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ENCASEMENT PRESSURIZATION
AFTER LEAKS IN PRIMARY PIPING

INTRODUCTION

Preliminary evaluations of existing tank farm waste transfer system encasement piping pressure response
to flowing waste supernate following a large primary line leak indicate the potential to exceed current
design conditions for the encasement piping system. The potential impact to design of the encasement
piping systems is assessed in this paper. Based on the encasement pressure conditions reported, the
existing encasement piping systems can perform their safety functions and are capable of withstanding the
worst predicted pressure conditions for a large leak in the primary system. Testing is being conducted to
validate parameters used in the completed preliminary supernate evaluations and to establish a basis for
evaluation of slurry transfer leaks. The resuits of these tests will be incorporated into the evaluations after
results become available.

This report provides the current status of encasement pressure analyses to determine suitable conditions
for design of encasement piping within the tank farms waste transfer systems. This report provides
results of preliminary evaluations, activities necessary to complete the evaluations, potential impacts on
existing piping systems, and demonstration of adequacy of the existing encasement piping for
withstanding higher pressure than the current design pressure without jeopardizing the safety function of
the encasement piping systems to direct the flow of leaked waste from the primary line to a waste
transfer-associated structure for detection (i.e., the encasement will direct waste to a pit leak detector
before there is any significant release of waste to the environment).

BACKGROUND

Two preliminary evaluations of existing encasement piping pressure due to a postulated leak in a primary
transfer line were performed. These evaluations are a result of an initiative to determine methods and
criteria for establishing the basis of encasement pressures that are required for the Double-Shell Tank
Subsystem specifications.

A Westinghouse Model 2A-513-A1 pump (currently installed in Tank 241-SY-101) was modeled as the
pumping source to bound all installed transfer pumps. Supernatant fluid transfer was modeled using a
Specific Gravity of 1.3 and a viscosity of 1.2 centipoise. The model also evaluated cases with the transfer
line open to a receiving tank and with the transfer line blocked at the receiver tank.

The recent report RPP-6759, Determination of Secondary Encasement Pipe Design Pressure, provides a
conservative basis for establishing the required encasement pipe design pressure for new pipe-in-pipe
waste transfer system piping. The analysis assumed a large leak occurred in the primary pipe and
estimated the resulting maximum pressure in the encasement pipe under steady-state flow conditions in
both the encasement pipe and the drain to the connecting pit where the leak detector is located. Because
of the flow constriction from the encasement drain and the transfer line supports, the maximum pressure
in the encasement pipe after a large leak in the primary piping is dependent on the location of the leak.
Maximum encasement system pressure is predicted for leaks occurring remote from the drain location and
minimum encasement pressure is predicted for leaks occurring near the drain location. For large primary
line leaks, the maximum pressure could exceed the design pressure of the encasement segments between
pits due to the flowing condition.
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The analysis method does not address the transient flow condition associated with flooding the
encasement. During transient conditions, the pump(s) supplying pressure to the system will operate at a
higher flow rate and lower total discharge pressure, balancing with the pressure drop in the piping system
through the primary system breach. Under this condition, the encasement offers little resistance to flow
since its is not flooded.

Design Piping Codes

Tank farm waste transfer systems designed prior to 1995 were designed, constructed, inspected, and
tested to the requirements of ASME B31.1, Power Piping. Since 1995, waste transfer systems are
designed, fabricated, constructed , and tested to the requirements of ASME B31.3, Process Piping.

Design under auspices of ASME B31.1 is governed by establishment of a design pressure that is not less
than the maximum sustained operating pressure, including the effects of static head. Occasional lcads are
permitted to exceed the design condition by 15% for periods of less than 10% in any 24-hour period.
Testing conditions are established at 150% of design pressure for hydrostatic testing, 120% to 150% of
design pressure for pneumatic testing, and at operating pressure for initial service leak testing.

Design under auspices of ASME B31.3 is governed by establishment of a design pressure that is not less
than the pressure at the most severe condition expected during service. Pressure is permitted to exceed
the design condition by 20% at any one time, not to exceed 50 hours or a cumulative total of 500
hours/year provided suitable materials of construction are used, stresses do not exceed yield stress, and
pressure does not exceed the test pressure of the system. Testing conditions are established at 150% of
design pressure for hydrostatic testing or 110% of design pressure for pneumatic testing.

Transfer Lines SN-285 and WT-SNL-3150

The encasement piping for SN-285 from the 241-SY-02A pump pit to the 241-SY-A valve pit was
evaluated as a sample segment of infrastructure encasement piping. The WT-SNL-3150 (Replacement
Cross-Site Transfer System) encasement piping from the 241-SY-A valve pit to the 244-A lift station was
evaluated because of the application of more restrictive primary transfer line supports and anchors and the
use of an initially pressurized encasement piping system.

Transfer Line SN-285 was installed as part of the SY tank farm construction to ASME B31.1
requirements. The transfer line is a buried pipe-in-pipe system approximately 340 feet long connecting
the 241-8Y-02A pump pit to the 241-SY-A valve pit. The encasement system was designed to 60 psig,
with a test pressure of 90 psig. The encasement for line SN-285 drains through a 1%2” diameter drain
connection to the 241-SY-02A pump pit. This line uses primary line supports that provide little
restriction to fluid flow.

Transfer Line WT-SNL-3150, installed by Project W-058 as part of the Replacement Cross-Site Transfer
System (RCSTS), is a buried pipe-in-pipe system approximately 6.5 miles long connecting the 241-SY-A
valve pit in the 200 West Area to the 244-A lift station in the 200 East Area of the Hanford Site. The
transfer line was design to ASME B31.3 requirements. The encasement piping system consists of three
separate segments between the 241-SY-A valve pit and the 6241-A diversion box (0.7 miles) with a
rupture disk at the diversion box, between the 6241-A diversion box and the 6241-V vent station (2.0
miles) with rupture disks at both the diversion box and the vent station, and between the 6241-V vent
station and the 244-A lift station (3.3 miles) with a rupture disk at the vent station. The encasement
system was designed to 50 psig with a pneumatic test pressure of 55 psig. Primary pipe anchors and
support guides incorporated in the Project W-058 design provide a significantly greater restriction under
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encasement flow conditions than the primary pipe anchors and support guides incorporated in other
transfer piping systems.

Transfer Lines SN-265, SN-267, and SN-609

A comparable evaluation was performed for the transfer route through SN-265 from the 241-AW-05A
pump pit to the 241-AW-A valve pit, through SN-267 from the 241-AW-A valve pit to the 241-AW-02A
pump pit, through SN-609 from the 241-AW-02A pump pit to the 241-AP valve pit, through SN-640 to
the 241-AP-A valve pit, and through LAW-702 from the 241-AP-A valve pit to the Waste Treatment
Plant. Of these lines, SN-265, SN-267, and SN-609 are existing lines. The structures, systems and
components, including routing and structure locations, beyond the 241-AP valve pit are all planned
installations. This routing provides assessment for inter-farm infrastructure transfer line routing of SN-
609 in addition to relatively short routings through the 241-AW tank farm.

Transfer line SN- 265 was installed as part of the AW tank farm construction to ASME B3].1
requirements. The transfer line is a buried pipe-in-pipe system approximately 240 feet long connecting
the 241-AW-05A pump pit to the 241-AW-A valve pit. The encasement for line SN-263 drains through a
1v4” diameter drain connection to'the 241-AW-05A pump pit. The encasement was designed to 60 psig
and tested to 90 psig.

Transfer line SN-267 was installed as part of the AW tank farm construction to ASME B31.1
requirements. The transfer line is a buried pipe-in-pipe system approximately 125 feet long connecting
the 241-AW-A valve pit to the 241-AW-02A pump pit. The encasement for line SN-267 drains through a
14" diameter drain connection to the 241-AW-02A pump pit. The encasement was designed to 60 psig
and tested to 90 psig.

Transfer line SN-609 was installed as part of the AP tank farm construction to ASME B31.1
requirements. The transfer line is a buried pipe-in-pipe system approximately 760 feet long connecting
the 241-AW-02A pump pit to the 241-AP valve pit. The encasement for line SN-609 drains through a 2”
diameter drain connection to the 241-AP valve pit. The encasement was designed to 60 psig and tested to
90 psig.

Transfer lines SN-640 and LAW-702, the 241-AP-A valve pit, and the Waste Treatment Plant are planned
future construction, therefore, detailed results for this portion of the second transfer line encasement
evaluation are not presented.

PREDICTED MAXIMUM ENCASEMENT PRESSURE

Applying the methodology of RPP-6759 to the SN-285, WT-SNL-3150, SN-265, SN-267, and SN-609
transfer line encasement piping systems, the preliminary analyses in the Attachment provide results for a
one square inch leak opening as shown in Table 1.

For a leak in SN-285 with a blocked transfer route, the maximum encasement pressure would exceed the
encasement piping 60 psig design pressure.

For a leak in WT-SNL-3150, the maximum encasement pressure would exceed the encasement piping 50
psig design and 55 psig test pressure for primary leaks occurring between the 241-SY-A valve pit and the
6241-A diversion box or between the 624 1-V vent station and the 244-A lift station. Therefore, the safety
function of the encasement piping might be jeopardized if the maximum pressure predicted by the
analysis model could not be sustained by the encasement piping. The predicted encasement pressure
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conditions are sensitive to the estimated flow resistance coefficients for the encasement anchors and
support guides. A test program is being conducted to verify the estimated flow coefficients.

For leaks occurring in SN-265, SN-267, and SN-609 with a blocked transfer route, primary leaks would
exceed the 60 psig encasement design pressure. For primary leaks occurring without blockage of the
transfer line, the maximum pressure would not exceed the encasement design pressure.

Table 1. Encasement Pressure from A Postulated 1 Square Inch Supernate Transfer Line Leak

Maximum Encasement Pressure (psig)
Open Transfar Roule Blocked Transfer Route
Encasement
Transfer Line Sagment Start End Duat Stant End Dual
241-SY-02A
SN-285 to 54! -- - 622 - --
241-SY-A
& 241SY-A ,
& | WT-SNL-3150 to 62 1512 29° 88* 175" 29°
= 6241-A
85 6241-A
g | WIT-SNL-3150 to 19° 1200 | 19"’ 44’ 166> | 33"
S 6241-V
6241-V :
WT-SNL-3150 to 3243 13* 7 832 69 24°
244-A
241-AW-05A
5 SN-265 to 40"* - - 6224 - -
E ‘g 241-AW-A
> 241-AW-A
0 3 SN-267 to . 37! - . 62" -
T § 241-AW-02A
0 241-AW-02A
< SN-609 to " 344 -- -- 6324 -
241-AP

Design configuration shown in bold text
2 Pressure in excess of design pressure

3 Encasement pressure will rise to the rupture disk burst pressure, opening the flow path(s); then the pressure will
decrease to the pressure shown.
* Two-inch diameter drain conservatively evaluated using the flow resistance of a 1-12” diameter drain.

CONSIDERATIONS

Primary Piping Design

RCSTS primary piping was constructed of three-inch Schedule 408 stainless steel pipe to ASTM A312
Grade TP 304L. The primary piping of the encased waste transfer lines are of welded construction with
100% radiographic nondestructive examination of circumferential weld joints. All RCSTS primary
piping has been hydrostatically tested at 150% of the design pressure (1490 psig) based on use of a slurry
booster pump, significantly greater than the shut-off head (367 psig @ 1.3 SG) of the supernatant transfer
pump. These examinations and tests minimize the potential for a large leak, both in the pipe material and
in heat-affected zones at joint welds. Primary piping for the RCSTS waste transfer lines is constructed
from ductile stainless steel with an even lower likelihood of brittle failure causing a large leak.
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Infrastructure primary piping was constructed of two-inch diameter and three-inch diameter Schedule 40
carbon steel pipe to either ASTM A53 Grade B or ASTM A 106 Grade B. The primary piping of the
encased waste transfer lines are of welded construction with 100% radiography nondestructive
examination of circumferential weld joints. This primary piping is constructed from ductile carbon steel
with a low likelihood of brittle failure causing a large leak. All infrastructure primary piping has been
hydrostatically tested at 150% of design pressure (typically 275 psig).

Encasement Piping Design

RCSTS LINES

The RCSTS piping was installed to the requirements of the ASME B31.3 process piping code. For the
RCSTS encasement piping, minimum pipe wall thickness is specified as 0.191 inches for six-inch
diameter pipe and 0.256 inches for twelve-inch diameter pipe located at RCSTS expansion loops. The
pressure design capability of the RCSTS encasement piping has been analyzed in the Project W-058
calculation W058-P-032, Process/Encasement Pipe Pressure Design (ASME B31.3) as 980 psig for the
six-inch diameter portions of the encasements and 683 psig for the twelve-inch diameter portions of the
encasements.

In the same calculation, the fillet welded encasement end closure plates (Y4-inch thick) were found to be
capable of withstanding 591 psig, analyzed as simply supported. The closure plates are located within the
transfer-associated structures.

Encasement leak detection connections are limited by design to a pressure of 675 psig by the use of ANSI
B16.5 Class 300 flanges; these connections are also within the transfer-associated structures.

INFRASTRUCTURE PIPING

Infrastructure piping was installed to the requirements of ASME B31.1 for power piping. Infrastructure
piping is Schedule 40 carbon steel pipe, either ASTM AS53, Grade B or ASTM A106 Grade B.
Infrastructure encasement piping within tank farms using four-inch and six-inch diameter piping has been
evaluated in RPP-8777 to have a pressure design capability of at least 980 psig. The encasement piping
uses up to twelve-inch diameter pipe with a pressure design capability of at least 683 psig as evaluated in
RPP-8777.

The infrastructure encasement end full-penetration welded closure plates (4-inch or 3/s-inch thick) are
capable of withstanding at least 450 psig, substituting the allowable stress from ASME B31.1 for the
allowable stress from ASME B31.3 in the calculation W0O58-P-032. Closure plates for infrastructure
encasements may be located inside or outside the transfer-associated structures and are a rigid installation
bounded by the equation used in calculation W058-P-032.

Small-diameter drain and riser branch connections to the encasement pipe have been shown in RPP-8777
to have sufficient reinforcement based on ASME B31.1 requirements to provide a design pressure
capability of more than 264 psig for connections to twelve-inch diameter encasement pipe, more than 389
psig for connections to six-inch diameter encasement pipe, and more than 490 psig for connections to
four-inch diameter encasement pipe.

Encasement leak detection risers for infrastructure piping are limited by design to a pressure of 260 psig
at 200 °F by the use of ANSI B16.5 Class 150 flanges, but these risers are located at the drain end of the
encasements where the minimum pressure is applicable during encasement drain flow. Test riser
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threaded joints have been shown in RPP-8777 to have a pressure design capability greater than 610 psig.
Both the leak detection risers and the test risers terminate above grade.

Pump Pressure Source Limitation

Waste transfer pump discharge head limits the maximum pressure that can be seen by the encasement
piping. No installed transfer pump provides pressure higher than the discharge pressure of the
Westinghouse Model 2A-513-Al pump (367 psig at shutoff head for 1.3 Specific Gravity fluid). This
pressure is less than the pressure design capability of all portions of the RCSTS and infrastructure
encasement piping systems except for infrastructure leak detection riser flanges and branch connections to
twelve-inch diameter encasement pipe.

System Transient Response

The RCSTS will undergo a flooding transient with the pump running out on its performance curve. The
6-inch diameter encasement piping contains approximately one gallon of fluid per foot of length.
Therefore, it will take approximately 18 minutes to flood the segment from the SY-A valve pit to the
6241-A Diversion Box, 45 minutes to flood the segment from the 6241-A diversion box to the 624]-V
vent station and 75 minutes to flood the segment from the 6241-V vent station to the 244-A lift station.. .
During this time, the environmental leak detection system will be in alarm condition.

Environment

All encasement systems are maintained internally dry, minimizing the potential for deleterious effects of
corrosion. The RCSTS encasement piping is externally protected with epoxy coating, insulated and
provided with a fiberglass-reinforced polyester resin insulation jacket, isolating the encasement from
external corrosion. The infrastructure encasement piping was coated with tar, wrapped, and provided
with cathodic protection to minimize external corrosion. Therefore, encasement degradation due to
environment will not have a significant effect on the ability of the encasement piping to satisfy its safety
functions.

FUTURE ACTIVITIES

Confirmation of Flow Characteristics

Since the results of the RCSTS analyses are highly dependent on the flow resistance of primary piping
support guides and pipe anchors, tests are being performed to provide flow coefficients for these portions
of the design.

Establishment of Slurry Transport Characteristics

Additional testing is being performed to determine appropriate fluid characteristics for application to the
flow of slurry mixtures. Due to the addition of a booster pump to the RCSTS flow path for slurry
transfers, it is anticipated that the WT-SLL-3160 encasement system from the 6241-A diversion box to
the 244-A lift station will have greater maximum pressures than those predicted for supernate transfers
through WT-SNL-3150.

Analysis

Results of the flow testing will be incorporated in analyses to obtain new design conditions for the
existing piping and establish criteria for new piping systems.
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When results of slurry property testing are available, they will be applied to evaluation of the WT-SLL-
3160 slurry transfer line encasement system.

Design Modification

For existing systems that are not shown to be acceptable based on the original design code, it may be
possible to provide system design modifications that either eliminate or reduce the impact of the
maximum calculated pressure on existing piping systems. As an example, the encasement system for
WT-SNL-3150 incorporates closed drain connections at the SY valve pit and the 244-A Lift station.
Addition of a second rupture disk to these encasement drains would significantly reduce the maximum
calculated encasement pressure as summarized in Table 1.

Acceptance of Analyzed Conditions

MAXIMUM CALCULATED PRESSURE LESS THAN OR EQUAL TO DESIGN PRESSURE

Encasement systems that have a calculated pressure less than the system design pressure require no
further actions There is no change to the compliant design.

The maximum calculated pressure for the RCSTS encasement piping system from the diversion box to
the vent station meets this condition, with the calculated maximum steady state pressure below the design
pressure of the system. Pressure relief through rupture disks at the diversion box and vent station will
limit the maximum encasement pressure to the setting level of the pressure relief devices.

MAXIMUM CALCULATED PRESSURE GREATER THAN DESIGN PRESSURE

Encasement systems that have a calculated pressure greater than the design pressure should be evaluated
to the methods of the applicable design code. If the applicable allowances are satisfied, no further action
is required.

ASME B31.1 Piping Systems

Since pressurization of the encasement is a result of a primary system failure the condition may be
addressed as “occasional loads and transients of pressure and temperature” as allowed by ASME B31.1
Paragraph 102.2.4. if the conditions are met, the system is acceptable.

Based on the calculated maximum pressure and the pressure capability of the components, lines SN-265,
SN-267, SN-285, and SN-609 comply with the requirements. In RPP-8777, the piping, threaded
connections, and branch connections are shown to have a pressure capability within limits of allowable
stress, without exceeding pressure ratings of rated system components or utilizing the ASME B31.1
Paragraph 102.2.4 conditions for exceeding maximum allowable stress.

_If the increased pressure did not meet ASME B31.1 Paragraph 102.2.4 requirements, the following
actions are provided as non-mandatory guidance in ASME B31.1 Appendix V, Paragraph V-12.1.1 for re-
rating and could provide a basis for the Department of Energy to accept the new condition:

e (A) A design analysis shall be performed to demonstrate that the piping system meets the
requirements of the Code at the new design conditions. For an encasement pipe, normal
operation is without primary leakage, therefore, pressurization after a leak is governed by ASME
B31.1 Paragraph 102.2.4. Analysis must show that stress levels are within the limits established
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by the code. If the system temperature is changed, the impact on expansion and pipe movement
must also be considered.

e (B) The condition of the piping system and support/restraint scheme shall be determined by field
inspections and the examination of maintenance records, manufacturer’s certifications, and/or
other available information to ensure conformance with the Code requirements for the new
design conditions. Due to inaccessibility of the buried piping system, field inspection of the
system cannot be performed. Therefore, condition of the system is based on construction records,
tests of system integrity, and inspection of accessible portions of the system.

e (C) Necessary repairs, replacements, or alterations to the piping system are made to conform
with the requirements prescribed in (A) and (B) above. This requires that any component
replacements, system repairs, or design modifications necessary to meet the new condition be
completed.

® (D) The system has been leak tested to a pressure equal to or greater than that required by the
Code for a new piping system at the new design conditions. Since the leak test pressure may
exceed the original test pressure, the Department of Energy may accept the original system
pressure test as an initial service test as an “Owner” accepted risk. For encasement systems, the
requirements of ASME B31.1 Paragraph 102.2.2.4 will probably not require retest of the system.

o (E) The rate of pressure and temperature increase to the higher maximum allowable operating
conditions shall be gradual so as to allow sufficient time for periodic observations of the piping
system movements and leak tightness. This condition cannot be readily satisfied since the piping
system is inaccessible and the new condition for the encasement occurs only after a primary
system failure, not a normal operating condition.

e (F) Records of investigations, work performed, and pressure tests conducted in re-rating the
piping systems shall be preserved for the service life of the piping systems. All analyses,
inspections, and modifications must be documented and records retained. This information
provides the basis for acceptance of the new conditions.

e (G) Al safety valves, relief valves, and other pressure relieving devices must be examined, and
re-certified for the new pressure/temperature design conditions. Capacity of relieving equipment
shall be investigated if the design pressure and/or temperature are changed in re-rating a piping
system. For most encasement systems, there are no pressure relieving devices, therefore, it is
unlikely that this re-rating requirement will require any actions.

ASME B31.3 Piping Systems

Since pressurization of the encasement is a result of a primary system failure the condition may be
addressed as a pressure variation as defined in ASME B31.3 Paragraph 302.2.4. If the requirements of
ASME B31.3 Paragraph 302.2.4 are satisfied for piping constructed to ASME B31.3 requirements, the
piping system is acceptable and no additional actions are required.

The maximum calculated pressure exceeds the test pressure for the RCSTS encasement piping system
segments between the SY valve pit and diversion box and between the vent station and lift station.
Therefore, the current design does not satisfy the testing requirement of ASME B31.3 Paragraph 302.2.4,
although other conditions are satisfied without exceeding pressure ratings of system components or
utilizing the ASME B31.3 Paragraph 302.2.4 conditions for exceeding maximum allowable stress.
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If the requirements of ASME B31.3 Paragraph 302.2.4 are not met, the system may be redesigned or the
Department of Energy could accept the condition as the owner of the facility. In order to accept the
condition, it would be necessary to develop an acceptable process to permit continued use of the system.
ASME B31.3 does not include operations in its scope and provides no guidance for changed design
conditions. The chemical process industry has developed API 570, Piping Inspection Code to provide
rules for re-rating of piping systems constructed to ASME B31.3 requirements. The API 570 re-rating
rules are very similar to those found in ASME B31.1. The requirements of API 570 Paragraph 8.3
include:

e a. Calculations performed by the piping engineer or the inspector. For an encasement pipe,
normal operation is without primary leakage, therefore, pressurization after a leak is governed by
ASME B31.3 Paragraph 302.2.4. Analysis must show that stress levels are within the limits
established by the code. If the system temperature is changed, the impact on expansion and pipe
movement must also be considered. For self-limiting conditions, allowable stresses may be
exceeded by 20% without requiring approval of the Department of Energy.

o b All ratings shall be established in accordance with the requirements of the code to which the
piping system was built or by computation using the appropriate methods in the latest edition of
the applicable code. This condition is satisfied by use of ASME B31.3.

e ¢. Current inspection records verify that the piping system is satisfactory for the proposed
service conditions and that the appropriate corrosion allowance is provided. Due to
inaccessibility of the buried piping system, inspection records for the system would have to be
based on construction records, tests of system integrity, inspection of accessible portions of the
systemn, and knowledge of the operational history including fluid chemistry.

e d. Rerated piping systems shall be leak tested in accordance with the code to which the piping
system was built or the latest edition of the applicable code for the new service conditions, unless
documented records indicate a previous leak test was performed a greater than or equal to the
test pressure for the new condition. An increase in the rating temperature that does not affect
allowable tensile stress does not require a leak test. This condition cannot be satisfied since the
piping system is inaccessible for inspection during a leak test. There are two alternative that the
Department of Energy might accept in lieu of pressure testing in accordance with ASME B31.3
— pressure decay testing as allowed under ASME Section 11 or acceptance of the existing test
as indicative of system suitability without additional testing as allowed under ASME B31.1 by
initial service test.

o ¢. The piping system is checked to affirm that the required pressure relieving devices are
present, are set at the appropriate pressure, and have the appropriate relieving capacity at set
pressure. For most encasement systems, there are no pressure relieving devices, therefore, it is
unlikely that this re-rating requirement will require any actions. The RCSTS is provided with
rupture disks for pressure relief which may require replacement for a change in design
conditions. :

o [ The piping system rerating is acceptable to the inspector or piping engineer. The re-rated
conditions are acceptable from an engineering perspective if the calculations show acceptability
of the new conditions, piping component pressure ratings are acceptable, and appropriate
changes to pressure relieving devices are made. Since no change to the design temperature is
made, there are no impacts due to pipe flexibility or temperature-dependent material properties.
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g. All piping component in the system (such as valves, flanges, bolis, gaskets, packing, and
expansion joints} are adequate for the new combination of pressure and temperature.

o h. Piping flexibility is adequate for design temperature changes. Since no change in the design
temperature is anticipated, this requirement does not affect the re-rating of the encasement

piping.

e i Appropriate engineering records are updated. All analyses, inspections, and modifications
must be documented and records retained. This information provides the basis for acceptance of
the new conditions.

e j. A decrease in minimum operating temperature is justified, if required by the applicable code.
Since no change in the design temperature is anticipated, this requirement does not affect the re-
rating of the encasement piping.

CONCLUSIONS

Supernate transfers with existing transfer pumps can continue with no added risk. Based on the estimated
maximum pressure for each of the encasement piping systems, component pressure ratings and maximum
allowable stresses will not be exceeded.

The conservatively estimated maximum encasement pressure of 61 psig for infrastructure piping is well
below the controlling allowable pressure of 260 psig (based on leak detection riser flange ratings) for the
encasement piping systems. This condition is permitted by ASME B31.1 Paragraph 102.2.4, which
allows system pressure and stress levels higher than design for occasional loads. Since the presence of a
primary leak requires shutdown of the transfer pump, the predicted encasement pressure will not be
sustained and can be treated as an occasional load.

The estimated maximum pressure for the RCSTS piping of 172 psig for encasement piping is well below
the controlling allowable pressure of 590 psig for the encasement piping system. The maximum steady-
state pressure estimated for the encasement piping after a primary leak does not impact the encasement
piping system’s ability to perform its safety function. Upon any leakage from a primary transfer line, it is
typical that the line is taken out of service and abandoned. In addition, the likelihood of a large break in
the primary pipe for a supernatant transfer is reduced because of the available pressure head from the
transfer pumps. The shutoff pressure of the bounding Westinghouse Model 2A-513-A1 pump is less than
one-third of the 1,490 psig design pressure for the primary pipe. The primary pipe is made of 304L
stainless steel, which is ductile and not prone to brittle failure. The primary pipe also had 100%
radiographic weld inspection, which is more than the inspection required by ASME B31.3. Thus, the
primary piping is a robust piping system and is not likely to fail, particularly at the lower demand
conditions associated with supernate transfers.

The infrastructure and RCSTS encasement piping systems are capable of withstanding the predicted
maximum pressure from the Westinghouse Model 2A-513-A1 pump and all other installed waste transfer
pumps in the event of a large leak in the primary pipe during supernate waste transfers. Therefore, the
infrastructure and RCSTS encasement piping systems would be able to perform their safety function to
direct the flow of leaked waste from the primary line to a waste transfer-associated structure for detection
before there is any significant release of waste to the environment.

RCSTS encasement maximum pressure can be significantly reduced if it is feasible to add a second
rupture disk drain at the SY-A valve pit and at the 244-A lift station. Modification of the system to

10
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include the second relief point on all encasement segments would reduce the maximum pressure to less
than the design condition for these encasement segments.
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APPENDIX A

ANALYSIS MODEL DEVELOPMENT

Calculations contained herein were produced in Mathcad 2001 Professional. Mathcad is a registered
trademark of MathSoft, Inc. of Cambridge, Massachusets.
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ANALYSIS MODEL DEVELOPMENT
1.0 PROBLEM STATEMENT

Determine maximum pressure in secondary encasement pipe sections for postulated break in primary pipe during supernatant
waste transfer operations through the Replacement Cross-site Transfer System (RCSTS) and a selected 200 East Area
transfer route to the Waste Treatment Plant (WTP).

