be the only objects that would fit. A hypodermic needle with
an outer diameter of 1/16-inch would produce a flow rate of 0.87 scfm. Up to six needles can be
used and maintain the maximum flow rate under 6 scfm. A 1/8-inch orifice in a band constricted
around the riser/flange joint gives a maximum flow rate of 6 scfm.
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Table E-1. Filter Sizes and Capacities
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Filter Size Dimensions Capacity

Designator o W b (cfim)
CC-F 12" 12" 11 %" 200
GC-F 24" 12" 11 15" 455
GE-F 24" 18" 11 %" 725
GG-F 24" 24" 11 %" 1000
BB-D* 8" 8" 57/8" 50
CC-D* 12" 12" 57/8" 125
GC-D 24" 12" 57/8" 250
GE-D 24" 18" 57/8" 375
GG-D 24" 24" 57/8" 500

* 1.3" w.g. maximum initial resistance. Otherwise 1.0" w.g.

Reference: Flanders Filters Inc., Bulletin 936
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Figure E-1. 3" Riser Raised Flange
(Dimensions per Tube-Turn Welding Fitting and Flanges, Catalog 311)
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APPENDIX F

EVALUATION OF 3-INCH AND 8-INCH RISERS FOR
BREATHER FILTER MOUNTING ON TANK
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F1.0 INTRODUCTION

This report provides the results of the structural analysis performed on the 3-inch (nozzle H) and
8-inch (nozzle A or B) pipe risers of Tank 241-Z-361 where breather filters will be installed (See
Appendix A for sketches of the Tank). Tank 241-Z-361 has been out of service for several years
and Babcock & Wilcox Hanford Company (BWHC) is in process of characterizing the waste left
in the tank. Before the waste can be sampled breather filters must be mounted on the one or two
of the pipe risers to mitigate the build up of dangerous gases in the tank. A sketch of the breather
filter is included in Appendix F.A.

Tank 241-Z-361 is a rectangular underground tank built out of reinforced concrete with a carbon
steel liner on the sides and bottom. The tank has eight carbon steel pipe risers ranging from
2-inch to 8-inch diameter on its top slab. Previously, Fluor Daniel Northwest, Inc. (FDNW),
evaluated all of the pipe risers (Ref 1) to determine the riser capacity and validate the load limits
of 100 tbs horizontal and vertical and a 50 fi-1b torque established in the “Draft Justification for
Continuing Operation of Tank 241-Z-361".

This re-evaluation of 3-inch and 8-inch pipe risers for breather filter mounting was performed by
FDNW at the request of BWHC by Task Order Release for Task Order No. PF820.

F2.0 SUMMARY AND CONCLUSION

The 3-inch (nozzle H) and 8-inch (nozzle A or B) pipe risers were analyzed to determine if they
would support the installation of breather filters. The analysis assumes a 50% reduction in the
wall thickness of the riser due to corrosion over the 50 years of service. Two load cases were
evaluated; load case 1 included loads which would occur during installation of the filter. Load
case 2 included the loads expected to occur during operation of the filter. The analysis
demonstrates that nozzles A, B, and H are adequate to withstand the loads from both load cases.

F3.0 APPROACH/EVALUATION

The 3-inch and 8-inch pipe risers were evaluated using hand calculations. First, the pipe riser was
analyzed as a cantilever column with the length of the column being from the middle of the
breather filter to the top of the embedded plate (see Appendix F.A). Since the properties for the
weld of the embedded plate to the pipe riser and the pipe riser are approximately the same, this
one analysis covered both of them. Second, the embedded plate and concrete was analyzed by
evaluating the punching shear of the embedded plate on the concrete.

The following two load cases were identified for the analysis:

Load Case 1: Loads encountered during installation of the breather assembly.
500 Ibs vertical (weight of the filter plus the live load)
250 lbs horizontal (applied at the top of the riser)
100 fi-lbs torgue (applied at the top of the riser)
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Load Case 2: Loads encountered during operation of the filter.

250 Ibs vertical (weight of the filter)
Horizontal seismic load based on performance category 2 (Ref. 4)

The analysis of the 3-inch and 8-inch pipe risers is located in Appendix F.B.

F4.0 RECOMMENDATIONS

Based on the analysis performed, the 3-inch and 8-inch pipe risers are structurally adequate to
receive the breather filter. In the first evaiuation performed on the risers (Ref. 1), it was
recommended that the interaction of stresses for the pipe risers be limited to 0.5 (the normal
interaction is 1.0). This was done to account for unknown factors. However, for the 3-inch riser
during the installation of the breather filter (load case 1), the interaction of stresses was 0.75.
This interaction stress is above the (.5 recommend by the first evaluation (Ref. 1). This is
acceptable for the following reasons: the loads will be applied for a short period of time during
installation of the breather assembly and the wall thickness of the pipe has been assumed to be
only 50% of its original thickness in analysis.

F5.0 REFERENCES

1. Letter report, “Engineering Load Evaluation of the Riser on Tank 241-Z-361,”
dated January 1998, Task Order PF820, by Fluor Daniel Northwest, Inc.,
Richland, Washington.

2. Letter, D. P. Hughes, Area Manager, Fluor Daniel Northwest, Inc., to A. L. Ramble,
B&W Hanford Company, “Engineering Load Evaluation of the Riser on
Tank 241-Z-361,” dated 2/10/98 (CO-98-037).

2. cce:Mail, D. M. Bogen, B&W Hanford Company, to D. P. Hughes, Fluor Daniel
Northwest, Inc., “Statement of Work for Fluor Daniel Northwest Riser Evaluation,” dated
May 18, 1998 (CI-98-115).

4. HNF-PRO-097, Rev. 0, Project Hanford Procedures, Engineering Design and Evaluation,
dated 10/15/97.
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APPENDIX F.A
TANK SKETCHES
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APPENDIX F.B
CALCULATIONS
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Page Lot /!

CALCULATIONS AND SKETCHES SHFET |
FLUOR DANIEL NORTHW EShammecosn T e — —— |
CLIENT: BWHC CALC No.: PP012-03 RBV.: 0
DBEPARTMENT: CIVIL ORIGINATED BY: s gonfed ATE: &/ 05745
CONTRACT/TASK ORDER No.: CHECKED BY: ﬁzfa &’ DATE: sA4CTE
65100201-PPO12 7 )
LOCATION: 200 West PEP REVISED BY: DATE:

SUBIECT: Riser Analysis for PFP Tank 241-Z-361 Nozxles A or B and H for the loading of the breather
filter

ORYECTIVE

This calculation will samlyze nozzies A or B sod H of tank 241-Z-36) =s shown ou pages 3 and 4 of this
calculation.

METHODS
Hand methods using standard sngioeering poactices.

REFERENCES ]
1. AISC, Maousl of Steel Construction, Allowable Siress Design, Ninth Edition

2. ACT S1SR Buidieg Code Requiretnents for Reimforced Comcrets

3. Dexiga of Welded Structores,

4. Crane, Fiow of Fuilds Through Valves, Fiitings, and Pipe, Techaical Paper No. 410
s, Drawings H-2-16024 , H-2-16640, and H-2-90718 St 3

6. FCNN 25603

7. Uniform Bullding Code, 1997

8. Ststetment of Work (Attachment A)

9. HNF-FRO-097, Praject Hanford Procedorss, Enginsering Design and Evaloation.
CONCLUSION

Rixers A or B, and H wers analyscd for the two Joad cases described ia the statzement of work (Attachmeot
A). All of the soxales were determined to be strocturally sdeqaate to withatand the applied loads.

CALCULATION

Nozzte Configurution

Tank 241-7-361 has cight poszies. A sketch of the norzie locatioa is shown on page 3 and 4. This skeech
provides and idextification letter for each bocgle. Dotalls of how the nozzies are socursd to the concrele are
shown va Page 5.

Nozzies A, B, C, D, sad H

These riscrs were installed with the original coustruction nsing the smbedded norzie detall shows i
o Page 5. Pictures of the interior of the tank takes (n 1975 show timt all metal below the water

Hne has cocroded away. Metal above the water line is badly rasted but is Still there. The waderskie ;
of the concrete top sppears to be discolored but the Lrws from the forms boards wre seill viaibls.
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Pagey of {}
CALCULATIONS AND SKETCHES SHEET
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PPOI2 /

LOCATION: 20C West PFP

DEPARTMENT: CIVIL

REVISED BY: DATE:

SUBJECT: Riser Anatysis for PFP Tank 241-2-361 Nozzles A or B and H for the losding of the breather filter
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CALCULATIONS AND SKETCHES SHEET

FLUOR DANIEL NORTHWEST.

REV.:0
ORIGINATED BY: [ auf AW DATE: ¢ 058

CALC No.: PP012-03

CLIENT: BWHC

DEPARTMENT: CIVIL

CONTRACT/TASK ORDER No.: 65100201- CHECKED BY:

PPO12

/ayoz/%@ DATE: /5375

DATE:

REVISED BY:
SUBJECT: Riser Analysis for PEP Tank 241-Z-361 Nozzles A or B and H for the loading of the breather filtec

LOCATION: 200 West PFP
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PPOI2 /
LOCATION: 200 West PFP REVISED BY: DATE:

SUBJECT: Riser Analysis for PFP Tank 241-2-361 Nozzles A or B and H for the loading of the breather filter
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Page G of //
CALCULATIONS AND SKETCHES SHEET
FLLUOR DANTEL NORTHWESL L
CLIENT: BWHC CALC No.: PP01203 REV.: 0
DEPARTMENT: CIVIL ORIGINATED BY: 2%, i) U Houwe DATE: &/¥/ps/
CONTRACT/TASK ORDER No.: CHECKED BY: , /é“‘ DATE: 6/65/%F
65100201-PPOL2 .

LOCATION: 200 West PFP REVISED BY: DATE:

SURJECT: Riser Analysiz for PFP Tank 241-Z-361 Nozzles A of B and H for the loading of the breather
filter

Nozzles E, F, and G

These risers were installed in the mid 1970's using a bace plate with emhedded bolts (see page 5).
Riser E was ingtalled at 8 differend thme and there is insufficlent date (ie base plate thickness, and
size of eratvedded bolts) is available to atmiyze this narzle, Riscrs F aod G were tustall after the une
of steare in the tank was discontinucd. Therefore, the rise will have minimal degradation dum to
corrosios.

APPLIED LOADS
As directed in the statement of work two londs cases will be applied te the nazries

Load Case 1: Loads encountared during instaliation of the fiter.
500 s vertical {weight of the fikter plus the Nve load)
258 s horiaontal ( applied at the top of the riser)
108 fi-Ib torqwe (applicd at the top of ths ricer)

Load Cate 2; Loads encountered during operation of the fiter
256 s verticnl (weight of the filter)
60 s harizontal { seiamic Joud as calciated below)

Calculation of scismic load (Ref §)
Pipe cisex for fRter assembly is ta be analysed as Performance Category 2 (Ref. 8).
UBC Seismie Zoae 2B (Rod. 9 Sec. 4,1.5.1) will be used to comply with this criteris.
Terefoge per UBC requarement (Ref. 7, Sec. 16M.5):
Y=2056°Ca*l*w
V0564034 1.25*2%0 =60

ASSUMPTIONS
1. The thickneis of the base metal of the risers A, B, and H will be decreased by one half to
account for corrasion. Eor these risers this reduction due to corrosion amounts to myore that 1.5
mils per year. This fs greater than whet is assumed for the double shelind tanls and therefore s
conservative.
2. The outside of the pipe was not affected by corrosion.

3. The weld of the riser to the embedded plate wiil be sssumed to be an all around et weld of the
same thickness as the embedded plate.

4. The ¢utside of the pipe embodded in the concrete is mot affected by corroshon.
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CALCULATIONS AND SKETCHES SHEET
FLLUOR DANIEL NORTHWESsssss — r——
CLIENT: BWHC CALC No.: PP012-03 REV.: 0
DEPARTMENT: CIVIL ORIGINATED BY: DYy & Quqi_,‘_p;ms e/ 458
CONTRACT/TASK ORDER No.: CHECKED BY: %ol DATE: 4/5 Al
65100201-PPO12 G
LOCATION: 200 West PFP REVISED BY: DATE: r

SUBJECT: Riser Analysis for PFP Tank 241-Z-361 Nozzles A or B and H for the loading of the breather
filter

5. The embedded piste will be astiuned to be placed at the middie of the concrete top.

6. Fouar inchet will be used for the distance firom the embedded piate to the reinforcing steel.
Assmptioss (con't)

7. When analyzing the concrete for the punching shear the strength of the refnforcing steel will he
neglected,

8. The Yield Stress for carbom Steed will be 36 ksi.
9. The positive cffect of the soll depth oa the unhraced length will be conservatively neglected.
10. The hrace on rigser H will be conservatively neglacted.

NOZZLE ANALYSIS

Noazles A, B, and E will sl be analyzed the same way. Flrst, the pipe will be analyzed as
canttiever cotumn with the length of the column being from the top of the flange to the top of the
etebedded pinte for Losd Case 1. For Load Case 2 the Isngth will be from the cestar of the [iter to
the top of the embeded plate.  Since the properties for the weld of the embadded plate to the pipe
and the pipe riser ave approxtmately the same, this one analysis will cover both. Second the
embadded plute and concrete will be anslyzed evaluating the punching shear ox the concrete.

;
LOAD DIAGRAM |
Physica) properties are tabulated on page 9, k
v R. |
K‘JP/ Stressas ot the Sgovort :
T i Axial fs = Pv/a :
| i Shear fv = (Ph/a) + (Pt*c/D :
}":! Bending fh = (Ph*1*e)/1 |
X
§l Allowsbic Siresscs (AISC)
' Fa = 36 ksi ® Ca (table 3 AISC, pg $-119)
\i! Fr = 43§ Kksi
i Fb = 6 * 36 ksi
—+ P 4 I
(Ia/Ta) + (Iv/Fr)} + (Tb/Fb) 1
Tabulated Recuits are shown oo Page 10.
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CALCULATIONS AND SKETCHES SHEET

FLUOR DANIEL NORTHWEST.

REV.:0
ORIGINATED BY: Daf&ﬂ!‘(%«u DATE: Q_V'ff{

100201- CHECKED BY: f@( /?,U DATE: ﬁ/«ﬁf”

CALC No.: PPO12-03

CLIENT. BWHC

3

DEPARTMENT: CIVIL

CONTRACT/TASK ORDER No.: §

PPOI2

DATE:

REVISED BY:
SUBJECT: Riser Anslysis for PFP Tank 241-Z-361 Nozzles A ar B and H for the loading of the bresther filter

LOCATION: 200 West PFP

Nozxle Data for dasign purposes
Toesional
Nomina Nominal{ Nominal | Redutad | Reduced | Moent | moment
Riser inMubation |Riser Pipe | Embedded| Length'| Wall | Ama Wall Ares | of neitia | of inestia *
identification Detall Sixe Plsle Dia I 05 n.w Thickness EY I J
{seepage d) | (seopage B}1  (in) (i) ) g -| {0 {in} fin {in’) ')
ABLCT A ] EEX] qn_ 0.32 3.4 0.18, 4.28 3835 18.7
A8 102 A 8 135 87| .32 B.4 D 18/ 4.28] _ 18.35 76.7
BLCY A 1 7.5 54 0.22] z.228] 0.11 1.18 1,66 .34
MLCZ A 3 7.5 81 0.22] 2228} 0.108 1.16 4.8_ 3,314,
Radius
Radius of of Alowabls Slregses .
Riser | inalafetion [ ©OD {Gymlon*| Kir | Comprussion| Bending | Shaor
Idenlification Detsii [ r =24 | kifCc?] Ca® FexFy'Ca | Fbm.6Fy | Fy=A"Fy
[{see pagn 3) | (soa page 5} () | (i) = 1 (psh)
AMLCT A 43 7, 50, 0.4 0.5 18324]  21600] 14400
ANBLC2 A 4.31 259 ©8.08 0.54] ' 0.51 18324 1800 14400
HLCt A 1.75 120; 94.50] 0.75) 0.38 $3044 21800 14400
HLC2 A 1.75 1.20] 94178 1.2 o.um_ 7431 T 21600] 14400
8. r3 (2/8)™* {ref Blodget pagn 2.2-7)
b, J= 21 (ref Blodget 2.10-1)
£. Cais from table 3 of ihe AISC Page 5-1140
d. Co= 125.1 {rel AISC Page 5-120)
€. AISC Table C-C2.1 pags 5-133, Fixad-froe end restrainis
{. For Load Case 2 add 27 Inches (Ref drawing H-2-20718 shievt 3)
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CALCULATIONS AND SKETCEES SHEET

FLUOR DANIEL NORTHWESEusswrreremm—

CLIENT: BWHC CALC No.: PP012-03 REV.: 0

DEFPARTMENT: CIVIL

ORIGINATED BY: Dui QA paTe: ¢/ /¢
CHECKED BY: %t/,/é;,,, DATE: £/2 75

CONTRACT/TASK ORDER No.:
65100201-PPOL2

LOCATION: 200 West PFP REVISED BY: DATR:

SURIECT: Riser Analtysis for PFP Tank 241-Z-361 Nozzles A or B and H for the loading of Lhe breather
filtex

AISC Code Busad
PIPE COLUMM LOAD EVAUATION
App#ed Load Caiculated Strasses 1Combined Strestas
Moment facefhety
Load Rises Yartical | Homietad | Torsion Benting | Axisl | Shear | Bencing | Fa Py v

Case | Wewtification Py ) Pt PhwPhel fa fv f Value Acceptabie
{Ths} {be) if1-e) (in-) tpsi) | tptd {ped Valuo < 1

1 AGB 250 100 18000 116.82F 126.84] 202402 011 Yos

2 ASB 25 50 of s620] ses1] 1402 65447 0.03 Yoz

1 D&H 500 260 100) 13500] 434.78] 681.07] 14231.93} 075 Yes

2 D&H 250} o] of 4850) 217.39] 5217} 5123491 027 Yos
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CALCULATIONS AND SKETCHES SHEET
FLUOR DANIEL NORTHWEST
CLIENT: BWHC CALC No.: PP012-03 REV.:0
DEPARTMENT: CIVIL ORIGINATED BY: ~fuc DAIE: §-¢-9&
CONTRACT/TASK ORDER No.: 65100201- CHECKED BY: %7; /,.?;;, DATE: W/
PPO12
LOCATION: 200 West PFP REVISED BY: DATE:

SUBJECT: Riser Analysis for PFP Tank 241-Z-361 Nozzles A or B and H for the loading of the breather filter

Concrote Anstviisfor Risers AL B, and H

This analysis will compare the nctual thear load (V) to the allswable shear load (Vo) per ACI to
determine the facter of salety. The load factors will bs inciuded in the Vu texm

Terms and Definition:

¥u = the actwal factored shear Joad

LL > Live Laad

DL = Dead Load (the dead load will bs neglectsd)

Ve = the allowable shear Joad of the concrete

Vs = the aliowable shear lead of the steal (=8, asaumption 7)
Vn = the nemxinal allewable shear load

$ =085

Load Disgrass

ABowable Shear Load (V&)
Vn=Ve+Va

Cordcae TR Tap Vemdopliop o d
Vu=$Vn

\ EMaeooen |1V Actualshear
A “"‘_’2 Fo Va=1.7(LL) +L.4(DL)
| : LL= (Pv+ (27 PVd)
e 3 “, -

Determine Factor of
- = Safaty

F8=VaiVa
Fs= 85(VayL7LL,

Physlcal Properties
d,=g
b, = Circumiference of {he emnbedded plate
', = 3000 pal

Tabulate Results are thown on page 12
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FLUOR DANIEL NORTHW ESihermraye—eeer e

CLIENT: BWHC

CALCULATIONS AND SEETCHES SHEET

CALC No.: PP012-03

REV.: 0

DEPARTMENT: CIVIL

ORIGINATED BY: ),

CONTRACT/TASK ORDER No.:

65100201-PFOL2

CHECKED BY:

DATE: & /q’/-fg’

LOCATION: 200 West PFP

REVISED BY:

DATE:

SUBYECT: Riser Analysis for PFP Tank 241-Z-361 Nozzies A or B and H for the loading of the breather

flter

Riser Plate Plate Venicsl |  Bending Factored Factored | Factor o
Wentification |  Clametes Circumfarencs 1038 Moment Actusl Adowadls | Sefary
m (ses page T {sos poe 7) Shear Lond Shear Laad ¥rivu
dr bo Py Ph Vu ¥n
fio) il sl ) Qba} Bs)
Y 13.50 4241 500 18000 538933 | 3159111 8
_gl A&S 12.80 42.41 250 5620 160078 | 3tset.1 17
| oan 7.50 23.58 500 13500 970.00 | 1758062 3
4 saH 7.50 23.56 250 4360 2628.20 17550.82 7
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ArracaMent A &_(_.&1(.4173,4 FPeiz- 82

Author: Dennis P Hughes at “HANPORDQIE

Dates $/19/98 11:13 AM

Priority: Normal

T0: Hian A Hag at “HANPORDOTE

TO: David 8 McShane at “HANFORD1OA

Subhjmct: FW: Statesent of Work for FONW Riser Evalusation

- - +~= MessaAge Contents -——

~=—=Original Nessage-----

From: Kaith V Scott@apexc.rl.gov (SMTP:Keith V_Scott@apexc.rl.gov]
Sent: Nonday, May 18, 1998 5:03 PX

To!t buans M BogeniuplncOl.:l.gov

subjact: Statsment of Work for FONW Rlser Bvaluation

Ref. Letter, D. P, Hughes to A. L. Ramblme, “Structural Integrity
Assessment for PPP Tank 241~2-361", dated February 10, 1598.

Sratemant of Wark
For the first phase of the characterixzation of tank £-381,
breather filters will be wounted as nseded {on one or ctwo :llcrc}

to snsure the tank stays balow 25% of the LYL. The breather
filters will be mountad directly on a 3-inch rigser (nozzle H in -
the rafsrence lettsr) and, if necessary, ancther filter will be
mounted on an 8§-lnch riser {eaither nozzlie A or B in the reference

letter). The configuration of the filter housing assarbly is
shown on deawing H-2-90728 8h. 1, 2, and 3. The installation of
& filter housing on the B-inch riser will require the addition of

an adapter (part 3 in drawing H-2-85349 sh. 1).

FDNW is requested to svaluate If the risers selectsd have
sufficisant load capacity to carry the filters.

Riser Loads: . .

1. Assumad Filter assenbly weight ~ 250 1lbs.

2. Natural Phenomenon Hazards — Psrformance Catesgory 2

3. ULive lcad ~ 250 lbs. vertical and 250 lbe. lateral nnd 100
ft—-1bs torgque {These live loads may be encountered during
filtaer installation).

VYVVVVYVYVVYYVVVYYVYV VIV VVYVYYYVYVVYVYVVYVVYVYVYYVYY

AITA=/

F-20


http://BapnSaphOl.rl.gov
http://SCottCap.xc.rl.gOv

HNF-2024, Rev. 2

APPENDIX G

BASIS FOR ACCEPTANCE OF TANK LOADING DURING PHASE-I
INSPECTION ACTIVITIES OF TANK 241-2-361
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BASIS FOR ACCEPTANCE OF TANK LOADING DURING PHASE I INSPECTION
ACTIVITIES OF TANK 241-Z-361

INTRODUCTION

This report provides an engineering basis for the acceptance of the resulting tank loads associated
with the proposed Phase I inspection activities of Tank 241-Z-361 in support of the Justification
for Continued Operation (JCO) for Tank 241-Z-361 (Ref. 1). Tank 241-Z-361 is an inactive,
underground storage tank located within the protected area of the Plutonium Finishing Plant
(PFP) in the 200 West Area of the Hanford Site. The tank is a reinforced-concrete, rectangular
underground structure used as a settling tank to receive low-salt, liquid effluent from PFP
processes from 1949 to May 1973. After 1973, the liquid from the tank was pumped leaving
about 75 cubic meters of sludge in the tank. The tank was last monitored internally and
photographed in 1975, and then sealed, including sources of ventilation.

Because of the uncertainties regarding the present structural condition of the tank, Fluor Daniel
Northwest, Inc. (FDNW) had recommended the performance of a load test prior to allowing any
significant direct access to the tank (Ref. 2). The testing consisted of two work packages: one
for performing a perimeter load test to alfow personnel and equipment of up to 300 Ibs to safely
approach the tank with a safety factor of two; and the second for performing the dome load test
to allow a working load directly over the tank of up to 2,000 Ibs with a safety factor of two. The
perimeter load test was successfully completed (Ref. 3) by moving a remote controlled robot
weighing 600 Ibs over the adjacent soil perimeter access area (2 to 10 feet outboard of the tank
perimeter) surrounding the tank. The dome load test was successfully completed (Ref. 4) by
placing a water tank near the center of the 241-Z-361 tank and incrementally filling the water tank
to a total test weight of 4,000 Ibs.

The proposed Phase I inspection activities require the placement of a containment tent (800 lbs),
breather filter (250 lbs), tripod/chain fall (200 1bs), tools/monitoring equipment (100 1bs), and up
to ten support people (2,000 lbs) on or near the 241-Z-361 Tank. The total weight directly above
the tank is estimated to be approximately 1,616 Ibs which is within the 2,000-1b working load limit
established through the dome load test. The total weight within the access area of the north wall
is estimated to be approximately 1,732 lbs. This exceeds the 300-1b access area limit established
through the soil perimeter load test and hence requires additional justification for the specific
proposed loading configuration.
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The layout of equipment and support personnel (see Figure 1 of Appendix A) for the proposed
Phase | inspection activity of Tank 241-Z-361 is acceptable. The 1,616-1b total load directly
above the tank is acceptable since it is less than the 2,000 Ib working load limut established
through the dome load test. The remaining 1,732 Ib load within the access area to the tank is
acceptable on the basis of a comparative assessment that showed that the resulting moments
induced in the tank side wall are less, by at least a factor of 2 in the region of interest, than the
resulting maximum moments induced by either the 1992 record 21-inch snow fall or the tank wall
moments induced by the past practice of parking of a 12,000-Ib armored car near the tank. In
addition to the loads resulting from the Figure 1 configuration (see Appendix A), two other load
configurations were evaluated: the movement of the NEVS cart within the containment tent
(includes cart, support equipment, and three support personnel for a total weight of 732 Ibs) and
the placement of waste drums (total weight of 1,500 Ibs) approximately 15 feet outboard of the
tank’s east or west wall. Both of these load conditions are acceptable.

The region of primary interest for the tank is the lower half of the wall because of the uncertain
potential degradation of the wall from exposure to the waste content. In addition, the lower
portion of the wall is expected to be subject to greater lateral wall pressures from the existing in-
place soil loading. The lateral wall pressure and resulting wall moments from the proposed activity
is shown to be greatest in the upper half of the wall which is less challenged by the in-place soil
loading and is less likely to be degraded in strength. The lateral wall pressure from the armored
car has a greater effect on the lower portion of the tank wall. However, in the case of the uniform
snow load, the resulting lateral wall pressure is uniform over the wall.

For added flexibility in operations, the allowable concentrated load within the tank access area
was also determined as a function of the perpendicular distance of the load to the tank while
maintaining a factor of safety of 2 relative to the 1992 record snow load experienced by the tank.
Multiple concentrated loads within the access area to the tank can be easily evaluated for
acceptance by requiring that the sum of the ratios of each individual applied load to allowable load
- at the distance of the applied load to the tank be less than or equal to one. This evaluation
method can be applied to each of the walls separately. However, for loads within 2 feet outboard
of the wall, 50 percent of this load shall be considered as acting on the tank dome (roof) when
evaluating the acceptability of loads directly over the tank. Loads beyond 20 feet from the tank
walls can be considered as unrestricted.

APPROACH / EVALUATION

The accurate prediction of the resulting lateral wall pressure distribution on an adjacent below
grade wall from a concentrated surcharge load at soil grade on backfill is a difficult task.
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Empirical relations have been developed (see Figure 14-5 of Ref. 5) as well as theoretical
solutions (Ref. 6). Even in the case of earth pressure loading, the actual distribution of the [ateral
wall pressure from the in-place soil is dependent on the compaction of the backfill soil during
construction and the flexibility of the tank walls. Compaction of the soil can lead to a more
uniform lateral wall pressure with soil depth than the usually assumed linearly increasing pressure
with depth. Actual earth pressure distributions are not typically linear.

The Boussinesq theoretical solution for the lateral wall pressure from a concentrated surcharge
load is recommended in Ref. 6 as the preferred approach. It is based on the Boussinesq solution
for the radia} pressure (resolved in the perpendicular direction to the wall) in an elastic semi-
infinite half space (see Appendix A for equation). This equation is dependent on Poisson’s ratio
for the assumed elastic medium and can have a significant effect on the results depending on the
compaction of the soil. The resulting lateral pressure distribution predicted from this solution
method is more concentrated and gives smaller lateral pressures as the load approaches the walt
than predicted by applying the lateral pressure coefficient (K) to the vertical pressure distribution
given by Boussinesq (see Appendix A for this alternate method). In an attempt to bound the
actual lateral pressure from the concentrated loads both approaches were considered. A
Poisson’s ratio (v} typicat of Hanford Site soil of 0.27 (Ref. 7) was assumed and for consistency
K was taken equal to v / {1 - v) = 0.37 assuming an elastic isotropic medium.

In the case of the uniform snow load the lateral increase in pressure on the wall is given by KQ,,
where Q, is the vertical pressure applied to the ground by the accumulated snow. For the
December 1992 record snow fall of 21 inches the total precipitation at the Hanford weather
station was reported as 1.82 inches (Ref. 8, pages 4.2 and 4.8) corresponding to a uniform ground
pressure load of 9.46 Ibf/ft? or a lateral uniform wall pressure of 3.5 Ibf/ft.

The tank wall moments induced by the past practice of parking of a 12,000-1b armored car near
the tank were also considered. Typically an armored car was parked at an approximate 45-degree
angle, approximately 6 feet from the north-west corner of the 241-Z-361 Tank. In addition to the
loads resulting from the Figure 1 configuration (see Appendix A), two other load configurations
were evaluated: the movement of the NEVS cart (92 Ibs) within the tent with support equipment
(40 ibs) and three support personnel (600 Ibs) for a total weight of 732 Ibs and the placement of
waste drums (total weight of 1,500 Ibs) approximately 15 feet outboard of the tank’s east or west
wall,

Details of the load configurations considered are shown in Appendix A. The results of the
evaluation are summarized in Table 1. The acceptance of the proposed load configurations is
based on maintaining a factor of safety of 2 in the lower portion of the tank wall relative to the
maximum moment induced in the wall from either the snow load or armored car load. This has
been demonstrated for all load cases considered, as shown in Table 1, for either of the methods
used to predict the lateral wall load induced from the concentrated surcharge loads considered.
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The moments induced in the wail from the lateral pressure distributions are conservatively
calculated based on assumed one-way action of the wall which is assumed fixed at its outer
boundaries.