2.0 APPROACH

Basic pipeline hydraulic principles are applied to determine the maximum steady-state pressure in the secondary
encasement pipe sections for a postulated break in the primary pipe during waste transfer operations. The resulting
nonlinear system of equations that model the hydraulic conditions are solved using Mathcad 2001 Professional
(Mathcad is a registered trademark of MathSoft, Inc. of Cambridge, Massachusetts). Head losses due to friction, exit
losses at drains and at the pipe break are calculated. In addition, losses due to sudden contractions or enlargements
from the primary pipe supports in the annulus region and changes in flow area from the annulus to drain pipe(s) are
estimated using an equivalent hydraulic diameter approach to determine the K-resistance loss factors (see Blevins
1984). The conservation of mass {continuity) and energy (Bernoulli theorem) are applied between nodes (as numbered
in Figure 1) and at the pipe break location plus a characterigtic pump head relation is modeled to form the nonlinear
system of equations that govern the steady-state flow resulting from a primary pipe break. The pressure in the primary
pipe and encasement pipe with a break in the primary pipe are calculated through an iterative process. Initially the
system flow rate is a constant as determined by the pump charactéristics and system line losses. When the break
occurs, the pump flow rate will increase depending on the location and size of the break. The increase in flow rate will
cause both a pump head decrease and an increase in frictional line losses until a new equilibrium condition is reached.

Figure 1a. Transfer Pipe Layout Schematlc.
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1I-003
EVALUATION ANALYSIS Revision: _Q
Page No. __2of 37
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date:% By:w
Break in Waste Tank Cross-Site Transfer Pipin m Checked: fr) By:
Location: _200 Area - { ite. Richlan i Revised: By: i

3.0 ASSUMPTIONS

To bound the maximum pressure in the secondary encasement pipe sections the following conservative assumptions are
applied in simplified model of pipelines.

1. Assume maximum waste bulk density during supernatant waste transfer of 1.3 kg/L. (Expected to vary from 1.1
to 1.3 kg/L).

2. For supernatant waste transfer apply $Y-101 new transfer pump (Canned Motor Westinghouse Pump Model 2A-513-A1)
characteristic pump head curve and for slurry transfers apply SY-101 new transfer pump (Canned Motor Westinghouse
Pump Model 2A-513-A1) in series with booster pump (3x2x8.75 MSE 9 Stage Sulzer Bingham Pump) located at
Diversion Box 6241-A. (Analysis of slurry transfer not considered at this time but is planned).

3. Assume pipe roughness vatues of 5 mils due to general corrosion in carbon steel secondary encasement pipe and
in drain pipe{s) and a pipe roughness value of 2 mils in the stainless steel primary pipe.

4. Assume a waste transfer temperature of 60 °C. (Expected to vary from 40 to 60 °C for supernatant waste transfers.)

5. Assume that pressure losses due to guide supports and anchors can be approximated (first order approximation)
from corresponding pressure losses due to thick-edged (long) orifice plates with equivalent flow area. (This assumption
will be verified through planned mockup flow test; preliminary results are favorable.)

6. Assume encagsement pipe 60-psig rupture disk(s) are open with an equivalent 2-inch diameter fiow path.

7. Assume rupture disk assembly as a pressure drop equivalent to 75 pipe diameters (i.e. L/D = 75) per -
manufacture's data (BS&B 2001).

8. Assumed elevation and equivalent primary pipe lengths for the RCSTS pipeline route are summarized in Figure 1b from
Calculation W058-P-048.

9. For supernatant waste transfers in the 200 East Area, consider as representative the transfer route from AW-105 to WTP.
{This route includes existing pipeline and proposed W314 pipeline to WTP.)

10. Conservatively evaluate existing and proposed W-314 pipelines within 200 East Area assuming 1-1/2 inch diameter
drains. (Nominal drain size is typically 1-1/2 or 2 inches.)

11. Assume postulated primary pipe break size of 10 in. by 0.10 in. (1 in? flow area large break).

Figure 1b. Replacement Cross-Site Transfer System (RCSTS) Pipeline
Elevations (ft) and Equivalent Pipe Lengths (ft).
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4.0 SUMMARY RESULTS

The predicted maximum steady-state pressure in the secondary encasement pipe is a function of the location of the
primary pipe break relative to the pump If the encasement section between pits is located some distance from the pump
{L, > 0 #t) then the maximum encasement pressure resulting from a primary pipe break within this section will decrease
as L, increases due to head losses prior to the break location. The resulting estimated maximum steady-state pressures
in the secondary encasement pipe sections in the RCSTS and a selected 200 East Area due to a postulated break in the
primary pipe at various locations is summarized in Table 1 for supernatant waste transfers. Note that a dual drain
contiguration would significantly reduce the predicted encasement pressure for a postulated primary pipe break. In cases
where there is a dual drain relief for the RCSTS encasement, the maximum encasement pressure is equal to the rupture
disk setting of 60 psig.
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Table 1. Summary of Predicted Maximum Encasement Pressure (psig) for Postulated 1-in2 Primary Pipe Break
During Supernatant Waste Transfers in RCSTS and Selected 200 East Area Transfer Route.
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SN-285 to olelZ|alal 15 [1e 62" | 0 | 2m sa' | wy* | um 60
241-8Y-A
. {Valve Pit)
&
2~ 241-8Y-A 2
[E 2. (Valve Pit) ololals Rupture
£ to 1HA[Q|| 2 diskset] to] | 88" | 175" | 29 ©2" | 150 | 24y’
% E 6241-A a1 60
g o (Diversion Box) ps:g) g z
g3 | 2 6241-A 2
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All anchors, guides, and supporis in annulus between encasement and primary pipe and postulated crack opening modeled as

thick-edged orifice per Lyons 1982, Equation 4, page 158.

Values in ( } are for non-design configurations; i.e. would require additional drain or rupture disk.

'Maximum encasement pressure for design configuration shown in bold text.

2Pressure exceeds design pressure.

*Encasement oressure will rise to the runture disk burst ressure (60 psie). opening the flow path(s) then the pressure will
decrease to the pressure shown.

*Two-inch diameter drain conservatively evaluated as 1.5-inch diameter drain to bound 200 East Area transfer routes.
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: . TOL =1x 10~
Ibf .
gpm ;= g_z.\l_ mil := —— chb = powse psi:=1- It units 3
min 1000 100 in2 CTOL = 1 x 10

6.1 Waste Properties

The density and viscosity of water as a function of temperature (°C) were obtained from Shook and Roco (1991) and
Estey and Hu (1998) as

5 37 k mass density
pwater(tC) :=[999.7 - 0.10512 - (tc - 10) — 0005121 - (1 — 10)” + 0.00001329 - (1c ~ 10) -] . -% of water

m (50C <t <100°C)
viscosity of water as a function of temperature (°C)

1301
Bwater(tc) = [ 100 - expf In(10) - > =330233 || cP if 10 $20
998.333 + 8.1855 - (tc - 20) + 0.00585 - (1 - 20)

“
L

[ 13272 (20 - 1) - 0001083 - (1 - 20)? ]

1.002) - exp| In{10) -
( ) (10) tc + 105

- cP otherwise

The above properties of water can be assumed for the pipeline flush condition as a function of the temperature
of the flush water. These properties can vary if the flush water is treated.

The viscosity of the carrier liquid is given in Estey 2000 by the following relation:
p density of carrier liquid with dissolved solids

Xsalt i= 0.9 fraction of dissolved solids composed of sodium and other salts (typical)

Xeaustic = 0.1  fraction of dissolved solids composed of sodium hydroxide

1.15
p P
uip.tcji=n tc) | Xealer| 1+ LOTL- | ————— ~ 1 [ | + Xcaustic - exp|[ 7.143 - | ——— ~ |
( C) water( C) {sat I: (Pwatc r(tC) Jj‘ austic U“: (pwate r(tC) II }]

The following temperature conversion functions are defined to convert between Fahrenheit and Celsius
temperature scales,

9 3
TF(tC) = -g “to+ 32 TC(tF) = -9- . (tF - 32)

kg

bulk density p=15- Ter tc =40 Tp(tc) =104 u(p,tc) = 6.44cP
ter
. tc:=60 TE(tc) =140 p(p,tc) =5.19¢P
pi=14- IkTg tc =40 u(p,tc) =2.9¢P
1ner
te =60 u(p.tc) =2.27¢P
p:=13- fi te =40 w(p.tc) =157cP
liter
te =60 p.(p,tc) =12¢cP
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RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ.005
EVALUATION ANALYSIS Revision: _0
Page No. _6 of 37
Client: _CH2M Hill Hanford Group, Inc. WOGO/Job No. .
Subject: Pipe Pr e to Primary P Date: __9/12/2001 By: L.J. Julyk
Break in Waste Tank Cross-Site Transfer Piping System Checked: _Z/R5/0; By:
Location: Area - ford Site, Richland, Washin Revised: By:

6.2 Pump Characteristics

Only SY-Farm transfer pumps are used for supernatant cross-site liquid transfers. SY-Farm transfer pump plus booster
pump in Diversion Box 6241-A are used in series for cross-site slurry transfers.

$Y-102 (SY-02A-3) Existing Transfer Pump $Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
{Peabody Floway Serial No. 80-2289-2291) ' (Canned Motor Westinghouse Pump Model 2A-513-A1)
Flow Head Flow Head
at 1760 RPM .
@m @ ) @m (R i:=0..6
vQeTp = VHETP = VONTP = VHNTP, =
0 410 Design Condition 0 510 Design andition at 4000 RPM
0 390 70 510 {motor unit head)
40 360 vHETp := VHETP 80 490 vHNTP := VHNTP + 560 — 510
80 310 120 470
100 260 160 435
120 195 180 420
140 120 220 370
cHETp := regress(vQETP, VHETP, 2) cHNrp := regress(vQnTp, VHNTP. 3)

. Q
HgTp(Q) := interp) cHgTp, vVQETP, VHETP, om | ft

peTP(Q,p) :=HETHQ -p - 8.
QETP_runout := oot HETKQ), Q)

, Q
HnTp(Q) = interp| cHNTP, VONTP. VHNTP, aﬂ* - ft

pnTP(Q.p) :=HNTR(Q) - p - £
QNTP_runout := 10ot{ HNTP(Q), Q)

QETP_runout = 170 gpm ' run-out flow rate ~ @NTP_runout = 446 gpm run-out flow rate
Pump deadhead pressure v:=0-ft-sec !

k k
PET!{Qv(V), L3 ~.§~) = 227 psi PNTH Qu(¥), 13- -.—g—) = 316 psi

liter liter

kg . : kg .
PETH Qv(v), 1.5 — | =262 psi PNTR Qu(v}, 1.5 — | = 365psi

liter liter
Pump discharge pressure at v:i=45.ft-sec” ! Qy(v)} = 104 gpm

k ) k
pETp(QV(v), 13- —2 | = 137psi pNTp( Qu(v), 13- -2 ) =290 psi

liter liter

kg , k .
peETH Qv(v), 1.5 —2- | = 158 psi PNTH Qu(¥), 1.5 —2- | = 345 psi

liter . liter
Pump discharge pressure at vi=6-ft-sec ! Qu(v) =138 gpm

k ) k .
PETI{ QW), 13- —= | = 74psi PNTP(QV(V), 13- =51 = 285 psi

liter liter

kg . kg .
PETH Qv(v), 1.5 —— | = 85psi pnTH Quiv), 1.5 - — | = 329 psi

liter liter
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Cross-Site Booster Pump (RPP-5667 Rev. 0B)
(3x2x8.75 MSE 9 Stage Sulzer Bingham Pump)

Pr -211 Tran mp (RPP-5667 Rev. 0B) g
(3x7 VTM 5 Stage Suizer Pump) at Diversion Box 6241-A (Slurry Transfer Only)
Flow Head Flow Head
at 3688 RPM at 3600 RPM 100% speed
@m @ ¢ ) @m @ M 100% speed)
vQw211Te,: Hw2 TP, 1= vQpp =  vHgp :=
) 700 0 2900
80 660 80 2850
100 600 100 2750
120 500 - 1120 2600
140 410 ' 140 2500
170 300 160 2350
190 220 200 2000
cHwz211Tp := regress(vQwa1 yTp, VHw211TP, 2) cHpp := regress(vQgp, vHgp, 2)

. Q .
Hw2111P(Q) :-—-mtelv(CHWZIITP,"QWZRlTP:VHWZIITP,gBE -fr Hpp(Q) := interp CHBPsVQBP,VHBP’E)Q; - ft

pw211TP{Q.p) :=Hw211TP(Q) - p - 8 peplQ,p) :=Hpp(Q -p - g
Qw211 TP_runout := oot Hw2117P(Q), Q) QBP_runout := 100t Hpp(Q), Q)
QW211TP_runout = 222 gpm run-out flow rate QBP_runout = 338 gpm run-out flow rate
Pump deadhead pressure vi=0.ft.sec” ! ke
,13. == | = 1639psi
pwzllTl{Qv(V) 13- --—] 399 psi l{Q"M litcr) - ps!
liter
<« kg .
. 15— |=
Pw2i ITP[QV(V), 15- ——) = 461 psi pB‘{Q"(V)’ ’ litcr) 1891psi
liter
Pump discharge pressure at vi=45-ft-sec ! Qy(v) = 104 gpm
pWZ]lTF(QV(V) L3 Tlt_] =322 psi pm{Qv(V) 13. ™ kg ] 1533 psi
er
pw211TP| Qu(¥), 1.5 - == | = 371 psi Qu(v), 1.5 X8 ) 1769 psi
liter liter
Pump discharge pressure at , vi=6-ft.sec : Qy(v) = 138 gpm l
PWZ]]TP(QV(V), 1.3. -t_) 254 psi ' po(QV(V) 1.3 ) 1420 psi
Pw21 lTl{Qv(V). L5- _;g_) 293 psi PBE{QV(V) 1.5 J = 1638 psi

pipebreak.mcd A-T7



CH2MHILL Hanford Group, Inc.

RPP-8778 REV O

Calc. No. RPP-LJJ-005

EVALUATION ANALYSIS Revision: _Q
Page No. __ 8 of 37
Client: ~_CH2M Hill Hanford Group, In¢. WO/JobNo. ___
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/12/200f  By: L.J. Jul 59*
Break in Was ross-Site Transfer Pipi stem Checked: yzg"[gg By:
Location: _200 Area - Hanford Si Washington Revised: By: .
Figure 2a. SY-Farm Transfer Pump Head Curves.
800
g
ks
£ Prenil SY-101 New
g | T~__ N T Transfer Pump
a ..‘."5
: W-211
Existing Pum ..
Transfer P T
Pump | I
0 H \ .\.-
0.” 50 100 150 200 250 300 350 400 450
Flow Rate (gpm)
0 Figure 2b. SY-Farm Transfer Pump Discharge Pressure Curves for Waste Density of 1 and 1.5 kg/L.
(kg/L} 500 '
1.5
5
TE
|
£
&b
2
g
a
g ; . SY-101 New:
£ *~. Transfer Pump
Existing N\ Tl "*._
100 Transfer N \ ; RO
Pump N W-211
: \ Transfer "-.;\\
AN Pump
0 H \ \:;_
0 50 100 150 200 250 300 350 400
Flow Rate (gpm)
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p
(kg/L)

1.5

1.3

pipebreak.mcd

Pump Head (ft)
@
2

Figure 2c. Cross-Site Booster Pump Head Curve.

3000

2500

:

1000 |~ =+ + e N
500 -
0 : -
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Flow Rate {gpm)

Figure 2d. Cross-Slte Booster Pump Discharge Pressure Curves for Waste Density of 1, 1.3 and 1.5 kg/L.
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6.3 Darcy Friction Factor

Re(D,V,p,u) = 2 p.v Reynolds number
7]

relative roughness ratio

=
=35

Olujic (1981) reports the following Darcy friction factor approximation developed by Churchill in 1977 that
includes the laminar and turbulent regimes as well as the transition regime between laminar and turbulent flow

_ 16
f(Re,m) = |A | 24571

(12 2
8. 3 + !
R, A+ B

primary pipe is stainless steel and secondary encasement is carbon steel

¢ = pipe roughness, seamless steel pipe (Blevins 1984)
new condition £ = 0.8 to 4 mils (carbon or stainless steel)
light rust & = 6 to 40 mils (carbon, 1/3 value for stainless)
general rust e = 40 to 100 mils {carbon steel only)

€:=2 - mil =10. 1 tc:=60  Tg(tc) = 140 i = 3.068in
sec
kg E
=13—= ,tc) = 1.197¢P — =0.000652
P liter P«(D C) Dp;

Re(Dpi, V. 0,1(p.1c)) =2.579% 10° f[Re(Dpl,V o.1(p.tc)), ]:PJ 001933
1 .
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6.4 Pipe Parameters
Ag(Dy) = I. Diz flow area of pipe
4
Pri r 3-in. schedule 40
Dpj =3.068 - in internal diameter) Dpy:=3.5-in outside diameter
tp:=05- (Dpo ~Dpj)  tp=0216in pipe thickness
Ap= Af(Dpi) Ap = 7‘.393in2 flow area of pipe Qv =Ap-v volume flow rate
in pi
1-in. schedule 40 1 1/2-in. schedule 40 2-in. schedule 40
Dp1i:=1.049.-in  Dpjs;:=1.610-in Dppyj := 2.067 - in nominat internal diameter’
Ap1:=Ag(Dp1i)  Apls:=Ag(Dpi i) Ap2 = Af(Dpgj) o
5 5 N flow area of drain pipe
Ap) = 0.864in Ap).5=2.036in Apz = 3.356in

n nt pi

Dppo_Existing =010 DLpo_w314:=0in

internal diameter of encasement pipe

D1po_wosg:=0.31 - in

flow area of annulus region between primary and secondary pipe

Ag(Dsi, DLpo) =

Ps(Ds;i, DLpo) =7 - {Ds;j + Dpo + DLpo)

% - (DSi2 - Dp(,z) - -143 . DLDQ2 flow area

wetted perimeter

hydraulic diameter for secondary encasement pipe annulus

DH_annulus( Ds;, DLDo) =4

6.5 K-Reslstance Loss Factors

 As(Dsi, DLpo)
Ps(Dsi, DLpo)

DH__annulus(DStSi, DLDo) =2.475in

outside diameter of leak detector cable (W-058 only,
PermAlert's Model No. AGW-Gold RT)

DLDo '=DLpo_wos8

12-in. schedule 40 at
bends and expansion loops
Dgy2i:=12-in

6-in. schedule 40
Dggi := 6.065 - in
.2 .2
AS(DSGi-DLDo) =19.2in AS(DSIZi,DLDo) =103.4in
Ps(Dsgi, DLpo) = 31in

As(Ds;,0 - in) = 19.269 in’
Ps{Dse;, 0 - in) = 30.04%in

Ps(Dsi2i: DLDo) = 49.7in

DH_annutus(Ds12i, DLDo) = 8.327in

DH_annulus(Dssi,DLDo_w314) =2.565in

Head losses in the annulus region between the primary pipe and the secondary encasement due to steady-state flow in
the annulus region rasuiting from a primary pipe break must be considered. Pipe bends are included in the effective
length of the pipe section or pipe drain effective length. The head loss due to sudden contractions or enlargements from
the primary pipe supports and changes in flow area from the annulus to drain pipe are estimated using an equivalent
hydraulic diameter approach to determine the K-resistance loss factors {see Blevins 1984). That is, the head loss is
given by h; = K V2/2g where K (K-resistance loss factors) is estimated using an equivalent hydraulic diameter approach
{see below) and V is the flow velocity in the annulus region of the pipe (upstream of the ohstruction).

pipebreak.med
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The primary transfer pipe is supported within the secondary encasement pipe at various locations along the pipseline by
either sliding supports (Figure 3), guide supports (Figure 4}, or anchors (Figure 5). The sliding supports typically occur at
pipe bend and expansion loop locations where the encasement pipe diamster increases from 6 inches to 12 inches. The
pipe guide supports are typically spaced at 12 foot increments. The spacing of the pipe anchors is variable but on average
is 550 feet (see PermAlart Drawing No. 95-597-EA). For simplicity, the head loss from the sliding supports at the pipe
bends and expansion lcops is neglected because it is greatly offset by the increase in diameter of the encasement pipe.

Assume that pressure losses due to supports, guides or anchors can be approximated (first order approximation) from
corresponding pressure losses due to a long hole orifice plate with equivalent hydraulic flow area.

K-resistance loss factor for a long hole orifice plate with upstream and downstream flow diameter D, center hole of
diameter D, and plate thickness L per Section 22, Eqn 4 of Lyons 1982 is applied to estimate the pressure loss from
the pipe support, guide, and pipe anchor. The original equation is based on the flow velocity through the orifice (V,)) and
is recast herein in terms of the upstream flow velocity (V). First the correction factor accounting for plate thickness is
given as

Vo = VKLi = i:=0.12
0 13 ],
0.25 1.2 |
0.5 1.0
p-75 075 KL(OE) = 1iﬂt€rp(va,vKL,a) Corraction Factor K_ (Lyons 1982)
11.0 0.55
1.25 04
1.5 0.3 _(0 »s 0.535(18]
1.75 02 ' : ‘
0.05 Idelchik 1994
20| ois KK (o) = [ < (24~0)- 10 +a ( )
b 25 0.1 0 if <0
2.5 0.06
2.75 0.03
3.0 0

Resulting K-resistance loss factor for a thick-edged (long) orifice plate based on upstream flow velocity becomes

i 2
1 2 2 2 2
K(B,o,Re, ) =— -[0-5-(1 -B ) + K () -Jl -p -(1 -B ) + (1 -B ) + f(Re,n) - a] g—g:'ls 1982,
B pg. 158)
Kentrance Kcontraction Kenla.rgement Klength
0.75 0.375 2
=1 [ 2 2 2 } (\delchik 1994,
KK(B,o,Re,n) := h 0-5-(1 -p ) + KKL(oc)-(l -B ) -(1 -B )+ (1 -B ) +f(Re,n) - @ Diagram 4-12,
B ' pg. 219)
where §=D, /D = (A, / A)'2 0 o v 5
a=L/D,=L/Dy >0.015 Re==.Dy-Vo = = Dopg-— >10
H H 62
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Figure 3a. Correction Factor K vs. o.= L/D, Ratio.

1.8
Le
|
1‘2 ‘....
Ky)
KK (o) 0.8 “‘\
_____ LY
0.6 Y
Al i
0.4 N
0.2 Tl L
0 i _________ .‘.~ .
| 0 025 05 075 1 125 15 175 2 225 25 275 3
e o
— Lyons 1982
""" Idelchik 1994
ft kg . .
vi=10.—  p:=13.—— =60 £€:=5 . mil u(p.tc) = 1.197cP B:=09 Dy:=1-in
sec liter
Tr(tc) = 140 v s
R DH,«--E,p,p.(p,tC) = 1.038x 10
p
Figure 3b. K-Resistance Factor for Thick-edged (Long) Orifice ( p :=0.9).
05 . — :
N 045 - \x“ | R |
B.o.RY Dy, —p.u(p.tc) | = | |
8 H . ‘\‘ ’-,—‘
— . v . 04 .y‘. i . i . "",—"
K B,G,R{DH,—z,P,M(DJc) "D L L S -
i H ATURIPE L ]'-
“““ N —

0.3 ‘ .
0 025 05 075 1 125 15 175 2 225 25 275 3

o
— Lyons 1982

""" Idelchik 1994
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Figure 3c. K-Resistance Factor for Thick-edged (Long) Orifice ( f :=0.75).

3

K[ﬁ o, R{DH, .u(p, xc)] J 2.5
_—K—{—ﬁ,anR{DHs_;;'pr“(p’tC)}DiH] ,

15 ; :
0 025 05 075 1 125 15 175 2 225 25 275 3

o
—— Lyons 1982

”””” Idelchik 1994

Figure 3d. K-Resistance Factor for Thick-edged (Long) Orifice { p :=0.5).
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o
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6.5.1 W-058 Pipe Sliding Support

Figure 4. W-058 3x12 Sliding Support at Pipe Bends and Expansion Loops.
(PermAlert Drawing No. 95-597-EA, Sheet 4)

.25 (3) 1.5

RSwW ALLEGHENY STAINLESS STEEL TYPE 301
&8 SERIES CLAMPS (TYP. 2)
A

JicY

4" 10 GA. ST. STL. ASTM A-240
TP 304l SUPPORT RING

/CL CONTAINMENT FIPE

178"/ / & V 1 /A v

. SECTION A — A

7" LONG ST. STL. 1" X 1/8" ST. STL. ASTM A—240, TP 304
ASTM A 554 TP 304L LONGITUDINAL RESTRAINT BAR
GUIDE TUBE

4" X 1/4" ST. STL.
ASTM A—240, TP 304L
BEARING PLATE,

DETAIL 6
3 X 12 SLIDING SUPPORT

pipebreak.med

A-15



RPP-8778 REV 0
CH2MHILL Hanford Group, Inc.

EVALUATION ANALYSIS
Client: CH2M Hill Hanford Group. Inc. _ WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/12/200]
Break in Waste Tank Cross-Site Transfer Piping System Checked: v
Location: _200 Area - Hanford Site. Richland, Washington Revised:
Pipe Sliding Support {(W-058) in annulus region of pipe bends and Di . -
expansion loops (Figure 4, neglect effect of 4-in. 10 Gauge support ring) LDo -=
D Dg17;
t :=-:I -in support plate thickness T = % 13 = ile_l §:=2.5925in
h ‘ {93
03:=2-acoy | - — 03 = 83.753 deg 1:=2.13-si Y
3

2

Asupport = As(Ds12i, DLDo) — t- 1 Asypport = 101398 in

Psupport = PS(DslzlgDLDQ) +2-1 Psuppon = 65.689 in

Calc. No. RPP-L1J-005
Revision: _Q
Page No. __ |6 of 37

Drpo_wos8 DrLpo =0.3lin

t
hi=er3-|d+1+ =
3 ( 1 2)

flow area at pipe supports

wetted perimeter

AS r N . . .
DH_support :=4 - 1ppo DH_support = 6-174in hydraulic diameter for pipe support guide
Psupport
Agupport As(Dséi.DLDo)
Bsupport == By Bsupport = 0.99 B=
PP As{Ds12i, Do) PPe As(Ds12i, DLpo)
L =4 .in length of support B =0431 E__ o435
support = Bsuppon
Lsupport
Oguypport =7 Asupport = 0.648 KL(asupport) =0.852
DH_support

Ksupport_WOSB(“DJCﬁ) = K Bsupport, ®supports R DH_support. v+
Bsupport

KKsupport_WOSS(V.p,tC,E) = KKI:Bsupport-asupport,Re{:DH_Support, V- ( B
support

ft

s€C

v=10.

—13. X8 - -
pi=13 o tc:=60  Tr(ic) = 140 u(p.tc) = 1.197cP

Ksupport_wo0s8( V.0, tc.€) = 0.0009

KKsupport_WOSS(V,p,tC,E) =0.0015

3
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6.5.2 W-058 Guide Support

Figure 5a. W-058 3x6 Guide Support at 12-Foot Spacing.

{PermAlert Drawina No. 95-587-EA. Shest 4)

CL SERVICE PIPE

T

| zdbx

@)
D)

T N + T T
3/8" J L X w
CL CONTAINMENT PIPE
A -——‘

3" LONG ST. STL.
ASTM A 554 TP 304L
GUIBE TUBE

1/4" THK. ST. STL. PLATE
ASTM A-240Q, TYPE 304L

DETAIL 5 _
3 X €& GUIDE SUPPCRT
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“—SUPPORT PLATE TO BE TACK WELDED

TO PIPE WiTH 1" LONG MINIMUM WELD.
IT IS PERMALERT UNDERSTANDING THAT
THESE TACK WELDS DO NOT PERFORM
A STRUCTURAL FUNCTION RELATIVE TO
THE STRUCTURAL INTEGRITY OF THE
PIPING SYSTEM. THEREFORE, NO DYE
PENETRANT TEST (PT) IS REQUIRED FOR
THESE TACK WELDS.

SECTION A — A
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _0
Page No. __18of 37
Client: _CH2M Hill Hanford Group. Inc. WO/Job No
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date:
Break in W Tank Cross-Site Transfer Pipin stem Checked:
Location: _200 Area - Hanford Site. Richland, Washington Revised:____
Pipe 3 x 6 Guide Support (W-058) in annulus region {Figure 5a) Dp.Do := DLDo_w058 DLpo =0-31in
Dp Dssi Dyybi )
Tpo i= --2—0 rgi = -—26' ri= [2 + —}] - in Diybing := % -in r4:= m;mg leak detector guide tube
: ttubing = 0.049 - in
'——3- in h'—2+-?— in h'—1+i in hy:=h 7
.—8 : 0= T . 1= 4 2= h3=(l+_8_)1n
S=hgp-A-h3 8 =0.188in yp :=hp y2:=hs y3 :=—h3 Y4 :=Y3
X = I‘p02 - (y; - A)2 x) = 1.516in  y; =1.25in 2 2
fi(y) =0 —(y-a)

x2 :=,’r2 gt %y =2449in  yp = 125in —
. fa(y) :=Jr -y
7 2
Xy =, Jr - %3 =2.012in =-1.875in 2 2
3 J ¥3 3 ¥3 foly) = ’l'Si _y

2 . .
X4 = r42 - (yg, +hy + 8) x4 =0325in  y4=~1.875in faly) = Jr42 - (y +h3 + 8)2

xz — X1 = 0.934in

y1:=y1,¥1 + 0.001 - in.. (rp0 + A)
x3 — x4 = 1.687in ¥ :=y3,y3+ 0.001.in.y2
y'o := -1, -1 + 0.001 - in.. 155

Y4:= -(r4 +hy + 8),~(r4 +hy+ 8) + 0.001 - in..y3
Figure 5b. Geometry Check. .

3.5 T T T T T T T
3 — —
Encasement Pipe
inner surface
251 / -
e \
@ W-058 3x6
g 020 Guide Support B
g and primary
E sk pipe outer _
£ boundary
T
l — -
05 -1
0 |
-4 =3 -2 -1 0 I 2 3 4

Vertical y-axis (in.)
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _Q
Page No. __19of 37
Client: _CH2M Hill Hanford Gr Qup, ne. WO/Job No.
Subject: E en ry Pi Date: 1
Break in Waste Tank Cross-Site Transfer Pipin m Checked: M
Location: _200 Area - Hanford Site. Richland. Washington Revised:___ =
rpo - {h1-A r—hj
0y1:=2.acoq 1 ——0-(—-—) 0] = 120 deg 03:=2-acoy 1 - 83 = 94.028 deg
TPy r
r—hy 04:=2 8 64 = 120d
02:=2. aco{l - ) 07 = 125929 deg 4= < acoy 1 - T4 4= 8
r
2 W P
, r
Aguide =T - I§j — (2 - —Bg + 5111(94)) . ? + ? sm(e_o,) e
2 2 2 2
r TPg r TPo
+(2-1‘t-92—93)-?+9]'—2-+ ? 1n(92)—Tvsm(61)

n 2 T 2
+[: . (Dtubing -2 ttubing) e DLpo :l

Pguide:=2'u‘TSi+9]'rP0+2'(X2—xl)"’(2'7"-“32'93)‘r+2'(x3“x4)+(2'“"‘e4)'r4
+n r Dppo + (Dtubing -2 ttubing)]

Aguide = 10.836in> flow area at pipe supponts

A .

Phuide =39.275in  wetted perimeter DH_guide =4 - guide Dy_guide = 1-104in  hydraulic diameter for
Pguide pipe support guide

A -
guide 1, .
ide == [————— ide = 0.751 Louide :=—-in  fength of guide
Bguide j AS(DSﬁsDLDo) Beuide guide 2 g g
Lguidc

aguidc = agl"de =0.227 KL(agu]de) =1.209

Dy _guide

v
Kguide_woss(v,p,tc,ﬁ) = K| Bguide, Aguide, R DH_guide,——z-.p,u(p,tc:) ,

D .
Bguide H_guide
.
KK gyide_w0sg(V.p.tc, €) := KK Bguide, 0guide, Rd Dr $uiu,—z,p,u(p,tc) —
Bguide 'H_guide
. K
v=lofisee”’  p=13—F  1c=60  Tg(tc) =140 u(p,tc) =1.197cP e =5mil

liter

Kguide_Wos8(¥.p,{C,€) =2.39

KKguide_woss(¥,p.tc,€) = 2.68

pipebreak.mcd A-19
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CH2MHILL Hanford Group, Inc. : Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q

Page No. __20of 37

Client: _CH2M Hill Hanford Group, Ine. WO/Job No. .
Subject: En ipe Press Pri bi Date: %{12[25!!] By: L.J. #

Break in Waste Tank Cross-Site Transfer Pipi m Checked: ﬁ:zol By: é%ad”
Location: _200 Area - Hanford Site. Richland, Washington Revised: By:

6.5.3 W-058 Pipe Anchor

Figure 6. W-058 Pipe Anchor at (Average) 550-Foot Spacing.
(PermAlert Drawing No. 95-597-EA, Sheet 4)

ANCHCOR PLATE ASTM A-240, TYPE 304L
1/4"

1/4"

A *——‘
38"
A < 378"
T /SERV|CE PIPE
3 A

POLYURETHANE FOAM
INSULATION
VAVAVAY VAN
a4 /WX 7
FRP JACKET / Z
CONTAINMENT PIFE
FRP COATING BY THE CHOPPED .
= . 3" LONG ASTM AS54, TYPE 304L
GLASS SPRAY-UP PROCEDURE 2 STAINLESS STEEL GUIDE TUBE
A
1/2" X 4" VENT SLOT
|
A = ANCHOR PLATE HEIGHT FRP JACKET 0.0. + 2
8 = ANCHOR PLATE WIDTH FRP JACKET 0.D. + 12" A
A +
NQOTE:
SPEC. REQUIRES 100% DYE PENETRANT (PT)
- EXAMINATION OF ATTACHMENT WELDS TG THE
¥ % 3" DRAIN SLOT SERVICE PIPE. THEREFORE ONLY THE AMCHOR
WELDS TO THE SERVICE FIPE NEED TO CONFORM
TG THIS REQUIREMENT.
SECTION A - A © THIS REQUIREME
DETAIL 4

ANCHOR ASSEMBLY — TYPE B
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0Q
Page No. _ 21 of 37
Client: CH2M Hill Hanford Group, In¢. WO{Iob No.
Subject: n En ipe Pr imary Pj Date: Eﬁ;%%% ?Q‘
Break in W Tank Cross-Site Transfer Pipi Checked: __7, m‘,—
Location: _200 Area - Hanford Site. Richland. Washington Revised:_____

Pipe Anchor (W-058) in annulus region {Figure 6 w/o end radius in slots as used in W314, see Figure 9)

17Y . Dsei , _ L

1] .=(2+-—)-1n t] ._—2-——1'1 Li=4-in 91.—2-asm——6;gi-— Dy po = 0.31 in
—+r .

(72 7] Dyubing = 0.75n

=253l t1=0.50Lin 81 = 91.934 deg ttubing = 0.049in

1 Dsi [ Ly ]
24— |-in ty;=—— —r Lr:=3-in 0y:=2-asifl —————
( 32] 2 5 2 2 2

r2=2.03lin ty= 1.001in 07 = 72.662 deg

account for leak detector guide tube
2 2
81 |( Dsei 2| 92 |[ Dssi 2| = 2 m 2 n 2
Aganchor = > [{T it TR | T Dubing + 7 (Dtubing — 2 - ttubing) - e DLDo

Dssi Dggi
Panchor :=2-t1 + 01 - 5t 2:1p+82- o tnrfrme Diubing + 7 - [ DLDo + (Dtubing — 2 - tmbing)]

Auanchor = 3.269 in2 flow area

. Aanch hydraulic diameter
Panchor = 23.732in wetted perimeter Dy anchor =4 - —t Dii_anchor = 0.888in g oo L
Panchor
Aanchor
Banchor = |[—————= Banchor =0.524
e Ag(Ds6i,DLpo)
WO58 plate thickness for Typp A 8 C anchor plates is 3. Lanchor
34 2 2in. Lanchor := I 1IN Oanchor = m

However, the majority of anchors are of Type A (worst case), hence
Oanchor = 0.845 KL(aanchor) =0.674

v
Kanchor_WOSS(V,P,lC.E) =Kl Banchor, ®anchor, R DH_anchor,—z,psl-l(p,tC) ,

Banchor PH_anchor
v £
KKanchor_WOSS(V,p»tCss) :=KK] Banchor, ®anchor. Rel DH_anchor, —— =P l-l(p tC) —
‘ DH_anchor
Banchor
-1 kg )
v=10fisec” p=13—2 1 =60 Tr(tc) =140 u(p.tc) =1.197cP & =5mil
iter

Kanchor_woss(¥, p.tc,€) = 17.69

KKanchor Wos8(V.p,tc,€) = 15.22

pipebreak.mcd ' A-21
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. _ 22 of 37
Client: _CH2M Hill Hanford Group, Ing. WO/Job No. .
Subject: E ipe P Prim i Date: __9/12/200] By: L.J. Ju
Break in W. Tank Cross-Site Transfer Pipin em Checked: Zzzs’da[ By:%

Location: _200 Area - Hanford Site, Richland. Washington Revised: By:

Pipe Anchor (W-058) in annulus region (Figure 6 and Figure 9 with end radius in slots as used in W314, see Figure 8)

Drpo =031in  Diybing = 0751 tubing = 0.049in account for leak detector

2 2
A. -—E.[2+E_1. % _r2+£.t2+32.. % _rz_EDt : 2
anchor - 4 1 2 5 i 4 2 5 2 2 4 ubing -

T 2 = 2
""[Z : (Dtubing -2 tl:ubing) —-=DLpo j|

Dséi Dsgi
Panchor =m -t + B} - - tr|+m-t2+82: > + 12 |+ T - Diubing + 7 - l-_DLDo + (Dtubing -2- tl:ubing)_-l

Agnchor = 6.254in” How area

. . Aanchor . hydraulic diameter
Panchor = 25.448in wetted perimeter Dy anchor 1=4 - — DH_anchor =0.983in ¢ o0 ehor

Aanchor
Banchor = Banchor = 0.571

As(Dssi, D1 po)
. 3. Lanchor
W058 Type A anchor plate thickness Lanchor == in  Oapchor = —
4 ’ DH_anchor

Clanchor = 0763 Ki{Ctanchor) = 0.74

v
Kanchor_WOSSwr(",F),lC,E) := K| Banchor. ®anchor, R DH_anchor,—"_,p»ll(P,tC)

2 ’ DH_anchor

Banchor

v
KKanchor_WOSSwr(V,p,tC,e) = KK{ Banchor, ®:anchor R DH_anchors_z,PaH(PatC) )

DH_anch
Banchor —anchor

v = 10ftsec”! p= 1.3£

e €=%  Tr(tc) =140 u(p.tc) = 1.197cP ¢ = 5 mil

Kanchor_W058wr( V., tc,€) = 11.54

KKanchor_WOSSwr(V, p.tec, 8) = 10.15
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RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ.005 -
EVALUATION ANALYSIS Revision: _0
Page No, __23of 37
Client: _CH2M Hill Hanford Group. Ing. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/12/200]  By: L. L JQ’
k in Waste Tank Cross-Site Transfer Pipi m Checked: _9/2%7/6) By:%ﬁ/\_
Location: _200 Area - Hanford Site. Richland. Washington Revised: By:

6.5.4 W-314 and Existing Pipeline Pipe Supports

Figure 7. W-314 Pipe Support (H-14-102662) and ExIsting Pipeline Pipe Support (H-2-70550).

(6"

6"ENC~M260a (3"
3" PROCESS-M9
1/16 N 1/2-2 | \
/’

/1617 1/2-2 r\ S P e A\

&' | —
SC v FTITTIITITS FTTF
ROLLED SHEET, 11 GA x
2" x 8", ASTM AZ40 TP 304L PLATE, 1/4" x 3" x 11/
4 5/16" ASTM A36 y
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _Q
Page No. _ 24 of 37
Client: _CH2M Hilt Hanford Group, Inc. WO/JobNo.
Subject: n ncasem i i Pi Date:
reak in Waste Tank Cross-Site Tr Pipi stem Checked:
Location: _200 Area - Hanford Site, Richland, Washington Revised:_
Eipe support (W-314) in annulus region (Figure 7) neglect effect of 11 GA x 2" x 6" rolled sheet
1 ;=.}I .in support plate thickness (no leak detector cable)
Agupport = As{Dse;,0 - in) — i— -in- (4 + -1§6-) -in Asupport = 18.191 in  flow area at pipe supports
Psugport := Ps{Ds6i,0 - in) + 2 - (4 + —i%) -in Psupport = 38.674 in wetted perimeter
4 Asupport
Dy _support :=4 - Pyupport Dy _support = 1.881in hydraulic diameter for pipe support guids
ﬂ o Asupport
support - As(Dsﬁi,O . in) ﬂsupport =0.972

Lsupport:=3 - in length of support

Lsupport
aSUPPOn = D_‘_ asuppon = 1-595 KL(asupport) =0.262
H_support .
: v
Ksupport__W3l4(";pvtC,5) =Kl Bsupport, ®support; R DH_supports'__",pvll(P,tC) T
2 DH_support
Bsupport
v
KKsuppon_WSM(VaD,tC,E) =K Bsupport,asupport,R DH_supports =P, H(PJC) *
2 Dy_support
Bsupport
-1 kg )
v=I0ftsec p=13-% (=60 Tr(tc) = 140 u(p,tc) =1.197cP ¢ =5mil

Ksupport_w314(V,p.tc,€) = 0.086
Ksupport_Existing(V, p.1C, 8) = Ksupport_w3 14(\;, p,tc, 5)
KKsupport_W3l4("rp-tC-5) =0.118

KKsupport_Existing("s p.tc, E) = KKsupport_W3 14("', p,tic, 5)

pipebreak.mcd A-24



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYS!S Revision: _Q
Page No. __250of 37
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: C nt Pi i i Date: Qj 12/2001 By: L.J. :
Break in Waste Tank Cross-Site Transfer Piping Svstem Checked: _ )/ts/0; By:
Location: _200 Area - Hanford Site. Richland, Washington Revised: By:

6.5.5 W-314 and Existing Pipeline Pipe Guides

Figure 8. W-314 Encased Pipe Guide. (H-14-102662)

S

6"ENC—M26a e
PLATE, 1/4" x 1" x 47 .
ASTM A240 TP304L l‘*\ 3 PROCESS—MY \ ; 1/4" RAD TYP
/

WELD TO
3" PIPE ONLY
P 3 PL

]

PLATE, 1/4" x 1 1/4" x
ASTM A240 TP304L
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CH2MHILL Hanford Group, Inc. Cale. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __ 26 of 37
Client: - CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/12/2001 By
Break in Waste Tank Cross-Site Transfer Piping System Checked: __2/%37a: By
Location: _200 Area - Hantord Site, Richland. Washington Revised:_____
Pipe support guide (W-314) in annulus region (Figure 8) (no leak detector cable)
1 .
t= 4 m (3 legs) support plate thickness
Aguide = AS(DSﬁi,O . in) —{2:t-125.in+t-1-in) Aguide = 18.394in2 flow area at pipe supports
Pguide = PS(DSﬁi,O . in) -5-t+4-125-in+t+1-1-in  Pgyige = 35.049in wetted perimeter
Aguide _ - . )
DH_guide =4+ - Dy_guide = 2.099in  hydraulic diameter for pipe support guide
guide
Aguide

Bguide = Bguide = 0.977

AS(D56is0 . in)
Lguide :=4 -in  length of guide

Lguide

ppide = 1.903 Kl aguide) = 0.169
Dy _guide g ( & )

Conide =

v
Kguide_W314(V.P.tC.€) = K| Bguide. guide. R DH_guidev_zsp;Il(pstC) ,

DH_guid
Bguide —guide

v
KKguide_W314(V.0,1C, €) = KK| Bguide, ®guide. R DH_guide,—-—-z-,p,u(p,tc) ,

DH_guid
ﬁguide -sude

- k )
v=10ftsec p = 1.3% tc=60 Tr(tc) = 140 u(p.tc) =1197cP & =Smil
1er

Kguide_w314(V.p,1c,€) = 0.082

KKguide_W314(V,p,tc,8) =0.111
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _{
Page No. __ 27 of 37
Chlient: _CH2M Hill Hanford Group, Inc. WO/JobNo. |
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date:
Brgak in Waste Tank Qrgsg Site I[ﬂnﬁfg Elp'ng System Checked:
Location: - Hanfor Richl Revised:__ =~ *°
Pipe suppont guide (Existing Piping. H-2-70550) in annulus region {no leak detector'cable)
3 .
= i (only 2 legs) support plate thickness
Aguide = Ag(Dsgi, 0 - in) — (2 -t 1.25 - in) Aguide = 18.332 in2 flow area at pipe supports
Pguide = Ps(Ds6i,0 - in) -4 -t + 4-1.25 - in Pguide = 33-549in wetted perimeter
Aguide S .
DH_guide =4 - - DH_guide = 2.186in hydraulic diameter for pipe support guide
guide
Beuide == --—-fﬁkﬂ—— Bouide = 0.975 Louide :=4 - in  length of guide
guide - Ag (DSGi, 0. in) guide = Y- guide -
Lguide
Olguide = Oguide = 1.83 K1 (aguide) = 0.184
DH_guide ‘
v
Kguidc_Existing(Vsp,[CvE) = BguideaaguidCsR DH_guide, —.pP. H(DJC) T
2 Dy _guide
Bgunde
v
KKguide_Existing(V,p,tC,E) =K Bguide,aguide,R DH_guide,_,P:Pc(PvtC) ,
2 Dy_guide
Bguidc
-1 kg .
v=10ftsec p= 1317 tc=60 Tg{tc) = 140 w(p.tc) = 1.197cP € =5 mil
1er

Kguide_]":‘.xisting(\’, P.tc, E) = 0.083

KKguide_Existing{¥: P tc,€) =0.113
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CH2MHILL Hanford Group, Inc.

EVALUATION ANALYSIS
Client: CH2M Hill Hanford Group. Inc. WO/JobNo.
Subject: E ment Pi Pri i Date
k in Waste T. nk Bi{ i i in Checked
Location: R1 hlan W Revised:_

6.5.6 W-314 Pipe Anchor

Figure 9a. W-314 Encased Pipe Anchor. (H-14-102662)

2" THK POLYURETHANE
FOAM_ INSULATION
W/ FRP JACKET

6"ENC—M2Ba
OCESS— MQ\ \

3 p

\-“\\-.“““““\“

—_——— e P e e — —
4

0 LD 0 (X))
CRRIKIRIA
SRRKA

1" x 3" DRAIN SLOT

FRP COATING ON
ANCHOR PLATE e
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-

1/2" x 4" VENT SLOT

Calc. No. RPP-L1J-005
Revision: _0

Page No. __28 of 37

5=

POURED IN PLACE CONCRETE
3 x 3' x 3, CENTERED
ARQUND ANCHOR PLATE
USE PRE-APPROVED MIX

DESIGN 6064 PER CONST SPEC

W—314-C3, SECTION 03300
SAMPLING & TESTING OF

CONCRETE IS NOT REQUIRED
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0
Page No. __ 290f 37
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. ;
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/12/2001  By: L.J.
k in Waste Tank -Site Transfer Pipin m Checked: __ /2 5/04 By:%
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:

Figure 9b. W-314 Encased Pipe Anchor. (H-14-102662)

1'=11" DIA

FULL RAD, TYP

3 1/32" RAD

3 5/8" DIA
HOLE THRU

FULL RAD, TYP

2 1/32" RAD

1 1/e

PLATE, 1" THK,
ASTM A24C TP304L
SAFETY CLASS

BOTTOM CF DRAIN SLOT
‘SHALL BE SMOOTH &
FLUSH WITH 1D OF PIPE
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0Q
Page No. __30of 37
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: Se ment Pipe P i i Date: _ 9/12/2001] By: L. L
Break jn Waste Tank Cross-Site Tr Pipi Checked: &25&1 By:
Location: _200 Area - Hanford Site, Richland. Washington Revised: By:

(no leak detector cable)

Pipe anchor (W-314) in annulus region {Figure 9)

17 Dsi , . L

r1:=(2+-3;-2—]-in t1:=—5—-|-—r1 Ly:=4.in 01:=2-asi T——-l-———
S6i

( 2 . + r])

01 =91934deg

rp = 2.53Lin ty = 0.501in
1 Dsei : ' : L
rp=2+=—1-in t2:=---—~1--r2 Ly:=3.in 62:=2. asi 2
32 2 Dssi
—_—t+ 1
2

67 = 72.662 deg

9 Dgg;i 2 02 Dgei 2
Aanchor :=‘1—:- . t12 +— (—IJ - r].2 + X 122 + — (-‘-J - r22 Aanchor = 6.437 in2 flow area

rp =2,031in t2 = 1.001in

2 2 4 2 2

Dgsi Dsei . X
Panchor =m - t1 + 01 - Y +r|+7m-t2+ 07 > + 12 Panchor = 20.069in  wetted perimeter

Aanchor

Panchor

Aanchor ] Lanchor
—_— .y Banchor = 0.578 Lanchor:=1-in  Oanchor = ———— Qanchor = 0-779
Ag(Dss;, 0 - in) DH_anchor
KL(aa_nchor) = 0-726

Dy_anchor :=4+ DH_anchor = 1.283 in hydraulic diameter for anchor

Banchor =

v
Kanchor_W3l4(V,p,tC.€) := K| Banchor, ®anchor, R DH_anchorv_zap,u(P,tC) ,

Dy_anch
Banchor —anchor

v
KKanchor_WSM(",DJC»E) = Banchor, ®anchor, R DH_anchor,_z-p:ﬂ(p,tC) ,

Dy _anch
Banchor ~anchor

- k
v = 10ftsec ! p= l.3—_-g— tc = 60 TF(tc) = 140 p.(p,tc) =1.197¢cP € =5mil
liter

Kanchor_W314(V,P,tC,E) =10.7 new piplines
KKanchor_W3l4(",i)Jc,8) =937

chhor_Existing(V, p,tc, s) =0 no flow restricting anchors for existing pipelines

KKanchor_Existing(V, P.tc, E) =0
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
' Page No. __31 of 37
Client: _CH2M Hill Hanford Group. Ing. WO/JobNo. .
Subject: _ngndarx_ﬁns_ass_mm.mc_ﬁmmnm_&ﬁmmps_ Date
Break in Waste Tank Cr Transfer Pipi stem Checked %‘
Location: _200 Area - Hanford Site, R ghlam;l, Washingtion Revised:_ =~

6.5.7 Loss at Drain Exit
Exit to atmosphere at drain (sudden enlargement, CRANE 1988, Eqn 2-9.1)

Kg(B) :=(1 - ﬁ2)2 B:=0 Kg:=Kg(p)  Kg=1

Abrupt contraction from annulus region to drain pipe (Blevins 1984, Case 11 of Table 6-7 rewritten in terms of upstream
flow velocity, see also CRANE 1988, Egn 2-11)

Bo(Dpi, DpLe) = J Af(Dpi)

As(Dssi,DpLo)

I

4
Ap(Dpi, DpLo)

Kp(Dpi, DbLo) = % ' (1 - ﬁD(DDi,DDLo)z) :

1-in. drain 1 1/2-in. drain 2-in. drain Dipg =031in

Bp(Dp1i,DLbo) =0212  Bp(Dp1.5i. DLDo) = 0326  Bp(Dp2;j, DLpo) = 0.418
Kp(Dp1i,DLDo) = 2355 Kp(Dpr.si,DLpo) =397  Kp(Dp2i,DLpo) = 13.5

DLDo :=DLDo_w314
Bp(Pp1i,PLpo) = 0212 Bp(Pp1.5i.DLbo) = 0.325 PBp(Dp2i, DLpo) = 0417

Kp(Dp1i,DLDo) = 2374 Kp(Dp1.5i.DLDo) =40.1  Kp(Dp2i, DLbo) = 13.6
6.5.8 Loss at Break
Acrack(Lc:wc) =L¢- We

Pcrack(Lc-Wc) =2- (Lc+ Wc)

Acrack(LCch) Acracki Lc, We
Le,We) =4 ——— L, W) = | —————~
DH“crack( C c) Pcrack(LCawc) Bcl( c c) Ap
tp ‘ Acra.ck( L, Wc)
(84 L 'W = L ‘w . | ——
e Ve = Lo W) Pez{Le: We: DDLo) j As(Dssi- Dbio)

5
resulting k based on flow velocity through the crack for thick-edged orifice witho = L/D > 0.015, Re = L. Dy -V, >10
crack . oH 1}

per Lyons 1982, Eqn 4, pg. 158

Kerack(B1.B2. e, Re,n) [05 (1—31 "'KL (o) \}1"31 ( )+(l--522)2+f(Re,n)-a]

Kentrance Keontraction Kcnlargement Klength

pipebreak.mcd A-31
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EVALUATION ANALYSIS Revision: _0
Page No. __32 of 37
Client: _CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/12/200] By L.J Jul #
Break in Waste Tank Cross-Site Transfer Pipin tem Checked: _9/2570! By: m
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:

Kerack{Le, We, Ve, P tC. €, DLDo) = | B1 « Bei(Le, We)

B2 & Be2(Lc, We,DLpo)

o € oe(Le, W)

Dy « DH_crack{Lc, We)

Re « Re(DH,vc,p,p,(p,tC))
n < E

Dy
kCl'aCk(Bls BZsa;RC»T\)

per Idelchik 1994, Diagram 4-12, pg. 219

Kkcrack(B1, B2, @, Re,m) [05 (1 -B1 )0-75 + KK (o) -(l - ﬁ12)0-375 . (1 - [322) +{1- 622)2 + f(Re,n) - a]

KK crack(Le: We, Ve, P tC- €, DLDo) = |B1 « Ber(Le, We)

B2 ¢« Be2(Le, We, DLpo)

o oe(Le, We)

D < DH_crack{Lc, W)

Re — Re(DH, ve,p.u{p. tc))
ne ==

Dy
kaYaCk(Bl'BZ!asRer“)

For sharp-edged orifice (Idelchik 1994, pg. 218, a=L/D <0.015,Re= = .Dy- V. > 10 )
ol u

2
kkkcrack(B1,B2.0.,Re,m) ==[0-707 : (1 - 312)0.375 + (1 - ﬁzzﬂ
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EVALUATION ANALYSIS Revision: _0Q
Page No. __33 of 37
Client: CH2M Hill Hanford Group. Inc. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due 10 Primary Pipe Date: _9/12/2001 B By L.
Break in Waste Tank Cross-Site Transfer Piping System  Checked: _9/257/#/ By %&-
Location: _200 Area - Hanford Site. Richland, Washington Revised:_

KKK rack{Le, Wer Ve, 0,101 €, DLDo) = |B1 < Ber{Le, We)

B2 < Be2{Lc, We, DLpo)

o  o(Le, We)

Dy ¢~ DH_crack{Lc, Wc)

Re & Re(DH, e, p, 1(p.tc))
Ec

"o

kkkerack(B1,B2, o, Re,m)

Assumed Crack Size Parameters  Dyp, =0in

L;:=10-in L. = 10in crack length
crack opsning width

WC = 0.1 - in
.2
Acrack{Le, We) = Lin Bei(Le, We) =0.368 Bez(Lc, We, DLDo) = 0228
Perack(Le, We) = 20.2in
DH_crack{Lc, W) =0.198in  effective hydraulic diameter tte(Le, We) = 1.091 L/Dy, ratio
Ec:=1-mil primary pipe through crack roughness
ft kg
V=10 — =13.—— tc:=40 Tr(tc) = 104 ,tc) = 1.575¢cP
p — p ot F(tc) u(p.tc) c