In addition to the above proposed load configurations evaluated, the allowable concentrated load
within the tank access area was also determined as a function of the perpendicular distance of the
load to the tank while maintaining a factor of safety of two relative to the 1992 record snow load
experienced by the tank. The allowable concentrated load, Q oy (1bS), as a function of
perpendicular distance, D (ft), from the tank wall is given by the second order regression
equation:

Quowane (D) =957 +163.6 D + 8.14 D? .
Multiple concentrated loads within the access area of the tank can be easily evaluated for

acceptance by requiring that the sum of the ratios of each individual applied load, Q, to allowable
load at the distance, D, of the applied load to the tank be less than or equal to one, i.e.

ZN: o !

10 957+163.6D,+8.14D]

This evaluation method can be applied to each of the walls separately depending on the location
of the load relative to the nearest wall and is valid for either the end or side walls.

However, for loads within two feet outboard of any of the walls, 50 percent of this load shall be

considered as acting on the tank dome (roof) when evaluating the acceptability of loads directly
over the tank. Loads beyond 20 feet from the tank walls can be considered as unrestricted.
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UNCERTAINTIES

Although there are uncertainties in determining the actual lateral pressure transmitted to the tank
walls, the bounding engineering approach applied herein is considered conservative. Loadings
which differ from the proposed activity can be evaluated as discussed above. The application of
these results does not address the true capacity of the tank but the capacity of the tank relative to
loads that the tank has already experienced. Hence, the true safety factor for the proposed
loading is at least two and may be much greater pending verification of the actual structural
integrity of the tank. However, the apparent safety factor of loads present during periods of
significant snow or rain fall will be reduced in direct proportion relative to the 1992 record snow
fall accumulation. The apparent safety factor of the loads with snow or rain fall present is equal
to the safety factor without snow or rain fall times the quantity 1 minus the ratio of the current
accumulated moisture to the moisture accumulated (1.82 inches) in the 1992 record snow fall.

REFERENCES

1. Report, Justification for Continued Operation for Tank 241-Z-361, HNF-2024, Rev. 0,
dated January 1998, Richland, Washington.

2. Letter report, “Structural Integrity Assessment for PFP Tank 241-Z-361,"
dated December 1997, Task Order PFR20, by Fluor Daniel Northwest, Inc.,
Richland, Washington.

3. Letter report, “Result of the Load Test Perimeter of Underground Tank 241-Z-361
Roof,” TRP-98-003, dated October 1998, Task Order TM22, Fluor Daniel Northwest,
Inc., Richland, Washington.

4. Letter report, “Tank 241-Z-361 Dome Load Test Results Summary,” dated October
1998, Task Order TM22, Fluor Daniel Northwest, Inc., Richland, Washington.

5. Report, Soils and Geology Procedures for Foundation Design of Buildings and Other
Structures (Except Hydraulic Structures), ARMY TM 5-818-1/AFM 88-3, Chap. 7, dated
October 1983, Department of the Army and Air Force, Washington, DC.

6. Bowiles, J. E., 1988, Foundation Analysis and Design, 4th edition, McGraw-Hill, Inc.,
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7. Report, Soil Structure Analysis Tool and Properties for Hanford Site Waste Tank
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June 1994, by Pacific Northwest Laboratory for U.S. Department of Energy,
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Table 1. Resulting Side Wall Loading on Tank 241-Z-361 for Proposed Phase-1
Inspection Activity Compared to 1992 Record Snow Fall and Parking of Armored Car Near

Resukmg Rauo of Maodmum Moment from Snow or Amored Car Load Depth (1) from Top of Wak
Toul Maaum Wajl ndoced 1a Momeat fom Proposed Actmiy where Ravo First Exords 2
Load Descnplion Surcharge Laterat Moment Armoed Car Saow Anmored Car Saow
Case Losd Pressure (-BoNy (Case 5y (Caze &) Laze D (Case 3 | (Case 6y | (Case
@O0 | Max | Min | Max | Min | Max | Mm | Ma | i
Nocth Wall (15 < 20 ft) Laterat pressure cocfTerent' * v emiacal pressuns from Boussnesq sobolon a1 wall for d foad on foitc chxsix redum
Tent {3 suppors) + (00 b x Psd 1 (4 Rout fromwal) | 1.500bs 16 243 -122 >0 14 > 10 it =10 27 19 I+ ]
+5001b st Pad 2
2 |Tent+ 732 b at Pad L (4 B out Gomwal) L1332 ks 18 U7 -129 > 10 14 =10 1 > 10 25 LA 1 [
3 (Tent+ 722 b ot Pad [ (3 f out Fromwil) L132 s 12 187 47
4 [Tent+200 1 at Pad 1 (4 i out fromwald) 1332bs 0% 13.7 %7
+732batPad 3
5 12000 Armoned Car 6 foet from cormer 12,000 s 40 400 77
& [12.000k Amored Car 10.6 feat from comer 12,000 s 16 s 134
7 [199221-i0. Soow Fall Accurmbanon 245108 35 652 27
East or West Wall 28 x208) (Case {CaseD)
8 |Waste Droms st Ceator of Tank 15 AL from Walt 1500 s 02 60 28 >0 19.4 L}
9 1992200 Snow Fall Accumalation 946 B! 35 s3  -86
Nork Wall (15<20 8} Dircct sehutios (or teral presave a0 wall fern B q solubon for d load on finne cimst dmmiv =27}
b |Tent (5supports) + 600 I 3t Pad 1 (4 fiout fromwally LE00 bs 5 LIK) 310 =10 11 > L8 >10 10§ 37 3% 4
+ 800 2t Pad 2
2 ITeot+7320 ut Pad ] (4 & cut fromwal) 1Lix2bs 50 L3 -33.2 >10 104 >10 11 >0 098 3 3 35
3 |Tent+ 7520 m Pad 145 & out from wall) LI32 ks 35 a2 -253
4 |Tent + 200D u Pxt 1 (3 & out from walf) 1332bs 22 338 -166
+T32batPad 2
5 12,0000 Aoored Car 6 fost fromeomer 1200083 91 0.9 A4
6 12,0000 Armored Car 106 feet from comer 120003 47 %7 366
7 1992214, Snow Fall Acewsutation S45BOY 38 &3 57
East or West Wall (23 x 20 1) (Case 9 (Case 9}
8 |Wastc Drums & Centor of Tank L5 ft frova Wall 150003 Q6 17.5 43 >10 66 0
9 {199221+n. Soow Fall Acaumimtion 946 boa’ 35 163 586

'1 ateral pressure coefficient, K = v /(1 - v) = 0.37 for Poisson's ratio (Hanford Site backfil! soilt) v = 0.27

Total weight of contamment tent = 800 ths with total of 10 supports or 80 1bs / support

Corner of Tank.
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APPENDIX G,A

SUPPORTING CALCULATIONS

G-9




HNF-2024, Rev. 2

Page 1 o090

ENGENEERING CALCULATION COVER SHEET

FLUOR DANIEL NORTHWEST
DATE: 17 Nov. 1998 REV.O0 .}
DEPARTMENT: CIVIL / STRUCTURAL ORIGINATED BY: David S, Messinger ,PE  DATE:}7 Nov. 1958
ENG COMM. NO.: CHECKED BY:L.J. Julyk DATE:17 Nov. 1598
AREA: REVISED BY: DATE:

SUBJECT: INDUCED PRESSURE ON TANK 241-Z-361 SIDEWALL FROM CONCENTRATED SURFACE LOAD

CLIENT: BABCOCK AND WILCOX HANFORD COMPANY
CONTRACT NUMBER: TASK ORDER TM22
CALCULATION IDENTIFICATION T™M22-C-01

Y /A
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Fluor Danlel Northwest, Inc. Caic No._ TMZ2-C &Y
EVALUATION ANALYSIS
PaNo_/ o 7O
Clhant:___Eabsock & Wikcox Hanford Carmpany WOMe, TH2X o
Subject:__J41I-M1Undecarosmd Tank Oada: By: 5‘(
Location:_PEP 200 W Ared - Hanford Siie, Richiand. Washinggon Raviead: . g
OBJECTWVE: Determine the Factor of Safety of anticipated operational loads versus

previously applied vehicle and precipitation loads from the armored car
parked adjacent to the tank and the 1292 snow load as described in
reference 2. See Fig. 1 for the operational load pattems considered.

CRITERIA: Task Order PF820 .

ASSUMPTIONS:  Soil is in an “at rest” condition; i.e. {elastic response - high relative density).
Soil conditions are as described in reference 5, Table 4; L.e. having a
Poisson's ratic of 0.27. The factor of safety will be based on the ratio of
incremental moment induced in the tank walls from the applied load casas
assuming one-way action across the horizontal tank dimension. Based on
photegraphs taken in the late 1970's the wall area below the eight foot level,
as measured from the tank top, was not visible and must therefore be
considered possibly of lower structural capacity than the visible portion of
wail abave the eight foot tank level. The wall stress's or moments are
therefore of more concem in this area than the area above the eight foot
level.

. METHOD USED: Hand calculation using "Mathcad 6+" soiver software. Two methods of
analysis were used: The first was using Bossinesq technique to determine
the vertical pressure aiong the tank face and muitiplying this by a *K" factor
{at rest coefficient) to determine the wall pressure. "K' was determined from
measured Poisson's ratio (Ref.5, table 4 and Ref.3, E.Q. 10-13). This method
will be referred to as the classical method.

The second method was to use Bossinesq equations to determina soil
stresses in the horizonta? direction as recommended in references 1 and 2.
This method will be referred to as the elastic method.

LIMITATIONS: The actual corwdition of the tank side walls are unknown and must be
: ascertained on the basis of loads from vehicles operating near the tank, load
tests applied to the tank top and the effect of environmentat loading from
precipitation.

REFERENCES: 1. Foundation Analysis and Design, Fourth Edition, 1988, Joseph E.
Bowles, P.E.,S.E., McGraw-Hill, New York, New York.

2. Advanced Soil Mechanics, Braja M. Das, McGraw-Hili, New York,
New York.

3. Foundations, Retaining and Earth Structures, by Gregory P.
Tschebotarioff, Second Edition, McGraw-Hill New York, New York.
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4. Letter Report, "Engineering Basis for Critical Lift and Load Test Plan for
Tank 241-Z-361," FONW, by D. S. Messinger and M. A. Haq, dated
March 1998.

5. Report, Final Report for Task Order ICF KH-8008-3, Frofect W-580,
Replacement of the Cross-Site Transfer System, Hanford Site, Richfand
Washington, by Shannen and Wilson, Inc. March 1995,

CONCLUSION:

The stresses induced in the tank walls from the December 1892 precipitation (Ref. 4, pg.3)
loading exceeded the loading on the tank from the vehicle traffic (armored car). The anticipated
wall stresses from the proposed load cases are well below strasses believed to have been
induced in the wali from the precipitation load.

The factor of safety relative to the precipitation loading is well in excess of 2:1 in tha portion of
the wall where concem for the structural integrity of the wall was in question {j.e. eight feet or
more below the tank top). This can be seen in the FS (Factor of Safety) plots for each of the load
cases investigated.

Sevaral ather load cases were investigated that would determine the maximum allowable
concentrated load placed normal to the long wall of the tank at the wall centesline. Points
investigated were at the following offset distances: Oft., 5ft., 10ft, 15fL. and 20 ft..

It was datermined that the allowable load at the wali face was 950 lbs.; at 5 {t., the allowable icad
was found to be 1,800 Ibs.; at 10, 3,415 ibs.; at 15 ft., 5,000 Ibs; and at 20 ft, 7,850 ibs.

Since practical operations will require some loading at various locations simultaneously, a
regression analysis was performed on the calculation results. An expression was then developed
that will aliow for any loading pattern within 20 feet of the wall to be evaluated. Q, is the discrete
load and D, is the associated distance from the tank wall. if the loading combination satisfies the
foliowing expression, then the load pattern is acceptable.

N Q,
) ;
i 957+163.6D,+8.14D);

sl

The classical method of analysis as well as experience has shown that at distances beyond the
depth of the tank, the loading has fittle if any effect. Therefore loads beyond 20 feet can be
considerad unrestricted.

L.oads placed within 2 feet of the tank edge will also effect the tank top. One-half of any load.
placed within 2 feet of the tank edge should be considered to be tank top ioad.

Calculations follow:

G-12
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Chacled: lig/ef

Locstion;_PFP 20 W.Ama - Haofond Site Bichiand Wisshinginn Revieed:

CaleNo _TM22.C-D1
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Client __Bahcock & Wico x Hanford Company . wWoMNe._TM22
Lateral | oad on Taok Wall fom Comcentoted § aad at Caade: Checked: _ By-
Location: ._PER 2100 W Ama - Hanford Side_Richimnd, Whshington,  Revised: By:

80 lb. LOAD POINTS FOR TENT FRAME LOADS

Tent frame Tonk 241-z-361
support point,
(Typ>

-3,75

I\d -3,23 []

7 ~-3,-235 E:l [:] 8,25

0,0

-3-75 4 = B g,-75

23,-7.5

Fig. 2
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Client .. Bahcaek & Wilcax Hanford Gompany WoMNo, TMZ
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Latesat ! nad on Tank Wait from Coneentratert | oad af Crade ana&nﬁf%f__ey:
Location: _PEP-HI0 W Ama - Honfoett Site Bichiand Washington Revised: By:

12,000 lb ARMORED CAR POSITIONS

Tank 241-z-361

/& 0;0

&
b-Q

\( (-4.72,-4.72>

Note: Armored car
positions are nirror
image of actual
location. This was
done as a
computational
simplification.

5
W

(-8.96,-8.96)
(2.12,-10.61

(-2.60,-15.32)
(8.49,-16.97)

(3.77,-21L69

-r

Fig. 3
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By: i
By:
By:

EVALUATE CONCENTRATED LOADS BASED ON "BOUSSINESQ" EQUATION TO DETERMINE STRESS ON A
VERTICAL PLANE "P" AT A POINT {r,y,2} along the wall face using "Poisson’s ratio™,

GENERAL LATERAL PRESSURE FUNCTION
F:=0 2:=0,1.20 y:=0,1.15 L:=15 v:=027 Qs.-946 K=t

I-v
ol 3l P2 r
HQ.n2,y) =— Ref 1, eq. 11-17a, fig. 11-16
2% (r H : 4’; +y2+z (J12+y +z’+z)J Jrl+

DISCRETE LEFT END REACTION FUNCTION .
2
Ry2B) F, Gy -y e
L

LOAD CASE 1: TENT FRAME LOAD PLUS 600 LB AT STEPOFF PAD (1) AND 806 LB AT'STEPOFF PAD ()
SPECIFIC PRESSURE ARRAY FOR WALL FACE

F = [p(80,25,22- 2y~ -3)+ p(80,25,22-2,y- 8) + p(80,7.5,22- 2,y--3) .. | FILLING POINT LOAD ARRAY
Y 14p(80,75,22- 2,7~ 2.5) + P(80,7.5,22- 2,y - 8) + (600,4.0,22- 2,y- 55) . Pl <F
+p(200,80,22 - 2,y ~ -.75) + p(600,80,22- 2,y- 1) / =

LEFT END REACTiON VECTOR  LEFT END FIXED MOMENT VECTOR - GENERAL SHEAR ARRAY

L ¥
- (L Y) -
RL = Z R(y,z,P1) ML := Z Pl oy V=Rl - Z L,
y=0 y=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
My.z:=MLz- Z le-y - Vy'z-y Ml =M Vi=V
y=0
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Oate: By

LOAD CASE 2: Pressure and total force exerted on tank endwall due to 5 point loads of 80 Ib from tent frame
and one 732 Ib concentrated load from cart at pad {1) and no load at pad (2). Load center for pad {1) s 4 ft.
from tank end wall.

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F = (p(SO.ZS,Z?.- Z,¥~--3)}+p(80,2.5,22-2,y- 8)+p(80,7.5,22- 2,¥--3) .. FILLING POIFI' LOAD ARRAY
T 14p(80,7.5,22- 2,y - 25) + ¥80,75.22- 2,y - 8) + p(732,40,22- 2, 5.5) y

P2:=F
LEFT END REACTIONVECTOR  LEFT END FIXED MOMENT VECTOR  GENERAL SHEAR ARRAY
L L © )2 ¥
RL = 2 R(y,z,P2) ML s Z P, iy VR Z 2
y=0 y=9 y=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPEGIFIC SHEAR ARRAY
4 ’ V2=V
M, M- Z P2y -V, M2 =M
y=0

LOAD CASE 3: Pressure and total force axerted on tank endwall due to 5 point loads of 80 Ib from tant
frame and one 732 ih concentrated load from cart at pad (1) and no load at pad {2). Load center for pad (1)
is § ft. from tank end wall.

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F (9(80.25,22- 2,7~ -3)+p(80,25,22- 2,7~ 8) + p(80,75,22- 2,y -3) .. ) FILLING POINT LOAD ARRAY
(80,7522 7,y 25) + p(80,75,22- 2,y- 8)+ p(732,50,22- 2,y- 5.5) p3 :<F

LEFT END REACTION VECTOR LEFT END FIXED MOMENTVECTOR  GEMERAL SHEAR ARRAY

L L
2
- L-y J
RL= Y R(.2P) ML= )Py L, v e Y e
= 0 = 0 Y.2 T nt
y ¥ y=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
Y
My'z,:MLz.. Z P3’.l-y —V’-:-y M3 =M V3=V
y=0
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25X

LOAD CASE 4: Pressure and totat force exerted on tank endwall due to § point loads of 80 |b from tent frame
and one 200 [b concentrated load from HPT at pad (1) and cart load of 732 Ib at pad {2). Load center for pad

(1} is 4 ft. from tank end wall.
SPECIFIC PRESSURE ARRAY FOR WALL FACE A
FILLING POINT LOAD ARRAY
F = p(80,25,22 2,¥~-3)+ (80,25, 22~ 2,y- 8) + p(80,7.5,22 - 2,y .3) ... P4 :=F
¥ l+p(80,7.5,22- 2.y - 2.5) + (80,7522 - 2,y - 8) + p{200,4,22- 2,3- 5.5) .
+p(732,80,22-2,y- 1)
LEFT END REACTION VECTOR  LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L @ )2 y
. - -3 -
D D LT S ;LY
y=90 y=0 . y=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
¥
M, ML - Z P4y -V, ¥ M4 =M V4=V
y=0

LOAD CASE 5: A 12,000 Ib armored car located as shown in fig. 3 at position "A”,

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F, _=[p(3000,8.96,22- 2,y -8.96) + p(3000,4.24, 22 2,y ~ (-4.24)) .. FILLING POINT LOAD ARRAY
Y2 |+ p(3000,106,22 - 2.y~ 2.12) + (3000, 15.32,22 - 2,y - - 2.60) o
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L y
- - L-y .
RL := Z R(y,z,P5) ML = Z PS,.,-y-—-:z—- Vo R~ 2 PS,
y=0 y=0 y=0
GENERAL MOMENT ARRAY SPECHIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
¥
M, =ML - Z PS oy -V, .3 MS =M VsV
y=0
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LOAD CASE 6: A 12,000 [b anmored car located as shown in fig. 3 at position "B".

SPECIFIC PRESSURE ARRAY FOR WALL FACE

B o=p(3000, 1532, 22- 2,5~ - 260) + p(3000, 1060,22- 2,y - (212)} . FILLING POINT .0AD ARRAY
+p(3000, 16.96,22- 2,y - 848) + (3000, 21.68,22- 2,5 - 376) g
LEFT END REACTION VECTOR LEFTEND leso MOMENTVECTOR  GENERAL SHEAR ARRAY
L y
, - (L y N
RL = Z R(y,2.%6) M, = Z VR 2 ®
y=0 y=0
GENERALHOHENTARRAY SPECIFIC NOMENT ARRAY SPECIFIC SHEAR ARRAY
M- Z By -V, Ms:=M V6:2V
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LOAD CASE 7: December 1992 precipitation toad primarily made up of 21 inches of snow fall accumulation.
Water equivalent precipitation was 1.82 inches of water with negligable evaporation loss. Equivalent ground
load is 9,46 pst. Use a lower at rest soil factor of 0 TO for an estimated uniform wall foad of 6.62 psf

SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY

Fy,zzzK.QS P7:=F

LEFT END REACTION VECTOR LEFT END FiXED MOMENTVECTOR  GENERAL SHEAR ARRAY
L y
- (L ) .
RL: ” Z R(y.z.F7) ML Z Y Vr.z - RLZ- z w:.z .
y=0 y=0 y=o

GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY

Y
M""::M‘z-— Z P"’lt'y - vYoz.y W = v

MAXIMUM PRESSURES, SHEARS AND MOMENTS FOR LOAD CASES 1 THROUGH 4

max(P1) =1.63 max(P2) =178 max(P3) =1.25 max(P4) =0.85

min{P1} =0.01 min{P2) =001 win(P3) =0.01 min{Pd) =0.01

max( V1) =9.13 max( V2) =895 max( V3) =6.39 max(V4) =5.33

min{ V1) =-6.03 min{ ¥2) =-6.14 min(¥3) =-5.08 min{ Vi) =-6.03

roax(M1) =24.25 max({M2) =24.66 max(M3) =18.73 max(M4) =13.68

min(Ml1) =~12.23 min(M2) =-12.92 min{M3) =-9.67 min{M4) =667
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SRN TS ]
: 10
o ls\ \ 3 \\ \ A 7
1 STH I max(P1} = 1.63
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i Lnad on Tank Wafl fiom Concentrated L.oad Checked: WLJ.EE
Location: _PFP 300 W Arxa - Hanford Site, Richiand, Washinglon Revised: By:

CONTOUR PLOT OF FACTORS OF SAFETY FOR
LOAD CASE ¢ VS MAXIMUM MOMENTS PRODUCED
BY THE ARMORED CAR LOADING iN POSITION "A",

CONTOUR PLOT OF FACTORS OF SAFETY FOR
LOAD CASE 1 VS MAXIMUM MOMENTS PRODUCED
BY THE ARMORED CAR LOADING IN POSITION "B".

FACTORS CF-SAFETY > 10 HAVE BEEN FACTORS OF SAFETY > 10 HAVE BEEN

NORMALIZED TO 10 TO REDUCE PLOT NORMALIZED TO 10 TO REDUCE PLOT |
CONGESTION. CONGESTION.
s :=:I(Mly'z>0,mn(MS),min{M5)) st :_B‘{Mly'z>0,max(M6).mm(M6))
ne Ml B Mi
b 1% 4 Y.z

FSISNM :=a(rsrs,l;<1o.5515,r v 10) stNm :=if(FSle,=<10,F516m,10}

min(F815) = L. 45max{FS13) = 264.11 min(F$16) =1.0%max(FS16) = 181.65

FS WITH ARMCRED CAR AT "A" F§ WITH ARMORED CAR AT °B"
T e
Eaunl’ i Y S 2 ; . 54
i 1 RN AR, 5
. H- Iy 3 [\ 5 1 ‘ ‘?‘ " ; 4 |
- D5 ! i ] \ / 2 LB _ g
5 - I X st . |.': ¥
- e
B AL e
: s
~1- ) - 3 4y
Mips i, <R OV o RUATA 5
Iy 2 ! w1 TTRERAYS N 1 jilgesEAL 3
-1 ‘, / [;! 1 i ~1i1H ‘ s m
-12_‘3;3. 3 .:l\ ’/ I3 lt 7 i H. : \ \ ng AR
-3 \ /J's lll ~13- L\ ‘Z_ L[ ..
- - ]
i NN ]
L
et i Y // l[[[ ] -6 : 3Y u/_ s 4111 us s
=171 Is-— 55“ \ f /{5 e | \jl M3 SR ﬂ\ U ;
-18-H3. shad 10— 5 -’:—hd,_ ——ss s ~18H4, 6.t S -
ot TS 1/ el 1is N, i3
g1 = I M
1 3 ] T [
8 1 2 3 45 6 7 % % BEHIDIBWIL 9 1 2 3 45 6 13 910N 2B
(FSI5N) (FSI6N)
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PageNo. 20_ot 90
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it o
Ravised: By:

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 1 VS MAXIMUM MOMENTS PRODUCED
BY THE 1892 SNOW LOADING OF §.62 PSF ON THE WALL FACE. FACTORS OF SAFETY > 10 HAVE
BEEN NORMALIZED 7O 10 TO REDUCE PLOT CONGESTION.

o

) i:(m,_go,m(m,m(m))

M}’_z

FSITN :=if(FSlT <10,E817 10)
i e ne

RSI7

mi{F817) =2.67 max(F§17) =430.79

FS OF CASE 1 VS 1992 SNOW
-1
TNl )
- Jl ?
R 1%
e mu e Wl
{ \ /
4, ‘\‘s / b3 ’
- '\\ P .5 _II o
“t / i
- 9 N[ 4 i ;
_‘ d J\‘\ ‘r t
I WA
Sl AN S/ |
. W T LA
NPl (1)
st m&&\ \/
“1Hus Ll‘ Fg. 169,
-1t ot 55P5=10
_1 SN
\\‘k\ /A )
P01 23 4567183 501120 WE
(FSITN)
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CONTOUR PLOT OF FACTORS OF SAFETY FOR
LOAD CASE 2 VS MAXIMUM MOMENTS PRODUCED
BY THE ARMORED CAR LOADING IN POSITION “B",

CONTOUR PLOT OF FACTORS OF SAFETY FOR
LOAD CASE 2 VS MAXIMUM MOMENTS PRODUCED
BY THE ARMORED CAR LOADING [N POSITION "A".

FACTORS OF SAFETY > 10 HAVE BEEN FACTORS OF SAFETY > 10 HAVE BEEN
NORMALIZED TO 10 TO REDUCE PLOT NORMALIZED TO 10 TO REDUCE PLOT *
CONGESTION. CONGESTION. :
if{M2, >0, max(MS), min{MS} (M2, >0, max(MS), min(M6
FS25 = 02 ) F$26 = e i 04)
s M2 v M2
n.z ¥.2

FS25N :=ir{Fszs <10,FS25 10) FS26N :=if(Fszs <10,F$26 .10)
Nt nhZ nr I ¥,z Y.z

min(FS25) = 1.7 max(FS25) =224 min{F$26) =1.04 max(F526) =154.06

FS WITH ARMORED CAR AT "A" - FS WITH ARMORED CAR AT B
-1 S 3 1 /::‘s% 23
. $ .1_11‘/3/ AN, 13 - 1/ '\\ Al
RIVEEL A \ TR £ T\ g e} \ Dy e ¢
. . i . ) :
Y 8.5 ' .
AL, \ - N L4 5 \
6 i Tt 11
- \ £ 1 3} A I \
AN Nz W
™ } N 9 5 ALY < il
-4 . 2 Racyl) >
/ X | i/ 2 i\ A L
o / 101 s m)
AN ) RN T
™ AR : " 3 48 0
H 0
—1H N -3, 233,
13- Vi
] f
“147S.
anyi : 71
-16 9 ‘\/(/ e ' 1 $.9
T il : JV A TS
) 2NN Y T
- a1/ s Y1/ Mhfos s Sl
== ZA T
Ul 3 45 67t mlRBMI 0123 436718900 RBNDY
(FS25N) (FS26N)
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Date:
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Reviesd:
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Caic Mo IM22L01
Ravigiors_0
PageNo 22 o 10

Al

2

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 2 VS MAXIMUM MOMENTS PRODUCED
BY THE 1992 SNOW LOADING OF 6.62 PSF (LOAD CASE 7) ON THE WALL FACE. FACTORS OF
SAFETY > 10 HAVE BEEN NORMALIZED T 10 TO REDUCE PLOT CONGESTION.

(M2 >0, max(M7), min(M?

L T )00
»z M2

Y.z

PSUN, c=ifffs27, <10,FS27, ,10)

min(F527) =2.53 max(F$27) =365.37

FSOF CASE 2 VS 1992 SNOW

10f1. P~ £ ]
L}
- {1t SR 11 I
'L\’ ,L '
rl
4, e ié 51
f
L\ :.I =11
_] ! 3\\\ Y173 1o
\ =L
. A\ 4
i A }5.:\/ : éj il
1 10— \\\’ ls
h —
iy : q .
-1 10—~ .
- NV
- N \
.5
11y ‘\ ‘[/11
23 656738 9N NRDBNIS
(FS2TN)
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EVALUATION ANALYSIS Revislon:_ 0

LOAD CASE 8: A 1,500 ib concantrated load located normal to the Joitg tank wall at centerdine and offset 15
feet to represent a temporary storage location.

Reset variables for new tank orientation: F=0 z:=0,1.20 y:=6,1.28 L:=20
DISCRETE LEFT END REACTION FUNCTION
2
Repz.ByoF LB saa.a) L
v
SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY
Fy . =(p(1500,15,22- 2,y - 14)) PR :=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L @ }2 z
= = - i z = -
RL = E R(y,2,P8) ML = Z 1>3mz_._L2 v, R Z P,
z=0 z=0 z=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
z
M ML - Z P2V, 2 VB <M )
- V3=V
z=0
S]]}EWALL PRESSURE FROM LOAD CASE 8 - PSF SjDEWAILSHEARFROMLOAD CASE 1-PSF
2 KT
5 . /‘:'" ™ To.s ” \_\ . J/
.05 ™oL ™ l
Ly 7T bus nY 3 —-0.5
o A 1A ols 2 o
_.: /0. /A’ / 2 ‘ ‘\ 14 AR
o 4 A ol L N .
Sl ss] Te i e s = 3
) . 1% y
e ‘,L "l / - !
1 4 & WRUEBIRDUEDR 2 4 6§ 12NN EDS
P8 Ve
SE);WAIL MOMENT FROM LOAD CASE 1 . FT-LB
]
4 e, 3 P in(P8) = 5.69-107*
R e e m——
R P o 9t 2 2 W wax(PR) =022
-nv RS =T )
B A G O e P max(V8) =184
RS = T e
Jepre = min( V8) =-0.93
24860 DI2HIEIBNDDHER max({ M8} =6.0]
M8 min(M8) =-2.79
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LOAD CASE 9: This load case is for snhow load effect on the long (28') side of the tank wail. Since the tank
wall load capacity is assumed to vary with depth, the bending action is assumed to be one way along the
short axis. This will make this case consistant with the othars cases reviewed.