4 Reynolds number for

thick-edged orifice with o, = L/D,, > 0.015 ac(Lc, Wc) =1.091 > 0.15 => thick-edged orifice
KCI'H.CI((LC’WC»VC! P ’tCs Ec, DLDO) = 1.809 KKCl‘aCk(LC’ WC: VC! P, tC'E'C! DLDO) =1.586

sharp-edged orifice (Idelchik 1994, pg. 218, o =L/D_, < 0.015)

KKK rack{Le) Wes Ve, 0,1C- €, DLDo) = 2617

pipebreak.mecd A-33
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _Q
Page No. __340of 37
Client: _CH2M Hill Hanford Group. Inc. : WO0O/Job No. .
Subject: s ment Pi ' i Date: 12 By: L.J. rd
Break in Waste T ross-Site Transfer Pipi m Checked: 2 By:
Location: _200 Area - Hantord Si i Washington Revised: By:
ft kg .
vi=10.—  p=13.—= 1c:=60  Tg(ic) = 140 w(p.tc) =1.197cP g:=5- mil
sec liter
Fy = n Idelchik 1994, Di 4 1
Ksupport_Existing{ V. P, tC, €) = 0.086 KK support_Existing{ v P, tc,€) = 0.118 no leak detection cable
0 Kguide_Existing(",Q»tC»E) = 0.083 KKguide‘_Existing("’.D.tC,S) =0.113
Kanchor_Existing(V,P,tC,E) =0 KKanchor_Existing(V,P,tC,E) =0
Ksupport_Woss(v,p,tc.€) =0.00095  KKgupport_woss(V.p.tc.€) = 0.0015 with leak detection cable
1.2 Kguide_woss(\',p,tc,ﬁ) =2.39 KKguidc_WOSS(V’ p.tc, E) =2.68
Kanchor_woss( V. p.tc, €) = 17.69 KKanchor_w0s8(V,P,tc,8) = 1522 3/4-in. thk no radius in slots (1)

Kanchor_ W0s8wr( V.0 ,tC,€) = 11.54 KKanchor Wosgwr(¥,p.tc,€) = 10.15  3/4-in. thk with radius in slots (2)

Keupport W314(¥,p.1,£) = 0.086 KKgypport_W314(V,p,tc,€) = 0.118 no leak detection cable

3 Kguide_w314(V.p.tc,€) = 0.082 KKguide_W314(V,p.tc,¢) = 0111
Kanchor w314{%:p.1C.€) = 107 KKanchor_W314(V.p.tc,€) = 9.37 1-in. thk with radius in slots

For simplicity, combine the K-resistance factor of support with every 4th guide to obtain an effective average K-resistance

4 1
Kguide(v,p,tc,e,FK) =13 Kguide_Existing(V,p,tC,E) re Ksupport_Existing‘(V»p;tC,E) if Fx =0
4 1 .
. Kguide_woss(v.p.tc.e) + . Ksupport_woss(v.p,tc.€) if Fgx=1vFg =2
4 1 .
; . Kguidc_w.314(\’,p,tc,£) + ; . Ksuppon_w314(\',p,tc,e) otherwise
‘ 4 1 .
KKguide(V,P.tC,E ,FK) = ; : KKguidc_Existing(V,P,tC,E) + ; : KKsupport_Existing(V,PJC,E) if Fg =0
4 1 .
r KKgyide_wosg(v.p.tc.€) + . KK support_Wos8(¥.p,tc, &) if Fx =1 v Fg =2
4 1 .
3 KKguide_w314(V,p.tc.€) + i KKgupport_w314(v.p,1c,€) otherwise
Existing Fg :=0 Kguide(Vv.p.tc, €, Fg) = 0.083 KKguide{ v, p.tc. €, Fg) = 0.114
WO058  Fyg:=1 Kguide(v.p.tc, &, Fg) = 1.912 KKguide( v, p.tc. €, Fk) = 2.144
Fg =2 Kguide( V. P . tc, €, Fg) = 1.912 KKgyige( v.p.tc. €, Fk) = 2.144
W314  Fg:=3 Kguide(V.p.tc.€,Fg) = 0.083 KKguide(V.p.tc, &, Fg) = 0.112
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Client:

Location: _200 Area - Hanford Site, Richland, Washington

Kanchor(V, P,lc,e,FK) =

Kanchor_WDSS(V, P.1C, "3)

Kam:hor_\l\f314("', p.tc, E)
KKanchor("’,D ,tc,E,FK) =

Existing Fg:=0 Kanchor("'s p.te, & ,FK) =0

WO058  Fg:=1 Kanchor(¥. P, tc, €, FK) = 17.686
Fg =2 Kanchor{¥.P,tc,€,FK)} = 11.537

W314  Fg:=3 Kanchor( v, P tc, €, FK)} = 10.696

6.5.9 Spacing of Anchors and Guides

H2M Hi ford Gr Inc.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe
Break in Waste Tank Cross-Site Transfer Piping System

Kanchor_WOSSwr( V.p;tc,E) if Fx =2

KKanchor_woss(¥,p.tc,e) if Fx =1
KKanchor_wosswr(¥;P,tc,¢e) if Fg =2

Calc. No. RPP-LI1J-005

Revision: _Q
Page No. __35 of 37
WO/lobNo. ____ .
Date: 1 By:
Revised: By:

Kanchor_Existing(V,p,tc,s) if Fx =0

if Fx =1 no radius in slots

with radius in slots

otherwise

KKanchor_Existing(V,p,tc,(-:) if Fx =0

no radius in slots

with radius in slots

KKanchor_w314(V, P, tc,€) otherwise

0
KKanchor| V. P.tC,€,FK) = 15.217 3/4-in. thk no radius in slots
= 10.147 3/4-in. thk with radius in slots

KKanChOr(V! P, tC yE, FK

1-in. thk with radius in slots

)

( )
KKanchor("'- p.iC. €, FK)
KKanchor{ v, p. tc. €, FK) = 9.373

F = 0 1,2 3
Li_pxisting:=9 - ft Li wosg:=12-ft Li_w314:=9ft spacing of primary pipe guides
AExisting := 10000 Awosg =46 Aw3sig =15 spacing parameter for anchors
DLDo_Existing :=0 - in DLDo_wosg:=031-in DLDo_W314:=0-in diameter of leak detector
cable (W-058 only)
o _ : - rupture disk switch
FRD_Existing = 0 FRD_woss == 1 FRD_w314:=0 Frp = 1for rupture disk
Fro = 0 no rupture disk
Li__Existing lExisting FRD_Existing DLDD_Existing Existing
Li_wos8 Awoss FrRD_wosg Di.po_wos8 w058
= = Frp = DrLpo =
Li_woss Awoss FRD_wos8 DLpo_woss
Li_ w314 Aw3iid FrD_ w314 DLDo_w314 W314
9 x 104 Existing
— WO058 (Type A . : .
Lj:= (;L . Li) Lj= ::z fi (Type A) approximate spacing of primary pipe anchors
135 w314
pipebreak.mcd
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EVALUATION ANALYSIS Revision: _Q
Page No. __36of 37
Client: CH2M Hill Hanford Group. Inc. WO/lob No.
Subject: Se E ipe Pressur i P Date: 2/2
Break in Was k Cross-Site fer Pipin m Checked: 9Ez§ 5
Location: _200 Area - Hanford Site, Richland, Washington Revised:______

Determination of number of upstream and downstream guide supports and anchors relative to break location for
encasement section under consideration. Sample results given below are for specified parameters. Actual values are
calculated during solution as appropriate.

xg — L ‘
}(Fg,Lo,xp) := |n « round BT number of anchors within secondary encasement
LiFK section under consideration before break
Fk:=0 J(Fg,Lo,xg) =0
0 ifng0
otherwi Fg:=1 J(Fg,Lo,xg) =1
n 18¢
Fg:=3 J(Fg,Lo,xg) =2
B—Lo number of guide supports within secondary
I(FK,Lo,xB) = |n ¢ roun — - 1(Fk. Lo, xB) encasement section under consideration before break
'Fx Fk:=0 K(Fg Lo xp) =33
0 i#ns0 Fg:=1 I(Fg,Lo,xg) =24
n otherwise Fi :=3 I(FK,Lo.XB) =31
Lg - (KB N Lo) number of anchors within secondary encasement
N(Fk,Lq,Ls,xg) := |n « round ) section under consideration after break
Fi rg Fg:=0 N(Fg,Lo,Ls,xp) =0
0 if n<0 Fg:=1 N(Fg,Lo,Lg,xp) =1
n otherwise Fg =3 N(FK,LO,LS,XB) =5
M(Fic,Lo,L _ i Ls - (xB - Lo) N(Fv L L number of guide supports within secondary
K,Lo,Ls,B) := n « roun L = N(FK,Lo.Ls,B) | gncasement section under consideration after break
0 i 0 <o Fg:=0 M(Fg,Lo,Lg,xg) =78
Irnsz
n otherwise Fi:=1 M(Fg,Lo,Ls,xg) =57

Fg:=3 M(FK,LO,Ls,xB) 73

6.5.10 Equivaient Pipe Length for Drain Plpe and Rupture Disk

Lp(Dpi,Fg) :=3 - ft+ 1-30-Dp;+ 75 - Dp; - Frp approximate equivalent length of drain pipe including one
Fx standard 900 elbows (L/D=30 per CRANE 1988) and
rupture disk (L/D=75 per BS&B 2001)

Annulus Flow Area and Hydraulic Diameter

Ag(Fk) := As(Dssi, DLDoFK) Dy_a6(FK) = DH_annulus(Dsei, DLDOFK)

pipebreak.mcd A-36
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Client: CH2M Hitl Hanford Group, Inc.

Calc. No. RPP-LJ1I-005
Revision: _Q
Page No. __ 37 of 37

WO/JobNo. __ .

Subject: ipe Pr
Break in Waste Tank Cr

annulus hydraulic dia.

Existing  Fg :=0 _a6(FK) = 2.565in

W058  Fg:=1 Dy _a6(Fk) =2.475in
Fg:=2 Dy aﬁ(FK) =2.475in .

W314  Fg:=3 _a6(FK) = 2.565in

6.6 Elevation at Break

Elevation at assumed break location xg relative to transfer pump elevation

]-(xB_L0)+HO:|

Hg - H,

HB(LO’HO’LS,HS,XB) = |I

pipebreak.mcd

ransfer Pipin stem

Location: _200 Area - Hanford Site. Richland, Washington

annulus flow area

Ase(Fi) = 19.269in”
Ass(FK) = 19.194 in’
Age(FK) = 19.194 in2

Ase(FK) = 19.269in’

A-37

Lp(Dp1.si. Fk) =7 ft
Lp{Dp1.5i,.Fk
Lp

Lp{Pp1.5i,Fk

Date:
Checked:

Revised:_ =

annulus drain effective pipe length
( Lp{Dp2;, FK) = 821t
( ) =17.1ft Lp(Dpy;,Fx) = 21.1ft
(Dp1.5i,Fk) = 17.1ft Lp(Dpy;,Fk) =
( )= )

Lp(Dpai, Fx) = 8.2ft

2111t

7 ft
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _Q
Page No. _ | of 31
Client: _CH2M Hill Hanford Groun lnc WO/Job No.
Subject: _Se i ipe Date: __9/12/2001 By L.J. Julyk 3?’

Brgakln ng tg Tgnk Cross-Site [gngfgl Plpjngs “ §§gm Checked: Zé.f[ 2}
Location: _200 Area - Hanford Site, Richland, Washington Revised:___ By

[#] Reference:CAWINDOWS\Desktop\Cross-Site Encasement Calcs\pipebreak.med(R)

Input Parameter Data

RCSTS Elevation and Equivalent Plpe Length Parameters

BCSTS Elevations
Zgy10 = 668.62 - ft elevation at SY102 Transfer Pump Pit

. Lsy102_SYAin =339 - ft
ZgyAin:=671.2-ft elevation at SY-A-in Valve Pit

- Lsyain_SYBout =714 - ft
ZsYBout :=670.2 - ft elevation at SY-B-out Valve Pit

, N LsYBout_DB1in i=4921 - ft
ZpB1in = 680.29 - fi elevation at Diversion Box 6241-A-in

; LDB1in_Bp =340 - fi
Zpp:=684.92 - ft elevation at Booster Pump

. , \ LBP_DB]Ou; =286 - ft
ZpB1out = 68042 - ft elevation at Diversion Box 6241-A-out

, LDB1out_vsin = 13631 - ft
Zygin :=754.25 - ft slevation at Vent Station 6241-V-in

. Lvsin_vsSout := 131 - ft
Zysout :=754.25 - 1 elevation at Vent Station 6241-V-out

. . LvSout_244Ain := 22425 - ft
Z244Ain i=679.5- ft elevation at 244 Lift Station-in

: . . Lo4aAin_244A0ut =301 - ft
Z244A0ut = 681.36 . ft elevation at 244 Lift Station-out

; Lo44aout_AP107 :=7927 - fit
ZAP107 = 675.34 - ft elevation at Tank AP107

Lsy102_DBlout = L§y102_SYAin + LSYAin_SYBout + LSYBout_DBlin + LDB1in_BP + LBP_DBlout L§Y102_DBlout = 66001t

Lsy102_vsout ‘= Lsy102_DB1out + LDB1out_vSin + LvSin_vSout Lsy102_vSout = 20362 ft
LsyAin_DBlin :=LsyAin_SYBout + LSYBout_DB1lin LSyYAin_DB1in = 5635t
3 1 8 05 _
ZSY_tank_bottom = | 616.5 + Y2 Tzt ZsY_full = ZSY_tank bottom + 422 - in (H-2-37772)

AHppmp = Zsy102 ~ 2SY_full

AHpymp = 16.891 ft

X-Site NTP BO-1
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CH2MHILL Hanford Group, Inc. ‘ Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __2of 31

Client: _CH2M Hilt Hanford Group. Inc. WO/Job No. .
Subject: ment Pi i Pi Date: __9/12/2001 By: .

reak in Waste Tank Cross-Si fer Pipin stem Checked: 2,{2.;2a¢ By:%
Location: _200 Area - Hanford Site, Richland. Washington Revised: By:

RCSTS Cases

Cass 0 break between SY-102 Pump Pit and SY-A Valve Pit (transfer pump)

Ly=0-ft Lo=0ft
' Subcase X11 (low and high point drain, Fpe = 1 and Fgg = 1)*,

Hy:=0-ft H, = 0ft . . . .
X10 (low point drain, FD8 = 1 and FD9 = 0) 1 1/2-in.drain,
Ls :=Lsy102_SYAin Lg = 3391t X01 (high point drain, FD6 = 0 and FD9 = 1)*

Hs :=ZgvAin—Zsy102  Hs =2.58ft
Case 1 break between SY-A Valve Pit and Diversion Box (transfer pump)
Lo :==LgY102_SYAin Lo = 3391t
Subcase X11 (low and high point drain, Fp, = 1 and Fpg = 1)*,

= ZsyAin— Z — 258 ft
Po=Zsyain~Zsyiz  Ho X10 (low point drain, FD6 = 1 and FD9 = 0)*,
Lg :=LsYAin_DBlin Lg =56351ft X01 (high point drain, FD6 = 0 and FD9 = 1)

Hg :=ZpBiin - Zsy102  Hs =11.67ft

Case 2 break between Diversion Box and Vent Station (transfer + booster pump)

Lo =Lsy102_DB1out Lo = 66001t Subcase X11 (low and high point drain, Frs = 1 and Fpg = 1),
Ho :=ZpBilow - Zsy102  Ho=118ft X10 (low point drain, FD6 = 1 and FD9 = 0),

Ls = LDB1out VSin Lg = 13631 t X01 (high point drain, FD6 = 0 and FD9 = 1)

Hg :=Zvsin - ZsY102 Hg = 85.63ft

Case 3 break between Vent Station and 244A Lift Station (transfer + booster pump)

Lo =LsY102_VSout Lo = 20362 ft
Hy = Zvsou - ZsYi02 H, = 85.63ft Subcase X11 (low and high point drain, Fpg = 1 and Fpg = 1)*,
LS = LVSQllt 244Ain LS = 22425 ft X10 (hlgh pOint drain, FD6 =1 and FD9 = 0),

X01 (low point drain, FD6 = 0 and FD9 = 1)*
Hg :=Zo44ain - Zsy102  Hs =10.88ft

* would require additional drain/relief valve at other end of line segment

X =1 for FD3 = 1 (primary pipe downstream flow open)
0 for FD3 = 0 (primary pipe downstream flow blocked)

X-Site NTP BO-2
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EVALUATION ANALYSIS Revision: _Q
Page No. __3 of 31

Client: _CH2M Hill Hanford Group, Inc. 7 WO/Job No.
Subject: &m@jmmﬂmﬂm&nm&m Date: : gﬁ z_ti%l

k.in W: Tank Cr ipin Checked: 25/8¢ MJ
Location: _200 Area - Hanford Site, Rxchland, Washington Revised:__

Fg selects primary pipe internal support parameters in annulus

= 0 for existing in-Farm piping (no leak detection cable, no anchors)

=1 for W058 and W314 extension of W058 (with leak detection cable 2-in. thk anchor, no radius in anchor slots)
= 2 for W058 and W314 extension of W058 (leak detection cable 2-in. thk anchor, with radius in anchor slots)

= 3 for new in-Farm W314 piping (1-in. thk anchor, with radius in anchor slots)

Dp; internal pipe diameter of drain
= 1.5 or 2 inches for existing in-Farm piping (no rupture disks)
= 2 inches for W058 and W314 extension of W(058 (with rupture disks)
= 2 inches for new in-Farm W314 piping (no rupture disks)

Fps Fps Fpg switch to block (= 0) or open (= 1) flow downstream of break and drain location 6 or 9, respectively

Lp total equivalent length of primary pipe from pump to discharge exit

Lp :=Lsy102_VSout + Lvsout_244Ain + L244Ain_244A0ut + L244Aow_API07 ~ Lp =51015ft Lp =9.662mi

H:=ZAp107 - ZSY102 change in elevation of primary pipe from pump to point just before vertical H=T7ft
increase in elevation at end of primary pipe at discharge to tank (see Figure 1)

AZp=-1-ft approximate change in elevation at drain

Z:=0-1ft vertical increase in elevation at end of primary pipe at discharge to tank at WTP (N/A)

Supernate Transfer
Case 2 break betwsen Diversion Box and Vent Station

Lo :=1sY102_DBlout L, = 66001t start distance from pump of secondary encasement section under consideration

Hy == ZpBiout — Zsy 102 H, = 11.8ft change in elevation of primary pipe from pump to point L, H,=118ft

Ls :=LDBlout_vSin Lg = 13631 flength of secondary encasement section under consideration between drains

Hg :=Zysin ~ Zgy102 Hg = 85.63fichange in elevation of primary pipe from pumptopointL, + Ly  Hg = 85.63ft
xg :=1000-ft + L, distance of break in primary pipe from transfer pump

HB(LO,HO,LS,HS,xB) =17.22ft elevation at assumed break location xg relative to transfer pump elevation

tc temperature of waste (°C)

p bulk density of waste (kg/L)

Pipe roughness :
gp:=2- mil stainless stesl primary pipe
£g:=5 - mil carbon steel secondary (encasement) pipe
ED =5 mil carbon steel drain pipe

X-Site NTP BO-3
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Client: CH2M Hill Hanford Group. Inc. WO/Job No. __
Subject: _Secondary Encasemnent Pipe Pressure Due to Primary Pipe Date: D%J:
Break in Waste Tank Cross-Site Transfer Piping System Checked:
Location: _200 Area - Hanford Site. Richland. Washington Revised:
0 Existing
diameter of
Assumed Crack Size Parameters 0.31 | ,
Assum DLpo = in Woss leak detection
0.31 cable
Lc:=10-1 crack length 0 wai4
We:=01-1i crack opening width 0.22781
L 0.22826
Acrack(Lc-Wc) =lin Bcl(Lc;Wc) =0.368 ﬂcZ(Lc,wc,DLDo) = 0.22826
Perack(Lc. We) =20.2in 022781

DH_crack(Lc, We) = 0.198in  effective hydraulic diameter ae(Le, We) = 1.091

Calc. No. RPP-1.JJ-005
Revision: _Q
Page No. _40of 31

y AL

Tr(tc) = 140
viscosity p(p,tc) = 1.197¢P

/D,y ratio for crack

Ec:=1-mil primary pipe through crack roughness
fi 4 Reynolds number for
VC = 10 ' ; RC(DH,_CraCk(LC’ WC) ] VC! p ] ”‘(p ] tC)) 2 x lO ﬂow through crack

thick-edged orifice with o. = /D, > 0.015

Lyons 1982, Eqn 4, pg. 158 |delchik 1994, Diagram 4-12, pg. 219
1.80719
1.80671
KCl'ﬂCk(LC)WC»VCsp,tC»E'CvDLDD) = l 80671 KKCIaCk(LC!WC!VC=p’thE’C’ DLDO) =
1.80719
shap-edged orifice (Idelchik 1994, pg. 218, o =L/D,, < 0.015)
2.61664
KK (L WV ) 2.61598
2 2 £ ?t' iE ¥ =
Kerackl Le, We, Ve, P, 1C.€c. DLDo 261598
2.61664

ote(Le, We) = 1.091 > 0.15 => thick-edged orifice

1.58502
1.58459
£.58459
1.58502

Encasement annulus K-resistance factors for guides and anchors modeled as thick-edged (long) orifice for a = /D, > 0.015

Lyons 1982, Eqn 4. pg. 158
Existing Fg:=0  Kguige(V.p.tc.€,Fg) =0.083 Kanchor( v p.tC.€,Fk) =0
woss FK=1  Kguide(v.p,tc,e,Fx) = 1.912 Kanchor( v, p.tc. €, Fk) = 17.686
Fx=2  Kguige(Vv.p.tc.€.FK) = 1912 Kanchor(V.p.tc. €, Fg) = 11.537
W314  Fx:=3  Kguide(¥,p,tc.¢,Fk) = 0.083 Kanchor{ v, P, tc, €, Fi) = 10.696
V,:=0.-ft sec pz:=0-psi g=32.174 fusec

AV:=0.1. frsec )

X-Site NTP BO-4

3/4-in. thk no radius in slots
3/4-in. thk with radius in slots
1-in. thk with radius in slots
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EVALUATION ANALYSIS Revision: _0

Page No. __ 5 of 31
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: _9/12/2001 By: L.J. Julyk
Break in Waste Tank Cross-Site Transfer Piping System Checked: 2&¢[ By:
Location: _200 Area - Hanford Site, Richland, Washington ' Revised: By:

Apply conservation of mass (continuity) and energy (Bernoulli theorem) between nodes (see Figure 1a of Appendix A) and at
the pipe break plus the characteristic pump head relation (see Figure 2 of Appendix A) to model the nonlinear system of
equations that govern the steady-state flow behavior resulting from a primary pipe break at |location xg relative to pump.

S " SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
H'p(Q) := HNTP(Q) - AHpump (Canned Motor Westinghouse Pump Model 2A-513-A1)

Nonlinear governing system of equations

Given apply conservation of mass (continuity) and energy (Bernoulli theorem)
VozVz V2V V,2Vp ViEV, o V2V, Vo2V, V2V,

continuity

Ass(Fk) - V, = Fpg - Af{Dpj) - V,

Ass(Fk) - V, = Fpg - Af(Dp;) - Vs

Ap- V= Ap- V- Fp3 + Acrack(Le, We) - Vg -

Acrack(Lc:wc) ' V(, = AS6(FK) : (V2 + V4)

Hp = HP(AP ’ VO) pump head curve

Bernoulli (between nodes, see Figure 1a of Appendix A)

2
vV p
Ep XB 0 0
Hp - {RC(DPi’VO!p’”(p’tC))’ D iJ ! Dp; ' (2 .)g =(p g + HB(LO’HO’LS’HS’XB)) 1-2

Py +(V0)2 P +(V1)2 2-3
p-g 2-8 p-g 2:8

2 2
-p%- + (1 - {Re(Dpi,Vl,p,p(p,tc)),E—P) Lrom KEJ (:') + Hp(Lo,Ho,Lg, Hg, xg) | = (:l) +H+Z 34

[P 8 Dpi)  Dpi ‘& ‘8
[ 2 2 2

p v p v A
I o Og + (2 f))g = o ‘63 + (2 6)g + Kcrack(Lc:Wc-vé’P:tC’%s DLDOFK) ' '(_2_.6); 2-crack
Pg . (Vs)z _| P2 . (V2)2 crack-5
p-g 2-g p-g 2:8

X-Site NTP B0-5
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Client: CH2M Hill Hanford Group, Inc. WO/{Job No. .
Subject: MWMM Date: By: L.J. b
W Tank ite Tran m Checked: By:%(l
Location: 2g1 Area - Hanford Site, B]ghlmjﬂ, ashmgmn Revised:
- P €S xg - Lo (Vz)z I P3 ]
— + Hpl( Ly, Hy,Ls,Hg,xg) — f| R D Fx),V..p,ulp,tc)l, . - e | =] ..
2 2 "
| (V2) (V)
+1- I(FK,LO,XB)-Kgulde(Vz,p,tc,es,FK Ty t+ 2.g "
+3(Fx, Lo, xB) - Kanchor( V0 tC- €5, FK ) + KD(DDisDLDOFK) +Ho ]
_ Py ep | Lp(Dpi,Fk) (\’3)2 (V3)2
—+l1- v —_ AT o 6-7
ot +( {Re(Dm. 3005 u(ﬂ tc)) DD]J D, KE) o > g + AZp
[ 2 2
Ps .\ (V6) :|=[ Py . (V4) ] crack-8
Lp-g 28 p-g 2-8
_ 2 1 - -
Py £s Ls-(xa-Lo) (Va) Ps
— + Hp{Lo,H,,Ls, Hs, xg) - f| Re(DH a5(Fk). V,.p.n{p.tc)), : : =] —..
> g B( 0 S.Hg xB) ‘( c( _36( K) 4P M(D tC)) DH_aﬁ(FK)J DH_as(FK) 2.g p-g 60
2 2 i
(V) (V)
+ 1= M(FKIL()’LS'XB) ) Kguide(v4sp,tC-ES.FK) ' 2_g + 7. g
+N(Fg,Lo,Lg,xp) - Kanchor(V4,p,tc,es,FK) + KD(DDi,DLDoFK) |+Hs |
| p-g e( oY ) Dpj DDi ‘g P

Solution function

ff(Lo,HO,LS,HS,xB,p,tc,s,p,as,eD,DDi,FK,FD3,FD6,Fm,AZD,Lp,H,Z,Lc,Wc,ec,Hp,p,V) = Find(Hp,p, V)

T T
(P2 P3 Ps Pe P8 P9 Pc) (Vi V3 Vs Vg Vg Vg V)
01 2 3 4 56 0 1 2 3 4 56

X-Site NTP B0-6
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For plotting, following function returns nth solution variable at points defined in vector xg

PP(Lo, Ho,Ls, Hs, xB,p, tC, P, €5, £D, Dpi, K, Fp3, Fp6, Fp9, AZp, Lp, H,Z,1,Le, We, e, Hp,p, V) =

X-Site NTP BO-7
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Revision: _Q
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By:

B

n = result variable selected

vp

vpe0

Hp « Hp

pep

VeV

for ie Ol.length(xB) -1

XBB (-“XBi

X « ff(Lo,Ho,Lg, Hs, X
Hp « XO

P« Xl

\'A <—X2

VeV + =—

Y(—Xl

vp; Yn
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EVALUATION ANALYSIS
Client: _CH?2M Hill Hanford Group. Inc. WO/Job No.
Subject: n m i D Date:
reak in Waste Tank Cross-Site Tr. r Pipin tem Checked:
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RCSTS Supernate Transfer

Case 0 break between SY-102 Pump PIit and SY-A Valve Pit
LO = 0 . f[

Cale. No. RPP-LJJ-005

Revision: _Q
Page No. __8 of 31

B A

Ly =0ft start distance from pump of secondary encasement section under consideration
Ho=0-ft H, = 0ft change in elevation of primary pipe from pump to point L,
Ls =Lsy102_sYAin Lg=339ft length of secondary encasement section under consideration between drains
Hs :=ZsyAin ~ Z5Y102 Hg = 2.58ft change in elevation of primary pipe from pump to point L, + Lg

Subcase X11 {low and high point drain, Fpg = 1 and Fgg = 1)*,

X10 (low point drain, FD8 = 1 and FD9 = 0) 1 1/2-in.drain,
X01 (high point drain, FD6 = 0 and FD9 = 1)*