Normaiize the walk face pressure for snow load effect:

K-Q =35 A
SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD 'ARRAY
Fy.z:K'Qs Pg=F
LEFT END REACTION VECTCR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L 2 z
- - L{L-z) Vv =RL Z P
RE, = Z R(y.z.P9) ML, = E Pt T oy ni
z2=0 ‘ z={ . =0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
z
M =ML - Z P z-V 2 M9 =M v9:=v
y.2 y ) e
z=0
SIDEWALL PRESSURE FROM LOAD CASE 9 - PSF SIDEWALL SHEAR FROMLOAD CASE 9 . PSF
k ¢ e
4 RS ntea T2 2
-5 L3 = [& -n: 1¥ T 1
. 5 i ) "
w 3.5 psf everywhere = E
-1z —j2t—t 5
14 g v HoE s
iy o — ot ¥ is
18 18 $
-2 -2 -+
? 2 4 63 N UBEDTUEE D 2 4 6835 WIZBBIEVDRAUXD
PO V9
SIDEWALL MOMENT FROM LOAD CASE ¢ -FI-LB min(P9) =3.5
pre 1 ? max{P9) =3.5
10 10— "k O]
S 0. : =
- ]w 5 max{ V9) =33.24
g 3o o min{ V9) =-36.74
S SR R
ooy lec 3 O

Tax{ M) = £16.34
min(M9) =-58.61 -

it

02 46t WRBHIBLID UL
M9
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CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 8 VS MAXIMUM MOMENTS PRODUCED
BY THE 1992 SNOW LOADING {LOAD CASE 9) ON THE LONG WALL FACE. FACTORS OF SAFETY >
50 HAVE BEEN NORMALIZED TO 50 TO REDUCE PLOT CONGESTION.

if(MB >0,max(M9).mjn(M9)) e
Fsg9, =Lt ‘

Y.z M8
b

FSOON, :=if{F389, <50,FS89, ,50)

min(F$89) =19.3Tmax(F389) = 2.69-10°

FS$ OF CASE 8 VS 1992 SNOW

. B O =
o — T

A e N
‘jﬂ//‘/ [rr NN
I D)

INSSASSSLs g
h s P e —
't %0 /45‘ =t A _._h:\ ]

0 2 [ ]3 16 2 l‘l 16 18 0 n U -] F- §
(FS89N)
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PaeMo2p o 90,
Clnt__Gabegck & Wicos Harford Conpany wote_TMZ q]/”a‘{
Subject;_ 241234 Underorourd Tk [ By,
ateesl Losg on Tank Wall Som Sanetriraied Losd o Grade Chacked: m arfﬁiﬂi _
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LOAD CASE 10; An 950 Ib concentrated load jocated adjacent to the long tank wall at centerfine and offset
0 foet to produce a 2;1 factor of safety relative to 1992, December snow load.

Reset variables for new tank orientation: F=¢ z:20,1.20 y:=0,1.28 L=20

DISCRETE LEFT END REACTION FUNCTION

o

2
ReyeB <k 252,02y
Tz L3
SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY
F’t:=(p(950.0.n-z,y- 14)) P10 :=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR ~ GENERAL SHEAR ARRAY
L L (L2 z
= T B - z“ 3 = -_
RL = Z Rp.zPI0) ML = 2 P[U"‘ZT VR Z PO,
z=0 =0 z=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
z
M, ML - Z POz -V, 2 MI0:=M Vioe
0=V
z=0
SIDWALL PRESSURE FROM LOAD CASE 10 - PSF SIDEWALL SHEAR FROM LOAD CASE 10 - PSF
- { - LTAN T
N 5, 1A i “10 P
4 ¢ ™ . g
-0 . 0 R e O
- T e I
1% 12
=14 ~14
i -
% -0
4 6 WUV RUNS 4 LU RZHER
P10 V10
SIDEWALL MOMENT FROM LOAD CASE 10-FT-LB
. N A min(P§0) =0
M oo =
- AP max(P10) =41.94
- AR 7 mag Vi0y =9.12
=z ] o
-1 10 min(V10) =-91.28
o e -
e SINUEN max{ M10} =102.28
2 4 6 F NP UIEIDNRUDD m{M‘0)=_29‘23

M10
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T

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 10 V'S MAXIMUM MOMENTS PRODUCED
BY THE 1992 SNOW LOADING (LOAD CASE 9} ON THE LONG WALL FACE. FACTORS OF SAFETY > §
HAVE BEEN NORMALIZED TO 5 TO REDUCE PLOT CONGESTION.

#{MI0 >0, max{M9), min(M9) 2
Ogy = ﬁ( 1.2 ) Factors of Safetf at one ft.
g MIO,' . intervals along vertical

FSl

FSIO9N :=i((ps109 <5,F5109 ,5) centerline.
p¥4 nt Y2
-Z FSIO‘)H .
min(FS109) = 1.1 4madFS109) =6.79-10° o Jid
1|22
. FS OF CASE 10 VS 1992 SNOW § :72303
) == 15
- _}"-"- : é_.’//// L4 {5.11
’ (51289
‘4 61228
==\ 71206
FVA/‘?L\:&Q_“—' 312
[9 [207
N ‘1/ ¥ 1 H k 10226
‘i’(”’i”\ 1] H 11| 261
! CAN N /“7 NPEFG
[
~12 §\““'/4/A 131 4.66
U === 14[9.05
w 5 NG/TRE
16] 1528
" 17| 752
g ! 18] 489
h ASTH TR, | 19] 358
- I_&“//:P\h 20 273

9 7 4 6 t B 12 ou
{FSIO9N)
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Client:___Babeock § Wiicox Hapdord Company WONo T2
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LOAD CASE 11: An 2,100 b concantrated lcad located normal to the jong tank wall at centerline and offset
5 feet to produce a 2:1 factor of safety relative to 1992 , December snow load.

Reset variables for new tank onentation: F=02=01.20 y:=0,1.28 L =20
DISCRETE LEFT £ND REACTION FUNCTION s

g (-
R(y,z,F) = FM-T-(S z+(L-2))

SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY
F”:=(p(2100,5,22- z,y- 14)) P11 :=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR R GENERAL SHEAR ARRAY
L L @ )2 z
= = Pl = -
RL := Z Rey,z,PH1) M= Z P 2 5 V=R Z PIL,
z=0 z=0 z=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
Z
M =ML - z Pz -V, 2 Mit =M ~
Vit=V
z=0
SIDEWALL PRESSURE FROM LOAD CASE 11-PSF SIDEWALL SHEAR FROM LOAD CASE 11-PSF
. b - ORI L
_ A ERTIETRIE 4
. A L fl23.0112 1] . [
L'm .81 I 11 51 L] F L]
‘: 13 ‘.S _‘:
L T 10 —
-1 { = -124'-°—'—4 - -
o -7 Iy
B 03 ) e )
uss | ;T
2463 RR2HEBIDURS 204 6 T 1021416182022 24262
it Vil
SIDEWALL MOMENT FROM LOAD CASE 11-FT-LB
- B ’J/
e 10 = min(P{1) =0
] - =276
ol 4 H 5 ) ? max(Pil) =2
g
—trh—5——10 -
> =i @ax(V11) =12.23
; = = in{V11) =-20.
ol ’,..4; 1 = min{V1i) =-20.6 -
62 46 I0ZHIERNDNER max(M1i1) =66.99
Mil min(M11) =-30.43
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Client:___Babcock 3 Wiicox Hanford Company WoNe. TMZ2
Subject:_ 344381 Underarond Tank Dale:

Laterai 400 on Tani Wall from Concentrated Loed o Grade Checked: ¥

HNF-2024, Rev. 2

Calc Mo, THR2-CH
Revision:_§ _
PageNa L] ol D (ﬁﬁ

By:,
By: :
By:

CONYOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 11 VS MAXIMUM MOMENTS PRODUCED
BY THE 1992 SNOW LOADING {LOAD CASE 9) ON THE LONG WALL FACE. FACTORS OF SAFETY>§

HAVE BEEN NORMALIZED YO § TO REDUCE PLOT CONGESTION.

Ml >0, ma{ M%), min{M9}
FSi19 = Lf[ L )
¥e Mi1

nt

FSH9N”:=iJ(FSll9y'=<S.FSII9’,=.5)

wia(FS119) =174  mux(FS119) =4.42:10°

FS OF CASE 11 V5 1992 SNOW

s
D==27

<

N
N

l;
y

N

T

S
)
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4

Vs
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4
o I
NG

e
N
[

-

12 q

(/A

. 251
&

—i§

matal

ul el Y

\r;
|

- o
¢ 2 & § s W0
{FS119N)
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Factors of Safety at one ft.
Intervals along vertical
centerfine. )

-7 l-“SIIQH.m__z
1.74

247
4.07
943
45.54
482
288
226
2
1.93
- 105 197
- 11 215
H12§2.53
-13] 33
L14] 5.3
-15{18.21
- 16120.53
| 17]72.51

T 0 B BRI S )
||| wnfe|w|ofj—]=
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Fluor Danief Northwest, Inc. Cake fo._TMZZCH
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PgeNa B0 ot 0
Clent: _@sbeock & Wius Hanford Compsay. oMo TMZ el

LOAD CASE 12: An §,100 ib concentrated load tocated normal to the long tank wall at centerline and offset
10 feet to produce a 2:1 factor of safety relative to 1392 , December snow load.

Reset variables for new tank orientation: Fi20 2:20.1.20 y=0,1.28 L.=20

DISCRETE LEFT END REACTION FUNCTION

s

z
R(y.2.F) <F, a-(—[il)--(}z»f (L-2))
» L!

SPECIFIC PRESSURE ARRAY FORWALL FACE FRLUING POINT LOAD ARRAY
Fy L =(p(6100,10,22 -2,y - 14)) P12:=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L @ )2 . z
- - LLl-z SRE
R = Z R(y.2,P12) M = Z m”z__.-_L2 v R z P12,
z=0 z=0 z=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
z
M, ML - DRI -V MiZ2 =M Vipoe
- 12:=Vv
z=0
SIDEWALL PRESSURE FROM LOAD CASE 12.PSF SIDEWALL SHEAR FROM LOAD CASE 12-PSF
] — I T ]
] Y ‘ (DTN —.s\ o /
r 1 3 23 -t "r
N7 EINENN >
ary] L. ’1.7‘:] X ] L}
-w-o g 177138 ST 2% 3
~ ?6. {JL" ll. R -2 { -
R A g T RARY o
IICAY N éis L L P s
el IX1SHY VN w05 1B :: 1
el /LI \EK ) - e
246 2012116 UNXD b 2 4 6 1T W DRI UND
Piz VI2
SIDEWALL MOMENT FROM LOAD CASE 12.FT-LB
TR = min(P12) =0.0)
¢ I ] max(P12) = 2
el A A T 5 by A
o T P T e max(V12) = 16.47
- . -y gy .
14 e 'w".-_j_.a 5] m—— min(V12) =-12.6
S maMI2) =59.08
002 4 6 8 10R2UBIBIDTNEN m(M12)="307
Mi2
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Fluor Danief Northwest, Inc. Calc Mo, TG
EVALUATION ANALYSIS Reviion:_0

LOAD CASE 13: An 15,800 ib concentrated [oad located normal to the long tank wali at centerline and offset
15 feet to produce a 2:1 factor of safety relative to 1992 , December snow load.

Reset variables for new tank onentation:

DISCRETE LEFT END REACTION FUNCTION F=0 2:20,1.20 y:20,1.28 L:=20
2 \
R(y.z.F) =F, 28 (324 @-2)) e
nt L?. .
SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY
F, ,i*(p(15800,15,22- 2.y 143) P13:=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENTVECTOR ~ GENERAL SHEAR ARRAY
i L @ )2 z
= = - ~-—-——_z ) = -
RL :: Z R(y.z.P13} ML = Z I x V. ERL 2 P13
z={ z=0 z=0
GENERAL MOMENT ARRAY
2 SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
M, ML - Z P z-V, 2 Mi3 =M Vi3 =V
: z=0
SIDEWALL PRESSURE FROM LOAD CASE 13-PSF SIDEWALL SHEAR FROMLOAD CASE 13-PSF
i T T
M e e 1 rosl, ~
-+ _’,05’ Pra L N . T 3
:: Va EWEEN . :;; o o
A [ A hURN -
5 3 e 1] =]
e 12 Sl <t SR T TN
BT 1 Bt = Ny
B 2 4 & HMI2416 182202428 2 4 6 83 B2 UNLDD
Pi3 ’ V13

SIDEWALL MOMENT FROM LOAD CASE 13-FT-LB
L4 =

A == min{P13) =0.01
RS e =y Se= max(P13) =2.3
el 2 A M0
o+ V13)=19.39
b1 =20 Pt | )] ) max{ V13}
ol e =y min(V13) = 9.3
_i =
;:; max{M13) =63.28
-~
014 EIHRUERNZAUNES min(M13) =-29.41
Mi3
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Fluor Daniel Northwest, Inc. Calc Mo,_TMZCA1
EVALUATION ANALYSIS Revision:_ ¢

pagere 3 o 0

Dale: ]
oo BTE iisi
Revised: By:

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 12 VS MAXMUM MOMENTS PRODUCED
BY THE 1992 SNOW LOADING {LOAD CASE 9} ON THE LONG WALL FACE. FACTORS OF SAFETY>$
HAVE BEEN NORMALIZED TO 5 TO REDUCE PLOT CONGESTION.

t

{12 >0, e M9). min( M) o
Fsizg, = ——7= Factors of Sufety at one ft.
| Muy.: intervals along vertical
FSIZON, | =ilFS129, <.FSI09, ,9) centerfine.
- v s FS129
-z 201
min(FSI29) =191 max(FS129) = 1.31:10° o b2
5
FS OF CASE 12 VS 1992 SNOW ; ;;i
¥ o] e / 7 =
RN SS===22 nT
2 o R e e A KR TRE
- i L6 [4.23
71281
§ T S e 825
t ’%?7‘2’_—" \‘\:\\\\ 10191
AN
”"\”k’“’ A )) T; REFES
" .
N g e 0 74 4361
N 3—\\\____ i“ﬁ/% XEE2T
14 l = 3.5 <7 E_ E
; s (1615066
it 7[3 23
{ G ] 18] 4.21
- . —— s TERE
P = e e 192,
A I'\:\\‘i\ 200197
0 2 4 [ 4 % 12 W B XN N U U B
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HNF-2024, Rev. 2

Fluor Daniel Northwest, Inc. CaicNo, TNRLH

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 13 VS MAXIMUM MOMENTS PRODUCED
BY THE 1932 SNOW LOADING (LOAD CASE 9} ON THE LONG WALL FACE, FACTORS OF SAFETY > §
HAVE BEEN NORMALIZED TO 5 TO REDUCE PLOT CONGESTION.

H{MI3 >0, max(M9), min{M9} i
FS139 = d.( bic ) Factors of Safety 3t one ft.
' M3, intervals along vertical
FSISON. | :=i(FS139 <5.FS139, .5) centerline.
" ' ' 2 BSI39, 0
min(FS139) =184 max(FS139) =255.66 o 261
1 1334
‘ FS OF CASE 13 VS 1992 SNOW i ‘7‘3"5'
] I e ll
_ L—g e T L4 (173
2 y 5 (5 {79
) [5 {591
¥ 7135
-§ Cary L 8§ [2.63
i Ny 5 (91222
4 l— //f/"fr M“\t\\ R ETE
e ~ -
o /] /| NAN N 111199
g [ y \ \ ) ) . 122,09
A "’\\ K . 4 [13]239
NN A e
s B s e 2T _:T-:/ F13) 54
== 3 169385
-1 [17[9.76
s A i
A — 45 - .
- = o o P Rt 20| 184
0 ; 4 ] 3 B R 4 B ‘;ﬁ > ) p- 4
(FS139NY
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HNF-2024, Rev. 2

Fluor Danief Northwest, Inc. Cakc No._TMRLH.
EVALUATION ANALYSIS Revigion:_9 _
PaeNe 23 o 70

Wote TR
Date: g
orcanraind Lowd 2t Grads emhfm Eiﬁ ;
Loction:_PEP 200 Aree Hanlord SW, Richlr, Wirshingion | Revtsed: or.

LOAD CASE 14: An 38,500 R concentratad load located normat to the lorg tank wall at certerfine and offset
20 feet to produce a 2:1 factor of safety relativa to 1992, December snow load.

g9

Reset variables for new tank orientation:
DISCRETE LEFT END REACTION FUNCTION Fi=0 z:20,1.20 y=0,1.28 L:=20
1
RrzEyoF Lo w2 _ 4
¥z 3
% ;
SPECHIC PRESSURE ARRAY FOR WALL FAGE FHLLING POINT LOAD ARRAY
Fy t::(p(38500,20,22- 2,7~ 14) Pl4:=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR ~ GENERAL SHEAR ARRAY
L ' L 5 z
. - L(Lk-2) -
RL = 2 R(y,2,PI4) M = E PU 2 = v, oRL - Z Ple
z=0 z=0 z=0
GENERAL MOMENT ARRAY
z SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
M =ML - Z P4 2-V 2 MI4 =M Vid= v
nht Yy i Y.
z=0
SIDEWALL PRESSURE FROM LOAD CASE 14-PSF SIDEWALL SHEAR FROM LOAD CASE 14-PSF
. B! ]
: 1t J
) M
e 1T "
g =db 1] . mm i
buriavs arm=anun s
L 25 e -
il =& 1
Ej il -
" 2 ~- BN :; Lo -
02 45 ¢RI 2Z2HNXER 2 4 & WRUKBODUEE
Pl4 vi4
S!DOEHWALL MOMENT FROM LOAD CASE 14-FT-LB
2 = min{P14) =0.01
o] ==
P sle e e ] max(P14) =3.12
I ! = 34 1 £
-10 29 - =151 max(V14) =22.14
-2 o
-t = ; g min( Y14} =-8.75
-6k = :
== T max(Mi4) =67.75
02 46 RZUIEBDDUNDY mm(M14)=-2923

Ml4
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HNF-2024, Rev. 2

Fluor Daniel Northwest, Inc. Caic ¥o,_THZI 4t
EVALUATION ANALYSIS Revishon:_0 _
Pageio 34 ot B)_

e — AH
m%

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 14 VS MAXIMUN MOMENTS PRODUCED
BY THE 1992 SNOW LOADING {LOAD CASE 3] ON THE LONG WALL FACE, FACTORS OF SAFETY > §
HAVE BEEN NORMALIZED TO 5 TO REDUCE PLOT CONGESTION.

FZ2

f{MI4_ >0, mad M9}, min(M9) A
FSMS?y L= lf( b ) Factors of Safety at one ft.
' MM, intervals along vertcat
FSUN _=iFSI69_<S.FS149 3| centerfine.
s re e .z FSl49
W20~z
win(FS149) =172 max(FS149) =3.4310° 0 128
1SS
FSOF CASE 14 VS 1992 SNOW ; ;ﬁ
v ~ = - E
USRS oS
2 H 1 1l ? X} 1)
- i .6 7.2
(7 §3.97
+ g ) -8 2.8
- ;‘:"4:-’ ”_.._:kt';_:: - :5:0 ?15
p fsf '3/' .I\
” Lvvid BN 1f 2
v ( » AV 7P
- D! ) Bjin
=\ L~
‘ (4] 283
"4\\ ey sl {’ 15[ 45
S ===k =5 =S Tk
5= E—'_' .
16 : : 5 [TRP)
5 : [18[4.39
_1 d
¥ o — 3 —y ‘E?——-S:E“' 191255
B NS [0l 172

{FSI49N)
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Fluor Daniel Northwest, Inc.

HNF-2024, Rev. 2

Cale No._TM22.C.01

EVALUATION ANALYSIS Revision: _0
Page No, 35 of @
Clisnt___ Babcock & Wilcox Hanford Company WO, TMI2 5‘1
Subject: _241.7.361 Undemround Tank Date: By: DAVID §. MESS! ¥
Lateral Load on Tank Wall from Cencantrated Logd al Goade Check::% Sy: L JULYK
Location:_PEP 200 W Aed + Hanford Site, Richtand, Washington Revised By:
=5 Q=362
SPECHIC PRESSURE ARRAY FOR WALL FACE
F o= (Q.r22-2,y- 14)) .
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
f. L @ )2 z
-Z
RL, z R(y,2.F) ML - Z F”.z-—Lz v, R - Z F,,
2=0 z=0 z=0
GENERAL MOMENT ARRAY
r4
M, = ML, - Z Fyo? = Vya?
z=0
iﬂ'My z>[),1mx(M9),r.uin(}'AQ)}
FS”'= L d Factors of Safety at one ft.
’ L itarvals along vertical centerline.
r=5 Q=360
l"'SN".z i 1f'\FSy'z<S,FS)"z,5) s
'_fﬂ Pou20-1
min(FS) =1.11 max({FS8} =812.07 i. B11
i 21
-2 11581
FS OF CASE 14 V5 1992 SNOW »3— 173
v . = 7 EARLE
i, — E:"é/ -4 | [331
n = = —— o |
-3 ] 2.29
== Gl
h W= = s SN 712
W27 N 3| 202
) 1 7 4 AN EYIFE
- i
. r- /3 \ 3‘\ —I 10t (2.82
L i 13 / —1
| 43 \ N 2¢ / J -1 [3.59
e 3 "is\\ \\‘ 4 ////"‘\t 5 12} 5.
(- B & 1 ] |
. N e e e s 13| 5
z T 0 [-14] [45.85
1 i 213 [29.62
" 6 (127
s 17] (815
ﬁ 6.01
1% 5 ¥ ﬁ 478
2201 13,98
" { ] —;l:\ 1 - -
7 4§ 012 4 16 1w B oW % B
{FSN)




HNF-2024, Rev. 2

Fluor Daniel Northwest, Inc, Cale No._TMz2-G-01
EVALUATION ANALYSIS Revision:__0_,
Page o 20 ot A0

Cllent: Babtcock & Wilcox Hanford Comoany WNo._TMI2 :,7
Subject_ 2412361 Underground Taok Date: 141708 By: DAVIDS, MESSRGERLPE 77"

Lateral Load on Tank Wall from Concentrated Load ol Grade  Chacked: _#3 By:
Location; _PEP 200 W Arsa - Hanford Sits, Richland Washinglen  Revised: By

r=6 Q=360

SPECIFIC PRESSURE ARRAY FOR WALL FACE

Fy.z H (P(Q.r,22 -z,¥- 14)) |

LEFY END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY

L L z
) . L2 ]
RL, - 2 R(y.z.F) ML, ¢ Z F, = v, R - z F,.
=0 t=0 z=0
GENERAL MOMENT ARRAY

F4
M, =ML, - Z F oz -V,
z=0

if(hg z>0.m,ax(r.19).miu(m)]
Fs .= - Factors of Safety at one ft.
! My.z intervals along vertical centeriine.
. . r=6  Q=3260
FSN, | = if{FS, <3,FS, _.5)
2 Bun..
wmin(F§) =1.25 max(FS) = 4.85-10° o | |12
1] 216
FS OF CASE 14 V§ 1592 SNOW e 2
¢ ~y adds - 3| [%676
=5 = 3] a3
A5 = Bl g
B 1 | -5 | [2.57
. =l 6]
] [=—=— :—_:11‘- -7 2
e A R, e ) i -.-U\ -7 |
. '_/!’Qf;/ —~ R | w1 [209
4 \\\\\ 5 {222
) /A /i NEEANE o (353
B Iyl AY 2.5 4 -10 | 2.53
5} 438 \3 25| L/ ) }) l -1 13.13
-10r ;u_\‘\\\\‘ // /‘/'_l srRERD
L'{ NI pyem it 0L, g L 13| (688
12 w 3 [20.06
4 3 \ 15| [40s
’ 16 [13.24
s 1| {787
18 [ 56
-18 % 5 -19[ 1 4.34
T70| (339
- == Ssan Blis .
Q 2 4 -] £ {0 12 4 16 13 )] 2 pa % wn
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HNF-2024, Rev. 2

Fluor Daniel Northwest, Inc. Calc No._TM22-C01
EVALUATION ANALYSIS Revision:_Q _
Pageta 37 o )
Clisnt:___ Baboock & Wilcox Hanterd Company WOMNo._TM2
Subject _241.7-351 Underground Tank Date: 1788 By: DAVID 5. MESS: 'W?
_Laterai Load on Tank Wall from Goncentrated Load at Grade  Checked: l@ 8y ;ﬁg‘m :
Location:_PFP 200 W Arga - Hanford Site, Rlchland, Washington Revised: By:
r=7 Q:3150

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F)',z : (P(Q.T,EZ- z.y- 1))

.
e

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY

L L
_ ] @-z’ .
R, = Z R(y.z,F) ML, - Z Fy.zvz'_l_'zh" Vez “RLy- Z F,z
z=0 z=0 2=0
GENERAL MOMENT ARRAY

z
My, P ML - Z Fre? ~¥ya?
z=0

if(Mr_z:»o,m‘(m),min(MO))
P y Factors of Safety tone .
.2 . intervals along vertical centeriine.
e 5 =7 =3

FSN, _ =if{FS, <5.FS, ,.5) r i Q=3150
;——1‘)}0 -t
137
222
4.6
25.92
5.6
287
123
202

2
212
137
184
372
512
13.36
59.94
13.78
169
53
404
3.26

min(FS) =137 max(FS) =3.98:10°

FS OF CASE 14 VS 1992 SNOW
o= \\—-\_ :: ﬁ - v
m:r_—;“ =

4 ) 4§ el

= mmans
7 ~

-1z

25

S
—-'-;’
R
—

4.5

(R R
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Fluor Daniei Northwest, Inc.

HNF-2024, Rev. 2

Calc Mo._TM23-C-01

EVALUATION ANALYSIS Revision;_0
Page No. i& of f@
Client:__Babcock & Witcox Hanford Gomoaay. wm_mzz —
Subject: _241:2:361 Underground Tank . Date: % 74
Lateral Load on Tank Wall from Congentrated Load at Grade Checked: / By: L1 JULYK
Location:_PFP 200 W Area - Hanford Site, Richland Washington Revized:

r=8 Q=335

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F o = (p(Q.r.22-2,y- 14)}

.
e

GENERAL SHEAR ARRAY

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR
L L. z
. ( Z)
RL, = Z R(y.2.F) ML, Z F, . Z F
z=0 =0 2=0
GENERAL MOMENT ARRAY
z
= z z - -z-
(M, ,>0, max(M9), min(M9}}
FS, = L Factors of Safety at one ft.
' My intervals along vertical centerline.
Y r=8 Q=3135
FSN),. . .r.\Fsy_:<5 ,FS,_Z,S) )
2 Bum.
min(F§) =1.49 max(F5) =121-10° 0§ [149
1] 231
21 [444
FS OF CASE 14 VS 1992 SNOW all
) S ———— - Eaal
e ] .
i 45, ey s 4] 132
& ) l &) ) ;3_‘ 324
| 7 6 | 237
’ oy i 7| 1208
e e Y BERS
. | ;%{5'3.2_{;__\34_5§ ] )
L~ [~ Fot 207
5 / 15
DA IW4 ANHIN ~\\ 10] [2.28
g T 19
MR RN AN e
{r I w2 [-25 4 y el [
1IN vl T3] [508
12 l ] - 4.5"-5 I s ey g I '_li 10.62
] i . | 15] 1107
" 16| {1458
16 17} {767
18] {315
-13 % 5 T -19] | 3.86
| 5 =T
. //4[ 5__\_\& (20 [308 .
0 2 4 [ ¥ 10 12 4 1] 1% 0 n 24 % 2%
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HNF-2024, Rev. 2

Fluor Daniel Northwest, ne. Cale No._TMZC01
EVALUATION ANALYSIS Revision: _0
Page No. 53 of E’Q
Client:___Babcock & Wilcox Hantord Company. WQMNo, _TMZ2
Subject: _241-2-361 Underqroung Tank Date: By: Ewi s, r.t-:ss%&n 95'75"7
Lateral Load on Tank Walt from Concentrated Load at Grade Chacked: ﬂ% By:
Location:_PEP 200 W Area - Hanford Site, Richland, Washington Revised: By:
1:9 Q340
SPECIFIC PRESSURE ARRAY FOR WALL FACE
F, .= (pQr22-2,y-14)
,
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENéRAt SHEAR ARRAY
L L @ 3 z
. . PRUNL) ! <RL -
RL = Y RyzF) R v, cRL Z F,,
L
z=( z2=0 z=90
GENERAL MOMENT ARRAY

z
My‘z = MJ..y - Z Fy.z-z - Vy_z"‘
z=0

if(My.z>O,max(M9) ,min{ M‘)))

Fs, . Factors of Safety at one ft.
- M,, intervals along vertical centerline.
- \ 1=9 Q=329
FSN, , < if{FS, <S.FS .5} s
2 P01
min(F$) =1.58 max(F$) =3.01-16° 0 ] {158
11238
2| [432
ES OF CASE 14 VS 1992 SNOW o
’ 1 4%/ S
) PR e e e e SR 4| (1929
- 3 T T 31136
i 6 |{ 25
-3 T E) 7 |
! ——J 1 7212
T s S S H b
Dl B NN 9] 203
A/Z// yd N \\§\ 10 {219
g sl 35 e
\ 3 25 } ;-l—l_ 2.53
-t N \\ \w\ s 77 —E 116
a1 - s N N -
NERSSS A o
¢ H Pt e e e My ‘lil 8719
™ I 15 [5323
" 7 : 78] (1536
i e
. L T D)
. s 1 19 [
A o T T 0] 251
. | Pt . | -
o : 4 1 10 12 14 16 s Pl b4 2 6 2%
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HNF-2024, Rev. 2

Fluor Danie! Northwest, Inc. Galc No,_TM22C-01 _
EVALUATION ANALYSIS Revislon:_0_
PageNo. G0 ot 70
Client:__Bibeock & Wikcox Hanford Comodny. WOMNo._TMIZ
Subject:_241-2.351 Underaround Tank Date 3917 By: Enfi E\ “ﬁ%ifa ,? W
] on Tank Walk [ trated Load at G Checked: Sy L L
Location:_PFP 200 W Area - Hanford Site. Richland, Washington Revised: By:
r=10  Q.-3415

SPECIFIC PRESSURE ARRAY FOR WALL FACE

Fy.z = (P(Q.l‘.22 -Z.¥- 14))

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L @©- 2 z
-z
R'L! = Z R(y.z.b) m"y g F!‘-Z.z. 'WE':L VM : Rj‘!f ) Z FY-Z
z=0 z=0 z=0
GENERAL MOMENT ARRAY

F4
My’z =ML,- Z sz 'vy.z'z
z=0

iff ’1>0,mx(M9),min(M9))

K, - : Factors of Safety at one ft.
' M intervats along vertical centarfine.
) . 1=10 Q=3415
RSN, , = i{FS, <5.FS _.S)
i| .PE“J;”':
min{FS) = 166 max(FS) =192-10° [0} fuss
BRI
2| [425
FS OF CASE 14 VS 1952 SNOW s
! Y ,_'.1( -_'/ :‘"_ v
L%E.ka __._.E:AE% I -1 | (1474
2 5 = 1] s 5| 399
5 51 [263
: ] s 120
l ”f“——-—;"// -] é—-—h""—\ l -8 2
) N ;m—l"_‘—“-:\\\ AN =3
45 \ 9 |
34— oV ™, AN STRENE
( _(\( 2 ) > \ \ T} [2a
-l AN + 1.5 -121 296
Eh ‘\\ \:\ "'/Li-f/ A/ H |
N R R e e e e ) [757
R T e e e i [ 73] [1003¢
" i i 1| [1625
16 17 { 7.36
T4l [283
-1 5 L__ _._’_Ls 9 [ 353
LI . o = Sy iy 0 [ 276
RSN
1] 2 4 & .1 1] 12 14 16 1] 20 s b1} % 8
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HNF-2024, Rev. 2

Fluor Daniel Northwest, Inc. Calc No._TM22-C-04
EVALUATION ANALYSIS Revision:_0 _

PageNo. 41 ot 70
Glienst:___Babeock & Wilcox Hanford Company

WONo._TMZ2
Subject:__241-Z-361 Underground Tank Date: 14T By: DAVID S, MESS R fg{
al T I Checked; _f By: L. .
By:

Location: _ PEP 200 W Area - Hanford Site, Richlaod, Washington Revised:

r=1l Q.= 3600
SPECIFIC PRESSURE ARRAY FOR WALL FACE

F,, - (PQL2-2,y- 14))

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L @ )2 z
-Z
RL = Z R(y.z.F) ML, - Z F, 2 V., oRL - Z .,
- L —
z=0 z=0 =0
GENERAL MOMENT ARRAY

2z
My, "ML - Z Forz -Vy,?
z=0

(M, >0, max(M9), min(M9
FS. - (My,>0:max(M9), min(M9))

" Factors of Safety at one ft.
' M, intervals along vertical centeriine.
. . e=11 Q=360
f"SNy'z = Jf{FS}_'z‘-:S,FSy‘Z.S}

z B, ;

1.76
2.53
4.26
10.54
23.37
446
28
125
2.04
2
2.1
2.35
2.85
333
679
4182
17.3
165
48
345
268

0

[<]

min(FS) = 1.76 max(FS) =765.19

FS OF CASE 14 VS 1992 SNOW
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HNF-2024, Rev. 2

Fluor Daniei Northwast, Inc. Cale No._TM22-C01
EVALUATION ANALYSIS Revision: _Q .
PageNo._£2_of
Client:____Babcock & Wilcox Hanford Comoany WHNo._TM22 -
Subject: __241-Z-361 Undarground Tank Date: 1114788 By: DAVID §. MESS *ﬁ’/
Lateral Load on Tank Wall from Concentrated Load at Grade Checked: _#, By LJ. h # :
Location:_PFP 200 W Ares - Hanford Site, Richlend, Washipgton  Revised: By:

=12 Q =386
SPECIFIC PRESSURE ARRAY FOR WALL FACE

F)‘.Z = (P(Q.r.22 -2,¥- 14))

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY

L L z
. _ (L-2° .
RL, = ) R(2P) ML : Y F,, T ; v, R~ SE
z=0 z=0 =0
GENERAL MOMENT ARRAY

Z
M}GZ :ML)'- Z F)'..z'z - Vy.z'z
=0

if{Mmm,m(m) ,mm(Ms))

FS“ Factors of Safety atona it
' %.: intervals along vertical centeriine.
. =12 Q=380
FSN, , = lf(FSy'z<5,FSy.z,5) .
2 M-
. . e
min(F$) = 1.83 max(F$) =2.05-10 0 ]l18s
T} [28
R 3,
FS OF CASE 14 VS 1992 SNOW % 9;2
L"‘[\W\h\ué:‘é&a __—"’.-f—-,:’-::f; u 'I{ 3478
N ? D s i 511393
H 6] 255
” | ) EREFE)
=5 =1
M ;fﬁ’{‘ -Jﬁ:_ffea;\\\*\\ %‘ 1.21
AT NNy 9 27
(S 4{/ / } ? \ -1t 239
20— S ;\\u // Y ) 12l {273
—3 ) ™ 2§ - 7
i \\\\\3_{2 ha il ///// ] % :-‘:‘;
A | TS T T 15, [3848
i i ) 18| 188
6 7 [77
; B 473
I8 4 —f13 5- L—[’i 335
— AT L 30| 1238
2 | /5 l -l [~ -~
] z 3 ] 1 i 12 14 18 18 2 22 24 .3 Pt
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Fiuor Daniet Northwest, Inc.