V| = 14.148 M flow velocities

ti 11) Q:=326 - gpm Vi :-—--A—
sec
Both low and high point drains open F IFK :=q |FD3 :=q Fpg:=1 Fpo:=1

Hp)y:=Hp(Q) pumphead  Hpjj =239ft V1 -Fpg + AV
pa = 148 - psi primary pipe pressure just up stream of break Vsi= 5.4

AgelF
p3:= 149 . psi primary pipe pressure just down stream of break Vo= Vs. Ase(Fk) Si( K) = 2.607
ps:=20.psi secondary pipe pressure just up stream of break A¢(Dpi) F

AgglF
pe:=12.psi secondary pipe pressure at drain up stream of break Ve V1 Fpy + AV so(Fk) =9.46
pg:=20.psi secondary pipe pressure just down stream of break Ag 6(FK)
po:=8.psi  secondary pipe pressure at drain down stream of break Y9 = V8" A¢(Dpi)
pci=1-psi apply conservation of mass _ As6(Fk) ~ ft

(continuity) at break V3=Vp - (Vs +Vvg) V3= 1‘56;;
Agel FK ft

Ve: (Fi) (Vs + Vg) Ve =93.1—

- Acrack(Lc,wc) sec

T
pit:=(P2 P3 P5 P6 P8 P9 Pc) Vip=(Vi V3 Vs Vg Vg Vg V)T

use Existing Piping
Guide/Anchor

Fg =

X-Site NTP BO-8
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Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: % By:
Break in Was k Cross-Site T ipin tem Checked: 2 By:

Location: _200 Area - Hantord Site, Richland, Washington Revised: By:

' Q ft o

Initial guegses (X10) Q:=288 - gpm  Vj:=— V| = 12.499 — flow velocities

Ap sec

Low point drain open Fgx=0 Fp3=0 Fpg=1 Fpg:=0

Hpyp:=Hp(Q) pumphead  Hpjg =305 ft Vi -Fpg + AV
py:=160 - psi primary pipe pressure just up stream of break V5= 31
' Aggl(F
p3:=160-psi primary pipe pressure just down stream of break Ve ooV Ase(Fk) -—SZ(—Q =2.607
6 = 5 ' ———————— P
ps:=65.psi secondary pipe pressure just up stream of break Af(DDi)
AgglF
pe:=30-psi secondary pipe pressure at drain up stream of break Vgim Vi-Fpo + AV ASE)( K)) =9.46
- 50 f 1
pg:=65.psi secondary pipe pressure just down stream of break ey Ag 6(FK)
po:=46.psi secondary pipe pressure at drain down stream of break 9:=Y8" A(Dpi)

pe:=12. psi apply conservation of mass _ Ase(FK) ot
(continuity) at break V3i=Vi- Ap (Vs +Vg) V3= 19;
AselFk
c:=—(—)——~-(V5+ V) Ve=184
ACl'aCl((L(h Wc) sec
T T
p10:=(p2 P3 P5 P6 P8 P9 DPc) Vio:=(V1 V3 V5 Vg Vg Vg V)
Initial Q:=302-gm V=2 Vi = 13.106 — low velocities
Ap sec

High point drain open Fg=0 Fp3=0 Fps:=0 Fpg:=1

Hpg :=Hp(Q) pump head Hpgy = 2821t

Vi-Fpg + AV
p2:=179 . psi primary pipe pressure just up stream of break Vs = 3
AgglF
p3:=179 . psi primary pipe pressure just down stream of break V= Vs Ase(FK) S—ZEK—) =2.607
ps:=75-psi secondary pipe pressure just up stream of break Af(Dp;) d
AgslF
pe:=53-psi secondary pipe pressure at drain up stream of break' Ve oo Vi-Fpg + AV S—G(E)— =9.46
. . , 8= 3 Af(DDi)
pg:=75-psi secondary pipe pressure just down stream of break A56(FK)
pg:=33-psi secondary pipe pressure at drain down stream of break Vg:=Vg- Af(DDi)
pc:=17 - psi apply conservation of mass __ ASG(FK) ft
(continuity) at break V3=V) - Ap (Vs+Vg) V3= 1-55'3'3:
Ase(Fi ft
c:=-—()—-(V5+V3) V.=855—
Acrack(Lc,Wc) sec
T
Pot:=(P2 P3 Ps p6 Ps Po Pc) Vor:=(Vi V3 Vs Vg Vg Vo V)T
01 2 3 4 56 01 2 3 4 56

X-Site NTP B0O-9
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Client: CH2M Hill Hanford Group, Inc. WO/{Job No. .
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date: :
Break in Waste Tank Cross-Site Transfer Piping System = Checked: : %/
Location: - Hanford i ichland, Washi Revised: :
Case 0 (X11)
oY, O — - SY-101 New Transfer Pump (RPP-5667 Rev. 0B}
npu ) {Canned Motor Westinghouse Fump Model 2A-513-A1)
Lo =01t H="7ft ep =2 mil
= k = = i = 1 F fred
Lg =339 fi p___1.3._g Z=0ft £g =5mil DLDOPK Oin K =0
Lp = 51015t liter Fp3 =0 ep = 5 mil L= 10in
xg =0 - ft + L te =60 °C Dpi=16lin AZp=-1ft Lp(Dp;,Fg) = 7.025ft W, =0.lin
Fpg=1  Fpo=1 }Fx.Lo.xg) =0  N(Fk.Lo,Lg,xg) =0 €c = 1 mil
IFx,Lo,xg) =0  M(Fk,Lo,Ls,xg) =38
hp1i
P11 |:=ff(Lo,Ho,Ls, Hs, XB,,tC, EP-€5,€D, Dpi, K, F3, Fn. Fp9, AZp, Lp, H,Z, Lc, We, €, Hp11,P11. V11)
Vil
{ P
2 Yl 162.72 12.931
P3 V3 164.149 1.996
Ps vs 19.889 2.603
Po |=Py | v |=vi1 Py =| 12254 |psi vy =| 24.638 [ftsec”!
Py vg 19.899 2.358
Py vo 9.964 22317
~60.084 95.592
Perack Verack
Results
4
= tc) = 1.197¢P Li =9ft L; =9x 10 ft
hpy = 289 ft u{p.tc) ¢ i i =0 %
Py=1627psi vy = 12.'3‘ftsec:'1 Ap . v] =297.9gpm Dpi = 1.61in
P3=164.1psi Fpi-va= Oftsec-l Fp3: Ap:v3=0gpm
Ps=199psi  vs=2.6ftsec Age(FK) - vs = 1563 gpm
Pg=123psi  Fpg- vg = 24.6ftsec | Fpe - Af(Dpi) - v6 = 156.3gpm
Pg = 19.9psi vg = 2.4ft sec”! ASG(FK) - vg = 141.6gpm
Po=10psi  Fpg- vo = 22.3ftsec Fpo - Af(Dpj) - vo = 1416 gpm

Perack = —60.1 psi vi - Ap

- conti
Verack = 93.6ftsec : (

Re(DH_crack(Lcawc)"’crack,P, M(p,tc)) =2x 10°
P; — P5 = 142.831 psi

X-Site NTP

Fps-Ap-v3 + ASG(FK) V5 + ASG(FK) - vg = 297.9gpm

nuity check at break, OK)

B0-10
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EVALUATION ANALYSIS Revision: _Q
: Page No. __1lof 31
Client: CH2M Hill Hanford Group, Ing. WO/JobNo. |
Subject: . | nt Pi ' ) F imary Pi Dalef %ﬁ!?if%} By:. L. % éélig Z :
Break in Waste Tank Cross-Site Transfer Pipin tem Checked: (<l By:
Location: _200 Area - Hanford Site, Richland. Washington Revised: By:
Case 0 (X10)
input —emsm=m=  anned Motor Westighouee Pump Model 2A-S15-A1)
Lo =0ft H=7f £p = 2 mil
p=138  Z=0f es = 3 mil Dipo =0in  Fg=0
Lp = 51015ft liter Fp3 =0 ep = 5 mil Fi L= 10in
Xp =0 - ft + L tc = 60 °C Dpj=16lin AZp=-1ft Lp(Dp;j,Fg) =7.025ft W, =0.lin
Fpg =1 Fpo:=0 J(Fg,Lo,xg) =0  N(Fg,Lo,Ls,xp) =0 gc = 1 mil
KFg,Lo,xg) =0  M(Fk,Lo,Ls,xg) =38
hpio
Pio |:=ff(Lo,Ho,Ls, Hs,*B,p,t.€P, €S, €D, Dpi, FK, FD3, FD6, FD9, AZp, Lp, H, Z, L, We, ¢, Hp10, P10, V10)
10 |
Py vy
Py vy
Ps vs5
Ps |=Ppo V6 |=Vig
Pg vg
Py vg
Perack Verack
Results
hpyo = 326 ft u(p.tc) = 1.197¢P LiFK=9ft LjFK=9x 10% e
Py = 184 psi vi= 11.9ftsec”! Ap.v] =274.7gpm Dpj; = 1.61in
Py=1852psi  Fpy- va = Oftsec FD3 - Ap- v3 = Ogpm
P5=624psi  vg=4.6ft sec’! Ase(FK) - vs =274.7gpm
Po=388psi  Fpg: ve=433ftsc’’  Fpg- Af(Dpi) - v6 = 274.7gpm
Pg = 62.6psi Vg = Ofl'.sec:-l AS6(FK) - vg = O gpm
Pg = 43 psi Fpo:-vg= Oftse(:.l Fpo - Af(DDi) - vg = Ogpm
Perack = —5.5psi viAp = Fp3-Ap-v3+ ASﬁ(FK) ' Vg + ASﬁ(FK) - vg = 274.7gpm

Verack = 88.1ft sec'l {continuity check at break, OK)

Re(DH_crack(Lc:Wc)a"'crack,P,P(PJC)) =1x 105
Py — P5 = 121.577 psi

X-Site NTP BO-11
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Page No. __12 of 31
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: L. Jul
Break in Waste Tan -Site Transfer Pipi m Checked: (4 By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
Case 0 (X01)
Input B S SY-101 New Transter Pump (RPP-5667 Rev. 0B)
Lo = 0ft H="7ft ep=2mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
Lg = 339 fi p=l.3£ Z=0ft g5 = S mil Dipo =0in Fi =0
Lp = 51015 ft liter Fp3 =0 ep = 5 mil FK .
L. = 10in
= . - b ;= i = — : =
tc =60 C Dp = 1.6lin  AZp=-1ft FD(DDI,FK) 7.025ft W, = 0.1in
FD6 =0 FD9 =] J(FK»LO»XB) =0 N(FK!LO»LvaB) =0 Ecz 1 mil

{Fg,Lo,xg) =0  M(Fg,Lo,Lg,xp) =38

hpoi
Por |:=ff(Lo, Ho,Ls,Hs,xB,p,tC, €P,€S. €D, Dpi. FK. Fp3. Fps, Fpo, AZp, Lp, H,Z, Lc, We, €. Hpor . pot, Voi)
vo1
Py ) vi
P3 v3
Ps vs
Pe |=Pm | Ve [=vo
Pg vg
Py v9
Perack \ Yerack
Results
hpg) = 333 ft n(p,tc) = 1.197¢P L =9ft L =9x 10
Py = 187.6psi vy =11 7 ftsec ! Ap - v| = 270.6gpm " "
P3=1888psi Fpy-vq= (l)ftsec'l Fp3- Ap:v3=0gpm Poi = Lolin
Ps=699psi  vs=0ftsec | Agg(F) - vs = 0 gpm
Pg=49.1psi  Fpg- vg = Oftsec Fps - Af(Dpi) - v = 0gpm
Pg=697psi  vg=4.5ftsec’ " As6(Fx) - vg = 270.6gpm
Po=37.7psi  Fpo- vg =42.6ft sec’] Fpo - Af(Dpj) - vo = 270.6gpm

Perack = 3.8psi

Verack = 86.8 frsec™!

Re(DH_crack(Lc,wc)sVcrack,p,M(P,lc)) =1x 105
Py - P5 = 117.758 psi

X-Site NTP

vi-Ap = Fp3-Ap-v3+ Ase(Fk) - vs + Age(FK) - vg = 270.6 gpm
(continuity check at break, OK)

BO-12
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EVALUATION ANALYSIS Revision: _Q
Page No. __13of 31
Client: CH2M Hill Hanford Group. Inc, WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: ﬁw 212 By: L.
Break in Waste Tank Cross-Site Transfer Pipin stermn Checked: _2 a/ By:m‘é\,
Location: _200 Area - Hanford Site, Richland i Revised: By:

Figure 1a. Case 0: Maximum Pressure in Cross-Site Encasement Pipe Due to Primary Pipe Break
(Between SY-102 Pump Pit and SY-A Valve Pit) within Encasement Section of Length L, Starting at L,

Relative to Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg=0 : Low point drain Lc = 10in
= = OC = — = = i = 1
Z =0ft te = 60 p=13 — u(p,tc) = 1.197¢P DLDOFK Oin Dpy = 161 in W =0.lin
H=672ft L,=0ft Ls=339ft  Lp=5I015ft L =9ft ep=2mil Lp(Dpi,Fk) =7t °°~ L mil
AZp=-1ft H,=0ft Hg =2.58ft Fp3=0 L =9><104ft eg=5mil  ep=35mil
FK Maximum
Pressure
7 : (Ibt/in?)
70
p B——8 —El— ‘ ) £ =
60 : W\;\:\j 62
50
o
g
2 4
£
&
£
g 30
3
A
20 ¥ 3¢ S¢ % N x 5 Lo 20
Between SY-102 Pump Pit
SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
(Canned Motor Westinghouse Pump Model 2A-513-A1)
0 5
0 50 100 150 200 250 300 350
»>6¢ Both Ends Open . , .
B88 Low Point Open Location (ft) of Primary Pipe Break Down Stream of Pump

—¢— High Point Open

X-Site NTP BO0-13
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EVALUATION ANALYSIS Revision: _Q
Page No. _ 14 of 31

Client: _CH2M Hill Hanford Group, Inc, WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: :%/%ﬁ/% By: L.J.

Break in Waste Tank Cross-Site Transfer Piping S Checked: %/ By:
Location: _200 Area - Hanford Site. Richland. Washington Revised: By:

Supernate Transfer

Case 1 break between SY-A Valve Pit and Diversion Box
Lo =LsY102_SYAin L,=339ft start distance from pump of secondary encasement section under consideration
Hy == ZgyAin — ZsY102 H, = 2.58ft change in elevation of primary pipe from pump to point L,
Ls :=LsyAin_DBtin Lg =5635ft length of secondary encasement section under consideration between drains

Hs :=ZpB1in — ZSY102 Hg = 11.67ft change in elevation of primary pipe from pump to point L, +Lg

Subcase X11 {low and high point drain, Fpe = 1 and Fpg = 1)7,

X10 (low point drain, FD8 = 1 and FD9 = 0)*, =
X01 {high point drain, FD6 = 0 and FD9 = 1) Pi = D2

Initial guesses (X11) Q:=161.5-gpm Vj:= Ag Vi= 7.0091 flow velocities
P

S€C

Both low and high point drains open Fg =1 Fp3=0 Fpg:=1 Fpg:i=1
Hpyy =HK(Q) pumphead  Hp;| =469t Vy - Fpg + AV
p2:=62.psi Pprimary pipe pressure just up stream of break V5= 32
Aggl F
p3:=62-psi primary pipe pressure just down stream of break Vg iz Vs Ase(Fk) —S—E(—-E)— =2.59
ps:=39.psi secondary pipe pressure just up stream of break Af{Dpj) P
Aggl F
pe:=5.4-psi secondary pipe pressure at drain up stream of break V)-Fpg + AV se{Fk) =5.72
Vgi=————  A(Dpj)
pg:=39.psi secondary pipe pressure just down stream of break Ag G(FK)
po:=1.psi  secondary pipe pressure at drain down stream of break Vg :=Vg- At(Dp)
Po =26 - psi apply conservation of mass _ Ase(Fk) ft
(continuity) at break V3=V - Ap (Vs+Vg) Vi=101 Sec
Ase(Fk
A :=—6.(.m)— (Vs + Vg) V=443
Acrack(Lcch) sec
T
pi1:=(p2 P3 P5 Ps P8 P9 Pc) Vi1:=(V1 V3 Vs Vg Vg Vo V)T

use W'058 Fg=1
guide/anchor

X-Site NTP BC-14
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Client: _CH2ZM Hill Hanford Group. Inc. W0/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: _—Z%i%t By: L.J. Jul
Break in Waste Tank Cross-Site Transfer Pipi Checked: 2 By:
Location: _200Q Area - ford Site, Ri Washington Revised: By:

Initial guesses (X10) Q:=100-gpm V| := % V) = 4.34£ flow velocities

p sec
Low point drain open Fg=1 Fp3=0 Fpg:=1 Fpg:=0
Hpjo:=H(Q} pumphead  Hpjp=>515ft V1-Fpg + AV
p2:=50.psi primary pipe pressure just up stream of break Vs:= )

AgglF
p3:=50.psi primary pipe pressure just down stream of break V= Vs ASG(FK) ﬁ(_.'_()_ =2.59%
ps:=20-psi secondary pipe pressure just up stream of break Af(Dpi) P

Agsl B
pe:=20-psi secondary pipe pressure at drain up stream of break Vi-Fpg + AV M =572

Ve oo
i d i justd 1 f k %0 l
pg:=20-psi secondary pipe pressure just down stream of brea ey Ass(Fk)
po:=5.psi  secondary pipe pressure at drain down stream of break =Ve Ar(Dpi)
Poi=5 - psi apply conservation of mass _ Ase(Fx) ~ ft
(continuity) at break V3=V - +(Vs+ V) V3= 0'36;
Ags(Fk ft
R ot
Acrack(Lc, wc) sec
T
p1o:={p2 P3 P5 P Pg P9 DPc) Vig=(Vy Va3 Vs Vg Vg Vo V)T
nitial Q=227 gpm V=L v =9.8521C flow velocities
Ap sec
High point drain open Fk=1 Fp3=0 Fpeg:=0 Fpg:=1
Hpgp :=H'p(Q) pumphead  Hpg; =395ft
V)-Fpg + AV
p2:=204 - psi primary pipe pressure just up stream of break Vsi= 10
. . . Agsl F
p3:=204 . psi primary pipe pressure just down stream of break Vg = Vs AS6(FK) —-SELE-)- = 2.596
ps5:=154 . psi secondary pipe pressure just up stream of break Af(DDi) P
Aggl F
pe:= 124 - psi secondary pipe pressure at drain up stream of break Vi-Fpg + AV —S-ELK—) =572
Vgi= ————— Af-(DD')
_ , 3.5 i
pg ;=154 . psi secondary pipe pressure just down stream of break Ag 6(FK)
Po:=9.05 - psi secondary pipe pressure at drain down stream of break Y9~ V8" Ar(Dpi)
Pc:=126 . psi apply conservation of mass __ ASﬁ(FK) ft
(continuity) at break V3=V - _— (Vs+Vg) V3= 2'44;
Ase(Fx fi
Vo= -—-—( ) -(V5 + Vs) Vc:=54'8—t
Acrack(Lc, We) sec
T
po1:=(P2 P3 Ps Ps P8 P9 Dc) Voi:=(V1 V3 Vs Vg Vg Vo V)T
01 2 3 4 56 6 1 2 3 4 56

X-Site NTP BO-15



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __l16of 31
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: 1 By:
Break in W nk Cross-Site Transfer Pipi 5 Checked: (] By:
Location: _200Q Area - Hanford Site, Richland. Washington Revised: By:
111
INpUte=========z=============ss=s=============== SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
ti - -
Lo =339t He=7ft ep =2 mil {Canned Motor Westinghause Pump Model 2A-513-A1)
= k = = i =0.311 =
Lg = 5635 fi o= 1‘3‘_gw Z=0ft s =35mil DLDOFK 0.31in Fg=1
Lp = 51015 ft liter  Epa=0 £p = Smil L. = 10in
tc =60 °C Dpi =2.067in AZp=-1ft Lp(Dp; Fg)=21.086ft W=0.lin
Fpg = 1 Fog = | J(Fk,Lo,xg) =0  N(Fg,Lg,Ls,xg) = 10 Ec = 1 mil

I(Fk,Lo,xg) =0  M(Fg,Lo,Lg,xp) = 460

hpy)
371 :=ff(Lo,Ho,Ls,Hs,XB,p,tc,EP,Ss,ED,DDi,FK,Fns,FD&»FDg,AZD,LP,H,Z,LC,Wc,ec,Hpn,m1,V11)
v '
P2 Y1 146.24 12.108
P3| v3 147.492 1.898
Ps vs 20.975 3.708
Ps |:=Pp) v6 |:=viy Pyp=| 15.531 |psi vq; =] 21.208 frsec”!
Pg vg 21.087 0.956
Py v 0.546 5.466
Pk verack -49.073 89.507
Results
hpq = 3201t u(p.tc) = 1.197¢P L, =12ft Lj,, =552ft
Pp=1462psi v = 12.lftsec.1 Ap . v] =279 gpm Dp; = 2.067in
P3=1475psi Fp3-v3= 0ftsec”) Fp3 - Ap - v3 = 0gpm
Ps = 21 psi vs = 3.7ftsec” Ase(FK) - vs = 221.8gpm
Pg = 155psi Fps - ve = 21.21t sec-1 Fpe- Af(DDi) - vg = 221.8gpm
Pg=2llpsi  vg=1ft sec”| As6(Fk) - vg = 57-2gpm
Pg=05psi  Fpg-vg=5.5ftsec | Fpg - A(Dpi) - o = 57.2gpm
Perack = —49.1psi vi-Ap = Fp3-Ap-vi+ Age(Fk) - v5 + Age(FK) - vg =279 gpm
Verack = 89.5 ftsec'l (continuity check at break, OK)

Re(DH_crack(Lc»Wc),Vcrack,p, u(p,tc)) =1x 105
Py — P5 =125.265 psi

X-Site NTP BO-16



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0
Page No. __17 of 3l
Client: CH2M Hill Hanford Group, Inc. WO/Iob No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/12/2001 ~ By: L.
Break in Waste Tank Cross-Site Transfer Piping System Checked: 2&:‘40/ By:
Location: _200 Area - Hantord Site, Richland, Washington Revised: By:
1{X1
S $Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
3 Canned Motor Westinghouss Pump Model 2A-513-A1
L, = 339ft H=7ft ep = 2mil ( g P )
Ls = 5635t o= 1.3:_g Z=0ft es =3 mil DLpo, =03lin  Fg=1
- ier — — :
Lp = 51015 ft Fp3 =0 €p = 5mil L. = 10in
xg == 0 - ft + L tc =60 °C Dpi =2.067in AZp=-1ft  Lp(Dp;,Fg) = 21.086ft W, = 0.Lin
Fpg:=1  Fpg:=0 H(FioLlox) =0 N(Fk.Lolsxp) =10 )

I(FKaL()axB) =,0 M(FK,LO,LS,XB) =460

hpio
Pio |:=ff(Lo,Hy,Ls,Hs,xp,p,tc, €p, €S, €D, Dpi, FK. Fp3,Fp6, Fp9, AZD, Lp, H,Z, Le, We, £, Hp10, P10, Vio)
V10
P> vy
Py V3
Ps Vs
Pe |:=P1o | V6 [=Vi0
Pg vg
Pg vg
Perack Verack
Results
hpio = 329 ft u(p,tc) = 1.197¢P LiFK= 121t LjFK:SSth
Py =1524psi  v| = 11.9ftsec”! Ap-v| =273.4gpm Dp; = 2.067in
Py=153.6psi Fp3-v3= 0 fesec | Fp3 - Ap-v3=0gpm
Ps=32.1psi  vs=4.6ftsec! As6(FK) - v5 = 273.4gpm
Pg=238psi  Frg- ve = 26.1ftsec’) Fpé - Ae(Dp;) - v = 273.4gpm
Pg=323psi  wvg= Oftsec” ASﬁ(FK) - vg = 0gpm
Pg=21.7psi Fpg-vg= 0 fesec ] Fpo - A¢(Dp;) - vo =0 gpm
Perack = —35.1psi viAp = Fpi-Ap-v3+ AS6(FK) FV5 4+ ASG(FK) -vg=2734gpm

Verack = 87.7ftsec ) (continuity check at break, OK)

Re(DH_crack(Lcywc), Vcrack,ppl-l(p,tc)) =1x 105
P> — P5 = 120.361 psi

X-Site NTP BO-17



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __18 of 3}
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. )
Subject: E nt Pi i i Date: __9/1 )1 By: L.J Jul
Break in W k Cross-Site Transfer Pipin stem Checked: 2/ By
Location: _200 Area - Hant i i i Revised: By:
Case 1 (X01)
Input mommmmm—— S$Y-101 New Transter Pump (RPP-5667 Rev. 0B)
L, =339ft H=T7ft ep = 2 mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
= k = = i
Lg = 5635fi o= l‘3_._g_ Z =0ft g5 = 5mil Dipo. =03lin Fg =1
Lp = 51015 ft liter Fp3 =0 €p = 5 mil FiK

Lc - lOin
—=0. - b/ i= i == i =
tc = 60 °C Dpi=2067in AZp=-1ft Lp(DpiFk) =21086ft o,

I(Fg,Lo,xg} =0  N(Fg,Lo,Lg,xg) = 10

Fpg:=0 Fpo:=1 Ec = 1 mil
(Fg,Lo,xg) =0  M(Fk,Lo,Lg,xg) = 460
hpoi
Pot |:=ff(Lo,Ho,Ls, Hs,%B, P, C.€P. €. €D, Dpi. FK. FD3. Fp6. FD9. AZp, Lp, H,Z, Lc, W, ¢, Hpot . po1. Vo1
Yol
P, Vi)
Py v3
Ps Vg
Pe |:=Pp1 | V6 [:=voI
Pg vg
Py vg
Perack Verack
Results
hpgy = 441 ft ' u(p,tc) = 1.197¢cP LiFK: 12ft LjFK=552 ft
Py=2318psi vy = 8.2ftsec | Ap - vy = 188.6gpm Dp; = 2.067in
Py=2323psi  Fpys-vs = Oftsec Fp3- Ap - v3 = O gpm
Ps=174.6psi  vs=Oftsec As6(FK) - v5 = 0 gpm
Pg = 139.8psi  Fpg: vg = Oft sec”) Fps - A¢(Dpi) - v6 = 0 gpm
Pg=174.5psi  vg = 3.2ftsec As6(FK) - vg = 188.6gpm
Po=1l.Ipsi  Fpg- vo = 18ftsec Fpo - Ar(Dpi) - vg = 188.6gpm
Perack = 142.5psi vi-Ap = Fpa-Ap-v3+ Age(Fk) - v5 + Ase(Fk) - vg = 188.6gpm

Verack = 60.5 ftsec'l (continuity check at break, OK)

Re(DH__crack(Lc-wc)s"crack;p,l-l(p,tC)) —1x10°
Py — P5 = 57.234 psi

X-Site NTP BO-18



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-003
EVALUATION ANALYSIS Revision: _0
Page No. __19of 3]
Client: CH2M Hill Hdnford Groun Inc WO/Iob No.
Subject: Second ; pe Pressure Dug i ipe Date: L
Brgak in Wgslg Tgnk Cross-Site Trans_fgr Piping System Checked: iﬁﬁ

Location: _200 Area - Hantord Site, Richland. Washington Revised:__

Figure 1b. Case 1: Maximum Pressure In Cross-Site Encasement Pipe Due to Primary Pipe Break
(Between SY-A Valve Pit and Diversion Box)} within Encasement Section of Length L, Starting at L,

Relative to Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg=1 e High point rupture disk Lc = 10in
Z=0ft tc = 60 °C = ].3— ,tc) =1.197cP =031in , W.=0.l1in
¢ P liter, u(p C) DLDOFK Dp; = 2.067in ¢ ‘
H=672ft Lo=3%9ft  Lg=5635f Lp=SI0ISR Ly =12t ep=2mil  Lp(Dp;Fy) =211t Ec= 1 mil
AZp=-1ft H,=258ft Hg=1167ft Fp3=0 o eg=5mil  ep=>5mil
L, =552
Maximum
Pressure
180 3 {btin?)
| Between SY-A Valve Pit ' 475
- ‘ and Diversion Box '
160 : f : e
$Y-101 New Transfer Pump (RPP-5667 Rev. OB)
(Ganned Motor Westinghouse Pump Model 2A-513-A1)
™ :
& |
2
= | \
£ o "
5 80 '
g
A
60
10 5 : : _ : :
—
x/x———"" ! S 2
20 | T

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
¥ Both Ends Open

888 Low Point Open Location () of Primary Pipe Break Down Stream of Pump
—&— High Point Open
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RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0
Page No. _200of 3]
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: n i re D Pri i Date: i By: L.J. Julyk #
Break in Waste Tank Cross-Si fer Pipin em Checked: By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
Supernate Transfer

Case 2 break between Diversion Box and Vent Station

Lo =LsY102_DBtout L, = 6600ft start distance from pump of secondary encasement section under consideration

Hy =ZpBiout - ZSY102  Hp = 11.8ft change in elevation of primary pipe from pump to point L,

Ls :=LDB1out_VSin Lg = 13631 flength of secondary encasement section under consideration between drains

Hg :=Zysin - Zsy102 Hg = 85.63ftchange in elevation of primary pipe from pump to point L, + Lg

Subcase X11 (low and high point drain, F; = 1 and Fpg = 1),

X10 (low point drain, FD6 = 1 and FD9 = 0), i = 2.067in
X01 (high point drain, FD6 =0 and FD9 = 1)

Initial guesses (X11) Q:=127 - gpm Vi := -E— Vy= 55124 flow velocities
. . . P Sec
Both low and high point drains open Fg=1 Fp3=0 Fpg:=1 Fpg:=1

Hpjy:=Hp(Q pumphead  Hpjy =498ft V- Fpg + AV

py:=58-psi primary pipe pressure just up stream of break V5= 28
AgplF

p3:=58-psi primary pipe pressure just down stream of break Vg = Vs ASG(FK) —M =2.596

ps:=32.psi secondary pipe pressure just up stream of break Af(DDi) ]
Agg(F

pg:=4-psi  secondary pipe pressure at drain up stream of break Ve V) Fpg + AV —M =572

. §.= 80 Af(DDl)

pg:=32-psi secondary pipe pressure just down stream of break Ag 6(FK)

po:=1-psi  secondary pipe pressure at drain down stream of break Vg:=Vg- Ar(Dpi)

Pe =16 psi apply conservation of mass ASﬁ(FK) ft

L Vy=V| - =———— . (V5 + Vg} V3=0.13—
(continuity) at break 3=V Ap (Vs +Vs) V3 cec
Aggl F ft
C:=____.( ) .(v5+v3) Ve = 39.8 e
Acrack(Lc, Wc) sec
T T
p11:=(pP2 P3 P5 P6 P8 Po Dc) Vi1=(V1 V3 V5 Vg Vg Vg V)
X-Site NTP

B0-20



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Caic. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __ 21 of 31
Client; CH2M Hill Hanford Group. Inc. WO/JobNo. |
Subject: Or i i Pi Date: __9/] sz l By \
Break in Waste Tank Cross- ipin m Checked: _2/247/a/ By %«
Location: _200 Area - Hanford Site, Richland. Washington Revised:_

Initial guesses (X10) Q:= 161 - gpm V) := A& vy =6.987-=  flow velocities
P

seC

Low point drain open Fx=1 Fp3=0 Fpgi=1 Fpg:=0
Hpjo:=HKQ pumphead  Hpjg = 469ft V) - Fpg + AV
p2:=62.psi primary pipe pressure just up stream of break 5= 3.07
: AgglF
p3:=62.psi Primary pipe pressure just down stream of break V= Vs - As6(Fk) —# =2.596
ps:=39.psi secondary pipe pressure just up stream of break Af(DDi) P
AgglF
pg:=5 psi  secondary pipe pressure at drain up stream of break V1 -Fpg + AV —M =5.72
Ve A(Po)
i d i just d f >0 l
pg:=39-psi  secondary pipe pressure just down stream of break Ve iy Ag 6(FK)
._ ) . N N 9 = 8 + —
po:=1.psi  secondary pipe pressure at drain down stream of break Af(DDi)
Pe =26 psi apply conservation of mass __ ASﬁ(FK) ft
(continuity) at break V3i=V1 - “ap (Vs+Vs) V3= 0'99;
Agel Fx
c;=—————-...( ) -(V5+V3) Vc—443‘££'
Acrack( L, Wc) sec
T T
p1o:=(P2 P3 Ps P P8 P9 Pc) Vio:=(V) V3 Vs Vg Vg Vo V)
Initial guesses (X01) Q:=110.-gpm Vj:= f_ Vi= 4774 flow velocities
p sec
High point drain open Fg=1 Fp3=0 Fpe:=0 Fpg:=1
Hpgy :=H(Q) pumphead  Hpgy = 509 ft
Vi-Fpg + AV
p2:=123 - psi primary pipe pressure just up stream of break Vs = 3
. , . Aggl F
pa:=125.psi primary pipe pressure just down stream of break Vg = Vs Ase(Fk) —-§-%£-5)~ =2.596
ps:=120-psi Secondary pipe pressure just up stream of break A(Dps) P
AgglF
pe:= 112 - psi secondary pipe pressure at drain up stream of break V1 Fpg + AV —§E~(-—~5)— =572
Vg=————  A{Dp;
45 AsDi
pg:= 120 - psi Secondary pipe pressure jugt down stream of break Voo v Ag 6(FK)
po:=1-psi  secondary pipe pressure at drain down stream of break 9-=7V8- A(Dpi)
pe:=118 - psi _ apply conservation of mass ) ASG(FK) ft
(continuity) at break Y3 =Vi- Ap (Vs+Vg) V3= 1'88;;
Ass(Fk
c:=———(—)—-(V5+Vg) vc=214-f'—
Acrack(Lc, W) sec
T
po1:=(P2 P3 Ps D6 P8 P9 Pc) Vo1:=(V1 V3 Vs Vg Vg Vo V)T
01 2 3 4 56 0 1 2 3 4 56

X-Site NTP B0O-21



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. ' Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _0
Page No. _ 22 0of 3]
Client: _CH2M Hill Hanford Group. Inc. WQO/lobNo. _ |
Subject: ﬁm@ﬁmhﬂmmﬂmhmm_ Date:
reak in Wa k Cr Transfer Pipin stem Checked:
Location: _200 Area - Hanford Site. Blghlgﬂd, Washington Revised:____
Case 2 (X11)
LT — $Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
M -
L, = 6600t He7ft £p = 2 mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
o1k zZ=om £s = Smil DLpo, =03lin Fi =1
Lp = 51015 ft Titer Fp3 =0 €p = 5 mil Lc = 10in
[6:=2550 ft+ L] tc=60 C Dpj =2.067in AZp=-1ft  Lp(Dpi,Fk) =21.086ft W =0.lin
Fpg = | Fpo = | J(Fk,Lo.xg) =5  N(Fg,Lo,Lg,xp) =20 €c= 1 mil

I(Fk,Lo.xg) =208 M(Fg,Lo,Lg,xp) =903

hp1j
Pn :=ff(Lo,Ho,Ls,Hs,XB,p,tc,EP,Es,ED,Dm,FK,Fm,FDﬁ,FD9,AZD,LP,H,Z,Lc,Wc,Gc,HPn,Pll,Vl1)
Vi1
P v 60.714 5.668
P3 v3 60.977 1.433
Ps vs 33.23 2.177
Pe |:=Py1 | Ve |=vn Py =| 5.041 |[psi v = 12453 |frsec’!
Pg v 33.272 6.157x 107 °
Py vo —0.563 0.035
Perack ) Verack 17.892 41.504
Resuits
hpyy = 495 ft n(p,tc) = 1.197cP LiFK= 121t LjFK=552ft
P,=607psi  vi=57ftsec! Ap - vy = 130.6gpm Dpj = 2.067in
P3 = 61psi F];,;:,-\r;:,=0ftsec'1 Fp3 - Ap- v3 = 0Ogpm
Ps=332psi  v=22ftsec’’ Age(FK) - vs = 130.2gpm
Pg = 5 psi Ppg- V6= 12.5ftsec’  Fpg- Af(Dpi) - v6 = 130.2gpm
Pg=333psi  vg=62x 107 fisec”  Agg(F) - vg = 0.4gpm
Pg=-06psi  Fpg: vo = Oftsec Fpg - Ar(Dpj) - vo = 0.4gpm
Perack = 17.9 psi vi-Ap = Fp3-Ap-va+ Agg(FK) - vs + Age{FK) - vg = 130.6gpm

Verack = 41.9 frsec ] (continuity check at break, OK)

RC(DH_crack(Lc»Wc) errack-P,M(p,tc)) =7 X 104
P> — P =27.484 psi

X-Site NTP B0-22
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LIJ-005

EVALUATION ANALYSIS Revision: _Q
Page No. _23 of 31
Client: _CH2M Hill Hanford Group. Inc. WO/{Job No. .
Subject: Pipe Pressur i i Date: %}%é%; By:
Break in Waste Tank Cross-Site Transfer Piping System Checked: o/ By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
Case 2 (X10)

$Y-101 New Transter Pump (RPP-5667 Rev. 0B)

Input -
Canned Motor Westinghouse Pump Model 2A-513-A1
L, = 66001t H=7ft ep = 2 mil ( 9 P S13-A1)
s = 136311 p=1'3:_g Z = 0ft £g = 5mil Dipo, =03lin  F=1
- iter = = §mi
Lp = 51015t Fp3 =0 ep = 5 mil L. = 10in
[x6=3000 ft+ L] 1c=60°C i=2067in AZp=-1ft  Lp(Dpj,Fg) = 21.086ft W, = 0.1in
Fpg =1 Fp =0 J(Fk,Lo,xB) =5  N(Fg,Lo,Lg,xg) = 19 e = 1 mil
I(FK,Lo,%g) =245 M(Fg,Lo,Lg,xp) = 867
hp1o
P]O = ff(Lo,I'Io,LS,HS,XB,p,tC,EP,ES,ED,DDi,FK,FD3,FD6,FD9,AZD,LP,H,Z,LC,WC,EC,HP]O,[)IO,VIO)
V10
P i 61.299 5.52
Ps vy 61.547 1.463
Ps vs 35.265 2.13
. -1
Pio=| 4.805 =| 12,185 |ft
P6 - PlO v = V0 10 pst vip Sec
35.305 0
Pg v8
2.191 8.689
P
9 v 20737 40.784
Perack Verack
Results
hpyp = 497 ft p,(p,tc) =1.197¢cP L =12ft L =552t
FK F
Py = 61.3 psi V| = S.Sftscc'1 Ap-v] = 127.2gpm Dpj = 2.067in
P3=61.5psi Fp3-va = Oftsec” Fp3 - Ap - v3 = Ogpm
Ps=353psi  vg=2.1ftsec | As6(FK) - vs = 127.4gpm
Pe=48psi  Fpg-ve=122ftsec’’  Fpg- Af(Dp;) - vg = 127.4gpm
Pg=353psi vg= Oftsec’! Ass(FK) - vg = 0gpm
Pg = 2.2psi Fpg-vg = Oftse(:-l Fpog - Af(DDi) -vg =0gpm
Pirack = 20.7 psi vi-Ap = Fp3-Ap-v3+ AS6(FK) V5 + ASﬁ(FK) -vg = 127.4gpm

Verack = 40.8 ﬁsec-l (continuity check at break, OK)

Re(DH_crack(LCawc),Vcrack,p,u(p,tc)) =7x 104
Py — P5 = 26.034 psi

X-Site NTP B0-23
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CH2MHILL Hanford Group, Inc.

$Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
(Canned Motor Westinghouse Pump Model 2A-513-A1)

Dipo  =03lin
Fi

EVALUATION ANALYSIS
Client: CH2M Hill Hanford Group. Ing. WO/Job No.
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date:
Break in Waste Tank Cross-Site Transfer Piping System Checked:

Location: _200 Area - Hanford Site, Richland, Washingion Revised:

Case 2 (X01)

Input

L, = 6600ft H=7ft ep = 2mil

[s=13631H 5k Z=0ft es = 5mil

Lp = 51015 ft liter Fp3 =0 ep = 5 mil

tc =60 °C Dp; = 2.067in AZp = —1ft

Fpg:=0 Fpg =1 J(F.Lo,xp) =0

I(Fg,Lo,xg) =0

(<4

Calc. No. RPP-LJJ-005
Revision: _0Q

Page No. _24of 31

Fx=1

Lp(Dpi,Fk) = 21.086ft

N(FKsL();LS!xB) =25
M(Fk,Lo,Ls,xp) = 1111

hpoy
Po1 |:=ff(Lo,Ho,Ls, Hs, xB,p. tC, €P, €5, €D, Dpi, FK, FD3, FD6. FD9, AZD, Lp, H, Z, L, We, €¢, Hpo1, Po1 , Vor )
Vol
P2 v 183.934 4.581
P3 v3 184.07 2.337
Ps Vs 166.007 0
Pe |[=Pop1 | v6 |:=vo Pg; =!| 132.978 |psi vgy =| 61.409 (ftsec
Py vg 165.98 1.764
P v 3.137 10.092
Pk erack | 155.962 33.865
Results
hpoy = S12ft u(p.tc) = 1.197cP Li, = 12t Ly, =S52ft
Py =1839psi vy = 4.6ftsec Ap - v = 105.6gpm Dp; = 2.067in
Py=184.1psi  Fpa- vy = Oftsec ' Fp3 - Ap - v3 = 0gpm
Ps=166psi  vs=0ftsec " Ase(F) - vs = 0 gpm
Pg = 133 psi Fpg - vg = Oft sec”’ Fpé - Af(Dpi) - v6 = 0gpm
Pg=166psi  vg= L.8ftsec Ase(FK) - vg = 105.6gpm
Po=3.psi  Fpo-vg=101ftsec’  Fpg- Ag(Dp;) - vo = 105.6gpm

Perack = 156 psi vi-Ap =

Verack = 33.9ftsec”

Re(DH_crack(Lc’Wc),Vcrack,D,H(p,tC)) =6 X 104
Py — P5 =17.927 psi

X-Site NTP B0-24

Fp3-Ap-v3+ ASG(FK) - V5 + ASG(FK) - vg = 105.6gpm
(continuity check at break, OK)
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0
Page No. __25 of 3!
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date::%%: By: I{;ffiﬁzz
Break in Waste Tank Cross-Site T r Pipin m Checked: (-2 By:
Location: _2 - Hanford Site, Richlan i Revised: By:

Figure 1c. Case 2: Maximum Pressure In Cross-Site Encasement Pipe Due to Primary Pipe Break
(Between Diversion Box and Vent Station) within Encasement Section of Length L, Starting at L,

Relatlve to Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg=1 e Low and high point rupture disk L 10
Z=0ft tc=60°C [p=13—={ p(p,tc)=1197cP oy o . €=
liter| DLDOFK =0.31in i = 2.067in W, = 0.1in
H=672ft L,=6600ft Lg=13631ft Lp=51015ft LiFK =12ft ep=2mil  Lp(Dp;,Fg) =211t €= 1mil
AZp=-1ft Hy=11.8ft Hg=8563ft Fp3=0 L -ssaf  S* 5mil  ep=5mil
Fk
180 . : . Maximum
' : ’ ; Pressure
Between Diversion Box : (btin2)
and Vent:Station :
166
140
~ 120
.20
g
g
2 100
£
-4
&
80
g
s
&
60
44
40
a3
2 ‘
$Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
(Canned Motor Westinghouse Pump Model 2A-513-A1)

0

4 4

12-16° 1410* 16.10* 1810 2.0° 22.0°

9‘_)‘* lggg?Endst‘gg?en 6000 8000 1-10

B85 Low Point Open Location (ft) of Primary Pipe Break Down Stream of Pump
&~ High Point Open :

X-Site NTP B0-25
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJI-005
EVALUATION ANALYSIS Revision: _Q
Page No. __ 26 of 31

Client: _CH2M Hill Hanford Group. Inc. WO/{Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: _9/ By: L.J,

Break in Waste Tank Cross-Site Transfer Piping System Checked: By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:

Supernate Transfer
Case 3 break between Vent Station and 244A Lift Statlon)
Ly :=LsY102_VSout L,=20362ft start distance from pump of secondary encasement section under consideration

Hy = Zysout ~ Z5Y102 H, =85.63ft  change in elevation of primary pipe from pump to point L
Lg :=LySout_244Ain Lg =22425ft  length of secondary encasement section under consideration between drains

Hg :=Zo44Ain - Zsy102  Hg =10.88ft  change in elevation of primary pipe from pump to point L, + Lg

Subcase X11 (low and high point drain, F,g = 1 and Fpg = 1)",

X10 (high point drain, FD8 = 1 and FD9 = 0), Dp; = 2.0671n
X01 (low point drain, FO6 = 0 and FD9 = 1)*

ft -
Initial guesses (X11) Q:=138-gpm  Vy:= 2 V) =5.980— flow velocities

Ap sec
Both low and high point drains open Fg=1 Fp3=0 Fpg:=1 Fpo:=1
Hpyp = H‘p(Q) pump head Hpj| = 4891t Vi - Fpg + AV
pa:=47.psi primary pipe pressure just up stream of break Vs:= 3s

Aggl F

p3:=47-psi  primary pipe pressure just down stream of break Ve := Vs ASG(FK) M =2.596
. . R . P
ps:=29-psi Secondary pipe pressure just up stream of break Af(DDl)

Aggl F
pe:=1-psi  secondary pipe pressure at drain up stream of break Vo oo Vi-Fpg + AV —M =572
pg:=29-psi secondary pipe prassure just down stream of break Ase(Fk)
po:=1.psi  secondary pipe pressure at drain down stream of break Vo:=Vg A¢(Dpi)
pc:=19 - psi apply conservation of mass _ Ase(Fk) ~ ft

{continuity) at break V3i=Vi- (Vs +Vg) V3=127 sec
Aggl F
o= S6( K) ) (VS + VS) Vo= 34_9.!}..
Acrack( Le, wc) sec
T T
pr1:=(p2 P3 P5 D P8 P9 Dc) Vit=(V1 V3 Vs Vg Vg Vo V)

X-Site NTP B0-26
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CH2MHILL Hanford Group, Inc.

EVALUATION ANALYSIS
Client: CH2M Hill Hanford Group. Inc.
Subject: ncasement Pipe Pr i Pi Date:
Break in Waste Tank Cross-Site Transfer Piping System Checked:
Location: _200 Area - Hanford Site. Richland, Washington Revised:

Calc. No. RPP-LJJ-005
Revision: _0
Page No. __ 27 of 3|

/2 By:
z By:
- By

WO/Job No.

nitial 10) Q:=78.gpm  V;=-2% v, = 3385 flow velocities
Ap sec
High point drain open Fg=1  Fp3=0 Tpe=1 Fpy:=0
Hpjg:=H(Q) pumphead  Hpjg=>5271t
0="p 0 Vy-Fpg + AV
p2:=45.psi primary pipe pressure just up stream of break V5= 3
AgglF
p3:=45-psi primary pipe pressure just down stream of break V= Vs AS6(FK) Sif K) = 2.596
6:=Vs: —7—— P
ps:=35.psi secondary pipe pressure just up stream of break Af(DDi)
AgglF
pe:=1.5-psi secondary pipe pressure at drain up stream of break Vi-Fpg + AV so(Fk) =5.72
Vgi=—— Ag(Dpi)
pg:=35-psi secondary pipe pressure just down stream of break Veoly Ag 6(FK)
po:=55-psi secondary pipe pressure at drain down stream of break 9=V8 Af(DDi)
pe:=30. psi apply conservation of mass v Ase(Fk) Caaft
(continuity) at break V3=Vi Ap (Vs+ V) V3=03 soc
Agel F '
Ve STy v Vo-2288
Acrack(Lc , Wc) sec
T T
p1o:=(pP2 P3 Ps P6 P8 P9 Pc) Vio:=(V1 V3 Vs Vg Vg Vg V¢)
0L 2 3 4 56 ' 0 1 2 3 4 56
itial Q:=75-gpm V= L V) = 3.255 T flow velocities
P sec
High point drain open Fg=1 Fp3=0 Fpg:=0 Fpg:=1
Hpgy :=H(Q) pump head Hpgp = 5281t
Pol P pol Vi -Fpg + AV
p2:=58.psi primary pipe pressure just up stream of break Vs:= 8
Agpl F
p3:=58.psi primary pipe pressure just down stream of break V= Vs AS6(FK) -—E-Z—(—K)- = 2.596
. . = . P
p5:=50-psi secondary pipe pressure just up stream of break Af(DDI)
Aggl F
Pe:=32-psi secondary pipe pressure at drain up stream of break _ Vi-Fpg + AV sel K) =572
§:= 3 Af(DDi)
ps:=50.psi secondary pipe pressure just down stream of break ey Ag 6(FK)
po:=1-psi  secondary pipe pressure at drain down stream of break 9-=¥8 As(Dp;)
Pe:=44 - psi apply conservation of mass ' Asé(FK) ~ ft
(continuity) at break V3=V - Ap (Vs+ V) V3= 0'32;;
Agg(Fk ft
C:= —---.._....._._( ) . (V5+ Vs) VC=21‘7_
Acrack(Lc , wc) sec

T
po1:={P2 P3 Ps Ps P8 P9 Pc)

01

X-Site NTP

2 3 4 560 60 1 2 3

B0-27

T
Vo1 :=(V1 V3 V5 Vg Vg Vg Vc)

4 56



CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0

EVALUATION ANALYSIS
Client: CH2M Hill Hanford Group. Inc, WO/{Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: 2
Break in Waste Tank Cross-Site Transfer Piping System Checked: 24~/2
Location: _200 Area - Hanford Site. Richland, Washington Revised:

Calc. No. RPP-LJI-005
Revision: _Q
Page No. __28of 31

Case 3 (X11)

Input R (Ca:nned Motor Westinghouse(gzrzfaizi:e;ﬁ;\?seg-ﬁx1)

Lo = 20362 ft H=7ft ep = 2 mil

Lg = 224251 =1_3£ Z=0ft £ = 5mil DLDOFK=0.31in Fg =1

Lp = 51015 ft liter Fp3 =0 €p = Smil " L = 10in

[xB :=Ls - 9300 ft + Lq Dp; =2.067in AZp=-1ft Lp(Dp;,Fg) =21.086ft W.=0.lin
c=60 °C  Fpg=1 Fro = 1 J(Fk,Lo,xg) =24  N(Fg,L,,Lg,xg) = 17 ¢ = 1 mil

I(Fg,Lo,xg) = 1070 M(Fg,Lo,Lg,xg) = 758

hp1)
Py :=ff(Lo,Ho,Ls,Hs.XB,p,tc,t-:P,ES,ED,DDi,FK,Fm,FDe.FDmAZD,LP,H,Z,Lc,Wc,Ec,HPIl,pll,Vn)
VIl
) vy 32,535 3.126
P v3 32.587 1.942
Ps vs 24.093 —1o92x 1074
Pe |=Puu | v |=vi1 Pi1=| -0.564 [psi v = 2156x 10~ frsec !
Py vg 24.081 1217
Po vo 1219 6.963
Perack Verack 19.366 23.232
Resulis
hpq] = 5301t u(p.tc) = 1.197¢cP L, =12ft L =552f
P, = 32.5psi = 3.1ftsec’! Ap- vy = 72gpm Dp; = 2.067in
P3=326psi  Fpy-va= 0ftsec”) Fps - Ap- vy = 0gpm
Ps = 24.1 psi = 11% 10 *fesec! AselFi) - vs = —6.5% 10 > gpm
=-0.6psi  Fpg-vg=-32x 10 7 frsec”! Fpe - Af{Dpi) - V6 =-3.3x 10~ 6gpm
Pg=24.1psi  vg=12ftsec’ Ase(FK) - vg = 72.8gpm
Pg = 1.2psi Fpo-vg = 7ftsec“] Fpg - Af(DDi) - vg =72.8 gpm

Perack = 19.4 psi

Verack = 23.21t sec-l

vi - Ap

Fp3 - Ap- v3 + Age(Fk) - vs + Age(Fk) - vg = 72.8 gpm

(continuity check at break, OK)

Re(DH_crack(Lc.Wc):Vcrack,p.l.l(p,tc)) =4 % 104

Py ~ P5 = 8.441 psi

X-Site NTP

B0-28
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CH2MHILL Hanford Group, Inc.
EVALUATION ANALYSIS

Client: CH?2M Hill Hanford Group. Inc.