EVALUATION ANALYSIS
Client:__Rabeock & Wilcox Hanford Comparny, WONo._TM22
Subject: __249.7-361 Undergroynd Tank Date: 11747
Lateral on Tank Walt o Load at Gr. cmm_%
Location:_PFP 200 W Arag - Hanford Site, Richland, Waghiogton . Revised:

HNF-2024, Rev. 2

Calc No._TM22C01
Revision:__0

Page No. ﬂ of @

By:.DAVID 5. MESSINGER 19 {
By:

rz13 Q4178
SPECIFIC PRESSURE ARRAY FOR WALL FACE

F)f.,_ .= (P(Q.r.zz -z,¥- 14))

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR
L L (L-2)?
RL, = 3. R(y,z,F) ML, s ) F 3
z=0 2=0
GENERAL MOMENT ARRAY

z
M, ML - Z FreZ - Vyi?
z2=0

i£{M, >0, max(M9)., min(M9)]

ES. .
N
M.
- it )
FSN, , <ifFS, <5.FS, 9)
min(FS) =1.9 max(FS) =2.04-10°
FS OF CASE 14 VS 1952 SNOW
\:-: F—] [~
RS Y e —ainu
2 s 1 ]
¢ D S e e
////-—-‘—’LSH ] Ly S
e T B e
\as 1N
. 4, \\“--.___ 2571 ”//j:///
2 ! \:.._':':\:___;_3: . ¥ :_..;:_;;;‘:’ ?
-14 £l 493 5 -
-1
~1¥ t] E— N1 §
== =

=20 T ]

GENERAL SHEAR ARRAY

v -
Y.z

A
Ry ) P

z=0

Factors of Safety atone ft.
intervals along vertical centerline,

r=13

-2

BE

a5

-5

—_

Q=4175

F Sn...zo -z

1.9
165

n T
] -

425

43
194.16)
543

11

238

209

2

-

205

2.24

2.64

3.47

5.67

2133

20.25
175

.66

3.28
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HNF-2024, Rev. 2

Fluor Dantel Northwest, Inc. Calc No._TMZ2-C-01
EVALUATION ANALYSIS Revision:_ 0 _
Page b, 22 ot % _
Client:___Babcock & Wilcox Hanford Company WoMe. T2z
Subject: _341-2-351 Underground Tank Date 1117758 v: DAVID 5. MESS ’W’f
Lateral Load on Taak Wall from Concentrated Load at Grade Checked: J Br 4
Location: _PEP 200 W Area - Hanford Site, Richiand. Washington Revised:
r=14 Q=455
SPECIFIC PRESSURE ARRAY FOR WALL FACE
F!r 2 (p(Q.r.22-z,y- 14))
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAI: SHEAR ARRAY
L L (L z
. Z) .
@, 3 o -3 e 2,
Z=0 z=0 z2=9)
GENERAL MOMENT ARRAY
z
: Z 2V,
1f\M >0, max{M%}, trind M9)} )
FS,; Factors of Safety at one 1.
’ M, intervals along vertical centerline,
. r=l4 Q=4550
FSN, _ = if{FS, <3.FS,.5) .
2 FSya0-q
min(F5) =1.95 max(FS) =209.38 (0§19
i 27
FS OF CASE 14 VS 1992 SNOW -i_ ";:
hd ——_ /’ I '
) el | (9%
- * a5 i -5 593
-6 324
’ T2
. P — T *5';’: | 3|
o b e e R RSN 1
. - vid | ‘\\t-\m_ 0| 203
4 { (r 2 \ 5\ \\{ N\ ol [ 219
=10 ‘T 3 25 // / / __l_z_ 2.33
-t e \Sls\\)\ \\""""'- b2 ;_}ﬁj '_E 3i'll
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Fiuor Daniel Northwest, Inc.

EVALUATION ANALYSIS
Client:__Babcock 3 Wilcox Hanford Company WOmNo. Tz
Subject: __241-2-361 Underground Tank Date: 41117
_Latera Load on Tank Wall from Concentrated Load at Grade  Chacked: ”M
Ravised:

Location: _PFP 200 W Area - Hanford Site, Richiand, Washington

HNF-2024, Rev. 2

Cale No._TM22.C01
Revision: _0
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GENERAL SHEAR ARRAY

z
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Fiuor Daniel Northwest, Inc. Cake No_TMRL.80
EVALUATION ANALYSIS Revisior:_0_
papie 35 ot B _
o, zal
or.
By:

EVALUATE CONCENTRATED LOADS BASED OK "BOUSSINESQ™ EQUATION TO DETERMINE STRESS ON A
HORIZONTAL PLANE "P* AT A POINT ir.y,2) along the wall face, The wati face pressure is then assumed to be
P*K where K is the "at rest pressure coefficient.”

RANKINE LATERAL PRESSURE FUNCTION
$OF=E0 220,20 y0,115 L=l v=02 Qz946 Kizt-
3QX 1 : l-v
Q) = ————
2 T P k=037
LA
z
DISCRETE LEFT END REACTION FUNCTION

e -9
R(y,ZF) .-F,Iz-—I}- (3y+{L-¥)

LOAD CASE 1: TENT FRAME LOAD PLUS 600 LB AT STEPOFF PAD (1} AND 800 LB AT STEPOFF PAD (2)
SPECIFIC PRESSURE ARRAY FOR WALL FACE
F = (p(so,z.s,zz- 7,5--31+ p(20,25,2- 2,9- 8} + p(N,75,2-2,5--3).. | FALLING POINTLOAD ARRAY

Y Len(80,75,22- 7,y 25)+ )(80,7.5,22 2,y 8) + p(600,40,22- 2,3~ 55) ) bl of
+p(200,80,22- 2,3~ - 75)+(600,80,22- 2,y- 1) ! -

LEFT END REACTIONVECTOR  LEFT END FIXED MOMENTVECTOR ~ GENERAL SHEAR ARRAY
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Fluor Daniel Northwest, Inc. Ctic No_TMRC01
EVALUATION ANALYSIS Revition:_0 _
pageto 4] ot
Clent: __Bahcock & Wicox Hanford Company. WoNo,_THZZ
Subject_ 2612381 Undergtound Taok____ Dae: . 7l
_\pteral Load on Tank Wl from Concentrated Load at Grade Checked: f wﬁﬁfz
Location: _PEP 200 W Area - Hamord Site, Richtand, Washington Revised: ey,

LOAD CASE 2: Pressure and fotal force exerted on tank endwall dus to 5 point loads of 80 Ib from tent frame and one
732 (b concentrated koad from cart at pad (1} and no load at pad (2}, Load center for pad (1} is 4 R, from tank end wall,

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F = 1(80,25,22-2,y~-3) + p(80,25,22- 2,y - 8+ p(80,7.5,22- 2,y -3) .. ) FILLING POINT LOAD ARRAY
. +p(80,25,22-2,y- 25) + p{80,75,22- 2,y- 8) + p(732,40,22- 2,y 5.5) P2 <F

LEFT END REACTIONVECTOR  LEFT END FIXED MOMENT VECTOR  GENERAL SHEAR ARRAY

L L ¥
] ; -5 .

RL = Z R(Y.Z.PY) ML = Z sz'z-y.—hz— v, oRL - Z R
y::() y:ﬂ y:O
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY

y Vey
M, =ML - Z P oy oy M2:=M :
y=0

LOAD CASE 3: Pressure and total force exerted o tank endwall dua to 5 point (oads of 80 Ib from tent frame and one
732 ib concentrated load from cart at pad {1} and no load at pad (2). Lead center for pad (1) is 5 R, from tank end wall,

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F, x.:= (9(80,2.5,22— 2,y--3)+p(80,25,22- 2,y- 8)+ p(80,7.5,22- 2,y -3) .. ) FILLING PCINT LOAD ARRAY
T Lp(80,75,12- 2,y 25)+ p(80,75,22- .y 8) + p(132,50, 22 2, - 5.5) P3:<F

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR ~ GENERAL SHEAR ARRAY
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_ N Y.Z 2 .z
y=0 y=0 ¥=0
GENERALMOMENT ARRAY  SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
y
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y=0
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Fluor Daniel Northwest, Inc. Cake No, THZACO1
EVALUATION ANALYSIS Revision:_§
Prgata 98 ot A
WOMo,_TN22
Dae {INIBE B oA
Checked: #ﬁ#@g oy:
Revised: By:

LCAD CASE 4: Pressure and tota force exarted an tank endwall due 1o 5 point loads of 80 th from tent frame and one
200 Ib concentrated load from HPT at pad (1) and cart 1oad of 732 1b at pad (2). Load center for pad (1) is 4 ft. from tank
end wall.

SPECIFIC PRESSURE ARRAY FOR WALL FACE

FILLING POINT LOAD ARRAY
F T (80,2.5,22-2,5--3)+ p(80,2.5,22- 2,y - 8} + p(80,75,22- 2,y - -3} ... P4:=F
Tt 45(80,7.5,22~ 2,7~ 2.5) + p(80,7.5,22~ 2,y - 8) + p(200,4,22 -2,y - 5.5) .
+p(132,80,22-2,y- 1)

LEFT END REACTION VECTOR  LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY

L L y
. i (L-y -

RL := Z R(y,2.P4) ML = E de_z-y-—Lz—- v, =R - Z P4

y=0 y=0 y=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY

¥
M, M- 2 P4y -V Ly Mé:=M V4=V
y=0

LOAD CASE 5: A 12,000 1b armored car located as shown in fig, 3 at position A"

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F,_=[p(3000,896,22- 2,y -896) + p(3000,4.24,22- 2, (-424)) .. FILLING POINT LOAD ARRAY
2 3000, 106,22 - 2,y - 2.12)+ p(3000, 15.32,22- 2,7~ - 2.60) -
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR ~ GENERAL SHEAR ARRAY
L L @ )2 ¥
- - -¥ .
RL = Z R(y,z,P5) ML = Z PSy'z-y-T v Rl Z S
y=0 y=0 y=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
y
M ML~ S PS iy -V Ly M5 =M V5=V
y=0
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Fluor Daniel Northwest, Inc. CaicNo_TMRCH
EVALUATION ANALYSIS Revisions_0 _
Pagetio 27 o
Chant:__Babogek & Wikcos Hantord Combane. WoMe TMR
Subject;_ 241231 Underground Tk Date: By oAV s uEsswoeR pe 7]
_Lateral Losd on Tark Wal trom Concentrated Lowg # Grads cm-f% Byl d
Location:_PFP 200 W Area :Hontord Ske, Richiand Wishington ~ Revised: By.

LOAD CASE 6 A 12,000 b amored car located as shown in fig. 3 at position "B,

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F T [p(3000,15.32,22 - 2,y - - 2.60) + p(3000, 10.60,22 - 2,y - (2.12)) .. FILLING POINT LOAD ARRAY
. ! +p(3000,16.96,22 ~ 2,y ~ 8.48) + p(3000,21.68,22 - 2,y - 3.76) Pg<F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L @ )2 y
- .- - -
y=0 y=0 y=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
Y
=ML Z - M6 =M V6=V

LOAD CASE T; December 1992 precipitation load pimarily made up of 21 Inches of snow fall accumulation. Water
equivatent precipitaion was 1.82 inches of water with negligable evaporation loss. Equivalent ground load is 9.46 psf.

SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY
KQ =35 F,7KQ, P7:=F
LEFT END REACTION VECTOR LEFTEND F!XED MOMENT VECTOR  GENERAL SHEAR ARRAY
(1- ) !
RL = Z R(y.2.PT) 7 v, R Z LR
y=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
y
Mo "ML Z Py =Yy M7:=M =y
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EVALUATION ANALYS!S Revsions_0_
Paeie. ) _o D
Chent: _ Baboock & Whoor Herford Company. Woo_THZ
Subject: _ 2412361 Undetground Tank Dae HHTR By: DAVID S. MESSINGER, PE ?7(
Lterl Lo on Tk Woll o Coneontratd Load s Grade.~ Checkedt_J, Br-j%:_—_u !
Location:_PEP 200 W Area - Hankod Ske Ricthand, Washington __~~ Revised: By:

MAXIMUM PRESSURES, SHEARS AND MOMENTS FOR LOAD CASES 1 THROUGH 4

anx(P1) =445
min{P1) =001

na{V1) =298
ain(V1) =133

max(Mi) =61.4
ia(M1) =-3095

nax(P2) =3
in{P2) =-0.03

max(V2) =218
mmn(V2) =369

max(M2)=50.93
min{M2) =-33.19

nax{P3) =346
mn(P3} =-0.01

ma(V3) =17.33
mm(V3) =-11.5

max(M3) =48 15
min(M3) =-25.31
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maP4) =211
min(P6) =002

(Y4} = 1293
mi(V1) =133

na(M4) 3362
min(M4) =-16.58
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PageNo. 57 ot D
Client:___Babcock & Wiicon Hanford Comoany WONo._TM2
Subject:_ 2412381 Underoround Tack Cate: By: DAVI
Lateral Load on Tank Wl fom Concentrated [osd at Grags Cumi%_ By:
Location: PEP 200 W Arsa - Hanford Site, Rictiand, Washington Revized: 8y
ENDWALL PRESSURE FROMLOAD CASE 7 - PSF _ ENDWALL SHEAR FROM LOAD CASE 7 - PSF
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Fluor Daniel Northwest, Inc. Cokc o, THRZGH__
EVALUATION ANALYSIS Revision:_§ _
Pagedo, 58 of 7D

WOMNe,_ T2
oas By:pAvD Zd
Chacked: By
Ravised: Py,

CONTOUR PLOT OF FACTORS OF SAFETY FOR CONTOUR PLOT OF FACTORS OF SAFETY FOR

LOAD CASE 1 VS MAXIMUM MOMENTS PRODUCED  LOAD CASE 1 VS MAXIMUM MOMENTS PRODUCED
BY THE ARMORED CAR LOADING INPOSITION"A™.  BY THE ARMORED CAR LOADING IN POSITION "B".

FACTORS OF SAFETY » 10 HAVE BEEN FACTORS OF SAFETY > 10 HAVE BEEN
NORMALIZED TO 10 TO REDUCE PLOT NORMALIZED TO 16 TO REDUCE PLOT
CONGESTION. CONGESTION. -
iffMt >0, mad(MS), min{ M5} - (M1 >0, max(MS), min(M6)
FSls = LE ) FS16__:= Rt )
b M1 vz Mi
Yt Y.z
FSISN%z = if(I-‘SlS,.;IO.FSlS,' 2 10) . FSIGNN = if(FSlG’_:ﬂB,FSle_ 10)
min(FS15) =111  max(FS$15) =6.8810° min(FS16) = 1.18 max(FS16) =6.5310°

FS WITH ARMORED CAR AT 'B*

‘.‘} d

b 11 1 1 ¢t 17 b T 1T 't 13 % | I L e D . L L A
¢ 1 2 3 4 35 & 1T % 9 111 LML ¢ F 2 3 4 5 6 T 8 % bR B ML
(FSISN) (FS16M)
FiSg =PSIS, 4 FSlbg =FSI6, 5 4
min(FS15 g) =557 min{FS16 g) =583
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Fluor Daniel Northwest, Inc. Cale No,_TMZZCHT
EVALUATION ANALYSIS Ravishors__ 0 _

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 1 VS MAXIMUM MOMENTS PRODUCED
BY THE 1892 SNOW LOADING OF 6.62 PSF ON THE WALL FACE. FACTORS OF SAFETY > 10 HAVE
BEEN NORMALIZED TO 10 TO REDUCE PLOT CONGESTION.
f(M1 >0, max(M7), min(M7)
FSI'I,Z::n.( 1.2 )
Mi
st'm}_’z :=i!'(I-‘SI7M<IO, FSIT w)

min(FSI7) =106 max(FS17) =5.5510°

FSOF CASE 1 VS 1992 SNOW

0 e
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8y v 0.1

min(FS17 g} =4.96
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“1H
-1
-15
T T T T T T T T T T T LT
001 T 3 4 5 6 7 % 9 10 1213141
(FSITN)
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EVALUATION ANALYSIS Revision:_ 0
. Pagetio 20 ot 20
womMo,_TM2Z
Dibe: By
Ghacked: JEE By:
Reviesd: BY:
CONTOUR PLOT OF FACTORS OF SAFETY FOR CONTOUR PLOT OF FACTORS OF SAFETY FOR

LOAD CASE 2 VS MAXIMUM MOMENTS PRODUCED  LOAD CASE 2 VS MAXIMUM MOMENTS PRODUCED
BY THE ARMORED CAR LOADING IN POSITION A", BY THE ARMORED CAR LOADING IN FOSITION B,

FACTORS OF SAFETY > 10 HAVE BEEN FACTORS OF SAFETY > 10 HAVE BEEN
NORMAUIZED TO 10 TO REDUCE PLOT NORMALIZED TO 10 TO REDUCE PLOT
CONGESTION. CONGESTION.
M2 >0, max(MS), min(M5 M2, >0, max(M6), min(MS
FS25 = 0 ) FS26 = (M2, 2 0.ma )
' MZLZ Mz]f.z
FS2SN = if(I-’SZS“(lO,FSZS,_t, 10) FS6N, _:=if(FS26 <I0,FS26 m)
min(FS25) = 1.04 max(FS25) =1.29-10° min(FS26} = 1.1 max(FS26) =1.22:10°

FS WITH ARMORED CAR AT "A"

-’

FS WITH ARMORED CAR AT ‘B*

N /.
o =2
-+ -
~104 104
-1 11+
I 124
=13 =13
~14 —14-
~154 Eta
~16- 161
174 -1
~18 13
-9+ =10+
B2 s we S e FAE S S my peny sy qunts Sy Sy S S S e wit AN SN A S S YU N SR S
¢ 1 2 3 4 5 6 7T % 9 10111z 1318 0 1 2 3 & 5 & T % % M {2 43 M40
(FS25N) (F526N)
FS2Sg <FS25, 5 4 FS26g P26,
min(FS25 g) = 1131 min(FS26 g) = 12.04
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EVALUATION ANALYSIS Revision:_0 _
Pagetio o of 0
WoMo TMZZ
Dot o at
checked:_//4 WW
Ravised: By

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 2 VS MAXIMUM MOMENTS PRODUCED
BY THE 1992 SNOW LOADING OF 3.5 PSF (LOAD CASE 7) ON THE WALL FACE. FACTORS OF
SAFETY > 10 HAVE BEEN NORMALIZED TO 10 TO REDUCE PLOT CONGESTION.

if{M2 >0, max(M7), min(M7})
F§27 = i34
Y.z M2
¥z
FS2TN :=if(F827 <10,FS527 ,10)
Y.z Y2 YT

min(FS21) =098 max(FS27) =1.04-10°

sz g =BS54

min(FS27 g) =10.43

T 1 1
0 1 2 3

(FS27MN)

L
3 10 1 2 13 M 15

st
WA -
o~
e
L]
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LOAD CASE 8: A 1,500 ib concentrated load located normal to the long tank wall at centerline and offset 15 feet to
represent a temporary storage location.

Reset variables for new tank orientation:
DISCRETE LEFT END REACTION FUNGTION F:=0 2:20,1.20 y:=0,1.28 L:=20

2
R(y,2,F):=F -M.(;.z +(L-2))
g3

SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LCAD ARRAY
F,, =(p(1500,15,22- 2,y - 14)) P8 :=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L i z
._ (L z} -
RL := Z R(y,z,P8) ML Z ps 22 v, =R - 2 P8,
z=0 ' z=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
M, =ML - E Pz -V 2 M8:=M v8:=V
z=0
Sﬂg{:',WAILPRESSURE FROMLOAD CASE 8 -PSF SIDEWAU.. SHEAR FROM LOAD CASE 8 - PSF
- = 14 {ER'E| ,i‘_l( J L‘ )
] . ) 2 pshy 3.3 A A2
M 00 70 e T NN IA NORNER
VYAl lesf os Jlosy Y VR Y o i = "rl:ﬁ
o L X 3 - L -
-10-1_;-;}3 P g e h( LF- ! '10':,_30' . oI
v W Y 24534/ - 0.5
\‘ O s N r:.-""'t...—-"-l ¥ p-_..]':-:'""-i
B e e
TS - 24— ; ol % W ",
1# - 1% P T TN
—20 T T [ T
0 2 4 6 3 WRMIIINRUB] ) 2 4 68 WRRMUISIBAND UL
P8 V8
SIDEWALL MOMENT FROMLOAD CASE 8 . FT-LB
v —r min(P8) =-0.05
o v T max(P8) =0.65
: O i i -
o4 I max( V8) =3.69
2 s s min(V8) =-4.71
1640
s — max(M8) = 17.49
200 o} - .
246 8 0RUIEHIDDURD min(M8) =-8.83
M8
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EVALUATION ANALYSIS Ravision:_ 0
Page No. Qﬁ i
WOMNo._TM22
Dabe: ' By
Crackad: _ 44 By: .
Ravined: By:

1LOAD CASE'9: This load case Is for snow load effect on the long (287 side of the tank wall. Since the tank wall load
capacity is assumed to vary with depth, the bending action is assumed to be one way along the short gxis. This will
make this case consistant with the others cases reviewed. ’

Normalize the wall face pressure for snow load effect:

K-Q =35
SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY
F 2 "KQy P9:=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L z
- L= z) —
RL, = Z R(y.z.P9) M, - Z P9, 2= Vo2 TRy~ Z L
z=0 z=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
M, "ML - Z P % -V, .7 My:=M Vo=V
z=0
SIDEWALL PRESSURE FROM LOAD CASE 9 - PSF SDIPEWALL SHEAR FROM LOAD CASE 9 - PSF
- R
:: I 1| G hd Illr ’ LI e
io 3.5 paf everywhere -5 s
-1z -12 5
W “HETS —i3 =5
~1& ~1& “20r 7.t
1% i 18
HEEEEEEIEIE Y BRI
P9 Vo
SIDEWALL MOMENT FROM LOAD CASE 9 -FT-LB
muin{P9) =135
- 1] =
B ST — s ST ne ST max{P9) =3.5
1'-:'50‘ O _,_‘,:to- k 5 40—
-104—4 1 1 max(V9) =33.24
s I B! i =-36.74
1= 5""'—‘#—3&.”;3 min{V9) =-36.
16 10; —F 1
~If: max{M9) =116.34
002 46 81012 HIEIEDRUBD min(M%} =-58.61
M9
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WOMNo. T2

&uﬁz : v-oavms, wessmaen. pe 7]

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 8 VS MAXIMUM MOMENTS PRODUCED
BY THE 1992 SNOW LOADING (LOAD CASE 8) ON THE LONG WALL FACE. FACTORS OF SAFETY >
20 HAVE BEEN NORMALIZED TO 20 TO REDUCE PLOT CONGESTION.

S if(MS,_zw,mmc(W),min(MQ))
" M8

y.z

FS89N :=if(Fss9 <20,FS89 20)
Y.z Y.z h

Fy

min(F589) =6.64  max(FS89) =314.68

FS OF CASE 8 VS 1992 SNOW

0
= /—"
-z-_l LB SIE St =i ; m
% '_ZF“F-“;l 1 Z}J
1
N |
o o T
;_:,' T 133y .
e e e e =l i SR
N == SRNSSNN
[ | \

1312 1
R DY
Bzt N T il
_1,_;13&1\'\\{\ — ;—-r'J/—a’//"/ 27

Pagi ——] % o T T Ao

SNES Tl e = =7
L e

. > _—r\.—m—.—-— I
|
2

'1"-5"" 18y El‘__ " l

LJIQ“;::: 13 1
20 1 =t

¢ 2 4 6 B I 12 M ¥ 1B W B W ¥ B
(FS89N)
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Pagato. b5 o1 90

By:
By: 3
By:

LOAD CASE 11: An 3,620 Ib concentrated foad located normal to the long tank wall at centerline and oftset
5 feet to produce a 2:1 factor of safety relative to 1992 , December snow load.

Reset variables for new tank orientation: F=0 2:70,1.20 y:=0,1.28 L:=20.
DISCRETE LEFT END REACTION FUNCTION '

2
ry2. P =F, D e o)

L
SPECIFIC PRESSURE ARRAY FOR WALL FACE FILUING POINY LOAD ARRAY
F, = (p(3620,5,22~ 7,5 - 14)) P11 :=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L (w )1 ’ z
= = . - z = -~
RL :s Z‘ R(y,z,Pi) ML i Z pumz_Lz_ v, oRL Z PHL |
z=0 z=0 z=0
GENERAL MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
z
M, =ML - Z PU 2z -V, 2 Mil =M VIl =V
z=0
SlD(JﬁWALL PRESSURE FROM LOAD CASE 11-PSF ScIDEWALL SHEAR FROM LOAD CASE 11-PSF
- fir DERYEE NN YA T 1]
_ 112 345 2L 2 N s 1 oS 3 " A
+ \-\ = __‘_/ ) ) & o AT L
L+ \ 2_ L / _: - -
_‘: A e L Y = : 1 P~
-12 -tz x
—t4 -4
iyl - rd "~
e ] T \
-20 4 -0 L
O 2 4 6 8 1021416182022 242678 G Z 4 6 F I0I2 161220 22%N
Pl Vil
SIDEWALL MOMENT FROM LOAD CASE 11-FT-1B
2 i = min(Pi1) =-0.1
—4 »
. 1 s b 10 max(P11) =14.08
b £ o '\5
oS 74 max(Vil) =569
12 ) 11;.:-%‘
~14 min(Vil) =-62.01
-16-F
-18 e ber | lq'-“—-- - N
e — i max(M11} =105.12
0 2 4 6 8 10R2HIEIN2 NN min(Ml])=-2935
MIl
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EVALUATION ANALYSIS Revision:_0

Pagetio & _of M0
WONo._ T2 .
Date:
Revised:
CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 11 VS MAXIMUM MOMENTS PRODUCED

BY THE 1992 SNOW LOADING (LOAD CASE 9) ON THE LONG WALL FACE. FACTORS OF SAFETY >
10 HAVE BEEN NORMALIZED YO 10 TO REDUCE PLOT CONGESTION.

232

(ML >0, max(M9), min(MS) .
Fsl 19,.; = X Factors of Safety at one ft, intervals

Ml ly‘z along vertical centerline.
Fs1 19N” :=i.f(FSl lgy.;w,}"susy " m)

-z F8I119

min(FS119) =111 max(FS119) =812.07 0 LI
Pl

FS OF CASE 11 VS 1992 SNOW -2 581
" L3172

S B T X
3 : -5 £2.29
-6 [2.02

L~ [ ¥ -712
10~ 23T : =T]
32> K200 3 2

\

§ 9 237
\u \‘-\. o282
/ y } ) Til59

Y/ -12135.]
=

4,201
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7

X
v

\ VR
45 N N 3

(s W
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in
o

(

[ 13[5.09
[14[45.85
[15129.62
C16|12.75
~16 W 10 -1718.15

e e b (15[ 601
3 il (15[ 4.78

: 4=
ol = 201398

(FS118N)
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PagaNo. 67 of T
Chert; __ Babcock & Wicoa Hanford Comoany. WOMNo, TMZZ
o e i v il

LOAD CASE 12: An 3,415 Ib concentrated foad located normal to the long tank wall at centerline and offsat 10 feet to
produce a 2:1 factor of safety relative to 1992, December snow load.