Subject: _Secondary Encasement Pipe Pressure Due fo Primary Pipe

Break in Waste Tank Cross-Site Transfer Piping System
Location: _200 Area - Hanford Site. Richland, Washington

Case 3 (X10)
Inpl "t

Lo = 203621t H="7ft £p =2 mil

= k - = i
Lg = 22425 fi p=13 g Z=0ft £g = Smil

Lp = S1015ft liter Fps =0 ¢p = 5mi
kg =Lg - 5800 fi+ L]

1

WO/ob No.
Date:
Checked:
Revised:

Calc. No. RPP-LJI-005
Revision: _§Q

Page No. __29 of 31

1 B.y: L
/ By:

$Y-101 New Transfer Pump (RPP-5667 Rev. 0B}
(Canned Motor Westinghcuse Pump Model 2A-513-A1)

Dpj = 2.067in AZp = 1 ft

Lp(Dp;, Fg) = 21.086ft

DLDOFK =0.31in FK =1

Lc = 10in
W, =0.lin

tc=60°C Fpg:=1 Fpg :=0 J(Fg,Lo,xg) =30 N(Fg,Lo,Lg,xg) = 11 €c = I mil
I(FK,Lo,xg) = 1355 10° Ly, Lg,xp) = 472

hpyo
Pio {:=ff(Lo,Ho,Ls,Hs,xB.p,!C,€P, €S, ¢D.Dpi, FK, FD3, Fp6, FD9, AZD, Lp, H,Z, L, We, £, Hp10, P10, Vi0)
vio
P vl ( 88.481 2.641
Ps v 88.456 3.128
Ps vs 82.508 1.017 ;
Pe |:=Pio vo |:=vio Pio=| 0.69 |psi vigp=| 5.819 |ftsec
Py y 82.517 0
74.808 46.09
P ' (79.177 19.527
Perack Verack
Results
hpio = 5341t u(p,tc) = 1.197¢P Li = 12ft L}-FK=552ft
Py =885psi vy = 2 6ftsec”! Ap - v] = 60.9gpm Dpj = 2.067 in
P3=885psi Fpy-va= Oftsec ! Fp3 - Ap-vi =0gpm
Ps = 82.5psi v =11t sec‘] ASﬁ(FK) - v§ = 60.9 gpm
Pg = 0.7psi Fpg - v6 =58 ftsec | Fps - Af(Dpi) - v6 = 60.9 gpm
Pg=82.5psi  vg=0ftsec Ase(FK) - vg = 0 gpm
Po=748psi  Fpg- vo=Oftsec | Fpo - Af(Dp) - v9 = 0gpm
Perack = 792 psi vi-Ap = Fp3-Ap-v3+ Age(Fk) - v5 + Agg(FK) - vg = 60.9 gpm

Verack = 19.5 ftsec ]

Re(DH_crack(Lc;Wc)»Vcrack,P,H(p’tC)) =3x 104
Py — P5 =5.973psi

X-Site NTP B0O-29

(continuity check at break, OK)
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L.JJ-005
EVALUATION ANALYSIS Revision: _0
Page No. __ 300of 3]
Client: CH2M Hill Hanford Group, Ing. WQO/JobNo. .
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date;
Break in Waste T ross-Site Tran ipi m Checked: _2
Location: _200 Area - Hanfi i ichland, Washi Revised:_
Case 3 (X01)
INput=============c=ss======================z=x SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
L, = 20362 ft H="7ft ep = 2mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
— k = p— i
Lg = 224251 p=1.3-.i Z=0ft €5 = 3 mil Dipo  =03lin Fi =1
Lp = 51015t liter Fp3 =0 ep = 5mil Fk .
Le = 10in
x5 :=Ls - 9500 ft + Ld Dpi =2.067in AZp=-1ft  Lp(Dp;,Fk) = 21.086ft W, = 0.1in
1c=60°C Fpg:=0  Fpg:=1 J(Fk Lo, xp) =23 N(F§!L0-LS-"B) =17 gc = 1 mil
I(Fk,Lo,xg) = 1.054x 107 Lg,Lg,xg) = 775
hpo1
Poi :=ff(Lo,Ho,Ls,Hs,xB,p-tc,ﬁp,ﬁs,ED,DDi,FK,Fns,FD6,FD9,AZD,LP,H,Z,Lc,Wc,Ec,HPm,P01,V01)
vo1
P
2 Yl 32387 3.135
P3 v3 32.44 1.935
Ps vs 23.977 ~1.621 % 10~ 5
Pg |:=Pgq ve |:=vo1 Pp| =| -0.352 |psi vp = 2.327 frsec
Pg vg 23.964 1.209
Py vo 1.196 6.917
19.266
Perack Verack 23.19
Results
hpgy = 5291t u(p.tc) = 1.197cP Li =I12ft L; =552ft
Fg Fg
Py=324psi  vi =3.Iftsec Ap - vy = 72.2gpm Dp; = 2.067in
Py = 32.4psi Fps - v3 = 0ft sec’! Fp3- Ap: v3 =0gpm
Ps = 24 psi vs=-1.6x 10 S fisec! Age(FK) - vs=-9.7x 10 4gpm
=-04psi  Fpg- vg=0ft sec | Fps - Af(Dpi) - v6 = 0 gpm
Pg = 24 psi vg = 1.2ftsec ! Ass(FK) - vg = 72.3 gpm
Po=12psi°  Fpg- vg = 6.9ft sec”! Fpo - Af(Dpi) - v9 = 72.3gpm
Perack = 19.3 psi vi-Ap = Fpi-Ap-vy+ AS6(FK) -v5 + AS6(FK) -vg =723 gpm

Verack = 232 ftsec'l (continuity check at break, OK)

Re(DH_crack(Lc'Wc) ,VcracksP,H(PatC)) =4x 10"
Py - P5 =8.41psi

X-Site NTP B0O-30



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-L]J-005
EVALUATION ANALYSIS Revision: _0Q
Page No. __3lof 31
Client: _CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: _Secondary Encasement Pj rimary Pi Date: 9/52/2% k
Break in Was nk Cross-Site Transfer Pipin m Checked: %&\/
Location: _200 Area - Hanford Site, Richland hington Revised:_

Figure 1d. Case 3: Maximum Pressure in Cross-Site Encasement Pipe Due to Primary Pipe Break
(Between Vent Station and 244A Lift Station) within Encasement Section of Length L, Starting at L,

Relative to Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg=1 kg High point rupture disk Lc = 10in
— — ] — — :
Z=0ft tc =60 °C p“”mer u{p.tc) = 1.197¢P Dipo, =031in Dp; = 2.067in W, =0.1in
K R
H=672ft Lo =20362ft Lg=22425ft Lp=5SI01Sft  L; =12ft ep=2mil Lp(Dpi, Fk) = 21.1ft ec = 1 mil
K
AZp=-1ft Hy,=85.63ft Hg=1088ft Fp3=0 L =52 gg=5mil &p=35mil
' FK Maximum
Pressure
90 1 ; {Ibffin?)
$Y-101 New Transfer Pump (RPP-5667 Rev. 0B) 83
80 {Canned Motor Westinghouse Pump Model 2A-513-A1)
70
69
- 60
2o
&
g
% 50
&
&
[
40 |
g
=
8
A
30
24
20
10 Between Vent Statlon
and 244A Lift Station
0 ;) ‘
1.5-10* 2.10* 2.5.10% 3.10 3.5.10° 410"

96** Bothsg([)l%S Opﬁ:nl 10

—9— High Point Open Location (ft) of Primary Pipe Break Down Stream of Pump
8588 Low Point Open

X-Site NTP B0O-31
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CH2MHILL Hanford Group, Inc. Cale. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
PageNo. _lof 31
Client: CH2M Hill Hdnford Groun Inc WO/Job No.
Subject: Se a 3 ¢ Dueg imary Pipe Date: L
Break in Waste Tank C g§§-§ ite Transfg: Piping System Checked: %ii %

Location: _200 Area - i ichl Revised:_

[#] Reference:C:AWINDOWS\Desktop\FY2001\Waste Transfer System\Encasement Pressure Issue\Cross-Site Encasement Calcs\pipebreak.1

Input Parameter Data

RCSTS Eievation and Equivalent Pipe Length Parameters

Zsy102 = 668.62 - ft elevation at SY102 Transfer Pump Pit

i Lsy102_SYAin:=339 - ft
ZgyAin:=671.2 - ft elovation at SY-A-in Valve Pit

LsyAin_SYBout =714 - ft

ZsyBout = 6702 - ft elevation at SY-B-out Valve Pit

. N LsyBout_DB1in :=4921 - ft
ZDB1in := 680.29 - ft elevation at Diversion Box 6241-A-in

: LpBiin_Bp:=340 - ft
Zpp:=684.92. ft elevation at Booster Pump

N LBp_DB1out := 286 - ft

ZpBlout == 680.42 . ft elevation at Diversion Box 6241-A-out

: . , LpB1out_vsin = 13631 - ft
Zygin = 75425 - ft elevation at Vent Station 6241-V-in

i . Lvsin_vsout =131 - ft
Zysout :=754.25 - fi elevation at Vent Station 6241-V-out

- , : LvSout_244Ain := 22425 - ft
Zo4aain = 6795 - ft elevation at 244 Lift Station-in

: , , L244Ain_244A0ut := 301 - ft
Zy44A0ut = 681.36 - ft elevation at 244 Lift Station-out

: LoasAout_ap107 :=7927 - ft
Zap107 =675.34 . ft elevation at Tank AP107

LsY102_DBiout :=LsY102_SYAin + L§YAin_SYBout + LSYBout_DBlin + LDB1in_BP + LBP_DBlowt LSY102_DBlout = 6600ft
Lsy102_vSout :=LsY102_DB1out + LDB1out_VSin + LVSin_vSout Lsy102_vsout = 20362 ft
LsyAin_DBlin :=LSYAin_SYBout + L§YBout_DB1in Lsyain_DB1in = 56351t

3 1 8 05

Z3Y_tank_bottom ‘= (6165 HrARTRET _1?) fe Z3Y_full = Z§Y_tank_bottom + 422 - in (H-2-37772)

AHpump =ZsY102 - ZSY_full

AHgymp = 16.214ft

X-Site NTP Bi1-1
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __20of 31
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: 0 Pi i Pj Date: _ 9 By: L.
Break in Tank Cross-Site Tra ipi m Checked: ﬁg%t By: -
Location: _200 Area - Hanford Site. Richland. Washington Revised: By’
RCSTS Cases

Case 0 break between SY-102 Pump Pit and SY-A Valve Pit (transfer pump)

Lo:=0-ft Lo =0ft
Subcase X11 (low and high point drain, Fpg = 1 and Fpg = 1)°,

Hy:=0-fi H, = 0ft . ) ] )
X10 (low point drain, FD6 = 1 and FD9 = 0) 1 1/2-in.drain,
Ls :=Lsy102_SYAin Lg =339ft X01 (high point drain, FD6 = 0 and FD9 = 1)*

Hg :=ZgyAin - Zsy1o2  Hg=2.58ft

Case 1 break between SY-A Valve Pit and Diversion Box (transfer pump)

o T LSY102,SYAn bo 3T Subcase X11 (low and high point drain, Fys = 1 and Fpg = 1)
ubcase ow and high point drain, Fyg = 1 and Fppg = 1)%,
=Z in— Z =2.58ft
Po:=Zsvain-Zsviez Mo X10 (low point drain, FD6 = 1 and FDO = 0Y",
Ls :=LgyAin_DBlin Lg = 5635ft X01 (high point drain, FD6 = 0 and FD9 = 1)

Hs :=ZpBiin ~Zsy102  Hs=11.67ft
Case 2 break betwsen Diversion Box and Vent Station (transfer + booster pump)

Lo :=LsY102_DBlout Lo = 66001t Subcase X11 (low and high point drain, Fpg = 1 and Fpg = 1),

Hy :=ZpBiow - Zsy1o2  Ho=11.8ft X10 (low point drain, FD6 = 1 and FD9 = 0),
Ls = LDBlout VSin L = 13631 ft X01 (high point drain, FD6 = 0 and FD9 = 1)

Hs :=Zvsin - Zsy102 Hg = 85.63ft

Case 3 break between Vent Station and 244A Lift Station (transfer + booster pump)

Lo :=LsY102_vSout Lo = 20362 ft
H, = Zvsout — Z5Y102 H, = 85.63ft Subcase X11 (low and high point drain, Fpg = 1 and Fpg = 1)*,
LS = LVSOut 244Ain LS = 22425 ft X10 (hlgh pOint drain, FD6 =1 and FD9 = 0),

X01 (low point drain, FD6 = 0 and FD9 = 1)*
Hg :=Z244Ain — Z8Y102 Hg = 10.88ft

* would require additional drain/relief valve at other end of line segment

X =1 for FD3 = 1 (primary pipe downstream flow open)
0 for FD3 = 0 (primary pipe downstream flow blocked)

X-Site NTP B1-2

“.
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __3of 31
Client: _CH2?M Hill Hanford Grouo lnc WO/Iob No.
Subject: Sg Date: By L.J Julyk
k in Wastc Tank Cross-Sug Trgngjgr Piping Syg:gm Checked: % 5 Mﬁ&(_/
Location: ZQQ Area - Hanford Site, Richland, Washington Revised:_____
Fg selects primary pipe internal support parameters in annulus

= 0 for existing in-Farm piping {no leak detection cablse, noc anchors)

= 1 for W058 and W314 extension of W058 (with leak detection cable 2-in. thk anchor, no radius in anchor slots)
= 2 for W058 and W314 extension of W058 (leak detection cable 2-in. thk anchor, with radius in anchor slots)

= 3 for new in-Farm W314 piping (1-in. thk anchor, with radius in anchor slots)

Dp; internal pipe diameter of drain
= 1.5 or 2 inches for existing in-Farm piping (no rupture disks)
= 2 inches for W058 and W314 extension of W058 (with rupture disks)
= 2 inches for new in-Farm W314 piping (no rupture disks)

Fp3 Fpg Fpg switch to block (= 0} or open (= 1) flow downstream of break and drain location 6 or 9, respectively

Lp total equivalent length of primary pipe from pump to discharge exit

Lp :=Lsy102_vSout + LvSout_244Ain + L244Ain_244A0ut + L244A0ut_AP107 Lp =351015ft Lp = 9.662mi

H:=Zap107 - ZsY102 change in elevation of primary pipe from pump to point just before vertical H=7ft

increase in elevation at end of primary pipe at discharge to tank (see Figure 1)

AZp:=-1-ft approximate change in elevation at drain

Z.=0-ft vertical increase in elevation at end of primary pipe at discharge to tank at WTP (N/A)

Supernate Transfer

Case 2 break between Diversion Box and Vent Station

Lo :=LsY102_DBlout L, = 6600ft start distance from pump of secondary encasement section under consideration
Hy :=ZpB1out — Z5Y102 H, = 11.8ft change in elevation of primary pipe from pump to point L, Hy = 11.81t
Ls =LpBlout_VSin Ls = 13631 flength of secondary encasement section under consideration between drains
Hs :=Zysin — ZsY102 Hg = 85.63ftchange in elevation of primary pipe from pump to point L, +Lg  Hg = 85.63ft

xp = 1000 - ft + L distance of break in primary pipe from transfer pump

HB(LosHmLSsHSst) =17.22ft elevation at assumed break location xg, relative to transter pump elevation

tc temperature of waste (°C)

p bulk density of waste (kg/L)

Pipe roughness
ep:=2 - mil stainless steel primary pipe
€5 :=35 - mil _ carbon steel secondary (encasement) pipe
Ep:=5-mil carbon steel drain pipe

X-Site NTP . B1-3
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EVALUATION ANALYSIS Revision: _Q
Page No. __4.0f 31
Client: CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: l
Break in Waste Tank Cross-Site Transfer Piping System Checked: al
Location: _200 Area - Hanford Site, Richland, Washington Revised:_ B
0 Existing
diameter of
ssumed Crack Size Parameters 031 |, . =13. — =
a k Size Paramoter Dipo = in wos8 leak detection p:=1 liter tc =60
o cable Te(tc) = 140
crack length . .
viscosity p,(p,[c) =1.197cP
We:=0.1-i crack opening width 0.22781
.2 0.22826
Acrack(Lc,Wc) =1lin Bcl(Lc,Wc) =0.368 ﬁcZ(Lc,Wc,DLDo) = 022826
Perack(Lc, We) =20.2in 022781

DH_crack(Lc, We) =0.198in

g€c:=1 mil
ft

Vc = 10 . —_—
sec

thick-edged orifice with . = L/D,, > 0.015

effective hydraulic diameter

Rc(DH_crack(Lc,Wc);Vc’p,ll(p,tc)) =2x 10

o Le, We) = 1.091 L/D,, ratio for crack

primary pipe through crack roughness

4 Reynolds number for
flow through crack

o{Le, W¢) = 1.091 > 0.15 => thick-edged orifice

Lyons 1982, Egn 4, pg. 158 Idelchik 1994, Diagram 4-12, pg. 219
1.80719 1.58502
(L WV ) 1.80671 KK (L Wov ) 1.58459
L] L] » ’t ’e 1 = » . 1] !t ,8 H =
Kerackl Le, We, Ve, P, tC, €c. DLDo 1.80671 crackl Le, We, Ve, P, 1C. 8¢, DLDo 1.58459
1.80719 1.58502
shap-edged orifice (Idelchik 1994, pg. 218, a=L/D,, < 0.015)
2.61664
2.61598
KKKCl'aCk(LC)W(bVCrpatC!EC’DLDO) = 2 61598
2.61664

Encasement annulus K-resistance factors for guides and anchors modeled as thick-edged (long) orifice for a = /D, > 0.015

Lyons 1982, Eqn 4. pg. 158
Existing Fy :=0 Kguide(v, P, tc,e,FK) =0.083 Kmho,( v,p,tC,E, FK) =0
woss FKi=1  Kguide(v.p,tc.e,Fg) = 1.912 Kanchor( V.. tc.€,Fk) = 17.686 8/4-in. thk no radius in slots
Fx:=2  Kguide(v.p.tc.€,Fg) = 1.912 Kanchor(¥.p.tc.€ Fk) = 11.537 3/4-in. thk with radius in siots
W314  Fg:=3  Kpyiae(v.p.tc.€,Fk) = 0.083 Kanchor{ ., tc, €, FK) = 10.696 1-in. thk with radius in slots
V,:=0-ft.sec pz:=0-psi g =32.1741t sec™2

AV :=0.1 - ftsec"

X-Site NTP Bl-4
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _0
Page No, _ S of 31
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. ;
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: _ 9/12/2001 By: L.J. Jul
Break in Waste Tank Cross-Site Transfer Piping System Checked: _ 3/z4 4/ By .
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:

Apply conservation of mass (continuity) and energy (Bernoulli theorem) between nodes (see Figure 1a of Appendix A) and at
the pipe break plus the characteristic pump head relation (see Figure 2 of Appendix A) to model the nonlinear system of
equations that govern the steady-state flow behavior resulting from a primary pipe break at location xg relative to pump.

$Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
(Canned Motor Westinghouse Pump Model 2A-513-A1)

Hp(Q) = HNTP(Q) - AHpump

Nonlinear governing system of equations
Given apply conservation of mass (continuity) and energy (Bernoulli theorem)

VozV, V2V, V,2V, ViV, V2V, VezVp VeV,
continuity

Ase(Fk) - V, = Fps - Af(Dpi) - V4

Ase(Fk) - V, = Fpg - Af{Dp;) - V

Ap-V,=Ap-V, -Fp;+ Acrack(Le, We) - Vi

Acac{Ler W) Vi = Aso(FK) - (V3 + V,)

Hp = HP(AP ’ VO) pump head curve

Bernoulli (between nodes, see Figure 1a of Appendix A)

2
v p
Ep XB 0 0
_Hp - {Re(DPisvo,P.P(P,tC)):D_H] "Dp;” (2.),3 “(;;T; ¥ HB(Lo,Ho,Ls,Hs,XB)J 12

Po +(V0)2 | P +_(‘/1)2 2-3
 pg 2:8 p-g 2-8

Py ep | Lp-xB (Vl)2 (Vl)2
— 4 [l - {Re(DPi;Vl,P,H(P:tC))s'“J . - KE] "3 + HB(LO,HO,Ls,Hs,xB) = +H+Z 34

-

(P& Dp; Dp; "8 2-g
2 2 2
oo (Vo) Ps (Ve (V)
+ = + + Kcrack(Lc,wc,VG,P,tC,Ec, DI..DOF ) —— 2-CraCk
p-g 2-g p-g 2-8 X/ 2-g
2 2
Ps (Vﬁ) P2 (Vz) crack-5
+ = +
p-g 2-8 p-g g

X-Site NTP B1-5
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EVALUATION ANALYSIS Revision: _Q
Page No. __60of 3]
Client: CH2M Hill Hanford Group, Inc. WO/lob No
Subject: wﬂw Date % ﬁ
Break in Waste Tank Cross-Site Transfer Piping System Checked
Location: _200 Area - Hanford Site. Richland, Washington Revised:_______
_ P2 Hy(Lo,Ho Ls H Re(DH a6(Fx).V £S B~ o (v2)2 N Py
;: + B( o0, Ho, Lg, S,XB) - e( H“aﬁ( K)s 2:pvu(p'tC))sDH_a6(FK) . DH_aﬁ(FK) . 2.g o -‘;'_g'
_ | (2) &)
+1 I(FK,LO,xB)-Kgmde(vz,p,tc,ss,FK) "y + i
+J(FK,Lo,XB) ‘Kanchor(vzsp,tC,ES,FK) + I“’-D(Dl)i,DLDoFK) _+H0 i
— P3 ep | Lp(Dpi,Fk) (Vs)2 (V3)2
— +|1-f|RD t — 7 _Kg| = AZ 6-7
_p_g+[ {e( Di V3,0, k(P tc)), DD[J oo EJ W RN
_ ) ) .
Pg N (Vﬁ) ]=[ Py N (V4) } crack-8
lp-g8 2-g p-g 28
_ P4, Hp(Lo H, Ls,H Re{Dy a6(Fk),V €S Ls - (x8 - Lo) (v4)2 — (b5 ]
-8 + B( O.Ho, S S’KB) - C( H__aé( K)9 4’p!u(p:tC))1 DH_aﬁ(FK) * DH_a6(FK) ‘ 5. z w | = n
) vi2 | 8°
(Va) (Ys)
+1- M(FK,LO,LS,xB)-Kguide(V4,p,tC,es,FK) e eyl
+N(FK,Lo,Ls, xp) - Kanchor(v4,P»tCaES»FK) + KD(DDisDLDOFK) (+Hg |
Ps ep | Lp(Dpi,F) 5) ( 5)
— +|1-f|R , Ve, t — L AZ 9-10
r { {C(DDI Vs:p.1(p.tc)), Dm] Do J } A%

Solution function

(Lo, Ho, L, Hs, %B, P, 1C, €P, S, €D, Dpi, FK , Fp3, Fps, Fpo, AZp, Lp, H,Z, Le, We, e, Hp, p, V) :=Find(Hp,p, V)

T T
(P2 P3 p5s ps P8 P9 Pc)” (V1 V3 V5 Vg Vg Vg V)
01 2 3 4 56 01 2 3 4 56

X-Site NTP Bl-6
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EVALUATION ANALYSIS Revision: _Q
Page No. __ 7 of 31
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: L.
Break in Waste Tank Cross-Si r Pipin m Checked: % By:%
Location: _200 Area - Hantford Site, Richland, Washington Revised: By:

For plotting, following function returns nth solution variable at points defined in vector xg n = result variable selected
PP(LO,HO,Ls,Hs,xB,p,tc,8p,Es,ED,DDi,FK,FD3,FD6,FDg,AZD,Lp,H,Z,n,Lc,Wc,Ec,Hp,p,V) =]vp«0
H'p « Hp
pep
VeV
for ie 0..length(xB) -1
XBB < XB.
1
X « ff(Lo,Ho, Lg, Hs, X
Hp « X,
p « Xl
V' X2
VeV —
Y X1

VP, & Yn

vp

X-Site NTP B1-7
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0
Page No. _ 8 of 3|
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subjec: Secondury Encasemen Pipe Pressue Due (o Pmary Ppe - Date:_ %J: By: L.J. Iylyk
Break in Waste Tank Cross-Site Transfer Piping Systemn Checked: By:
Location: _200 Area - Hanford Site, Richland. Washington Revised: By:

RCSTS Supernate Transfer

Case 0 break between SY-102 Pump Pit and SY-A Valve Pit
Lo = 0 - ft

Lo =0ft start distance from pump of secondary encasement section under consideration
Hy:=0-ft H,=0ft change in elevation of primary pipe from pump to point L,
Ls = Lsy102_sYAin Lg=339ft length of secondary encasement section under consideration between drains
Hs :=Zsvain ~ Zsy102 Hg = 2.58ft change in elevation of primary pipe from pump to point L, + Lg
Subcase X11 (low and high point drain, Fps = 1 and Fpg = 1)*, "
X10 (low point drain, FD6 = 1 and FD9 = 0) 1 1/2-in.drain, p=13-—5
X01 (high point drain, FD6 = 0 and FD9 = 1)* ==
[C = 6 OC
Q fi "
Initial guesses (X11) Q:=326-gpm  V;:= = Vy = 14.148 — flow velocities
i . . P 5€C
Both low and high point drains open [Fx:=Q |Fp3:==1 Fpg==1 Fpg:=1
HP]I = H'p(Q) pump head Hp;1 = 240 ft Vi- FDG + AV
po:=148 . psi primary pipe pressure just up stream of break Vs:= 5.4
_ Agg(F
p3:=149 - psi primary pipe pressure just down stream of break Vo=V ASG(FK) -86—(-1-(-)- =2.607
6:=V5: ———
ps:=20.psi Secondary pipe pressure just up stream of break Af(DDi) P
_ , , Ase(Fk)
pe:=12-psi Secondary pipe pressure at drain up stream of break Vi-Fpg + AV =2 _046
Vg = ———— Af(Dp;)
6.5 1
=20.psi SO i i
pg =20 psi condary pipe pressure just down stream of break vy Ag G(FK)
— N M H H 9 = 8 +  eesm———
po:=8.psi  secondary pipe pressure at drain down stream of break Af(DDi)
pe:=1-psi apply conservation of mass As6(Fk) ft
L Vy=Vy - —— L, =156—
(continuity) at break 3=M Ap (Vs +Vg) V3=156 soc
Ags(Fx
C;:#&-.(V5+V8) V.::g?,.l1
Acrack(LCch) sec ‘
T
pit:=(P2 P3 PS Ps P8 P9 Pc) Vip:=(Vi V3 Vs Vg Vg Vo V)T
use Existing Piping _ __
K

Guide/Anchor

X-Site NTP Bl-8
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Client: CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: L.J, Julyk 3%
Break in Waste Tan -Site Trangfer Piping System Checked: _2/2.5 /6 By:
Location: _200 Area - Hanford Site, Richland. Washington Revised: By:
Initial guesses (X10) Q:=288 - gpm  Vp:= e Vi = 12.499 T flow velocities
P sec
Low point drain open ' Fg=0 Fp3=1  Fpe:=1 Fpg:=0
Hpjg:=Hy(Q) pumphead  Hpp=306ft Vi Fpg + AV
p2 =160 . psi primary pipe pressure just up stream of break Vsi= 3.1 A (F )
p3:=160- psi primary pipe pressure just down stream of break Ve = Vs ASG(FK) —S6A—K- =2.607
p5:=65.psi Secondary pips pressure just up stream of break Af(DDi) d
Asgel F
P6:=30-psi Secondary pipe pressure at drain up stream of break Ve m V| -Fpg + AV —SG(—K)- =9.46
. ' 8= 50 Af(DDi)
pg:=65.psi secondary pipe pressure just down stream of break As 6(FK)
po:=46.psi Secondary pipe pressure at drain down stream of break Vg:=Vg- Ar(Dpj)
pe:= 12 - psi apply conservation of mass .. Ase{Fk) fit
{(continuity) at break V3=V - Ap (Vs +Vg) V3= 1'9;;
AgelFr ft
Vo= —()—~ (Vs + Vg) V.=784—
Acrack(LCch) sec
T
P1o:=(p2 P3 P5 Ps P8 P9 Pc) Vip:=(V) V3 Vs Vg Vg Vo V)T
Initial guesses (X01) Q:=302.gpm  Vy:= o V= 13-106'%|°W velocities
High point drain open Fg=0 Fp3=1 Fpe:=0 Fpg:=1
Hpgy := H'P(Q) pump head Hpg1 = 2831t
Ve oo Vi-Fpg + AV
p2 =179 - psi primary pipe pressure just up stream of break 5= 3
F
p3:=179 . psi primary pipe pressure just down stream of break Vgi=V ASﬁ(FK) SZE K) =2.607
= 5 . ——
ps:=75.psi Secondary pipe pressure just up stream of break A¢(Dpy) P
Aggl F
p6:=53-psi secondary pipe pressure at drain up stream of break Ve o Vi-Fpg + AV s6(Fk) =946
. . §:= 3 Af(DDi)
pg:=75-psi secondary pipe pressure just down stream of break Ag G(FK)
po:=33.psi Secondary pipe pressure at drain down stream of break Vo= Vg- A DDi)
Pc:=17 . psi apply conservation of mass _ AS6(FK) ft
(continuity) at break V3=Vi- Ap (V5 + VS) V3= 1'55;
Ags(FK
c:z-—()—-(v5+v3) Ve =855
Acrack(Lc.Wc) sec
. T , T
Po1:=(P2 P3 Ps P6 Ps P9 Pc) Vor=(V1 V3 Vs Vg Vg Vo V)
01 2 3 4 56 0 1 2 3 4 56
X-Site NTP
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Client: CH2M Hill Hanford Group, Ing. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: _3L2£1QQJ_ y
Break in Waste Tank Cross-Si nsfer Pipin stem Checked: __2/247/0, By
Location: _200 Area - Hanford Site. Richland, Washington Revised:___
Case 0 (X11)
Inputs= $Y-101 New Transfer Pump (RPP-5667 Rev. 0B}
Canned Motor tingh P Model 2A-513-A1
L, =0ft He7ft ep = 2 mil ( or Westinghouse Pump Mode 513-A1)
= k = = i = i =
o= 1.3._g Z =0ft € = Smil DLDQPK Oin Fx =0
Lp = 51015t liter Fp3=1 ep = 5mil L. = 10in
tc = 60 °C i=16lin AZp=-1ft  Lp(Dpj,Fg) = 7.025ft W, =0.1in
Fpg:=1 Fpg:=1 J(FK,LO,XB) =0 N(FK,LO,LS,xB) =0 £c = 1 mil

I(F,Lo,xg) =0

M(Fk,Lo,Ls,xp) =38

hpyy
P11 |:=ff(Lo,Ho,Ls,Hs,xB,p,tC, €P, €5, €D, Dpis FK, Fp3, FD6, FD9, AZD, Lp, H,Z, Lc, We, 6¢, Hp1 1, P11, V11)
Vil
P2 Y1 141.067 ) (13903
P3 v3 142.73 1.847
Ps vs 17.324 2.434
Ps |:=p; | v |=viy Pip=| 10649 |psi vy =| 23.036 |ftsec”
Pg vg 17.333 2.191
P vo 8.538 20.742
Pt ek ~52.195 89.125
Results
hpy = 250 ft u(p,tc) = 1.197¢P LiFK=9ft Lj, =9 10*f
Py = 14l1psi vy = 13.9ftsec’| Ap - v = 320.3gpm Dp; = 1.61in
P3=1427psi Fp3-v3=138 frsec ! Fp3- Ap-v3 = 42.6gpm
P5=173psi  v5 =241t sec”! As6(Fk) - vs = 146.2gpm
‘Pg=106psi  Fpg- vg = 23ftsec’ Fpe - Af{Dp) - v6 = 146.2gpm
Pg=173psi  vg=2.2ftsec’ Ase(FK) - vg = 131.6gpm
Po=85psi  Fpg- vo=20.7ftsec | Fpo - Af{Dpi) - vo = 131.6gpm