F:=0 2:50,1.20 y:=0,1.28 L:=20

Reset variables for naw tank orientation:
DISCRETE LEFT END REACTION FUNCTION

2
R(y,z,F) ::Fy_z-&:—)-(}z+ (L-2))

L
SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY
F, = (p(3415,10,22- 2,y - 14)) P12:=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR "GENERAL SHEAR ARRAY
L L @ )z z
= = g - 2 = —
RL := Z R(y.z.PI2) ML s Z mlr_zz___...Lz v, =R Z Pz,
z=0 z=0 z=0
GENERAL. MOMENT ARRAY SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
z
M, =ML - Z L SEC R Mi2 =M -~
Vi12:=V
z=0
SlIgEWALI. PRESSURE FROM LOAD CASE 12-PSF SGIDBWALL SHEAR FROM LOAD CASE 12-PSF
-, b, —n, \ h | A } l
i 718 728 5 A TS -y
d Ly jh‘_ 35 K] _ [ - r./ )
o hts A X 1] . ¥
* \ '\ p—— / , 1.
-10 ] K, ~1¢
-z % 2 Sz 5
T U iy e s,
i bt » - d g
-18 -1% ,’l ‘\
20 -20 {
2 4 6 T VR UNKIEDDNHSR © 2 4 6 3 I012 1416182022242 28
P12 vi2
SIDEWALL MOMENT FROM LOAD CASE 12-FT-LB
B == min(P12) =007
hd 110= —d ] =
:ﬁ_-j;_f;’ Tt "’Nzﬂ = max({P12) =3.32
_ID Y [ 23 3| 3 _
T 18 1 7 max{V12)=9.19
.4|2_,_-|m‘_‘_‘-‘ = :"‘—li_&to.
“U B : b min{V¥12) =-23.37
1= 3 =
o= == max(M12) =70.08
) 2 & 6 § 10121416 1820 2 24 % ;% min(M12) =~29.31
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EVALUATION ANALYSIS Revisiom:_0_

PageNaG8 o 70
WO, TM22
O By: DAVIDS. M /‘ﬂ
Chacked: 'M ey:
Revised: 8y:

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 12 VS MAXIMUM MOMENTS PRODUCED
BY THE 1892 SNOW LOADING (LOAD CASE 8) ON THE LONG WALL FACE. FACTORS OF SAFETY » 5
HAVE BEEN NORMALIZED TO 5 TO REDUCE PLOT CONGESTION.

if(Mlz zm,mmdm),mm(m)) :
FS129, = Y. Factors of Safety at one f. intervals
' Mz along vertical centerfine.
FSIN =if[FS129) <S,FSI29, 5)
v e 7 F5129
-2 4,20-2
min(FS129)=1.66  max(FS129) =1.92:10° 0 {166
T 48
) FS OF CASE 12 VS 1992 SNOW = ::2:5
o . e e T, 3 1
- | RS : —_{:é% | - [a e
s b ""-.T.__‘s— J b4 .5 1399
) i (6 1263
’ A 7 {217
1 %%@E SR L] 3] 2
e /U"'- e 2 F 91 2
-3 43 /3'5/ / \. \\\ N o213
H ((_(\( ’ ) )\h 241
10 351
BCE SAVEFLY 12[2.96
N / a
N NNt //_,/// 55 0E
L ) ——— C———y
I qu\‘;_:ﬂf— r;-:a[s- I - 14]7.57
- L _ [ 15[100.54
(1611625
6 17§ 7.5
" [ T 18] 485
s ——— ey 19] 353
b LT /’fF’;-’::__ <11 20[ 276
bad [}
) 2 4 [ [} 10 12 4 16 138 % 2 U X 22
(FS129N)
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Pageto. 67 of T2

2
%ﬂ% E:Mmﬁ_qf}'

LOAD CASE 13: An 5,000 b concentrated load located normal to the long tank wall at centerdine and offset 15 feet to
produce a 2:1 factor of safely relative to 1992 , December snow ioad.

Reset variables for new tank orentation: .
DISCRETE LEFT END REACTION FUNCTION F:=0 2:=20,1.20 y:=0,1.28 L:=20

2
R(y.z,F) =F, L= 32, -2y
r: 3

SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY
E, ,:=(p(5000,15,22- 2,y - 14)) P13 :=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR ’ GENERAL SHEAR ARRAY
L L @ )z z
. : - -z -
RL := Z R(y.z.P13} ML = Z Plsm-z-_l}_ V, =R - Z P13,
z=0 z=0 z=0
GENERAL MOMENT ARRAY
z SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
M ML - Z P13 oz -V 2 M13 =M Vi3 =V
z=0
SIDU_EWAu PRESSURE FROM LOAD CASE 13-PSF SIDEWALL SHEAR FROM LOAD CASE 13-PSF
. T - {1 Y
. o 0 ~1 0. 2 =T
LA LA ™K M —] 1 ~10 B
M4 2 A5 TN ” ™ 5t
o8 A . —1g-i—]
Y 1 4 2 = i
i T~ et il e
1 ol JT00
i } ~1% )
-2 -0 I
02 4 6 % 10RIKIEIEDR2BR D 2 4 6 8§ 1012 141618202224 %628
P13 Vi3
SIDIEWALL MOMENT FROM LOAD CASE 13-FI-LB
K2 : ]
4+ 2 e min(P13) =-0.18
-0 =15 ===
il 15 | - Sk max{P13) =217
e I T a5 >
_::-:_-.‘ s ~13 = 1= Tax( v13) =}213t
~16-p0ze=t, in(V13) =-15.7
o = min{ V13)
0 02 4 6 % 10121416 182022 4 %28 max{M13) =58.3

Mi3 min{M13) =-29.44
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Fluor Daniel Northwest, Inc. Cakc bo,_TMR2G08
EVALUATION ANALYSIS Revision:_0
Page M.?Q_d_@.ﬂjl/z
Clhent:__Babcock b Wikcox Mardord Company. WoMNo TMZ2
Subject: 241 231 Underground Tank Date: Wﬂiﬁ
_ateral Logd on Tank Wl from Concentrated L.oad at Grady Checked: By: L. :
Location: _PEP 200 W Areg - Hanford Site, Richiand, Washington Revised: By:

CONTOUR PLOT OF FAGTORS OF SAFETY FOR LOAD CASE 13 VS MAXIMUM MOMENTS PRODUCED
BY THE 1992 SNOW LOADING (LOAD CASE 9) ON THE LONG WALL FACE. FACTORS OF SAFETY > 5
HAVE BEEN NORMALIZED TO 5 TO REDUCE PLOT CONGESTION.

if{M13 >0, max M), min(M9)) .
Y.z Factors of Safely at one R. intervals
Mi3, | along vertical centerline.

FSLION, , =if{FSI39, <5.FSI39, _.S)

F8139 =
Yz

-z FSI39,, 0
min(FS139) =199 max(FS139) =944 0{2
1 273
FS OF CASE 13 VS 1992 SNOW 2 D
T = - L3S
IR I = = e L4 [89.43
T D L5 ]6.44
. - 6 |3.37
T |249
e e 220
5 //"""—-,———_: ] 3.5 L9 £1.99
— r/// 3/ // -15'\'--\ Q%\
® / // P N \\'\ e F10] 2
HL00E L R e
" 25 - X
-1 \QS:\E\:\_ \--..._ ,.‘.—/ _/f/{/’/ L 13{3.16
£ T —] —— Y -
r\;::—.____; 3 ___,_,_.f_,f/ 14{4.92
~14 =X -15}14.48
5 L 16]236
16 17} 7.8t
N 1 _18[4.52
18 3 e S C1903.11
2 //¢, L — 201234
0 2 4 & { 10 12 w16 lli x 2 4 2B 23
(FSL30N)
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EVALUATION ANALYSIS Ruvision:_ © _ !
Pagedio, 7/ ot G0
Chent: ___Babcock & Wilcox Hantord Comoany WorNo,_TM2Z

Dute: _11H7198 By: o
°"‘°‘°“‘_-M— By::.:.:_:m-! $
o eys

LOAD CASE 14: An 7,850 Ib concentrated load located normat to the long tank wall at centerline and offset
20 feet to produce a 2:1 factor of safety relstive to 1992, December snow load.

Reset variables for new tank arientation:
DISCRETE LEFT END REACTION FUNCTION F:=0 2:=0,1.20 y:=0,1.28 L1:=20

2
R(y.2.F) :=F, JRUE 2N P 0
. LJ

SPECIFIC PRESSURE ARRAY FOR WALL FACE FILLING POINT LOAD ARRAY
F, . =(p(7850,20,22- 2,y - 14)) Pl4:=F
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTCR ’ GENERAL SHEAR ARRAY
L L 1 )z z
. " L=z -
RL :* Z R{y,z,P14) ML = Z Pldy.!z—-Lz— v, =Rl - Z Pla
z=0 z=0 z=0
GENERAL MOMENT ARRAY
z SPECIFIC MOMENT ARRAY SPECIFIC SHEAR ARRAY
M =ML - Z P4 .z -V -z M14 =M V1=V
Y.z Y Y.L Yl
z=0
SIDEWALL PRESSURE FROM LOAD CASE 14-PSF SIDEWALL SHEAR FROM LOAD CASE 14-PSF
e . * 1 T
1 e oo . 10| 4' L
° ol 1. ) — . i N
/1 2 RNEAEN |t~ ==
s 13 3 I
—;: 1.3 S -—1; s H
-8 - _ = =
-16- \k —+# -16F* = 1 ™~
) J_\""‘- [ 1% - I -
—20 -0
'llih 1012 1416 B D2 242628 9 2 4 lQlINlG{lNIJ'A&Z’
Pi4 vi4
SIDEWALL MOMENT FROM LOAD CASE 14-FT-LB
= =
Il == i =T >3 = .
- ‘_‘2; -m‘ Tl T min(P14) =-0.38
_'l:-;"l y ] § max{P14) =192
-1 - 35=2 4
o Yagroy ) max( Vid4) = 14.69
e R A min(V14) =-12.56
P Z 4 6 F M2 DD max( M4} =54.48
Mid min(M14) =-29.36
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EVALUATION ANALYSIS Revision:

WOk, TM22
Date: {1 8y 77
Revised: By:

CONTOUR PLOT OF FACTORS OF SAFETY FOR LOAD CASE 14 VS MAXIMUM MOMENTS PRODUCED
BY THE 1992 SNOW LOADING (LOAD CASE 8) ON THE LONG WALL FACE. FACTORS OF SAFETY > 5
HAVE BEEN NORMALIZED TO 5 TQ REDUCE PLOT CONGESTION.

) if(Mld,_zw,muc(m).min(MQ))

— Factors of Safely at one ft. intervals

¥,z along veriical centedine,

FSMQN,"z = if(FSl49r.z<5,FSI49y’:, 5)

FS149
¥.

-z FSl149

min(FS149) =2 max(FS149) = 137.8 0 225
-1 [297
. FS OF CASE 14 VS 1992 SNOW : ;.z
e .
z e s o) -4 [30.72
I I S [o@
1
|
il

14,20~z

\

412
28
229
206

&1/
Y/
[
i/
RN

\
AVVIS

T T
Wwioo) —i| o

AN
;
/

-12§2.29
-13] 28
e 1414.02
¥ -15] 8.9
5 A - 16139.35
17| 835
- 18] 4.43
-1982.92
207 2.14
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Fluor Daniel Northwest, Inc. Cale No._TMz2-C01
EVALUATION ANALYSIS Revision:__ 0 _
PageNo. 23 ot 23
Cliant:___Bahoock & Wilcox Hanford Company WOMNo._TM22
Subject _ 2417361 Underuround Tank Date: 4117158 By: R W
_Lateral Load on Tank Wall from Concentrated Load 3¢ Grade Checked: ﬂ’ @:_ By: LJ. J
Location:,_ PEP 200 W Area - Hanford Site, Richland, Washington Revised: 8y:
r=0 Q =950

SPECIFIC PRESSURE ARRAY FOR WALL FACE

Fy,z = (P(Q.I,ZZ- z,y~- 14))

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L @ )2 4
- B z -
- 3 RO A
z={ 2 =0 z=9
GENERAL MOMENT ARRAY

z
M, =M - Z Fo oz -Vy,2
z=0

if{M, >0, max(M9), min(M9))
s, = — Factors of Safety at one ft.
My.z intarvails along vertical centeriine.
FSN, , = if(FS, ,<5.FS, .5) =0 Q=%
2 FS, 4,
min(ES) =1.14 max(FS) =6.79-10° 0] ]L1s
: 1] [22
, FS OF CASE 14 VS 1952 SNOW _i_ :igs
i M%— 4| 50
2 3 s 5| 1289
6] (228
; === 71206
. (2NN alE
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Fiuor Daniel Northwest, inc.
EVALUATION ANALYS!S
Client___Babcock & Wileox Hanford Company. w
Subleet: 2412381 Underpround Tank
eral on Ta tl from

Location: PEP 200 W frey - Hanford Site, Richland Washiogton Revised:

11117198
m—jﬂt o

HNF-2024, Rev. 2

Calc No._TMz2-C-01

Revision: _ 0
L?Q_

Page No

y: DA
L.J. SUHLYK

r=i Q =1000
SPECIFIC PRESSURE ARRAY FOR WALL FACE

F,, = (@Q.r,22-2.y- 14)

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR
= (L )
- ¥4
RL - Z R(3.2.F) ML Z F,,

z=(

GENERAL MOMENT ARRAY
z
- z F, % - Vy 2
z=90

] if(%.zio,max(MQ),nﬁn(M‘i}}

Y.z %'z

S = { (
FSN, - if(FS, <55, ,.5)

F$

3

min(F8) = 1.19 max(FS) =5.61-10°

FS OF CASE 14 VS 1992 SNOW

) SSS=_ 7y

. }/ ] / SN
AU

; RN

. N

-1

]

[ 13 7 u 2%

G-82

P

GENERAL SHEAR ARRAY

v l.:RL)_- i F
z=0

Factors

of Safety at one ft.

intervals along vertical centerline.

r=1

[=] =

[=[3[e] o]+ =]~1=

FEEEL

4
-15
- 16

l

Q =1000

iEu,_zo_- z

1.19
2.2
501
37.24
555
758
231
207
2
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224
257
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865
225 10°
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HNF-2024, Rev. 2

Fluor Daniel Northwest, inc. Calc No._TMTZC01.
EVALUATION ANALYSIS Revision:_0__
PageNo. 75 of 7
Client:___Babcock & Wilcox Hanford Comoany, WOMNo._T22
Subject: _ 24131 Underground Tank Date: 11747138 By: Do ssooer pe BT
on Tank Wall from tratud nG m@ By: EJ. JRLYK %
Location; _ PFP 200 W Area - Hanford Site, Richiand, Washinglon Revisad: 8y

r=2 Q= 1140
SPECIFIC PRESSURE ARRAY FOR WALL FACE

F,, = (p(Qu22-2,5- 14))

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAl: SHEAR ARRAY

L L z
] . G-z _ ‘
&L, = Z R(y.z.F) ML Z FY.z'z'T — Vya * Rby - Z Fya
z=0 z=0 z=0
GENERAL MOMENT ARRAY

z
M, =ML, - Z R,z -V, 2
z=0

if(:MY’z>0,rmx(M9).min(M9))

Fs’,z Factors of Safety at one ft.
’ M, intervals along vertical centerine.
\ =2 Q=140
FSN, , = if{FS, <5.FS, .5}
? Bug-.
min(F$) =133 max(FS) =3.58+10° o |13
1] 225
. ES OF CASE 14 VS 1992 SNOW ‘i’" ;;f“%
L—mg:‘/{%_J 411699
& ) ») i 3_25
6 | [241
i ] S L SIRER
1 s -7 |
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L ) i [
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HNF-2024, Rev. 2

Fluor Daniel Northwest, Inc. Caic No._TMZ2C4Y
EVALUATION ANALYSIS Ravision: __0
Page No. ZZ of 20
Ctient: ock & Wilca: WOMNo.__TM22
Subject_ 2417381 Underqround Tank Date: By: DAVID § M
1Lo3d on ed t Grade cm&eim% By: &J JULYK g
Location: W Area - Han/ Ite, Richt Waghi: Revised: By:

r-3 Q-0
SPECIFIC PRESSURE ARRAY FOR WALL FACE

Fy,: = (p(QJ.Zz -z,y- 14)

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAI.‘.' SHEAR ARRAY
L L (L )1 z
-z
RLY =2 Z R(v,z.F) MLY : Z Fy'z'?.‘—]-:;'— V}A_z = RL’_ - Z Fy,z
z=0 z=0 z=0
GENERAL MOMENT ARRAY

z
M, =ML - Z F, 7 -V, 7
z=0

i£f i A
) 1§'\MY’ z>'[).mmc(!%‘!9),n:nn(!\/i?) )

I-‘S”. Factors of Safety ot one f.
’ M, intervals along vertical centerline.
- ! r=3 Q=1360
FSN, , = i(FS, ,<5,FS, ..5) ]
z FSis,20-2
min(FS) =149 max(FS) =425 10° 0 ] [1.e9
‘ 1] 233
21437
FS OF CASE 14 VS 1992 SNOW —i- =
v S T 3]
NS == ] (1609
2 5 TT 7 51367
| 3 6] {255
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HNF-2024, Rev. 2

Fluor Daniel Northwest, Inc. Cale No._TM22.C-01
’ EVALUATION ANALYS!IS Revislan: _0
Page No, __ZLOP __ZQ_
Client:___Babcock 8 Wilcox Hanford Company WoNe._ TMI2
Subject: _ 241-7.361 Underqround Tank____ Date: 1fif73@ __  By:DAVIDS. MESSINGER, PE “T2#]
Lateral Load on Tenk Wall tom Concertrated Load 3t Grade Checked: By: L SAYK ﬁ
Location: _ PFP 200 W Area - Hanforg Site, Richland, Washingion Revised: By:

red Q1650
SPECIFIC PRESSURE ARRAY FOR WALL FACE

F,’2 = {(p(Q,r.22-z,y- 14})

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L @ )2 z
-2
RL = . RGP Y A V., iRL- Y F
Z L -
z=0 z=( 2=0
GENERAL MOMENT ARRAY

FA
M, *ML,- Z F, % -V, .7

z=0
if{b.g z>0,max{M9),m.in(M9))
FS“.: . Factors of Safety at one ft.
' My.z intervals atong vertical centerline.
. =4  Q=1650
FSN, = kf(FSy'z<S,1-‘Sy'z,5)
N T I
min(FS) = 1.6 max(FS) =9.3-16° [0 ] 165
1| [244
FS OF CASE 14 VS 1992 SNOW _i_ ‘:'12;3
; Ij\*%‘ﬁ?‘ A e B
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HNE-2024, Rev. 2

Fluor Danie} Northwest, Inc. Cute No,_TMZZ-CHY
EVALUATION ANALYSIS Revision:
Page No._78_of D
Client:___ Babeock § Wilcox Hanford Company WONo. TM22
Subject _ 241-Z-361 Underground Tank Date: By: DAVID S, MES! [ ‘95"'{
| ateral Load on Tank Wil from Concertrated Load at Grade Mef% m:Iiﬁ-f
Locatton: _PF rea « i ichland, Washl Ravised: By:

r=5  Q.=2025
SPECIFIC PRESSURE ARRAY FOR WALL FACE

F, .= (p(Q.1.22-2.y- 1))

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L @ )'z z
-z
RL = Z R(y.2.F) ML, - Z 'r‘]hz-z-v-«——L2 v, , <RL- Z s
z=0 z=0 z2=0
GENERAL MOMENT ARRAY

z
M, , =ML, - Z F, 2 - V,,2
z=0

(M, >0, max(M9) Tain(MS))

FS, .= Factors of Safety at one ft.
) My.z intervals atong verticat centetline.
et =5 Q=2025
FSNM B Lt‘(TSy':<5,FS”,S) F
iz FSiim .,
mn{F5) =18 max{F3) =4.59-10° 0_ 18
;L 2.36
FS OF CASE 14 V5 1992 SNOW —i— ;3;
o An = A7 3 ]2
NS e | 1723
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HNF-2024, Rev. 2

Fluor Daniel Northwest, Inc. Cate No._TM22.-0-0%
EVALUATION ANALYSIS Ravition: @
PageNo. 77 ot S
Client:___Babcock & Witcox Hanford Comesay WOMNo, _TM22
Sublect_ 241-7-361 Undergroun Tank Dats: 11417198 By Y=l
Tan | fr Gi Chacked: EEE By: L.J 1/
Location:__PEP 200 W Areq - Hanford Site, Richland, Washington Revived: By: ;
£=6 Q12510

SPECIFIC PRESSURE ARRAY FOR WALL FACE

Fy.z = (p(Q,r,22 - z,y - 14})

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY

L L z
2
- ’ . {L-2) )
RL, = Z R(y.2.F) ML, - Z Fya? 0z Vya Ry Z Fre
z2=0 z=0 z=0
GENERAL MOMENT ARRAY

z
M, ML - Z Fooz =¥y,
z=0

(M, >0, max(M9), min(M5))

FS}, 2 Factors of Safety at one ft.
' My.z intervals along vertical centerline.
e . (=6 Q=2510
FSN, , - |t(FSy_t<s,Fbm,5) -
T Sgwee
min(FS) =1.93 max(FS) =2.83-10° 0] 18
T Ee7
i FS OF CASE 14 VS 1992 SNOW -%- ‘;g;
¢ 3 . e 2 318
[ mﬂé f 41 [24416
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HNF-2024, Rev. 2

Fluor Daniet Northwaest, Inc. Caic No_TM22-C-01
EVALUATION ANALYSIS Revision:__Q
Page No. _jM__nr_fQ_
Client: ___Babcock & Wilcox Hynford COmpany WwoNo._TMz2 -
Subject: __241-2-361 Undermround Tank M 1 By: DA
_Latersl Load o Tank Wall from Concentrated Load at Grade Br:L-l ﬁﬁf
Location: _PEP 200 W Ares - Haqford Site, Richland, Washington Revlsed
r=7 Q=300

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F, . (pQur22-7,y- 14)

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR GENERAL’ SHEAR ARRAY
L L @ )2 z
- . -z - _
= Z R(y,z.F} Ml'y ) Z F)',z z Lz v]’-l RL)' Z F)'-z
=0 z=0 z=0
GENERAL MOMENT ARRAY

M;,z = MI.}r - 2 Fy‘x-z -Vy‘z~z

z=0
(M, >0, max{M9)  ain(M?)
FSFz = . Factors of Safety at one i,
' My.z intervals along vertical centeiline.
. =7 Q=310
FSN,, = H{FS, <585, ,.5) .
2 Poya0-e
min(FS) =2 max(ES) =38710° (0] [204
11278
7| [426
A FS OF CASE 14 VS 1992 SNOW = 82;9
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HNF-2024, Rev. 2

Fluor Danie! Northwest, Inc. Cale No,_TMz2-C-01
EVALUATION ANALYSIS Revition:__ 0
PageNo. 8/ o ﬂ
Cllent;___ Babcock & Wilcox Hanford Company WOJNO TMZ2
Subject: 2413-361 Mﬂ Tank 11117
Tank Wall from 024 3G m ar EJ K ?
Location: _ PEP 200 W Ares - Hanford Site, Richland, Washington Revised:
=8  Q.3820
SPECIFIC PRESSURE ARRAY FOR WALL FACE
F}"z = (p(Q,r1,22 -2,y - 14))
LEFT END REACTION VECTOR LEFY END FIXED MOMENT VECTOR GENERAL SHEAR ARRAY
L L (L ) z
Z
RL, - Z R(y.z,F) Z RE, - Z £
z=0 z=0 z=0
GENERAL MOMENT ARRAY
z
M“=ML - Z F”z -V”_z
z2=0
M, Z>0,mmc(M9},min{M9))
£S5, s = Factors of Safety atane ft
’ M., itervals along vertical centarline.
o =8 Q=380
FSN, = if(FS, <5.FS, ..5)
z jis_l-t,_zo-z
min(FS) =2 max(FS) =402-10° 0216
1] 289
FS OF CASE 14 VS 1952 SNOW “%" 4335
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HNF-2024, Rev. 2

Cale No._TMZ2-C-0%
Revision:__0

Page No. B2 of 90

By; DAVID S. W
—m By: Liﬁ ﬁ
B8y:

Fluor Daniel Northwest, Inc.
EVALUATION ANALYSIS
Client; M&Mi@nxﬁfoﬁm WONe,_ THMz2
Subject gj;ﬁ] Urnpderqround Tank Date: 1117198
all f Concentrated Load GChecked:
Location: PFP 200 W Ares - Hanford Site, Richlaod Washington Revised:
r=9% Q=470

SPECIFIC PRESSURE ARRAY FOR WALL FACE

F,, - (PQ.e22 -2y - 14)

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR
- (L )
Z
RL - Z R(y.2,F) ML, Z F,
z2=0 z=0
GENERAL MOMENT ARRAY

M, =MLy - Z Fya? - ¥yt

z=0
_— E:\M}_,.‘W,M(Mg),min(M'))}
y.z M
Y.t
4 A
l"'SNy.z = zf(FSy_fS,FSy'z,S}
min(FS) =2 max(FS) =169-10°
FS OF CASE 14 VS 1992 SNOW
M Q / -
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GENERAL SHEAR ARRAY

~ g

Factors of Safety at one ft.
intervals along vertical centerline.

£=9  Q=4720
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0| {225
11 298
21 437
37 {7388
4| [3058
EEE]
6| {213
L7282
8| 23
91 [2.07
10 2
THy [2.07
-13] [2.29
C15) [ 28
4] 40
13 [878
16! [31.13

: [543

4.44

292

112




HNF-2024, Rev. 2

Fluor Daniel Nosthwest, Inc. Calc No._TM22.C-01
EVALUATION ANALYSIS Revision:_ 0
Page Mo B2 ot 90 _
Cllent: Babcock & Yilcox Handord Company. WOMNo. _IM22
Subject 2411-351 Unoerground Tenk Date: 14117,

Tank Walt
Location: _PFP 200 W Area - Hanford Site, m Washington

r= 10 Q.=5830
SPECIFIC PRESSURE ARRAY FOR WALl FACE

*(p(Qur.22-2.y- 14))

Checked:
Ravised:

TR

GENERAL SHEAR ARRAY

LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR
S (L > “
2
RL - z Rty,z,F} ML Z F | - Z £
z=0 z=0
GENERAL MOMENT ARRAY
z
= Z A '
if-(My zw,m(M),min(M‘}))
£, - Factors of Safety at one ft.
My,z intervals along vertical centarline.
FSN“:if(Fsﬂq,Fs“,s) r=10 Q=583
2 By no.
min(FS) =2 max(FS) = 13710° CRyE:!
T4 {303
FS OF CASE 14 VS 1992 SNOW % ;;;
> — — =iz
I_"l\E:l--—.:s.s::#_— 3 r—l -4 (258
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HNF-2024, Rev. 2

Fiuor Dantel Northwest, Inc. Gale No,_TMZZ-C-0%
EVALUATION ANALYSIS Revision:_0
PageNo.BF of 2D
Client__Babcock & Witcox Hanford Company WoNo. _THZ2
Subject: _241-2-361 Underaround Tank Date: 11H7198 By: DAVIDS. r.rg DS
T ateral Load on Tank Wall from Concentrated Load st Grade  Checked: By L ALYK
Location: _EFP 200 W Ares - Hanford Site, Richlgnd, Washington |, Revised: By:
ca1l Q.c 760

SPECIFIC PRESSURE ARRAY FOR WALL FACE

Fy,z = (P(Q,I,ZZ -2.¥- 14))

LEFT END REAGTION VECTOR LEFT END FIXED MOMENT VECTOR GENéRAE SHEAR ARRAY
L L @ )2 z
-2
RL, - Z R(y.2.F} ML, = Z Fyet7 Vo Ry Z Fya
— _ L
z=0 z=0 1=0
GENERAL MOMENT ARRAY

z
M,, =ML - Z Fat -V, 2
z=0

if{M, >0,max(M9). min{M9))
Fsrz: > Factors of Safety at one ft.
’ My,z intervals along vertical centeriine.
r=1l  Q=TI60
FSN, = if(FS, <5.FS, _.5) .
2 -
min(FS) =2 max(FS) =2.14-10° (0] [24
SR RENE:
2| 447
FS OF CASE 14 VS 1992 SNOW WA
) m 7/1 i 7.63
R K S s . X oy et = i_ 22.56
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HNF-2024, Rev. 2

Fluor Daniel Northwest, Inc. Cale No._THR.C-01
EVALUATION ANALYSIS Revision:_ 80
Page No. ﬁﬁ of E’Q
Client: __Babcock & Wilcox Hanford Company, WOMNa._TMZ2
Subject__241-Z.361 Underaround Tank Date: VAT By: DAVIDS. P Q?fff
nral o Grade Checked: Br L.J
Location;_PEF 200 W Area - Hanford Site, Richland, Washington Revised: By:
=12 Q- 8800
SPECIFIC PRESSURE ARRAY FOR WALL FACE
F}r 2 (p(Q.r.22-2.¥- 14))
LEFT END REACTION VECTOR LEFT END FIXED MOMENT VECTOR ) GENERN.-. SHEAR ARRAY
L L (L ) z
Fo
Riy Z R(y.z.F) Z *RL, - Z Foa
z=0 z=0 =0
GENERAL MOMENT ARRRY
z
=ML Z Z - ':- .
if[M, >0, max(MS), mia(MS))
FS, = ! . Factors of Safety 2t one ft.
' M,z intervals along vertical centarline,
FSN, , < i{FS, <5.FS, .5) (=12 Q=880
Y. 2"}
z FSi w2
mm(FS} =195 max(FS}=1.36-103 _0_ 245
i 318
-2 [45
FS OF CASE 14 VS 1992 SNOW S s
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Fluor Daniel Northwest, Inc. Cale No._TMRCH1
EVALUATION ANALYSIS Revision: _Q
PageMo. 56 of 50
Client: & Wileo: WoNe,_ TMZ2
Subject _ 2417381 Ynderoround Tk Date: 131778 ar.:mvnf fs??:of-ﬁéﬁ
gk Wi iad Lopd 5t Grade W By: LJ. LYK
Location:_PEP 200 YW Area - Hanford Slte, Richiand, Washington Revited By:
r=13 Q. 10800
SPECIFIC PRESSURE ARRAY FOR WALL FACE
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| Calc, No. _BLCZIBIRY
@/ COGEMA DESIGN ANALYSIS E:;::‘g’z_ TS

ENGINEERING CORP.

Client: _Charactarization Equipment WOllob No.

Subject: Analtysis of Core Sampling Piatform Date: __ 3/2 By: 8 L. Coyerdell
Checked: By:
Revised: By:

1.0 OBJECTIVE  These calculations determine the structural adequacy of the core sampling platform for use in sample
tank 241-Z-381. The platform (s considered performance catwae?ory 2 (PC2) per Engineering Design and Evaluation,
HNF-PRQ-087. The platform supports a core sample truck weighing 32,000 1b and ten people each weighing 200 b
for a total weight of 35000 Ib. An 85 mph wind loading is also considered, however, this is not combined with the live
loading due to personnel.. Also, the five load due to stopping of the core sample truck shall be considered. Seismic
Ioading is not cansidered a credible design load since this is a temporary structure, The platform working stresses will
ba calculated and compared to the allowable working stresses in American institute of Steel Construction, AISC 1989,

2.0 DESIGN INPUTS
2.1 Drawing: H-2-85633

3.0 ASSUMPTIONS ‘
3.1 Seismi¢ loading is not considerad to be a credible scenario since the platform is a temporary structure,
3.2 The center of pressure and the center of gravity are coincident,
3.3 The uplit dus to 85 mph wind will be neglected. This is conservative for two reasons: overtuming of the core sample
has been analyzed

truck already and determined not be of concern (WHC 1995) ant the upiift force would reduce the
tota! load on the platform.
3.4mGiven :aij and that the Cg Is neardy over the rear axde, all the overtuming force due to wind loading will be applied to .
e rear axe.

*3.5 The 2 mph velocity of core truck is based on operational experience.

3.6 For analysis purposes, the worst case scenario of the core sample truck on the platform is with the rear axle of the
truck directly over the center of the platform.  This icad casa requires that two platforms be used since the frent axle
extend onta it due to the length of the truck.

4.0 METHODS OF ANALYSIS (Hand calculations completed in Mathcad ver. 8.0)

5.0 REFERENCES
5.1 ﬁ\li_sq. 1989, Manuaf of Stee! Construction, 8" Edition, American Institute of Steel Construction, Chicago,
inois, - '
5.2 ASCE, 1998, Minimum Design Loads for Buildings and Other Structures, ANSVASCE 7-95, American Society of
Civil Engineers, Reston, Virginia.
5.3 Blodgett, O W, 1991, Design of Welded Structures, Fourteenth Printing, The James F. Lincoln Arc
Wel Foundation, Cleveland, Ohio.
5.4 GCoverdell, 1599, Design Loads and Cenler of Gravity For Core Sample Truck #1, LMHC-3951531, Lockheed Martin
Hanford Corp., Richland, Washington. )
55 EVDI;h 1987, Enginearing and Daesign and Evalyation, HNF-PRO-097, Fluor Danjel Hanford, Inc., Richland,
ashington.
5.8 WHC, 1%95. Stnictural Evaluation for Core Sampling Trucks, RMCS Operations, 200 Area, WHC-SD-WM-DA-215,
Weslinghousa Hanford Company.
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6.0 FINDINGS AND CONCLUSIONS The calculations in this below determined that the core sampling piatform is adequate
to support the 32000 b core sample truck plus the weight of 10 people plus 1000 Ib due to cask and cask stand for a
total of (35000 Ib). NOTE: the casks and cask stand ara positioned behween two platforms side-by-side.

7.0 Load Cases  Following are the load cases to be considered in these calculations.

NOTE: 1) Dead weight of the beams was considered and fourd to be negligible.
2) Core sampling operations cease in sustained winds in excess of 25 mph,

7.1 LL {Core Sample Truck) + LL (Core Sample Truck Stopping) + LL (Cask) + LL (Humans) + Wind (25 mph).
7.2 LL (Core Sampte Truck) + LL (Cask) + Wind (85 mph).

8.0 CALCULATIONS

8.1 Live Loads and core sample truck Cg location.

P yruck = 32000-1b Live load due to core sample truck, Coverdell, 1998.
P human = 2000-Ib Live load due to humans, Coverdell, 1989.
Live ioad due to casks and casks stand. NOTE: In service, this equipment will
P ask = 1000'h not be placed directly on a single platform but wili be supported between two
cas platforms.
P srone = 11000:16 Weight of core sample truck front axie as record by the state of Washington.
P rear = 21000-1b Weight of core sample truck rear axle as recorded by the state of Washington.
Cg y = 156in Horizontal distance to CG of sample truck. Measured from center of front axie,
WHC 1985,
Cg y = 64.3-in Vertical distance from top of platform to CG of sample truck, Coverdell 1999,
8.2 Determine the maximum wind force on the core sample truck given that the truck is performance category 2
{PC2) and for a 25 mph wind.
K,=.85 Exposure category C, table 6-3 of ASCE 1996.
Kg=1 Per paragraph 6.5.5 of ASCE 1996.
=107 Importance factor (HNF-PRO-087, 1937).
Vgs:=385 Wind velocity per (HNF-PRO-097, 1997).

b b .
Q7 g5 = 026K K 41V 352-? 4z 85= 16.822-51. Velocity prassure.

Gi=.85 Gust effect factors detemmined from paragraph 8.6.1 of ASCE 19968.
Cg=ls From Table §-8 of ASCE 1996 given a height of 10 fi.
A gi= 36128-in? Surfaca area of truck from WHC 1985.
Pygs=qz7 850G CrAg Py g5=33811b Wind force on core sample truck.

- ) 25 mph Wind velocity. This is the meximum wind velocity the operations will
Va5:=25 use the core sample truck in.

I Ib .
Q7 257= 00256K 5K 1V 252-52 9z 25 M550y Velocity pressure.

Py 25:=q; 25GCpA¢ Py o5=465lb Wind force on core sampie truck.
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8.3 Determine the force applied to the platform by a core sample truck stopping.

V4 :=2-mph Maximum velocity of core sample truck based on operational experience.
V 5 :=0-mph Final velocity of core sample truck.
m := 35000:1b Mass of core sample truck in Ibs mass.
ti= .6-5eC Estimated time required to stop core sample truck based on operational experience.
Use Kinstic Energy Theory
4= 17Y2 s 0 le truck 1

= = 10.56+in istance required to stop core sample given an initia

velocity of 2 mph,
Work done =K, E.
! 2
Piopdi= iV g
,:,-m-v 12

Pgtop = —g— P grop = 5318416f Longitudinal force required to stop truck. P g5 1= 5318-1b

8.4 Determine the increased reaction force an the rear axle due {0 a 85 mph wind loading and a 25 mph wind loading.
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¢ = 84-in Distance between tire canter lines on rear axle.
€7 := [94.in Distance between centerlines of front and rear tires.
CexPw.ss
" reargs = "e—z‘”—  reargs = 4327 Ib 85 mph wind force on rear axde, WHC 1995.
CexPwas
M reards = _XTZ‘E__ frear?s = 374 b 25 mph wind force on rear axie, WHC 1995.
C8 y' rear8s
Tw 85 y T rwgs=33121b Additional force on one side of rear axle due to 85 mph
- ©) - wind loading, WHC 1985.
Ce T rear2s Additional force on one side of rear axle due to 25 mph
Py 2§ = —2 fy 25 =287 1b wing loading. 46" obtained from 84" rear axe tire width / 2,
€1 W WHC 1995,

8.5 The allowabla stresses for A36 and A500 Grade B material per AISC 1989 are shown below.

lb

o y_a36 = 36000~

ot a36 =069y 436
S b_a36 = 0660y 36
T v_a36 =0.4.q y_a36

16
[+ y-a_soo = 45000;2-

i+ 1_3500 =060 y_2500

S p_as00 = 0660 y 500

Tv_a500 = 045 y a5

Load Case One
Prear Poeask

Yield stress of A38 material.

b

T4 236" 2‘600‘5: The allowable tensile stress.

Ib

% b_a36 = 23760? The allowabie strong bending strass.
b

Ty al6® '4400-? The allowable shear stress.

Yield stress of A500 Grade B material.

b )
Oy 2500 = 27600 .F The allowable tensile stress.
Ib

Sl 2500 = 30360-‘_2. The allowabie strong bending stress.
- 14

b
Ty 2500 = 13400y The allowable shear stress.
- s

8.6 Cakulate the maximum horizontal and vertical ioadings for load cases one and two.

P human Vertical Loading: 1/2 rear axle foad + 1/2 the cask

P et = 2 t—y
Phorzl""stop

Pw 25465494

P =11787 b load + human load evenly distributed over the four
Frw2s Tvenl tegs of a platiomn + 25 mph wind load.

P horzt = 531846 Horizontal Loading due to truck stopping.

The lateral loading due to a 25 mph wind is negligible.
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Load Case Two

P o froar P oask P yerty = 14312 [b Vertical Loading: 1/2 le load + 1/2 cask load
ver® T T B venz = +85 mphwind load. |

Phorz2 =P w_gs P horgz = 338140b Horizontal Loading due to wind.

Note: Load case two is the governing load case and will be used for all analysis, however, the horizontal load dua to
stop of the core sample truck will be used when deemed applicable.

8.7 Determine the maximum stresses in the W8x18 using the loads calculated above. Consider the two Wax18stobe a
simply supported beam. Use the formulas from AISC 1989, Page 2-298, Diagram 7 to determine the maximum
bending sfress and shear stress.

L = 246in Length of beam.
va:rt 6 b
E = 30-10 = Modulus of elasticity.
o'=3
Phors A = 5.26+ir Cross sectional area of
Wax13 a WBx18.
o Iy =619 Moment of inertia for a
Wx18 about x-x axis.
267~

Ly =797 Moment of inertia for a
WEx18 about y-y axis.

Determine the achual section modulus of the built-up section (W8x18s and 3/16 in. diamond plate).

/un:AMOND SLatz

I x
I
1, 3.\ .4
Iy pi=py 20 (13"“,’ Ix_pt =001 in Moment of inertia of the diamond plate.
3 .
A py = qz'in-20-in A p)=3.750in? Crass sectional area of the diamond plate.
3.
"
Y pl = 40710 e ¥ pl = 4.164+in Distanca from the hiorizontal centerting of the W8x18s to
the centroid of the dlamond plate.
o Yphpl oo Distance from horizontal centerline of the W8x18s to the

Yo P TR T Al Y bar = 1.08in neutral axis.




3.
€ min = 407-I0 + it - ¥ por € min = 3-163«in

¢ max = 407-in+ ¥ gy ¢ max = 5-164+in

d pl = € min = —5— d pl= 3.07+in
Ppr=Ty pitA pl'd pil Ipl = 35.344.in*
le=21y+1g Ie = 159.1444in’
4. 1875:in

=

940.549in?

Lp=21y+A wexigd) By =

Por
s b S o = 30.817+in?
< max
Ty
Sy= TSI sy.=128.622-in3
T

Determine the maximum tensile stress on the W8x18s,

P horzi b
g, o, = 505513
T TR waxis ' w

Answer := il'::cs <o t_336,"01(" ,"No Good") Answer

Determine the maximum bending stresses on the W8x18s.

Pyert2’L
MX max = — Mx max = 880205 «in-ib
MX max Ib
g bx = —sx'— g bx = 28562!51.

Answer := if{:o bx<133:0 4 436,"OK","NoGood* | Answer

Phore2 L
.
MY max = ——F— MY max = 165469 -in-1b
MY max Ib
[+ by = _s_y'—. o by = ]236?

Answer := if ( O py<1330 b_a36:"OK","No Good') Answer

= “OK"

= "OK"

= "OK"
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Minimum distance from neutral axis to outer most point of
buiit-up beam.

Maximum distance from neutral axis to outer most point of
built-up beam.

Distance from neutra! axis to centroid of plate.

Moment of inertia of the diamond plate (parallel axis
theorem.

Moment of inertia for the entire built-up section.

Distance from centerline to outer most fiber of W8x18s.

ly' does not include diamand plate.

Section modulus of W8x18s and 3/16 in. plate about
X' axis.

Section modulus of W8x18s and 3/16 in. plate about y
axis.

Beams are adequate per AISC 1989, Page
5-400c.

Maximum moment in the W8x18 built-up section per
AISC 1989, Page 2-298, Diagram 7 (pinned ends).

Maximum stress in the WBx18 built-up section.

Beams are adequate per AISC 1989, Page
5-45, Equation F1-1, NOTE: use 1/3
allowable stress increase per AISC 1989,
Page 5.30.

Maximum moment in the WBx18 built-up section per
AISC 1389, Page 2-298, Diagram 7 (pinned ends).

Maximum stress in the W8x18 built-up section.

Beams are adequate per AISC 1889, Page
5-45, Equation £1-1. NOTE: use 1/3
allowable stress increase per AISC 1989,
Page 5-30.



HNF-2024, Rev. 2

AISC 1989 requires that the load cases that exclude wind be checked also. In these calculations this would be
vonsidered load case 1 even though a 25 mph wind is considered. The lateral foading due to an 85 mph wind is also
considered (conservative).

P ‘L
MX gy = i;tl._ MX oy = 724872+in-1b Maximum moment in the W8x18 built-up section per
AISC 1989, Page 2-298, Diagram 7 (pinned ends).
M max 23522 to Maximum stress in the W8x18 built-up section
[+ = T = o .
bx =57 bx I p
Answer = if16 <0 p n36,"OK","NoGood™,  Answer = "OK” Beams are adequate per AISC 1989, Page
’ - : 5-45, Equation F1-1.
Phor2'L , Maximum moment in the WBx18 built-up saction per
R My max = 330938+inlb A|SC 1989, Page 2-298. Diagram 7 (pinned ends).
MY max 2573 b Maximum stress in the W8x18 built-up section
q - q = ! .
by TSy by e
Answer := if'o by<S b a3g "OK" ,"No Good" } Answer = "OK" ?ﬁ%mggﬂgﬁm L1“?1“3 per AISC 1989, Page

Determine the maximum shear stress on the W8x18s.

A web = 8.14in-0.23.in A web = 1.872+in’ g% u:; web will take shear in the vertical

Pver2

Ty ven = Thog —y The maximum vertical shear stress. OK

o
Ty vert = 3822315+
- n

Answee = if{1 y ye<ty p36."OK","NoGood” ]  Answer = "OK" B&%mgie ad Eﬁe per AISC 1989, Page

A fan = 2-(5.25-in-0.33-in) A flan = 3.465+ir? Only the flangas will carry the shear in the
flan an transversal d?r?t‘;ﬁon.
P hor2
i b
Ty lati® m Ty lat= 388248? The maximum lateral shear stress. OK

et N " N Beams are adequate per AISC 1989, Page
Answer = If:\t v_lat<T v_a36 OK" , "No Good ) Answer = "0OK 5-49, Equation F4-1,

8.8 Determine the adequacy of the weld connecting the 3/16 in. diamond plate to the W8x18s.

Ib
Vi=r v_vert V= 3822.315? Vaertical shear force.
. . B.14in+ 1§G-in

Q= Rinpeini— - Q=1TI75 “in’ First moment with respect to the neutral axis.

%'in-(n-in)s
[ gy I = 166.375+in" Moment of inertia of 3/16 in. piate.

Qv s b )

= = 6.819-10 Horizontal shear flow.
T ! w
7

H-8




_ Ging
T weld_act Ty
v
X—— 1 — —X
A
Allowable Shear:

I

1 weld_am = 1183.773?

b
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Shearing force on each 3" weld.

Weld Geometry.
d:=3in The length of the weld.
3
W= .‘.6~in The actual weld size.
b
¢ pase = 36000-? Yield stress of the base metal.
b

S weld 1= 70000 -“?

T weld_all = ii[0.4-u base S0.707-0.3-0 4014, 0.4-7 e, 070703} 0 yeiq

The margin of safety:
T weld_all

MS =
U weld_act

1

8.9 Determine the adequ

8,0

M5 =11.164 OK

AISC 1989, Page 2-298, Diagram 9.
§ PLaTFoRY
. SYMM ARY
!__ 3=+ 172 iL
i Puert? eli_pcsr 1S 7aé a1 262510
| : 1 '
i [ TS Tadsx 375 ?‘ /_ END R.3/16
i L T __________ A= 7330
j
i ' 1 B Sy = 126n’
i | N :
. : . RNTL Is T
! s —l'e—< B s 0.06-i03
! TS 7;4,‘.375_/' i e = Sy= 906
| IS
: ;  GRADE T £1/2
| I-r I i H
\ STt Lﬁ—,u rre=r
I=HEE RS
ST T
8
H-9

Weld metal strength.

Ib
¥ weld_all = 144002y

of the TS 7X4X3/8 beams, consider the beam to be simply supported. Use the formula from

Distance from centerine of
W8x18 built-up section to
centerine of TS 7X4X3/8.

Cross sectional area TS
TX4X3B.

Strong axis section
modulus for a
TS Tx4x3/8.

Weak axis section

modulus for a
TS Tx4x3/8.



HNF-2024, Rev. 2

The actual moments and stresses in the TS 7x4x3/8.

P horz2
2 Ib
G4z @ =367 Maximum tensile stress due to lateral wind loading.
[ e t P 9
Answer := if o <0 2500+ "OK","No Good" | Answer = "OK" 853%@ are adequate per AISC 1989, Page
Pyven2
Mpy = -a My, = 187849+in-b The maximum bendirg moment about the strong
*T2 bx axis in the TS 7x4x3/8s.
P hor2
Mpy = _h;_-a My = 70627+in-1b The maximum bending moment about the weak
axs in the TS 7x4x3/8s.
M ib . . )
9 ox =g G py = 14909? The maximum strong axis bending stress. OK

Beams are adeguate per AISC 1889, Page
Answer = ifio < 1.33:6 4509, "0K", ™o Good"} Answer = "0K" 5-45, Equation F1-1. NOTE: use 1/3
- afiowable stress increase per AISC 1989,
Page 5.30.
M by

Oy = _ST 9y = 7795 "i% The maximum weak axis bending stress. OK
Baams are adequate per AISC 1589, Page

Answer = if ¢ by< 1336 1y 4500, "OK" ,"No Good" |  Answer = "OK" 545, Equation F1-1. NOTE: use 1/3
sy - / allowable stress increase per AISC 1989,

Page 5.30.
Determine the maximum shear stress on the TS 7x4x3/8s.
’ 3 \
A e i= 2 7.0:npin) A wep = 5.25+in? Only the web will take shear in the verticat
E ! direction.
~ Pyent2 ib ’ .
Ty vert = Y- yore Ty vert” 2726-__mz. The maximum vertical shear stress. OK
) Beams are adequate per AISC 1939, Page
Answer = ifiT , yan<Ty 2500, "OK","No Good"}  Answer = "OK" 3-49, Equalion F4-1. '
/ 3.0 . . , .
A flan = 2-{4.0-in-.g.-:n‘; A fan = 3ein® Only the flanges will carry the shear in the
B ! transversal direction.
Phor2
T = T =448 b The maximum transverse shear stress. OK
v_trans = ZAR v_trans ‘Ez g

Beams are adequate per AISC 1989, Page
Answer = if{t oa<t . 2500, "OK","No Good® Y Answer = "OK" 549, Equation F4-1,

Check interaction.
Gy
S ¢ as00
[+ t 11 bx +
+=

=0.013 Since this is less than 0.15, use the following to check interaction,

[
b _ 0761 oK
¢ as00 O b_as00 :

H-10
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810  Determine the adequacy of the TS 7x4x3/8 columns.

b= 25-in See skatch on previous page.
t:= 1.57-in Radius of gyration.
K:=1
t:=24.in - Toin 1=17+in See drawing H-2-85633 for lenglh.
fr;[= 10.828 Use 11.
= 20170.1°
¢ a_as00 = e The allowable axial compressive stress from AISC 1989, Table C-50, Page 3-17.
Pyae
) b
G, = 6, =976 The maximum axial compressive stress. OK
TR T
Answer :=ifi 6 ;<0 , ,500."OK","No Good" Answer = "OK” Beams are adequate per AISC 1989, Page
: = : 5-49, Equation F3-3.
Pyen2 . - .
Mpy = ——3a M py = 187849.in-1b Maximum moment about the strong axis.
P horzt Maximum moment about the weak axis (to be
Myy = a M p, = 34899.in-Ib conservative the longitudinal loading dus to the care
Y 7 L4 sampie truck stopping is included).
M px b . .
% px g — 9 px = 14909+~ The maximum streng axis banding stress. OK
X i)
Answer i= if’6 <6 }, 2500, "OK" , "No GoodAnswer = "OK” Beams are adequate per AISC 1989, Page
M byr - llb 5-45, Equation £1-1.
O by = m— S py = 3852+— The maximum weak axis bending stress. OK
¥ in
Answer = if'c by<9 b_as0p."OK","No Good'Answer = "OK" Beams are adequate per AISC 1989, Page
= ’ 5-45, Equation F1-1,
a
2 -0033 Since this is less than 0.15, use the following to check interaction.
S a 2500
[+ g +0
3 L ITT gest oK

Caas00 b aso0

8.11  Determine the adequacy of the fillet weld connecting the two TS 7X4X3/8.

The weld connecting the TS 7x4x3/8 to the 1/2 in. base plate is the same size and will carry the same
loads, therefore, these calculations will also check the TS to base plate weld.

10
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Cx‘=1‘

Linear Weld Stress

Weld Properties Per Blodgett 1991

HNF-2024, Rev. 2

Weld Geometry:
b= 7-in Weld width,
d:=d4in Weld iength.
Wi .;,-in Weld size.

J g = 221.833 i

O pase = 46000-%?: Yield stress of the base metal.

1b
S weld = 70000y Weld metal strength.
in
Connection Loads:
P P
sz_ﬁgﬂ Fyi=0lb Pz;=_";_“.2_
P
My = O-indb My _"4‘"22.-5 M, = O-indb
" Cyx=3354n The distance to the outer fiber in the x-direction.
Cy=24in The digtance to the outer fiber in the y-direction.
A = 224in The finear area of the weld.
Swx = 33.333+in® The linear section moduius about the x-axis.
S wy = #4.333«in” The linear section modulus about the y-axis.

The linear polar moment of inertia.

F, My M
fw= (ﬁ”m*rw; g

" Required Fillet Weld Size:

<

fw

Mz'Cyz Fy Mz'Cx\\2 Ib
T+T) *(1—\,,*'—1;;‘“; fw=2444.t'>4nIE

g fw fuw
W=l ¥ ¥
T 040 page 0-707:0.3:6 g1 046 pase 0.707-(03)0 etq
0.707 is for shear thr

w =0.133in

h throat of fillet weld, 0.3 is allowable stress reduction factor for shear through

throat of fillet weld and 0.4 is for shear on base metal. See AISC 1589, Table J2.5, Page 5-70.

The Margin of Safe
Wa

MS = —~1
We

ty:

MS =0.88

1

H-12

2 OK




812

813

HNF-2024, Rev. 2

Determine the adequacy of the 7/16 in x 1 ft plate and angle connecting the two W 8x18s to the TS Tx4x3/8.

73 . .2 Combined cross sectional area of
A= iqpin+ geini24.75-in A ¢ =20.10%in plate and angle for shear calculation.
Pyer2 b
T,= v, =T11.722
vUTRL v Iy
Answer := ifit <t a9,"0K","No Good" | Answer = "OK" Beams are adequate per AISC 1989, Page

5-49, Equation F4-1.

Determine the adequacy of the ramp. Wind loads are not to be considered in the analysis of the ramp.

A = 2:2.86-in A ¢ = 5.72+in? Cross sectional area of an L 4x4x3/8.
1:=25-in Maximum ramp column length from H-2-85633
K:=1
r:=1.23-in Radius of gyration.
Erj =20.325 Use 21
§ = 2.1.52:in® L 4x4x3/8 section modulus.
65 236" 20540-,'.2. Allowable compressive stress from AISC 1889, Table C-38, Page 3-16.
- 1
Check the L 4x4x3/8 in. columns for adequacy.
. P rear 183 b Maximum axial compressive stress. NOTE:
CatraT %a= 5*52' tire load is spread evenly over all 2 columns.

Answer 1= if{g 4<0 a 436, OK","No Good” ! Answer = “OK”

Check the maximum shear and bending in the L 4x4x3/8.

L :=48-in Distanca betwesn ramp columns.
‘Pyert2
l‘_T"'Lf
M R B : M = 42937+in-1b The maximum moment in a single L 4x4x3/8
max rax treating it as a simply supported beam.
o Y max : - 141247 Maximum bending stress. OK
Ub.—.—s———- cb— ‘;I aximum iy mgs 85,

Answer 1= if{'c b<O p a36. OK",™o Good") Answer = "OK" Beamgare adequate per AISC 1989, Page
' - / 5-45, Equationh F1-1.

P b
ty= _;_}?. Ty= 470'},‘,2 Maximum shear on & single L 4x4x3/8

Answer = if{t <t ,36."0K","No Good"} Answer = "OK" gliams are adequate per AISC 1989, Page
~ = d 9, Equation F4-1.

12
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8.15  Determine the adequacy of the weld connecting a ramp beam to a ramp column.

This set of calculations determines the adequacy of the weid configuration show in the figure befow. The
actual weld configuration is different but this is an adequate representation of it and is conservative.

Par AISC 1989, the required weld size checks both the shear on the base metal and the shear through the
throat of the fillet weld to ensure that failure will not occur.

o | Weld Geometry:
1
T i b= I-in Weld width.
| ‘ de=1-in Weld length,
| 1, .
X—-—-—[———X W= gin The actual weld size.
b
| 7 page = 36000 —; Yield stress of the base metal.
Y i
I
& weld = 70000 — Weld metai strength.
n
Cennection Loads: P
rear
Fy=0ib F,::O-lb Fz:=_4_
My = 0-inlb My = 0inlb M, = 0inlb
Weld Properties per Blodgett 1991
& \
Cym VO] Cyx =0254in The distance to the outer fiber in the x-direction.
2
C y= T(:Td)’ C y= 0.25+in The distancs to the outar fiber in the y-direction.
Agy=bed A = 24in The linear area of the weld.

_ ind . .
— S EETa S TaY S wx = 0278 +int The linear section modulus

S i l{«s-t,-ciﬂﬁ(clz.(:M: +d) 4bd+d? E(4b+1d)
e about the x-axis.

Jadbsb? b2 (ad+b) 4dbed? b2(4d+b) 2 X .
s wy = nf[_._6_<m,———6——.m S wy = 0.278-in Tha imtggr ys‘g;g;tfn modulus

_(brd)-6ti 8

IwE rera— 3y = 041740 The linear polar moment of inertia
Linear Weld Stress:

F, M, My\® [F, M,C,? /F, M,C,?

z X y\" [Fx zCy y 2Cx ib
fygi= [l by b} +lm b — +T+ﬁ_) foy = 2625+

wo dwx Jwy! \Aw w A w w n

Required Fillet Weld Size:

13
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wo=i s . R w = QL177+in
046 pyce 0-707-0.3:0 oy 040 page 0.707-(0.3)6 yeld

0.707 is for shear through throat of fillet weid, 0.3 is allowable siress reduction factor for shear through throat of
filtet weld and 0.4 is for shear on base metal. See AISC 1989, Table J2.5, Page 5-70.

The Margin of Safety:

MSi= —-1 MS = 0.414 QK

14
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1.0 OBJECTIVE  This set of calculations sizes and determines the adequacy of bolts aftaching the Core Sampling
platform to the foundation provided by FDNW. The foundation and platform combination is provided to span tank
241-Z-381 without side loading the tank walls.

2.0 DESIGN INPUTS
2.1 Deslgn drawing H-2-35633

3.0 ASSUMPTIONS

3.1 Due to the slotted holes in the base plate (see figura below), only twa balts on any leg will be assumed to support
any iateral loading.

3.2 Due to the design of the foundation, mement frame with diagonal bracing on all sides, no moments shall be
transferred to the foundation

4.0 METHODS OF ANALYSIS (Hand Calculations)
5.0 REFERENCES
5.1 AISC, 1938, Manual of Steel Construction, Sth Edition, American institute of Steel Construction, Chicago llincis.

5.2 WHC, 1985, Structural Evaluation for the Core Sampling Trucks RMCS Operations 200 Ares,
WHC-SD-WM-DA-215 Rev. 0, Westinghouse Hanford Company.

8.0 FINDINGS AND CONCLUSIONS {8) 3/4" A325 bolts x 3" long minimum shall be used to attach the platform to
the foundation. Calculations below determined that the bolts are adequata for attaching the platform to the

foundation.
7.0 CALCULATIONS
5 7/8" 5 7/8"

— 7/RT TRRU
w/ /47 SLOT
4 pL

¢
{4} 3/4"-11 UNC-24,
ASTM A325

5 7/8" 5 7/8"

Given the 7/8° dia slotted holes shown in the figure on the previous page, use ASTM A325 34" bolts x for attaching the
platform o the foundation.

Ay = 302 The minimum root area for a 3/4* bolt (AISC 1989, Page 4-147).

T allow = 21000-..!.]’I The maximum shear on the bolt (AISC 1959, Table 2, Page 5-269. Bolt threads are assumed to
in be in the shear plane for (conservative).

15
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Sy allow = 44000-;51. The maximum tensile stress on an A325 bolt per AISC 1989, Table 2, Page 5-269.

From WHC, 1995, Page A12, the wind loading on the cora sampta truck will not cause overtuming of the core sample
truck. For this reason, there is no tensite icading on the bolted connection.

Fy=Pwss Fy=53810 Loading due to 85 mph wind.
Fnax =Fw F max =5381.113+b Maximum force on the two bolt pattem.
T a = ;.;:3 Taet= 4-454.564«__";. Actual bolt stress. Assumed force is distributed on two legs of
k in platform (conservative).
MS = 1:"0‘,, -1 MS = 3.714 Answer := if(MS20,"0OK" ,"No Good" ) Answer = "OK”
act

Determine the maximum tensile loading on the 3/4" bolts.

P vert2 a
==
F ol = T F polt = 9886.771 [b The force on each boit.
F bolt b
ct:-—-T—k_ ay= 32733-;‘2-
[+ 4
Ms = tBIOW MS = 0.344 Answer = if(MS20,"OK” ,"No Good" )} Answer = "OK"
¢
t

16
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1.0 OBJECTIVE  This set of calculations determines the adequacy of lateral bracing. The foundations that this platform
will be placed on, when sampling from tank 241-Z-361, are not suitable for resisting the induced moment from the
platforms. For this reason, the platforms must be stiffened to resist the induced moment. Diagonal bracing on both
the lateral and longitudinal sides shall be used to resist the induced moments. Also, tie rods shall be added in the
longitudinal direction to the base of each leg for increased stifiness. The diagonal bracing and tie rod designs are
shown on ECN 651132,

2.0 DESIGN INPUTS
2.1 Design drawing H-2-85633
2.2 Engineering Change Notice, 639132 and 851132.

3.0 ASSUMPTIONS
4.0 METHODS OF ANALYSIS (Hand Calculations}
5.0 REFERENCES

5.1 AISC, 1989, Manual of Stes! Construction, 9th Edition, American Institute of Steel Construction, Chicago llinois.

5.2 Blodgatt, O W, 1991, Dasign of Walded Struclures, Fourteenth Printing, The James F. Lincoln Arc Weiding
Foundation, Cleveland, Ohio.

6.0 FINDINGS AND CONCLUSIONS The force applied to the diagonal bracing is 3000 |b and the force applied to the
tie rod is 14300 Ib. The calculations determtined that the diagenal bracing and longitudinal tie rods are adequate
as design.

7.0 CALCULATIONS

7.1 Properties, Geometry and Loads.

Gy~ 36000-..!%. Yield stress of A6 carbon steel.
1y

L=2051f Length of Characterization platform (H-2-85833).
h:=25in Height of Charactarization platform (H-2-85633).
wi= 1075t Width of Characterization platform (H-2-85633).

5400-1b . - .
Fp:= —_ Maximum longitudinal force due to sudden stopping of core sample truck.

5400-ib
Fym—— Maximum iaterai force due to wind.
7.2 Determine intemnal force caried by the wire rope diagonal bracing.

L3
8 = atan {.h') 8 [ = 84.197deg Angle of diagonal bracing on longitudinal side.
8y i= atan’ 1"‘1 8 = 79.03deg Angle of diagonal bracing on tateral side.
Fy

F| diag= F_diag = 2713.507Ib Maximum diagonal force required to resist longitudinal loading.

17

H-18




HNF-2024, Rev. 2

F
Fw diag™ - : F w diag = 2750.236+Ib Maximum diagonal force required to resist fateral loading due to wind
w/

F := 3000-Ib Use maximum diagenal forge of 3000 ibf for design purposes.

3 O

R

I
B

3.0
~

7.3 Determine adequacy of the upper diagonal bracing shackel hole to resist tear out of a 1/2" dia shackle pin
subject to a 3000 ib load as shown.

Agi= é-in-.%-in- Ao =0475 ’in? Cross sectional area between hole and 2 in radius.
¥ : .
1= v t= 6315.?89-}.;: Actual shear stress.
T allow =40y T allow = 14-400-%:} Allowable shear siress from AISC 1389.
* allow .
MEn -1 M5=128 Margin of safety.
T
c:=.292-in Eccentricity caused by force not passing diractly through weld centroid.
7.4 Determine adequacy of weld attaching shackie attachment to platferm.
b —{
‘Ir Weild Geometry.
| b:-;-in The width of the weld.
t
} d:=3in The length of the weld.
T R ' ,
iz Wg = in The actual weld size.
b

T pase = 36000-EI Yield stress of the base metal,

—— o — -

@ weld = 7900021 \eld metal Strength.

18
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Connection Loads: .

Fy=01b F y= F-sin(11-deg) F 7= Fcos{11-deg}
My=Fe My = Gin-lb M ;= 0-in-{b
Weld Properties per Blodgett 1991:
Cyi= ; Cyx =0.25+in The distance to the outer fiber in the x-direction.
d . The distance to the outer fiber in the y-direction.
Cy:=.z Cy=l.5-m
Ay=2d A 4 = 6+in The linear area of the weld.
. & .2 . . .

S wx = -+ § wx = 3in The linear section modulus about the x-axis.
s wy = bd s wy = 1.5+in* The linear section modulus about the y-axis.

43, 2 2‘-;
Tw:= 1336:}_ ) = 4.875+in’ The linear polar moment of inertia.
Linear Weld Stress:

[Fp My M2 IFy MpCyt Ry MOl b
Fo = frq-.s_i-.s_] +(r+_—!——-‘ v —g—| £y = 788.606 n

A w WX wy! fw w | \tw W tn
Required Weld Size:

f f f f
Wi Y < hud —_— ul w = 0.0534in
046 pase 0.707-0.3-0 o1y 040 paee 0.707-(0.3)0 ya1q

0.707 is for shear through throat of fillet weld, 0.3 is allowable stress reduction factor for shear through throat of
fillet weld and 0.4 is for shear on base metal. See AISC 1989, Table J2.5, Page 5-70.

The margin of satety:
Wa

MS= -1 MS = 3.707 oK
Wr

19
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7.5 Determine the adequacy of the lower diagonal bracing hole and tie rod hole.

-—2,004.._; 1.8

—CS PLATE, 1IN Trilk

300¢ b

\_//n 14300 i

175
4. 00—

Based on the calculations above the lower shackle hole for diagonal bracing is adequate (dimensions and loading are
identical). The weld will be checked after calcyulating the adequacy of the tie rod hole.

7.6 Datermine the adequacy of the tie rod hole. The foundation designed by Fluor Daniei Northwest cannot
withstand large moments, for this reason tie rods are installed to withstand the moments due to eccentric

loading of the TS 7x4x3/8 columns.
Puyert2/2 Pvart2 /2
3.6 55—
* <
)
Mz
Fx
€ 4:= 3.69-in
P ver2 .
—r—"4 '
Mg M ; = 6602+in-1b Moment in ¢column

20
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This mément is too small. Consider the shear connection to be a moment connection and use a 10,000 b .
load. This is conservative,

Pveart2

/\ /‘\
\ 2 3 1 )
Mz Mz
B &l
Fa e I .
P vert_temp = 10000-1b Vertical loading on column for structurat analysis of tie red and associated
- equipment, .
P ‘L
M= ....‘.".e.ﬂ_'-fﬂ M ; = 307500+in-1b Moment on cotumn,
M z
Fx= 25.in ~ 7-in Fy=14302 b Force at base to resist moment.
A
Determine the adequacy of the tie red hole.
A o= 1.625in lin Cross sectional area between the hole and the cuter edge.
F
X b
T hole :’x‘; -t holc=ss°l‘i—nz'

Answer i= if(‘l hole<T v a36. OK","No Good") Answer = "OK" Hole will resist tear-cut of shackle
R - supporting the tie rod.
Determine the adequacy of the tie rod.

D = 1.25-in Diameter of tie rod.
A : *pr A . tia = 1.2274in? C ectional f tie rod
o tie =g ¢ tie = 1- ross sectional area of tie rod.
Fx b .
g4 7w gy¢= 11654.583? Tensile lcad on tie rod.

Answer := if(o <9 ¢ a36,"0OK","No Good') Answer = "0OK* Hdggﬁl neets;st tear-%ut of shackle
= supporting the tie rod.

Determine tha adequacy of associated rigging hardware.
Wire Cables:  Wire cables are to be used for all diagonal bracing and shall be capable of supporting a 3000
Ib. (l’o}aig. iCabie size shall be determined by eithar Dyncorp Fabrication Services or Hoisting
and Rigging.

Shackles: A 4 3/4 ton shackle is used for diagonal bracing (8500 Ib} and the. maximum diagonat bracing
loading is 3000 b, therefors, the shacklas are adequate.

Tumbuckles:  The tumbuckies are rated at 15,200 [b. This is greater than the axial load of 14,300 1b,
therefore, the shackies are adequate.

NOTE: all of these items have a proof strength of greater than or equal to two (2).

21
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7.7 Determine the adequacy of the weld attaching the shackle pin plate to the TS 7x4x3/8.
——2 25—-—:

}-—2.00— 5
*, | ~R2.00
I | | f\<
& i i
' s 30C0 b
| (> :
oo 5
7.88 |l
Y—@T 25 .
>_\ 5.88
% w - 14300 b |
|
2.00 1 |
1 | '
-.—].75-—-'
4.00 -

Determine the location of the weld centroid.
d = 3.875-in Length of weld In the horizontat direction. Note: plate is longer than

_ base plate.
b= 7.88-in Length of weld in the vertical direction.
&2
N = P ECET)) Nx = 0.639+in Distance from bottom to Cg of weld.
bz
Ny = VICET)] Ny =2.641+in Distance from left side to Cg of weld.

Calculate the forces angd moments on weld centreid.

F horz = F x + F-cos(11-dcg) F horz = 17247.207 1b Herizontal Loading on the plate.
F yert = Fsin(11-deg) F yert = 572427 1b Vertical Loading on the plate.
Mz weld = F x'(Ny - 2-in} + F-cos(1] -deg)-(5.88-in - Ny} + F-sin(11.decg)-(4-in = Nx}

M, weld = 20632.535in-b
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S Weld Geometry:
b:=3.875-in Weid width.
d = 7.88-in Weld length.
W g gin The actual weld size.
! Ib
% % base * 46000'5! Yield stress of the base metal.
[
X X
f
T weld = 70000-% Weld metal strength.
{ Ty Connection Loads:
Y Fy=From Fy:=-F vert F,:=01Ib
M y = 0-in-lb My = 0-inlb Mg =M; weld
Weld Properties per Blodgett 1991 -
¢ . . . .
Cx:= P TUET] C x = 2.641+in The distance to the outer fiber in the x-direction.
v’ . i
C y= TETA Cy=0.639«in The distance to the outer fiber in the y-direction.
Awm=2(b+d) | A o =23.51-in The linear area of the weld.

s & d®(4b+d) 4bd+d’ @ (4b+d)
wx = & & . &(Zb+d)' & e(Zb+d)

S w2 4db+b® b2 (4d+b) 4db+b® b2 (4d+b)
L e - .- T3 ) I S ¥ ¢/ 3 )

{(b+d)* - 6-b2.4%

Twi= 2-_1.2-(.”)_—1_

Linear Weld Strass:

] 8 wx = 30.961 vin’

< 9.023+in?
] Swy-9.023m

J v = 191.399.in?

- Fz My Mg\ (Fy M,Cn\? (Fy M,Cy
B [yl peils yoed v iy v I T Yl

" Required Fillet Weld Size:

The linear section modulus
about the x-axis.

The linear section modulus
"about the y-axis.

‘The linear polar moment of
inertia,

Ib
£y = 843,684

£ £ f f
wpisi Y s hd A hd W = 0.046+in
0.4-0 pase 0.707:03-0 yyo1q 040 page 0.707-(0.3):0 yeqq

0.707 is for shear through throat of fillet weld, 0.3 is allowable stress reduction factor for shear through throat of
fillet weld and 0.4 is for shear on base metal. See AISC 1988, Table 42.5, Page 5-70.

_ The Margin of Safety:
Wa

MSi=_ =1
r

MS = 4.453 OK
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1.0 OBJECTIVE  The platforms used for core sampling are extremely narrow. This makes it very difficult to back a core
sample truck up on to the platforms. To increase safety, fences were added to the platforms by ECN 639132. The
fences coma in 4 ft X 6 in sections. Each fance is removable s¢ as nat to hinder core sampling operations. This
set of calculations determines the adequacy of the fences.

2.0 DESIGN INPUTS

2.1 Design drawing H-2-85633.
2.2 Engineering Change Notice, 638132,

3.0 ASSUMPTIONS
4.0 METHODS OF ANALYSIS (Hand Calculations)

5.0 REFERENCES
5.1 AISC, 1989, Manual of Steel Construction, Sth Edition, American Institute of Steel Construction, Chicago lllinois.

5.2 Blodgett, O W, 1991, Design of Welded Structures, Fourteenth Printing, The James F. Lincoln Arc Welding
Foundation, Cleveland, Chio.

6.0 FINDINGS AND CONCLUSIONS The fences and bumper are adequate to stop a core sample truck given that the
truck is moving un-powered at 2 mph.

7.0 CALCULATIONS
7.1 Given the following dimensions determine the allowable lateral loading.

-1 172"

2% 9 tr2”

ex 2* | ex RL"

* i H

'I. [} !ﬁ[ ‘;*} l. LF_L!% )

L ax cutout
3X 1 57#°CS

Le 41

FENCEz
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The 5300 Ib load will result in aither stopping of the core sample truck andfor enough ‘
F = 5300 b  noise and vibration: for the driver and other operators to take notice and stop the core
max sample truck before the truck is driven off the side of the piatform.

v = 6ein Height of plate.
M= 0F pay M = 31800-in-lb Maximum moment in the plate.
Check the adequacy of the pins.
d:= 1.5:in Diameter of the pin.
[.._ﬂ'd“ I i = 0.249+in* Moment of inertia of the pi
pin = 5z~ pin = 0-249+in oment of inertia of the pin.
x -2 .
A pip = 3¢ A pin = 1.767+in Cross sectional area of the pin.
M L
M max = 3 pins will absorb the applied moment.
d
V max g 31991.322+.2
Cp = [+ A . *
b —TE;— b e
o - : . . .
_ %y ais QK Since this is an accident scenario the yield
MS = — — 1 MS$ =0.125 stress is used for the allowable stress.

Determine the maximum stress on the weld

Weld Geometry.

e
v b:a1.5:in The width of the weld.

|
Lo d:=1n The length of the weid.
|
| wgis .';-in The actual weld size.

Rt Rt
% base 36000-27 Yield stress of the base metal.
14

b
C weld = 70000-1? Weld metal strength.

- e — a— —

Connection Loads: F
Fy = 0db Fy=0db i
F sax-5-5-in
My = M, =0-inlb M, = 0inlb
3 ~ Yy z
Weld Properties per Blodgett 1991:;
Cy= 2; Cy=15.n The distance to the outer fiber in the x-direction.
d . The distance to the outer fiber in the y-direction.
Cy:=2-z Cy=1°ln

25
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Ay i=4d Ay = 4in The linear area of the weld.

$ —2"2 S wx = 0.667+in% The linear section madulus about the x-axi
wx = 2 wx = 0.667+in @ linear section modulus a X-axis.

S wy = 2.(b-d) S wy = 3ein® The linear section modulus about the y-axis.

B2
Jym 2-@5:_{2_) 1 g = 2.583+in’ The linear polar moment of inertia.

Linaar Weld Stress:

F, M, My\® (F, M,Cp\? jF, M,C,
fw:=( 2 b — ”)\»( Xe 2 y\ [y, = ") fw=15016.667x;:l_’

tg—+t r——| + +
Aw Swx Swy Aw w ; \Aw Ty /
Required Weld Size:
f f f f
womif Y e W W w w ¢ = 0.303+in
O base 7070 weld O base 07070 weldj
Tha margin of safety:
Wa
M8z -1 MS = 0.236 OK
Wr
Check bending of the fence.
3
47-m-(;-m) \
Iplate = —5—— I piate = 0-207+in mg};mum moment of inertia of the
3.
.S-'I.n
R Distance from centroid of the plate to the outer most fiber.
M-¢c Ib
7 e O b = 28868.085 Maximum bending stress in the plate.
a n - 0 . o
y_a36 OK Sinca this is an accident scenario the yield
MS e i MS = 0.247 stress is used for the allowable stress.

Delermine the adequacy of the bumpers. The bumpaers are constructed from 4x4x1/4 in angle and are used to
prevent a the core sample truck from rolting off the end of the platform. The bumpers are attached to the platform
using a minknum of two A325 bolts.

Use Kinetic Energy Theory
V¥ = 2-mph Maximum velocity of the core sample truck on tha ramps or platform.

v? . This the height required to stop the core sample truck. Since the
h=ag b = 1.605+in actual height is 4 in. OK

26
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Lockheed Martin Hanford Corporation
P.O. Box 1500 .

Richland, WA 99352-1505 .
LOCKHNKERD naﬁ#

* March 15,1999 LMHC-9931531

Mr. G. A, Lisle

Fluor Daniel Northwest, Inc B4-39
Post Office Box 1050

Richland, Washington 99352

Dear Mr. Lisle:
DESIGN LOADS AND CENTER OF GRAVITY FOR CORE SAMPLE TRUCK #1

References: (1) HNF-PR(Q-097, 1997, Rev. 0, “Engineering Design and Evaluation,”
Fluor Daniel Hanford, Inc., Richland, Washington.

2} WC-SD—WM—DA—ZI 5, Rev. ¢, 1996, “Core Sampling Trucks RMCS
Operations 200 Area,” Westinghouse Hanford Company.

This letter transmits design loads and center of gravity information for core sample truck #1.
These loads are to be used in the design of a foundation. The foundation will be used to
support the Characterization Project Operation platforms during core sampling operations of
tank 241-Z-361. The design loads due to dead weight are the following:

Ramp: 1,200 1b. ea.
Platform: 4,200 1b.
Core Sample Truck: 32,000 1b.
X-ray Cart; 5,000 Ib,
Cask Stand & 5 Casks: 3,000 1b.
10 People @ 200 1b, ea.: 2,000 b,

The required design live load is due to sudden stopping of a core sample truck. This was
determined to be 5,400 Ib. in the longitudinal direction (Attachment). The maximum wind
loading for a Performance Category Three natural phenomenon hazard (Reference 1) was
determined to be 5,400 Ib. in the lateral direction.

Caledation TMR-c-04
R ﬂ'ﬁ(_""&f lq Pf) 1 o'& 5

& 01028 HOBR
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Mr. G. A. Lisle ' LMHC-9951531
Page 2
March 15, 1999

The center of gravity (Cg) in the horizontal direction for core sample truck #1 was determined
from the vertical loading on all three jacks and the distance between jacks. This loading is
approximately 10,667 lb. for each jack. The distance between front and rear jacks is 24 ft,
resulting in a distance to the Cg of 16 ft from the centerline of the front jack. The height of the
Cg was determined by referencing the Structural Evaluation for the Core Sampling Trucks
RMCS Operations 200 Area (Reference 2). This height was determined to be 64.3 inches from
the bottom of the truck tires (ground height).

If there are any questions, please call me on 373-2245 or Mr. Brad Coverdell on 373-0598.

Very truly yours,

. 8. Schofield, Manager
. Characterization Field Engineering
'Tank Waste Remediation Systems
‘meg -

Attachment

C.c\\c.v\d'ior\ Tmi2- C-0\
Attachment 4 pq 285
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ATTACHMENT

DESIGN LOADS AND CENTER OF GRAVITY
FOR CORE SAMPLE TRUCK #1

Consisting of 3 pages,
Including cover page

C alev \s\)r-‘o-r\ T TMik-C-ol

ﬂ ﬂ"'\C-L\meq"' /2

PJ

3,18
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'~ COGEMA Engineering Corp. o cat. . o
avision
DESIGN ANALYSIS Page No.

Cllent:___Characterization Equipment WOlJob No. /?f
Subject:_ Core Sample Truck Longltudinal Date: 2 :B. L. Coverdell
Force Caleujations Checked:_3& — & ) H

Location: Revised:

222

1.0 g;lallECTNE Determine the maximum longitudinai force dud to a core sample truck stopping and wind the wind
ng. -

2.0 DESIGN INPUTS  Drawings H-2-690000 and H-2-85633

3.0 ASSUMPTIONS
3.1 Time for Core Sample truck to stop = .6 sec,

3.2 Maximum truck velocity and time required for a core sample truck to stop are both based on operaﬂona! experience,
4.0 METHODS OF ANALYSIS (Hand Calculations)

5.0 REFERENCES . )
5.1 AASHTO, 1989, Standand Specification for Highway Bridges, 14th Edition, American Association of Stata Highway
+ and Transportation Officials.

§.2 ASCE, 1988, Minimum Dasign Loads for Buiidings and Other Structures, ANSUASCE 7-95, American Sodety of
Civil Enginesrs, Reston, \Virginia,
53 BeerNand ‘J’g::;xson 1884, Veclor Mechanics for Engineers, Fourth Edition, McGraw-Hill Book Company, New York,
ew York. )
54 mFg?%O-GQT. 1997, Englneering Design and Evalsation, HNF-PRO-097, Rev, 0, Flour Danie! Hanford, Richland,
shington.

5.5 WHC, 1885, Stuctural Evaluation for the Core Sampiing Trucks RMCS Qperations, 200 Ares,
WHC-SD-WM-DA-215, Rev. 0, Westinghouse Hanford pany.

6.0 FINDINGS AND CONCLUSIONS The maximum longitudinal force by 8 core sampie truck on a platiorm is
5400 b and the maximum lateral loading is by wind and is also 5400 Ib,

7.0 CALCULATIONS

V= 2mph Maximum velocity of core sample truck based on cperational experience,

V3= O-mph Final velocity of core sample truck.

m = 35000-1% Mass of core sample truck in Ibs mass,

t:x .6-sec Estimated time required to stop core sample truck based on operational experience,
Use Kinetic Energy Theory

o V-V

—_— d=091
Work done =K. E.

Fd:s .;.-m-V l!

Calevlation T TMi2-C- 0|
Aftachment A p5 15
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BEE 28/

T /s aq

;-m-V 12
Fx — F = 53183.1bf Longttudinal force required to stop truck.

Minimum longitudinal force required by AASHTO for bridges. Fi=5% of LL.
"Fpi=.05m Fy =2175010b Longitudinal force reqtkired by AASHTO.

Determine the maximum wing force on tha core sample truck given that the truck is performance category 2 (PC2).

K = .85 Exposurs category C, table 6-3 of ASCE 1998,

Kgpwl Per paragraph 6.5.5 of ASCE 1586, _

1:2 1.07 Importance factor (HNF-PRO-087, 1997).

Viats Wind velocity per (HNF-PRO-087, 1997).

q 7= .00256-K 2K n-l-Vz-.;;. qz= 16.3-.;.:; Valocity pressure,

Gi= .85 Gust effect factors determined from paragraph 6.6.1 of ASCE 1996.
(PESE From Table 6-8 of ASCE 1996 given & height of 10t
Ag=36128in _Suﬁaeéarea_of__ﬁ-upk_ from WHC 1995. . o
Fi=q ;.G-C cAs F= 5531,1 b o " Wind force on core sample tmck.

ot

Cel Culc}:o-q Tmi2-C-ol
/Q&M.L\mm')' ﬂ Pfa goﬁ' 5*
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NISA-JU) (K) version 4.1
Fluor Daniel, Inc. Job
Page: 1
Date: 3/24/99
File: 361ZC

19541 1 o - 1A O vesse.. US Standaxd
Steel Code.....coviiinnennnennnenns AISC 9th Edition ASD
Allowable Stress Increase Factor.. 1.333
Include Shear Deformation........ . Yes
Include Warping..........covnnnnnn Yes
No. of Sections for Member Calecs.. 5
Do Redesign......cocveunniannnn vov. Yes
P-Delta Analysis Tolerance........ 0.50%
Vertical Axis....... P 4
Ef e P st 4 Joint coordinates e e
Joint X Y Z Joint
No Coordinate Coordinate Ccordinate Temperature
------------------ o T o T P PP ¥+ R P e
- 1 0.000 0.000 _0.000 0.00
2 12.000 0.000 0.000 0.0¢
3 24.000 0.000 0.000 ¢.00
4 34.000 0.000 0.0060 0.00
FEFY PRI R T gl Boundary conditions e Y 3 v 3§ P11 PP )
Joint fomwmm————— Translation --~-=--=--= + Aemmmemmmmm- Rotation -------=~=« +
No X - Y Z Mx My Mz
——————————— K/in-----~--Kfin-------K/in~-~---K-ft/rad---K-ft/rad---K-ft/rad---
1 Reaction Reaction Reaction Reaction Reaction Reaction
2 Reaction Reaction  Reaction Reaction Reaction  Reaction
3 Reaction Reaction Reaction Reaction Reaction Reaction
4 Reaction Reaction Reaction Reaction Reaction Reaction
cmemme—m————smmsmms=sz=e===e Materials (General) NS CORESCCCONNOREROED
Material Ybung's Shear Poisson’s Thermal  Weight Yield
Label Modulus Modulus Ratio Coef. Densgity Stress
------------- Kgi--=-ccccrmeKgi---rsemeeameeac 10" 5YF--~-K/fL3-------Kg8i-wv~~-
STL 29000.00 11154.00 0.3000 0.65000 0.490 36.00
PP L R R P e Sections P L e e o
Section Database Material As As I I Torsion T
Label Shape Label Area YY 3Z2 YY zz J
------------------------------ in*2-~-~--<2aveno--in®4------in"g4------in"4----
BEAM W8x28 STL 8.25 1.2 1.2 21.70 38.00 0.54
EEEsssmmsrrccsrramsmszs=zzz=cesoad MemMbers »sssssamozzzocszsssssso=Ssssss==ss3
Member Joints x Axis Section End Releases Offaets Inactive?
No I J K Rotate Set I: MMM J: MMM I-End J-End Label Length
--------------------------------- XYZXYZ-Xy2zXyzZ---in-----in----cc-n-m---fr---
1 1 2 BEAM 12.22
2 2 3 BEAM 12.C¢C
3 3 4 BEAM 1¢.3¢C

C«\cu[q+-‘oq TMi2- C-o)
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RO EOEERESRECEnRSSSSSRS=Sg BaBiC Load Case Data P R F S T e Y T Ty Y
BLC Basic Load Case Load Type Totals
No. Description Nodal Point Dist. Surface
1 Major Load Between Foundation 3
2 Major Load Over Foundation 1 2
e Y e e e YT L TPt Py Member POint Loads, BLC 1 »=sm==nocossssoson=s==so=s
Joints
Member I J Direction Magnitude Location
------------------------------------- K,K-ft----~cwece--ft 0r %---------rav-r--
1 1 2 Y -20.150 %66.000
2 2 3 Y -21.400 %¥50.000
3 3 4 Y -1.250 %¥40.000
z==s=zzz=ssz=====< Joint Loads/Enforced Displacements, BLC 2 »zo=s====cammecc==
Joint Is this a Load or .. Direction
Number a Displacement?. (X,Y,2,Mx,My, Mz} Magnitude
------------------------------------------------------ K,K-ft,in,rad-~---~----
2 L Y -21.400
e sTEaERNEREEE TS NRREIC Member Point Loadﬂ. BLC 2 P EEECAEE RO NI ERESESE SR
Joints
Member I J Direction Magnitude Location
------------------------------------- K,K-ft----=---v--f£ Or ¥----r-—mcmmuu--
1 1 2 Y -20.150 ¥17.000
2 2 3 Y -1,250 %83.000
azmsm-a=oxs=z===< Joint Displacements, LC 1 : Load Case 1 >==s=s==sw====z===
Joint +4--------- Translation -------- +  Ammmmm—mm— - Rotation ---==------ +
No. X Y z X Rotate Y Rotate Z Rotate
----------- in-=-=-====--in--------~-in----------rad------~--rad--~-----rad------
1 0.000 0.000 0.000 0.00000 0.00000 0.00000
2 0.000 0.000 0.000 ¢.00000 ¢.00000 0.00000
3 0.000 0.000 0.000 0.00000 0.00000 0.000060
4 0.000 0.000 0.000 0.00000 0.00000 0.00000
szzz===zzss=sc====z==< Reactiong, LC 1 : Load Cagse 1 »>comwmaumccsmzaac======
Joint 4eem----===- Forces -=-----==---- + fmmmmmmm e Momentg ---------- +
No. X Y z Mx My Mz
----------- K---cmmccuefmmamm--ccaKr-=mcvm—---K-ftt-------K-ft---su--K-f-----
1 0.00 5.40 .00 0.00 0.00 18.43
2 0.00 25.45 0.00 0.00 Q.00 -3,7
3 0.300 11.51 0.00 0.00 0.00 -30.30
4 0.00 0.44 0.00 0.00 0.00 -1.2¢C
Totals: G.00 42,80 0.00
Center of Gravity Coords (X,Y,Z) (ft) : 13.938, 0.000, 0.327

Cq\culﬁ+:0n Tm 12-C- 0\
ﬂ'“NJnM€A+ 6 Pﬁ :lof 8
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mms=szz==c=====«< Member Section Forces, LC 1 : Load Case 1 >mmmamas=sza=z====z
Member Joints Shear Shear Moment Moment
I - J 8Sec Axial Y-y z-2 Torgque -y Z-2Z
---------------------- Ko-wwo-eulamoen-n-Kemmmn--K-fif-vw-~-K-ftt-------K-ft---
1 1- 21 0.00 5.40 8.00 Q.00 0.00 18.45
2 0.00 5.40 0.00 0.00 0.00 2.24
3 0.00 5.40 0.00 0.00 0.00 ~13.98
4 0.00 -14.75 0.00 0.00 0.00 -8.43
5 0.00 -14 .75 0.00 Q.00 0.00 35.81
2 2- 31 0.00 16.70 0.00 0.00 0.00 32.10
2 0.00 10.70 0,00 0.00 0.00 Q.00
3 0.900 -10.70 0.00 0.00 0.00 -32.10
4 0.00 ~10.70 0.00 0.00 0.00C 0.00
] 0.00 -10.70 0.00 0.00 0.00 32.10
3 3- 4 1 0.00 0.81 0.00 Q.00 0.00 1.80
2 0.00 0.81° 0.00 0.00 0.00 -0.22
3 0.00 -0.44 ¢,00 0.00 0.00 -1.00
4 0.00 ~0.44 0.00 0.00 Q.00 0.10
[ 0.00 -0.44 0.00 0.00 0.00 1.20
mz=cc=z======z======< Member Stresses, LC 1 : Load Case 1 >======s=======z=z==
Member Shear Shear 4---=====------ Bending --«--2==----=--- +
Sec Axial Y-y Z-Z y-top y-bot z-top z-bot
------------- KSi--~~---Kgi-~---Kgi------Kgi-------Kgi-------Kgi-------Kgi---
11 ¢.00 2.82 0.00 -9.10 9.10 Q.00 0.00
2 0.00 2.82 0.0¢ -1.10 1.10 Q.00 0.00
3 0.00 2.82 0.00 6.90 -6,580 0.00 0.00
4 0.00 -7.70 0.00 4.16 -4.,16 0.00 0.00
5 0.00 -7.70 0.00 -17.67 17.67 0.00 0.00
21 0.00 5.59 ¢.00 -15.B4 15.84 0.00 0.00
2 0.00 5.59 0.00 0.00 0.00 Q.00 0.00
3 0.00 -5.58 0.00 15.84 -15.84 0.00 0.00
4 ¢.00 =5.59 0.00 0.00 0.00 0.00 0.00
S 0.00 -5.59 0.00 -15.84 15.84 0.00 0.00
31 0.00 0.42 0.00 -0.89 0.89 0.00 ¢.00
2 Q.00 0.42 0.00 0.11 -0.1Y 0.00 Q.00
3 0.00 -0.23 0.00 0.49 -0.49 0.00 £.00
4 0.00 -0.23 .00 -4.05 0.05 g.00 C.00
5 0.00 -0.23 0.00 -0.59 0.59 0.00 G.00

Cel Qu\ﬁ+:0q TMi1- c-ol

ﬂ’c\-«olwme;{i' 4 P4 3,59
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oesansnascrr====< Member Deflections, LC 1 : Load Case }1 s>eszs=sssumocscamuo

Member +-m------- Transglation --------- + Defls as L/n Ratios
Sec X Y z x Rotate L/n (y) L/n (2}

R L L in-=-~-=--- In--===-=~= in--------- rad-----s--mee o me e e oo -

11 0.000 0.000 0.000 0.00000 NC NC

2 0.000 ~-0.036 0.000 0.00000 4034.7 NC

3 0.000 -0.084 0.000 0.00000 1722.1 NC

4 0.000 -0.058 0.000 0.00000 2498.4 NC

s 0.000 0.000 0.000 0.00000 NC NC

21 0.000 0.000 0.040 0.00000 NC NC

2 0.000 -0.059 3.000 ¢.00000 2459.3 NC

3 0.000 -0.117 0.000 0.00000 12298.7 NC

4 0.000 -0.05% 0.000 0.00000 2459.3 NC

S 0.000 0.000 ¢.000 D.00000 NC NC

-3 1 0.600 0.000 0.000 0.00000 NC NC

2 0.000 -0.002 0.000 0.000600 NC NC

3 0.000 -0.004 0.000 0.00000 NC NC

4 0.000 -0.002 0.000 0.00000 NC NC

5 0.000 0.000 0.000 0.00000C NC NC

1
1
1
1
t
t
)
1
]
]
]
1
1
}
I
]
[}
]
]
]
[}
3
[}
1
]
]
L
1
]
L]
!
1
1
]
]
L]
]
1
1
[}
§
[}
1
i
1
1
[}
[}
[}
1
1
[}
i
t
]
L]
]
]
i
]
[}
[}
[}
1
T
]
1
1
]
]
]
i
1
]
[}
1

cuczsxma==m==< Member AISC Unity Checks, LC 1 : Load Cage 1 >ss==s=========

Member Joints Unity Shear Fb Fb Cm Cm ASP

. I - J Chk Loc Chk Loc Fa ZZ Cb vy zz Egn
--------------------------------------- Kgi---Kgi-~-K8i-moc-mmmmmmr o icmea oo

1 1 2 0.818 5 0.535 4y 14.35 27.00 21.60 1.00 0.60 0.85 Hl-2

2 2 3 0.733 3 0.388 1y 14,35 27.00 21.60 1.00 0.60 0.85 Hi-2

3 3 4 0.041 1 0.029 1y 16.01 27.00 21.60 1.00 0.60 0.85 Hi-2

Caevleton M- c-ol
ﬂﬂr«ol\meq’]’ B M "10{'?
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-t -+ - 3 1 3 3 3 -t b L - £ ¢ 3 - -5t T T - F 2 F R FF 1T ¥
L8 o 5 o - US Standard
Steel Code..........,.. ..... creee. AISC 9th Edition ASD
Allowable Stress Increase Factor.. 1.333
Include Shear Defeormation......... Yesn
Include Warping........coeiveueens Yes
No. of Sections for Member Calcs.. 5
Do Redesign.......... ireraaraessas YES
P-Delta Analysis Tolerance........ 0.50%
Vertical AXiS. ..t vee rnonan vesena ¥
Er I r L it Tt I 11 Joint Coordinates b T LYY P L - F P
Joint X Y b Joint
No Coordinate Coordinate Coordinate Temperature
R et fE-cmmm e aas b R et bR e b1
: 1 0.000 0.000 0.000 0.00
2 12.000 0.000 0.000 0.00
3 24.000 0.000 0.000 0.00
4 34.000 0.000 0.000 0.00
SEEmECDnsosnEETmT EESG Boundary Conditions oo aEEEE RS IR ST E
Joint rmmm—m o Translation --------4 4--------v- Rotatlon —————————— +
No X Y . 2z Mz
----------- K/in——~~-——K/in-————-—K/in-—*——-K—ft/rad--—K ft/rad—--K ft/rad-~-
1 Reaction Reaction Reaction Reaction Reaction Reaction
2 Reaction Reaction Reaction Reaction Reaction Reaction
3 Reaction Reaction Reaction Reaction Reaction Reaction
4 Reaction Reaction Reaction Reaction Reaction Reaction
-u-u-z----uﬂ===nuaa-n--—--< Materials (GEHeral) FEE T T T LY P e
Material Yourn Shear Poigson‘’s Thermal Weight Yield
Label Modu us Modulus Ratio Coef. Density Stress
————————————— Kgi----w-c---K8i-w-ucmmmamnooaa210 S%F--—-K/ftB--~~—--K31----~-
STL 29000.00 11154.00 0.3000 0.653000 0.490 36.00
EENECCEEEEEERERSSo=SosSNSnEES====C Sections PR R T P S PR
Section Database Material As As I I Torsion T
Label Shap& Label Area Yy z=z YY 2z J c
----------------------------- in*2-----~------—-in*8------in®4~---——in"4----
BEAM wsx28 STL 8,25 1.2 1.2 21.70 98.00 0.54
R B NN N NN NGO EF IR E O ESRER == Members R EEEERaRCErCA SR ERREEESEEEE S = ST ES
Member Joints X Axis Section End Releases Offoets Inactive?
No I J K Rotate Set TI: MMM J: MMM I-End J-End Label Length
--------------- e e mm oo - - XYZXYZ-XYZXYZ-~--iD-c---in-r-ms o emmmeeaf -
1 1 2 BEAM 12.3C0
2 2 3 BEAM 12.CC
3 3 4 BEAM 1¢.00

Cq\cuic\'}‘;on Tmiz- ¢-0\
Adechment 8 pq 68 F
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RoresEEmeR===sc===========¢ Basl¢ Load Case Data >==s===sanx=xnxmwsgocSooaczmmos
BLC Basic Load Case Load Type Totals
No. Description Nodal Point Dist. Surface
1 Major Load Between Foundation 3
2 Major Load Over Foundation i 2
commommsem==aoao=s==sa===«< Member Point Loads, BLC 1 »=s=mxss==sss==sszs==s====
Joints
Member I J Direction Magnitude Location
------------------------------------- K,K-ft-www-nee----ft Or F-r---=-------—=~
1 1 2 Y -20.150 %¥66.000
2 2 3 Y ~21.400 %¥50.000
3 3 4 Y -1.250 ¥40.000
am===zzs=ssszn=< Joint Loads/Enforced Displacements, BLC 2 »=mmw===zzzcm===x
Joint Is this a Load or Direction
Number a Displacement? (X,Y,2,Mx,My,Mz) Magnitude
------------------------------------------------------ K,K-ft,in, rad----~----
2 L Y -21.400
I EEmMxm—EESSS=SNaEnRS Member Point LoadS, BLC 2 R NEEEESSOAASCS ORI RO
Joints -
Member I J Direction ‘Magnitude Location
------------------------------------- K,K-ft-=-merr--=-=-ft or $---v--==----==--
1 1 2 Y ~20.150 ¥17.000
2 2 3 Y -1.25%0 $83.000
smunss=s===z====< JOint Displacements, LC 2 : Load Case 2 p===s=s===Ssc=waz=x
Joint 4em-----w- Translation ----~---- + A=emm—m==m-- Rotation =---=w=---- +
No. X Y Z X Rotate ¥ Rotate Z Rotate
----------- ifiem====v-wjifne--------in--------<-rad-----=---rad----=----~rad------
1 0.000 0.000 0.000 0.00000 0.00Q000 0.00000
2 0.0800 0.000 0.800 0.00000 ¢.00000 0.00000
3 0.000 0.000 0.000 0.00000 0.00000 0.00000
4 ¢.000 0.000 0.000 0.00000 0.00000 0.00000
CoommeaSSOEERCSES TRl Reactions, I.C 2 : Load Cage 2 pommc-cosszssmsssss=====
Joint 4----------- Forces ---««---=--- + e ettt Moments ---~------ +
No. X Y z Mx My Mz
----------- KemmmmwmraaKememeom—enKmmwacmmmmaak-ft----e--K-ff----w=cKeft-----
1 0.00 18.60 0.00 0.00 0.00 28.32
2 0.00 23.05 0.00 0.00 0.00 -5.44
3 0.00 1.15 ¢.00 0.00 ¢.00 -1.76
4 0.00 0.00 0.00 0.00 0.00 0.Cc¢C
Totals: 0.00 42.890 0.00
Center of Gravity Coords (X,Y,Z} (ft} : 7.108, 0.000, 0.0CS

CelevlaTion  TMia-c-ol
A frachment B pq © SR
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H Load Case 2 SOEIENNNAREEOZSSN

Member Joints Shear Shear Moment Moment
I - J Sec BAxial y-y zZ-2 Torque y-y z-2z

------------------------------ K-e--ev--K-=--=u-K-ft------K-ft--~----K-ft---

1 1- 21 0.00 18.60 0.00 0.00 .00 28.32

2 0.00 -1.55 0.00 0.00 0.00 -8.14

3 0.00 -1.55 0.00 0.00 0.00 -3.49

4 0.00 ~1.55 0.00 0.00 0.00 1.15

5 0.00 -1.55 0.0¢ 0.00 0.00 5.80

2 2- 31 0.00 0.10 0.00 0.00 0.00 0.36

2 0.00 0.10 0.00 £0.00 0.00 0.07

3 0.00 0.10 0.00 0.00 0.00 -0.22

4 0.00 D.10 0.00 0.00 0.00 -0.51

5 0.00 -1.15 0.00 0.00 0.00 1.76

3 3- 4 1 0.00 0.00 0.00 ¢.00 ¢.00 0.00

2 ¢.00 0.00 Q.00 0.00 0.00 6.00

3 ¢.00 0.00 0.00 0.00 0.00 0.00

4 0.00 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 0.00 0.00 0.00 0.00

c=z=cz=============< Member Stresses' LC 2 : Load Case 2 »==ccamx=aao=ss=ssss

Member Shear Shear +--~--~=~----=- Bending ----~--------- +
Sec Axial Y-y Z-2 y-top y-bot zZ~-top z-bot

------------- ¥gi-------Kgi-~+~--Kgi------K@i--~----Kgi-------Kgi~------Ksi---

11 0.00 9,72 0.00 =13.97 13.97 0.00 0.00

2 0.00 -0.81 0.00 4.02 -4.02 ¢.00 ¢.00

3 0.00 -0.81 0.00 1.72 -1.72 0.00 ¢.00

4 ¢.00 -0.81 0.00 -0.57 0.57 0.00 0.00

5 0.00 -0.81 0.00 -2.86 2.86 0.00 0.00

21 0.00 0.05 0.00 -0.18 0.18 0.00 0.00¢

2 0.00 0.05 0.00 ~0.04 0.04 0.00 0.00

3 0.00 0.05 0.00 0.11 -0.11 0.00 0.00

4 0.00 0.05 0.00 0.25 -0.25 0.00 0.00

5 0.00 -0.60 Q.00 -0.87 0.87 .00 0.00

31 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 0.00 0.00 0.00 ¢.00 0.00 0.00 c.0¢

4 0.00 0.00 0.00 0.00 .00 0.00 G.00

5 0.00 0.00 g.00 0.00 0.00C 0.00 c.co

Cc\\c.v l‘1+'0'\ Fmi2- C-0)
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+ Load Cage 2 »==========u=m==g==

befls as L/n Ratios
L/n (y) L/n (z)
NC NC
5071.7 NC
4869.4 NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC

Member +-----=---~ Translation -«------- +
Sec X Yy A x Rotate
------------- in-==------in---------in-------~-rad
11 0.000 0.000 0.000 ¢.00000
2 0.000 -0.028 0.000 0.00000
3 0.000 -0.030 0.000 0.00000
4 0.000 -0.012 0.000 0.00000
5 0.000 0.000 0.000 0.00000
21 0.000 0.000 0.000 0.00000
2 0.000 -0.001 0.000 0.00000
3 0.04Q00 -0.002 0.000 0.00000
4 0.000 -0.002 0.000 0.00000
5 0.000 0.000 0.000 0.00000
31 0.000 0.000 0.000 ¢.00000
2 0.000 0.000 0.000 0.00000
3 0.000 Q.000 0.000 0.00000
4 Q0.000 0.000 0.000 0.00000
5 0.000 0.000 0.000 0.00000

EEREESIErDOE=SEC Memb?r AISC
Member Joints  Unity
- J Chk Loc¢

0.647 1

Celev (ﬁ+\‘0ﬂ Tm i -C-0f

Unity Checks, LC 2
Shear Fb

: Load Cage 2 >mszuzzzas=sacc

Fb

Chk Loec Fa vy

------------ Ksi---Ksi---Ksi

1 1 2 0.675 1y 14.35 27.00 21.60 1
2 2 3 0.040 5 0.042 5y 14.35 27.00 21.60 1.00 0.60 0.85 H1-2
3 3 4 0.000 1 ©.000 11y 16.01 27.00 22.60 1.00 0.60 0.60 Hi-1

Atachment B £4 F.18
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LETTER REPORT

RE-EVALUATION OF TANK 241-Z-381 NOZZLES A, B, E, F, AND G FOR
LOAD INDUCED BY SAMPUING EQUIPMENT

INTRODUCTION

This report provides the resuits of the structural analysis performed on the 8-inch (nozzles A, B, F, and
G) and 6-inch (nozzle E) pipe risers of Tank 241-Z-361 in preparation for sampling (see Appendix A for a
sketch of the Tank). Tank 241-Z-361 has bean out of service for several years and Babcock & Wilcox
Hanford Company (BWHC) is in process of characterizing the waste left in the tank. Before the waste
could be sampled, breather filters have been mounted on the tank. Sampling of the contents of the tank
will be made though the risers avaluated in this report.

Tank 241-Z-361 is a rectangular underground tank built of reinforced concrete with a carbon steel kner
on the sides and bottom. The tank has eight carbon steel pipe risers ranging from 2-inch to 8-inch in
diameter. Previously, Fivor Daniel Northwest, Inc. (FDNW), svakuated all of the pipe risers (Reference
1} to determine the riser capacity and validate the load limits of 100 Ibs. horizontal and vertical and

50 fi-Ib torque established in the “Justification for Continued Operation of Tank 241-Z-361" (Ref 6).
FDNW also evaluated 3-inch (nozzle H) and 8-inch (nozzle A or B) to determine if the nozzles could
withstand the loading from a breather filter unit. (Ref 2)

This evaluation is parformed by FONW at the request of BWHC by Contract 915, Release 021.

SUMMARY AND CONCLUSION

The 8-inch risers (nozzes A, B, F, and G) were analyzed to determine if the sisers would support a

1500 Ib vertical load, a 250 i horizontal load, and a 100 ft-b torque induced by the sampling process.
The evaluation demonstrates that nozzle A, B, F, and G can withstand the icading. The 6-inch riser,
nozzle E, was analyzed for an applied loading of 1500 ibs vertical, 100 Ibs horizontal, and a 50 ft-tb
torque. The instailation details for the nozzle E are not available. Therefore an additional support will be
required to transfer the loading for the sampling procass to the ground. A detail of that support is
located in Appendix A.

APPROACH / EVALUATION

The risers were evaluated using hand calculations. For nozzles A, B, F, and G first, the riser pipe was
analyzed as a cantilever column assuming no laterat support from the soil. Since the properties of the
weld of the embedded plate or base plate {o the nsorplpeandﬂ'lap:pe riser are approximataly the
same, one analysis will cover bath the weld and the pipe. Sacond, for nozzles A and B the embedded
plate and concrete were analyzed by evaluating the punching shear of the embedded plate on the
concrele. For nozzles F and G the base plate was evaluated for the bearing stress on the concrete,
The support for nozzie E was evaluated by examining the bearing siress applied {o the ground.

The analysis of the nozzles is located in Appendix B.
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RECOMMENDATIONS

Based on the analysis performed, Nozzles A, B, F, and G are adequate to withstand the load induced by
the sampling process. The sirength of nozzle E is indsterminate and to use this nozzle for sampling, it
is recommended that additional support be installed. Due to the high vertical load, {1500 Ibs) great care
must be exercised to assure that the 2000-1b limit for loading the top of the tank is not exceeded.
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THREADED RQD SHOULD
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1] Veid Caiculation (Reason Volded )
. Incorporated in Final Drawings?
This calculation verified byhdopendent “check” calculations?

Yes

o
o Q

Yos

Original and Reviged Cakculation Approvals:

Discipiine Civil . WOIlob No. 65100231-PP012 Calcuiation No. PP012-C-05
Project No. & Nama Evaluation fo Nozzeis A, B, E, F, and G on PFP Tank 241-2-381 for the loading from

Rev. No.

Rev.2

Rev. 0 Rev. 1
‘ Signahre/Dais Signature/Date

rgnetr Dot Mo ity

Checked by £4/§/f9

7/
Feprovedty ) 415199
Checked Against
Approved Vendor Data
INDEX
Page No. Description
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2 Method"
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CALCULATIONS AND SKETCHES SHEET
FLUOR DANIEL NORTHWEST: .
DEPARTMENT: Civil ORIGRNATED BY: B,_.;.Q Mefleonpate: (8 -39
CONTRACT/TASK ORDER No.: CHECKED BY: DATE: o
65100231-PPO12 C@’%‘/‘—-‘ 4 /ff

LOCATION: 200 West PFP REVISEDBY: DATE:
SUBJECT: Evaluation of Nozzles AB, E, F, and G on PFP Tarnk 24]-Z-361 for the Josding from the sampling

OBJECTIVE

This calculation wilf analyze Noxzzles A, B, E, F, and G on PFP Tank 241-Z-361. Sheefs 3 and 4 of this
calculation show where the nozries are located.

METHODS
Hand Methods using standard angineering practicas,
REFERENCES

AISC, Manual of Steel Tonstruction, Allowable Stress Design, Ninth Edition

ACIl 318R Building Code Requirement for reinforced Concrete

Design of Welded Structures, Blodget

Crane, Flow of Fuilds Through Valve, Fitting and Pipe, Technical Paper No. 410
Drawings H-2-16024, H-2-16640, and H-2-80718 Sht 3

FCN 25603 )

Uniform Building Code 1997

Statement of Work (Attachment A)

Calculation PP012-C-02, Rev. 0, Riser Analysis for PFP Tank 241-Z- 351

LoNSO ML

CONCLUSION

Risar A and B, are 8nch pipe installed as part of the original construction, will withstand the 1500 Ib
vertical, 250 Ib horizontal and 100 ft-Ib loads which could be applied during sampling process. The specific
results are tabulate on pages 9 and 40.

Riser E, a 6 inch pipe which was installed after the original construction could not be analyzed due to
Insufficlent design data. Specifically, tha size and thickness of the base plate, and the location and
diameter of the anchor bolts. An alternate method of supporting riser E was determined and will withstand
the 1500 ib vertical load from sampiing. The support is shown on page 13. By comparison la the analysis
of the other risers and englneering judgement nozzie E is adequate to resist the 100 Ib horizontal and 50 ft-
b torque. L

Risers F and G are 8 Inch pipa installed after the original construction using a base plate and embedded
bolts. These risers wilt withstand the 1500 Ib vertical, 250 Ib horizontai and 100 ft-ib loads which could be
applied during sampling process. The spedcific results are tabulate on pages 9 and 11.

CALCULATION

Nozzle Configuration:

Tank 241-Z-361 has eight nozzles. A sketch of the nozzle locations is shown on page 3 and 4. This
Sketch provides an identification letter for each nozzle. Detalls of how the nozzles are secured to the
concrete are shown on Page 5.
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DEPARTMENT: Civil ORIGINATED BY: Waun & MY . patE: H-15-99
CONTRACT/TASK ORDER No.: CHECKED BY: DAIE:jﬁéﬁgéﬁf
65100231-PPO12
LOCATION: 200 West PFP REVISED BY: DATE:

SUBJECT: Evaluation of Nozzles A B, E, F, and G on PFP Tank 241-Z-361 for the loading from the sampling
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DATE:
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, E, F, and G on PFP Tank 241-Z-361 for the loading from the sampling
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FLUOR DANIEL NORTHWEST:
DEPARTMENT: Civil ORIGINATED BY: Dl M¢fleee DATE: ¥ -5 ¢
CONTRACT/TASK ORDER No.: CHECKED BY: £ DATE Ls/f9
65100231-PPO12

LOCATION: 200 West PFP , REVISED BY: DATE:

SUBJECT: Evaluation of Nozzles A B, E, F, and G on PFP Tank 241-Z-361 for the loading from the sampling

1/
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?
L/

TWBLDOLED FLATE

EMBEDDED NOZZLE (A)

12" % ()

SECTION A=A
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CONTRACT/TASK ORDER No.: CHECKED BY: DATE: ‘545/5}‘
65100231-PP012
LOCATION: 200 West PFP REVISED BY: DATE:

SUBIJECT: Evaluation of Nozzles A B, E, F, and G on PFP Tank 241-2-361 for the loading frorn the sampling

Nozzles A, B, C, D, and H

Thesa risars ware Instailed with the original construction using the embedded nozzle detail shown
on Page 5. Pictures of the tank Interior, taken in 1975, show that all metal below the water line has
corraded away. Matal above the water line Is badly rusted but is stilj there. The pictures show the
underside of the concrete top be discolored but the lines from the form boards are still visible
demonstrating that the top Is still intact.

Nozzles E,F,and G

These risers were installed In the mid 1970's using a base plate with emboedded bolts (see page 5).
Riser E was Installed at a differant ime and there Is insufficient data (le base plate thickness, and
slze of emmbedded bolts ) Is availabla to analyze this nozzie. Riser F and G were Installed by Field
Change Notice (FCN) 25603 after the use of steam in the tank was disconfinued. Therefare, the
risers will have minimal degradation due to corrosion.

ASSUMPTIONS

1. The thickness cf the base metal of risers A and B will be decreased by one half to account
for corrosion. This reduction amount to more than 1.5 mils per year. This is greater than
the corrosion allowance for the double sheli tanks and therefore is conservative.

2. The outside of the pipe was not affected by corrosion.

3. The weld of risers A and B to the embedded piate is an all around fillet weld with the same
thickness as the smbedded plate.

4. On risers A and B the outside of the pipe embedded in the concrete was not affected by
corrosion.

5. For risers A and B the embadded plate will be assumed to be placed a the middle of the
cencrete top.

6. The distance from the embedded plate to the reinforcing steel will be faur inches.

7. When analyzing the concrete for punching shear the strength of the reinforcing steel wili be
neglected, .

8. The Yield Stress for carbon steel will be 36 ksi.

9. The positive effact of the soil depth on the unbraced length will be conservatively
neglected.

I-15
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. SUBJECT: Evaluation of Nozzles A B, E, F, and G on PFP Tank 241-Z-36) for the loading from the sampling

10. Due to the temporary nature of the sampling activity no seismic load will be included in the
analysis. . )

11. Nozzles A and B may be cut shorter to facilitate the sampling equipment. The analysis will
be performed with the fult length.

APPLIED LOADS
As directed in the statement of work (attachment A} one load case will be applied to the nozzies:

- Fornozzies A, B, F, and G: 1500 1b vertical load, 250 Ib horizontal load, and 100 ft-!b torque -
For nozzle E: 1500 ib vertical load, 100 Ib horizontal load, and 50 fi-ib torque.

NOZZLE ANALYSIS: (Nozzles A, B, F, and G}

First, the pipe risers will be analyzed as cantilever column with the length of the column being from
the tap of the flange to tha top of the embedded or surface mountad plate. Since the properties of
the pipe riser and the weld of the pipe riser to the embedded or surface mounlted plate are
approximatsly the same, this one analysis will cover both. Second, for nozzles Aand B the
embedded plate and concrete will be analyzed evaluating the punching shear on the concrete. For
nozzle Fand G the base plate will be evaluated.

Column Analvsis
LOAD DIAGRAM | Pv _
) / fu Physical properties are tabulaled on page 8.
} : Mﬂmn
Axial fa= Pvia
Shear fv= (Ph/a) + (Pt"c/J)
Bending o = (Ph*1"c)
Aligwable Stresses (AISC)
Fa=36ksi*Ca (able 3 AISC, pg 5-119)

Fv = 4 * 36 ksi
Fb=.8"* 36 ksi

“-1[—' 777 ;777 Interaction Equation
(fa/Fa) + ((W/Fv) + {flbfFb) < 1
Fabulated Results are shown on Page 9
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FLUOR DANIEL NORTHWEST:

oRIGNATED BY: Dasd pAfler DaTE: 4 - 15 44

DEPARTMENT: Civil

CONTRACT/TASK ORDER No.:
65100231-FP012

DATE: 9'//5’/&‘}-'

DATE:

CHECKED BY: WL

REVISED BY:
SUBJECT: Evaluation of Nozzles AB, E, F, and G on PFP Tank 241-Z-361 for the loading from the sampling

LOCATION: 200 West PFP

Nozzle Data for design purposes
Torskong!
Nominal : Nominal | Neminal | Reduced | Reduced [ Moment | moment
Riser Wslallation | Riser Pipe | Embedded| Length | Wall | Area Wall Avex | of Inertia | of nertla ®
Kentificalion|  Detal Sze | Plate Dia | fThicknes | ap Thickness 8 1 J
{see page 3}| (see page 5| () (n) @) | | od i) g) | o4 | (o
AandB A 8 13.5 12 - 0.32 84 0.18 4,28 38.35 8.7
Fand G B 8 NIA 48 0.32 B.4 NIA NIA 71248 144,98
Radius .
Radius of of " Allowable Stresses
Riser Installation oD | Gyration*] kir Compression| Banding | Shear
Wenlification | . Detak c r k=21 Ki/Cc® | Ca® | FasFy'Ca | Fbs.8Fy | Fwad'Fy
(see page 5) | (see page 8} (i) (i) {psh {psh (psh)
Aand B A 431 288 50.52 0.40 0.51 18324 21600 14400] -
F and G B 4.1 2.04 KI | 0.27 0.55 10658 216800 14400

a. r=(1/a)'"? (el Blodget page 2.2-7)
b. J=2*12 (rof Blodget 2,10-1)

¢ Ca ks from tabla 3 of the AISC Page 5-118
d. Co=126.1 (ref AISC Paga 5-120)
e. AISC Table C-C2.1 page 5-135, Fxed-lroe end restraints
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-
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DEPARTMENT: Civil

CONTRACT/TASK ORDER No.:

65100231-PPO12

DATE: 4//5/65

DATE:

CHECKED BYW L

REVISED BY:
SUBJECT: Evaluation of Nozzles A B, E, F, aod G oo PFP Tank 241-Z-361 for the loading from the sampling

LOCATION: 200 West PFP
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SUBJECT: Evaluation of Nozzles A B, E, F, and G on PFP Tank 241-Z-361 for the loading from the sampling

. te Analysis for Ri A.and B

This analysis wili compare the actual shear ioad (Vu) to the allowable shear load (Vn) per ACl to

determine the factor of safety. The load factors will be included in the Vn term. A factor of safety
greater than 2 will be acceptable.

Terms and Definition:

Vu = the actual factored shear load

Lt = Live Load

DL = Dead Load (the daad load will be neglected)

Vc = the allowable'shear load of the concrete

Vs = the allowable shear load of the steel (=0, assumption 7)
Vn = the allowable shear load

¢ =085
Load Diagram
Allowable Shear Load {(Vn)
Vn=Vc+Vs
ONCRETE Vemd4*Pheb *d,
Top Vn=4'3000“'4241 4 = 37166 lbs
Vn=$ (Ve +Vs) = 31591 ibs

EMmBEpes
RSA:; 70 4—17: e Actual shear
e

Vu = 1.7(LL) +1.4(DL)
[ P T LL = (Pv+ (2°P,/d,)) = 1500 + (2"18000/13.5)
Vu = 1.7 * 4167 = 7084 Ibs
=
'\ / \ [. Determine Factor of Safely
Repar Fs = VnVuz 2

Fs = B5S(Vn)/1.7LL
Fs=231581/7084 =45 > 2 ACCEPTABLE

Physlcal Properties

d = 4"

b, = Circumference of the embedded plate
b, = 42.41 inches

f. = 3000 psi

dr = 13.5 (see page B)
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LOCATION: 200 West FFP REVISED BY: DATE:

SUBJECT: Evaluation of Nozzles A B, E, F, and G on PFP Tank 241-Z-361 for the loading from the sampling

and G
Explanation of Analysis

-The loads applied to the concrete are resisted by the base plate, embedded bolts, and the bearing of
the riser on the grout/ concrete below the base plate. This is a complex system to analyze since each
component is resisting a portion of each load. To conservatively simplify the analysis the loads will be
analyzed as follows:

1. The vertical load (Pv) will be resisted by the base plate bearing on the conerete. This is conservative
since the load would also be resisted by the bond between the concrete grout and the pipe.

2. The Horizontal (Ph) and the Torsional (Pt} icads wili be resisted by the embedded bolts. Thisis

- conservative since the horizontal 1oad would be resisted by the bearing of the pipe on the concrete and
torsional load resisted by the band between the pipe and the grout. There are 6 embedded boits
instatled to account for the variation in the base plate hole size and the alignment of the embedded
bolts only 3 boits will be considered effective.

3. The Bending Moment (Pb) will be resisted by the bearing of the pipe below the base plated bearing
on the concrete, For this analysis the pipe will pivot about the base plate applylng a load to one side of
the pipe. This is conservative since the moment will also be resisted by the base plate transferring a
tension load to the embedded bolts.

Analysis

The analysis performed in calculation PPG12-C-02, for this portion of tisers F and G, was done with
larger foads than required by this load case in this calculation. Therefore, the base piate, anchor bolts
and the jocal stress on the concrete is accpetable by comparsion to this analysis. The loads used in
the previous calculation were 3000 Ibs vertical, 500 lIbs horizontal, and 400 ft-ib in torision (Reference 9
pages 11 through 13).

NOZZLE E

Installation details for Nozzle E are not available. Therefore an afternate methed for supporting the
1500 Ib sampling load Is required which will transfer the applied foad to the ground. See page 13 fora
sketch of the support. :

Analysis

When evaluating the steel components of the 8-Inch pipe risers only 12% of the allowable stress was
used. Reference the results for nozzles A and B on page 9. Do to this low stress the stee! components
of the S-inch nozzle E are acceptable by comparison and engineering judjement. The load transferred
to the ground must be resisted by the scil bearing pressure. This transfer Is made through threaded
rods connected to the flange to an added base plate. See page 12 for the arrangement of the hanger.
Note that the load transferred to the ground from the 100 Ib horizontal load Is not considered significant
relative to the remaining bearing pressure margin available and therefore not included in the anaiysis.
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SUBJECT: Evaluation of Nozzles A B, E, F,'md G on PFP Tank 241-Z-361 for the loading from the sampling

Evaluation of the rods:

‘There will be eight 3/4~ threaded rods transferring the load to the base plate. The load in each rod will
be: ’ .

LeP,/n, ) L= Load per rod

) P,= 1500 1bs
L, =1500/8~ 188 ibs n, = number of thread rods = 8

The load of 188 [bs transfar through the nuts to'the rod is acceptable by engineersing judgement,

Analysis of the rod for compression.
‘ f,=L/a, ) f, = actual stress
a, = net area of the rod (ref 1}
f,= 188 /.302 = 623 psi

The stress of 621 psi is acceptable by engineering jJudgement.

Evaluation of the bearing pressure on soil:
Allowable Bearing .Preasure = 2000 psf
Boaring Pressure (BP) = Py/{@rea of the plate - area of the pipe)
BP = 1500/(18% - (3.14°6.625'/4)

BP = 52 psi = 746.0 psf < 2000 psf . ACCEPTABLE
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— 3"x14"x3/8" PLATE
PROVIDE SLOTED

HOLES FQR BOLTS
TYPICA,, BOTH SIDES
OF PIPE

———— FASTEN W/ 1/2° BOLT
ON BOTH SIDES OF PIPE

Y ————___1/2" BASE PLATE .

- SPLIT DOWN MIDDLE
AND NOTCHED TO
FIT PIPE SNUGLY
TYPICAL BOTH SIDES

‘\— OF PIPE
_TJOP _WVIEW TAP BASE PLATE AS

REOUIRED FOR 1/27 BOLTS

(3) 3/4° NUTS W/
WASHER TYPICAL

- ) EXISTING
8 PLACES 6" PIPE RISER

WITH BLINOG FLANGE
THREADED ROD SHOULD .
BE INSTALLED SNUG TO N 3/4° THREADED ROD
BASE PLATE LENGTH '‘AS REQUIRED

TYPICAL 8 PLACES

)
N &
SR

PROVIDE LEVEL SURFACE
ON GROUMD TO PLACE
BASE PLATE

FRONT VIEW

NOZZLE E PROPOSED MODIFICATION
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McShane, David S

HNF-2024, Rev. 2

Artacument A

From:
Sent:
To:

Cc:
Subjact:

Good moming,

Nomnan, Bradford F

Monday, April 12, 1999 9:51 AM

McShane, Dawd S

Haq, Mian A; Hughes, Dennis P

Riser loads for remaining unanalyzed risers

This memg is to provide information for load analysis. This memo goes in hand with the sheet that was Dropped off on
Dave's desk last Thursday, We would like 10 analyze the remaining 8° risers to accommodate the following loads: 1,500
pound verticat load, 250 pound lateral load and 100 pounds of torque, These numbers correspond 1o the red numbers
added to the sheet dropped off in Dave’s office. One note: Risers A & B will be irimmed to approxmately 18 inches abowe
grade {ECN is currently being written). Analyze risers for 42" present height, we will just be conservative with alfowable
loads on new heights. Also analyze the rest of risers for red marked loads on sheet.

Please provide calculations to verify these analyzed loads and a letter report 1o transmi your results, if there are any
questions | can be reached at 376-7864. Again time Is of Importance, | would hope that the calculations could be signed off
by Wednesday {Dave thought this was reasconable) and then the letter report shortly there after.

Brad Norman
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