Perack = —52.2psi

Verack = 89.1 frsec !

vi- Ap
{continuity check

Re(DH_crack(Lc,Wc):Vcrack,P,M(p,tc)) =1x lO5

P, — Ps = 123.744 psi

X-Site NTP

B1-10
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EVALUATION ANALYSIS Revision: _Q
Page No. __llof 3}
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: I i i Date: By: L.J
reak in Waste Tank Cross-Site Transfer Pipin 5 Checked: %Z%[ By:
Location: Richland. Washi Revised: By:
Case 0 (X10)
nout o SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
npy , {Canned Motor Westinghouse Pump Model 2A-513-A1)
L, = Oft H=T7ft ep=2mil
LS=339f p=13lkTg Z=0ft €S = 5mil D]_,DOF —0in FK=0
— 1ter — — : K
Lp = 51015 ft Fpz =1 £p = 5 mil L, = 10in
tc=60 °C Dpi=l.6lin AZp=-1ft Lp(DpjFk) = 7.025ft W, =0.1in
Fpg := | Fpy:=0 J(Fk,Lo,xg) =0  N{Fg,L,,Lg,xp) =0 €¢ = 1 mil

I(Fk,Lo,xg) =0  M(Fk,Lo,Ls,xg) = 38

(hp10
Pio 1=ff(LmHOrLS,HS,"B»D,tCaEPxES-EDsDDisFKsFD%FDGaFD9aAZD,LP’HsZ,Lc,Wc,Ec,HPIO’PIO,Vlﬂ)
vI0
{ Pay V]
P3 V3
Ps Vs
P |:=Pio | v6 |[=Vip
Pg vg
Pg Vo
Perack Verack
Results
hpyo = 283 ft u(p.ic) = 1.197cP Ly =9ft L =9x 10t
Pp=1595psi vy =131 ftsec'1 Ap - vi = 301.7gpm Dp; = 1.6lin
P3 = 161 psi Fn3-va= 2 ftsec”] Fp3- Ap-v3 =455gpm
Ps=542psi  vs=43ftsec] As6(FK) - vs = 256.2gpm
Po=337psi  Fpg-ve=404ftsec’’  Fpg- Af(Dpi) - vg = 256.2gpm
Pg=544psi vy =0ft sec] Ag6(FK) - vg = 0gpm
Pg=372psi Fpg-vg= Oftsec”! Fpo - Af(Dpj) - vo = 0gpm

Perack = —4.8psi

Verack = 82.21t sec—l

vi-Ap = Fpi-Ap-v3+ Asg(FK) -vg + A56(FK) - vg = 301.7gpm
{continuity check at break, OK)

Rc(DH_crack(Lc,wc),"crack,PsP-(p,tc)) = 1% 10°

Py — P5 = 105.306 psi

X-Site NTP

Bl1-11
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Page No. __12 of 31
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Subject: _Secondary Encasement Pipe Pressure Due o Primary Pipe Date: By: 1,
Break in Waste Tank Crogs-Site Transfer Pipin 3 Checked: (] By:
Location: _200 Area - Hanf ite. Ric Washi Revised: By:
Case 0 (X01)
Input = $Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
Ly =0ft H="71ft ep =2 mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
Ls =339 o-13kE Z=0ft £g = 5mil Dipe =0in Fy =0
Lp = 51015 ft liter Fp3 =1 €p = Smil FK

L. =10in
tc =60 °C Dpi=16lin  AZp=-1ft LD(DDi,FK) = 7.025ft V: =0.1lin
J(FK,LO,XB) =0 N(FK,LO’LS-XB) =0 )
I(Fk,Lo,xg) =0  M(Fg,Lo,Lg,xp) = 38

Fpe:=0 Fpo:=1 €c = I mil

hpo1
Po1 |:=ff(Lo,Ho,Ls, Hs,*B,p, C,€p, €S, €D, Dpi, FK. Fp3,Fp6. FD9, AZp, Lp, H,Z,Le, W, €, Hpoi . Po1, Vo1)
o1
Py vi
Py v3
Ps Vs
Pe |=Po1 | Y6 [=VoI
Pg vg
Pg vo
Perack Verack
Results
hpop = 289 ft u(p.tc) = 1.197¢P LiFK =9ft LjFK =9x 10*%
Py=1628psi  v; = 12.9ftsec” . Ap - v] = 298.3 gpm Doy - L61n
P3=1642psi Fpj-vy=2ftsec Fp3- Ap- v3 =46gpm
P5=609psi  vg=0ft sec’! ASG(FK) - v5 = O gpm
Pg=42.8psi  Fpg- vg = Oftsec Fps- Af(Dpi) - v6 = 0gpm
Pg=60.7psi  vg=4.2ft sec™! Ase(Fx) - vg = 252.3gpm
Po=327psi  Fpg- vo = 39.8ftsec | Fpo - Ar(Dpj) - vo = 2523gpm
Perack = 3.5psi vi-Ap = Fp3-Ap-v3+ Asg(FK) L5+ ASﬁ(FK) - vg = 298.3 gpm

verack = 80.9t sec'l (continuity check at break, OK)

Re(DH_crack(Lc,Wc),Vcrack,psﬂ(p,tc)) =1x10°
P, - Ps = 101.928 psi

X-Site NTP B1-12
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EVALUATION ANALYSIS Revision: _Q
‘ Page No.
Client: _CH2M Hill Hanford Group, Inc. WO/JobNo.
Subject: mmwmmﬂmmpmmm Date
Break in te Tan ra ipin Checked: I

Location: _200 Area - Hanford S]{g, ichiand, a&hmg:g Revised:_

Figure 1a. Case 0: Maximum Pressure In Cross-Site Encasement Pipe Due to Primary Pipe Break
(Between SY-102 Pump Pit and SY-A Valve Pit) within Encasement Section of Length L, Starting at L,

Relative to Transfer Pump for Supernate Waste Transfer at Tomperature of 60 °C.

Fx=0 T Low point drain Lc=10in
— - o] - —_— = =0i = i
Z = 0ft tc=60°C |p=13 e u(p,tc) = 1.197¢P DLDO Oin Dp; = 161in W, =0.1in
H=672ft L,=0ft Lg=339ft  Lp=351015ft ,FK—‘)ft ep=2mil  Lp(Dpi,Fg)=7ft °¢° 1 mil
AZp=-1ft Hy=0ft Hg=2.58ft Fp3=1 L, =9x oty Es=3mil  ep=5mil
FK
70 Maximum
| Prassure
Between SY-102 Pump Pit (Ib#in?)
and SY-A Valve Pit 61
54
%
&
g
3 40
£
2
£ _
g 3 | 5 S —
§ . H :
A
20! - - O ................. .
> ¢ = 7
- i a el —
10 b C B
SXJ.OJ.N!.\N_'[mn!teLEUmn (RPP-5667 Rev. 0B)
(Canned Motor Westmghouse Pump Model 2A- 513-A1)
0 f -
0 50 100 150 200 250 300 350
»6¢ Both Ends Open . ) .
BE8 Low Point Open Location (ft) of Primary Pipe Break Down Stream of Pump

—&— High Point Open

X-Site NTP Bi-13
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __14 of 31

Client: _CH2M Hill Hanford Group, Inc. WO/{Job No. .
Subject: ndary En i I¢ i Pi Date: By: L. % EEI:EZ

k in Waste Tank Cross-Site Tr Checked: %ﬁé%g By:
Location: ,L!] Area - Hanford Site, Richland, asbmg;gn Revised: By:

Supernate Transfer

Case 1 break between SY-A Valve Pit and Diversion Box
Lo :=LsY102_SYAin L,=339ft start distance from pump of secondary encasement section under consideration
Hy :=ZgvAin — ZSY102 H, = 2.58ft change in elevation of primary pipe from pump to point L
Ls :=LgyAin_DB1in Lg = 56351t length of secondary encasement section under consideration between drains
Hg :=ZpBlin - ZsY102 Hg = 11.67ft change in elevation of primary pipe from pump to point L, + Lg

Subcase X11 (low and high point drain, Fpg = 1 and Fpq = 1)*,

X10 (low point drain, FD6 = 1 and FD9 = 0)*, - D
X01 (high point drain, FD6 = 0 and FD9 = 1)

Initial guesses (X11) Q:=161.5-gpm V) := A& Vi = 7.009i flow velocities
SecC
Both low and high point drains open F Fps=1 Fpg:=1 Fpo:=1
Hpjj = H‘p(Q) pump head Hpi] = 4691t V) -Fpg + AV
p2:=62-psi primary pipe pressure just up stream of break V5= 3.2
AgelF
p3:=62-psi primary pipe pressure just down stream of break Ve = Vs Ase(Fk) —S—G—(—Q =2.596
ps:=39.psi secondary pipe pressure just up stream of break Af{Dp;) P
Aggl F
pe:=5.4-psi secondary pipe pressure at drain up stream of break Ve e Vi-Fpg + AV sl K) =572
8= 80 Af(DDl)
pg:=39-psi secondary pipe pressure just down stream of break Ag 6(FK)
po:=1-psi  secondary pipe pressure at drain down stream of break Vo:=Vg- Af(DDi)
Pe =26 psi apply conservation of mass a ASé( FK) _ ft
(continuity) at break Va=Vy- (Vs+Vg) V3=101 Sec
Age(Fk ft
Vo= _Asolfi) (Vs + Vs) Ve=443—
Acrack(Lc. Wc) sec
T
pir:=(p2 P3 Ps Pe P3 Do Pc) Vi1=(V1 V3 Vs Vg Vg Vo V)T

use W-058 Fg=1
guide/anchor

X-8ite NTP B1-14



CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0

Calc. No. RPP-LJI-005

EVALUATION ANALYSIS Revision: _Q
Page No. __ 15 of 31
Client: CH2M Hill Hanford Group. Inc. WO/Iob No.
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date: %l%ﬁl By: L.J. Julyk ¥
Break in Waste Tank Cross-Site Transfer Piping System Checked: _7/257 By:
Location: _200 Area - Hanford Site. Richland, Washington Revised: By:
Initlal guesses (X10} Q:= 100 - gpm : 2 Vi = 4.34 Tt flow velocities
. Ap sec
Low point drain open Fg=1 Fp3=1 Fpg:=1 Fpg:=0
p2:=50.psi primary pipe pressure just up stream of break Vs = 29
AgglF
p3:=50.psi primary pipe pressure just down stream of break VeoV AS6(FK) -—%(—K) = 2.596
6:=Vs ——
ps:=20.psi secondary pipe pressure just up stream of break Af(DDi) F
Agpl F
pe:=20-psi secondary pipe pressure at drain up stream of break Ve o Vi-Fpg + AV M =572
8= ——3 A¢(Dpi)
pg:=20-psi secondary pipe pressure just down stream of break Ag 6(FK)
pg:=5.psi  secondary pipe pressure at drain down stream of break ~ *9 = V8 Ar{Dpy)
Pc:=5- psi apply conservation of mass ~ Age(Fk) ~ ft
(continuity) at break 3=V o= (Vs + Vg) V3=036-"
Agel Fk
Ve :=—-—----§EL -(Vs + Vg) vc=29.4i
Acrack( Le, Wc) sec
T
p1o:=(p2 P3 Ps P6 P8 DP9 Pc) Vig:=(Vi V3 Vs Vg Vg Vg V)T
Initial Q:=227 - gpm : 2 Vi = 9.8521 flow velocities
A sec
High point drain open Fg=1 Fp3=1 Fpe=0 Fpg:=1
Hpoy :=H'p(Q) pumphead  Hpq; = 396ft
Vi-Fpe + AV
p2:=204.psi primary pipe pressure just up stream of break Vsi= 10
‘ Aggl F
p3:=204 - psi primary pipe pressure just down stream of break Vg = Vs Ase(Fk) Sif k) =2.596
ps:= 154 . psi secondary pipe pressure just up stream of break A¢(Dpi) il
, - ; V|- Fpo + AV As6(Fk)
Pe:= 124 . psi secondary pipe pressure at drain up stream of break 1'¥fpo + =572
8= 25 At{Dp;)
pg := 154 . psi secondary pipe pressure just down stream of break Ag 6(FK)
po :=9.05 - psi secondary pipe pressure at drain down stream of break Vo= Vg- Af(Dpi)
pc:=126. psi apply conservation of mass _ ASﬁ(FK) ft
{continuity) at break V3=V) - +(Vs+Vg) V3= 2'44;
Ass(Fk
¢ = —( ) . (Vs + Vs) VC = 54‘8l
Acrack(Lc, Wc) sec

T
po1:={p2 P3 Ps Peé Pg P9 Pc)

01 2 3 4 56

X-Site NTP

T
Vor1:=(V1 V3 V5 Vg Vg Vg V()
0 1 2 3 4 56

B1-15



CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0
Cale. No. RPP-L1J-005

EVALUATION ANALYSIS Revision: _Q
Page No. __l6of 31
Client: CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: L.]. W
Break in Waste Tank Cross-Site Transfer Piping System Checked: ., i By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
1(X11
Input SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
tor Westingh P Model 2A-513-
L, =339 ep = 2 mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
= k = i = {L i =
o= 13X £g = 5 mil DLpo, =03lin Fg =1
Lp = 51015 ft liter £p = 5 mil L = 10in
tc=60 °C Dpi =2.067in AZp=-1ft  Lp(Dp;,Fg) =21.086ft W, =0.lin
Fpg =1 Fpo:=1 J(Fk,Lo,xg) =0  N(Fk,Lo,Ls,xg) = 10 €c = lmil

I(F](,Lo,xg) =0 M(FK,LO,LS,xB) = 460

hpi11
Py1 |:=ff(Lo,Ho,Ls,Hs,xB,p, tC, P, €5, €D, Dpi, FK, FD3, FD6, Fpo, AZD, Lp, H, Z,Le, We, £c, Hp11,P11, V11)
vl
P2 Y1 124.694 12.931
P3 v3 126.132 1.741
Ps vs 18.059 3.446
Ps =Py | ve [=vi Py =| 13.356 lpsi vq) =| 19712 |frsec”’
Pg vg 18.157 0.864
Py v 0.347 | 494
Pk Verack -41.773 82.724
Results
hpyy = 289 ft u(p.tc) = 1.197¢P - Li =12ft Lj =552ft
K Fg
Py=1247psi v = 12.9ftsec | Ap - vi = 297.9gpm Dpy = 2.067in

Py=126.1psi Fps-vy = 1.7ftsec |

Ps=181psi vg= 34ftsec”’

Pg=134psi  Fpg- vg = 19.7 ftsec”
Pg=182psi  vg=09ftsec
Po=03psi  Fpg- vo=4.9ftsec |

Perack = —41.8psi

Verack = 82.7ft sec”!

Fpa- Ap- vy =40.1gpm
Ag6(FK) - vs = 206.2gpm

Fps - Af(DDi) - Vg = 206.2 gpm
As6(FK) - vg = 51.7gpm

Fpo - Af(Dpi) - vo = 51.7 gpm

vi-Ap = Fpa-Ap-vi+ ASﬁ(FK) - v+ ASG(FK) -vg =297 9gpm
{continuity check at break, OK)

RC(DH_Cl'aCk(L&wC)sVCl‘aCkvp1 H(PstC)) =1x 105

P, — P5 = 106.635 psi

X-Site NTP

B1-16



CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0
Calc. No, RPP-1L.1J-005

EVALUATION ANALYSIS Revision: _0
Page No. __[7of 31
Client: CH2M Hill Hanford Group, Ing. WO/Job No.
Subject: My_ﬁmmmwmm&mwm_ Date: %
Break in Waste T Transfer Pipin stermn Checked:
Location: _200 Area - Hanford Site, Blg;hland. Washington Revised:___

Case 1.(X10}
o B P
Lo = 339t H=7ft gp = 2mil
oo13ke Z =0ft gg = 5 mil Dipe. =031in Fy = 1
Lp = 51015 ft liter Fp3 =1 €p =S mil x Lc = 10in
tc =60 °C Dp; =2067in AZp=-1ft  Lp(DpjFx) =21.086ft o .0
Fpg = 1 Fpo =0 J(Fk.Lo.xg) =0  N(Fg,Lo,Lg,xp) = 10 6c = 1 mil

I(FK!LO-XB) =0 M(FK,LO,LS,XB) = 460

hp1g
Po |:=ff(Lo,Ho,Ls, Hs, B, P, tC, €P,€5.€D, Dpi, FK, FD3,FD6, FD§, AZp, Lp, H,Z, L, We, €, Hp10, P10, V10)
vi0
Py vi
P3 v3
Ps5 vs
P |=Pio | v6 |[=vi0
Pg vg
Py vg
Perack Verack
Results
hpyg = 297 ft u(p,tc) = 1.197¢cP LiFK = 121t LJ-FK = 5521t
Py = 129.8psi vy = 12.7ftsec . Ap - v| = 293.7 gpm Dpj = 2.067in
Py=1312psi Fpy.va= 1.8ftsec” Fp3:Ap-v3=4lgpm
Ps = 27.3psi v =42 frsec™! As(,(FK) - v5 = 2527 gpm
Po=203psi  Fng-vs=242ftsec’  Fpg- Ag(Dp;) - vg = 252.7gpm
Pg=275psi vg= 0ftsec As6(Fg) - vg = 0 gpm
Pg = 17.9psi FDQ-V9=0ftSGC-1 Fpg - Ag(Dp;) - vo = 0 gpm

Perack = —30.1psi

Yerack = 81.1 ftsecnl

Re(DH_crack( L, W
- Ps = 102.437 psi

X-Site NTP

vi-Ap = Fp3z-Ap-vi+ AS6(FK) - V5 + ASﬁ(FK) - vg =293.7 gpm
(continuity check at break, OK)

c):"'crack,psl-l(p ’tC)) = 1 X I.OS

B1-17
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CH2MHILL Hanford Group, Inc. Caic. No. RPP-L}J-005
EVALUATION ANALYSIS Revision: _Q
Page No. __18 of 31
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: ment Pi T i i Date: __9/ By: L.J
Break in Waste Tank Cross-Site Transfer Piping System Checked: 2578/ By: )
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
Case 1 (X01)
Input======= s=mm===== SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
Ly =3391t H=7ft £p =2 mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
= k = = i
Ls = 5635 fi 0138 Z=0ft £ = 5 mil Dipe. =03Lin F = 1
Lp = 51015 ft liter Fp3=1 €p = 5mil FK .
L. = 10in
tc =60 °C Dpi =2067in AZp=-1ft  Lp(Dpj,Fg) = 21.086ft W= 0.lin
=0
FD6 =0 FDQ =1 J(FK,LO,XB) =0 N(FK’LO!LS!XB) =10 Ec= 1 mil

I(F,Lo,xg) =0 M(Fi,Lo,Lg,xp) = 460

hpoy
Po1 :=ff(Lo,Ho,I-s,Hs,XB,D,tC,EP.ES,SD,DDi.FK,FD3.FD6,FD9.AZD,LP,H,Z,Lc.Wc.Ec,HPm.Pm,Vm)
vol
P2 v
P3 v3
Ps v5
P [=Por | v6 |=voI
Pg vg
Py vo
Perack Verack
Resuits
hpoy = 396 ft ' u(p,tc) = 1.197¢cP L =12ft L =552ft
FK FK
Py=200psi vy =9.8ftsec | Ap- vy = 226.7gpm i = 2.067in
Py=2008psi  Fpy- v3 = 2.2ftsec | Fp3 - Ap - v3 = 51.8gpm
Ps = 151.1psi \f5=0ftsec:-1 Ase(Fk) - vs =0 gpm
Pg = 121 psi Fpg - V6 = 0ftsec™ Fpe - Af(Dp;) - v6 = 0 gpm
Pg=151psi  vg=29ftsec Ase(FK) - vg = 174.9gpm
Pg = 9.5psi Fpg - vg = 16.7 ft sec’! Fpo - A¢(Dpj) - vo = 174.9gpm
Perack = 123.5psi vi-Ap = Fp3-Ap-v3+ Age(FK) - v5 + Age(Fk) - vg = 226.7gpm

Verack = 56.1ft Sec-l (continuity check at break, OK)

Rc(DH_crack(LcaWc) ,Vcrack’P,l-l(p,tc)) =9 x lO4
Py — P5 = 48.869 psi

X-Site NTP B1-18



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _Q
Page No. __19of 31
Clent: _CH2M Hill Hanford Group, Inc. WO/HJobNo.
Subject: on nt Pi Dy i i Date
kin W nk Cross-Site Transfer Pipin e Checkcd
Location: 2511 Area - Hanford Site. Richland, Washington Revised:

Figure 1b. Case 1: Maximum Pressure in Cross-Site Encasement Pipe Due to Primary Plpe Break
(Between SY-A Valve Pit and Diversion Box) within Encasement Section of Length L, Starting at L,

Relative to Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg=1 s High point rupture disk Lc=10in
Z =0ft tc =60 °C = 13— i) =1.197¢P =0.31lin , We=0.1in
C P liter u(p C) DLDOFK DD] =2.067in C .
H=672ft Lo=339ft  Lg=5635ft Lp=51015ft  Lj =I2fc ep=2mil Lp(Dpi,Fx) = 21.11t *¢~ 1 mil
AZp=-1ft Hy=258ft Hg=1167ft Fpy=1 gg=5mil  ep=>5mil
Lip, = 5521t
Maximum
160 : : ; Pressure
’ ’ ’ (Ib1/in2)
Between SY-A Valve Pit :
and Diverslon Box : 151
140
S_Y_‘LOJ_Ns_w_T_muf_e_Eump (RPP- 5667 Rev. OB)
(Canned Motor Westinghouse Pump Model 2A-513-A1)
120
e
é 100
:
E !
% 80 . | _ S SR R
g
-
[=]
S 60 8] 2
5]
40
y ) 24
20 / _

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

¥ Both Ends Open . . .
888 Low Point Open Location (ft) of Primary Pipe Break Down Stream of Pump

—¢— High Point Open

X-Site NTP B1-19



CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0
Calc. No. RPP-LJJ-005

EVALUATION ANALYSIS Revision: _Q
Page No. __200f 31
Client: _CH2M Hill Hanford Group, Inc. WO{Job No. .
Subject: _Secondary Encasement Pipe Pressure Dug to Primary Pipe Date: __9/1 2/ By: L.J. Jul
Break in Waste Tank Cross-Site Transfer Pipin tem Checked: i By:
Location: _200 Area - Hanford Sitg, Richland. Washington Revised: By:
Supernate Transfer

Case 2 break between Diversion Box and Vent Station

Lo =LgY102_DBlout
Hy :=ZpB1out - ZsY102
Ls :=LpBiout_VSin

Hg :=Zysin - Zsy102

L, = 6600ft start distance from pump of secondary encasement section under consideration
H, = 11.8 ft change in elevation of primary pipe from pump to point L,
Lg = 13631 flength of secondary encasement section under consideration between drains

Hg = 85.63 ftchange in elevation of primary pipe from pump to point L, + Lg

Subcase X11 (low and high point drain, Fpg = 1 and Fpg = 1),

X10 (low point drain, FD6 = 1 and FD9 = (),
X01 (high point drain, FD6 = 0 and FD9 = 1)

Initial guesses (X11) Q= 1103 . gpm  Vj :=—%
Ap

sec

Both low and high point drains open
Hpy :=H'p(Q) pump head Hpi1 = 5101t
py:=28-psi primary pipe pressure just up stream of break
p3:=28.psi primary pipe pressure just down stream of break
ps:=18.psi secondary pipe pressure just up stream of break
ps:=1-psi  secondary pipe pressure at drain up stream of break
pg:=18.psi secondary pipe pressure just down stream of break
pg:=1-psi secondary pipe pressure at drain down stream of break
pc:=12 . psi apply conservation of mass
{continuity) at break
Ase(FK ft
c: (k) (Vs + Vg) V=259 —

) Acrack(Lc:s wc)

T
pt1:=(P2 P3 P5 Ps Pg P9 Pc)

S€C

X-Site NTP B1-20

Dpj =2.067in

V1 =4.787 Ril flow velocities

Fg =1 Fpi=1 Fpg:=! Fpo:=1
Vi-F
Vi m S FD6 + AV
58 Ase(Fk)
VgV Ags(Fk) — =259
> "ad(Ppi) P
Vi:-Fpg + AV w =572
Vg=——"——  Ag(Dpj)
Agg(F
Vg := Vg _—36( K)
- Af(Dpy)
Age(Fx fi
V3=V - % (Vs + Vg) V3= 129?2

T
V“::(Vl V3 V5 Vg Vg Vo Vc)



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc.

Cale. No. RPP-L1I-005

EVALUATION ANALYSIS Revision: _Q
Page No. __2l of 3]
Client: _CH2M Hill Hanford Group. In¢. WO/{Job No. . X
Subject: ncasem i re D i Date: By:
reak in Waste Tank Cross-Site Transfer Pipin stem Checked: (/] By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
nitiai 1) Q:=161-gpm Vyi=— V) =6.987£ flow velocities
Ap sec
Low point drain open Fg=1 Fp3=1 Fpg=1 Fpg:=0
Hpyg:= H'p(Q) pump head Hpig = 4701t Vi - Fpg + AV
p2:=62 . psi primary pipe pressure just up stream of break Vs = 3.07
AsglF
p3:=62.psi primary pipe pressure just down stream of break Vo= Vs ASG(FK) # =2.596
ps:=39.psi secondary pipe pressure just up stream of break Af(Dpi) P
. . Asé(Fk)
Pg:=5-psi  secondary pipe pressure at drain up stream of break v Vi-Fpo + AV —— 572
8= s Af(DDi)
pg:=39.psi secondary pipe pressure just down stream of break Voiey Ag G(FK)
— H H . = 8 i ————
po:=1-psi  secondary pipe pressure at drain down stream of break Af(DDi)
Pe =26 - psi apply conservation of mass _ Ase(Fk) _ ft
(continuity) at break V3=V - +(Vs+Vg) V3= 099;
Agel Fx
Ve :=—-M- . (V5 + Vg) vc=44.3i
Acrarck( L, wc) sec
T T
pro:=(pP2 P3 P5 P6 P8 P9 Pc) Vio:=(V1 V3 Vs Vg Vg Vo V)
|nitial Q:i=110-gpm V=2 v, = 4774-% flow velocities
Ap sec
High point drain open Fg=1  Fp3=1 Fps:=0 Fpg:=1
Hpoj :=H(Q) pumphead  Hpgj = 5101t
V|- Fpg + AV
p2:=125. psi primary pipe pressure just up stream of break Vsi= 3
AgglF
p3:=125-psi primary pipe pressure just down stream of break Ve m V AS6(FK) S—G(Q =2.596
6:=V5 ——— A
ps:= 120 . psi secondary pipe pressure just up stream of break Af(DDi) P
. . Ase(FK)
Pe:=112 - psi secondary pipe pressure at drain up stream of break v Vi-Fpg + AV =572
8:= T a4s Af(DDi)
ps :=120. psi secondary pipe pressure just down stream of break ooy Ag 6(FK)
po=1-psi secondary pipe pressure at drain down stream of break 9.=V8 A .
f (DDI)
pci=118 - psi apply conservation of mass N ASG(FK) ft
‘ {continuity) at break V3=Vi - +(Vs+Vg) V3= 1.88;
AgelFk
VC = _—_( ) . (V5+ VS) VC=214£
Acrack(l-'c»wc) sec

T
po1:=(P2 P3 D5 Ps Pg Do Dc)

01

X-Site NTP

B1-21

4

T
Vor:=(V1 V3 V5 Vs Vg Vg V)
2 3 4 56 ¢ 1 2 3
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CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0
Calc. No. RPP-LJJ-003

EVALUATION ANALYSIS Revision: _Q
Page No. _22 of 31
Client: CH2M Hill Hanford Group, Inc. WOHobNo. _ »
Subject: Mmsﬂnﬂmﬁmﬁuﬂuﬂp_?mmm_ Date:
Break in Waste Tank Cross-Site Transfer Piping System Checked: _7, X
Location: _200 Area - Hanford Site, Richland, Washington Revised:_____
Case 2 (X11)
Input $Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
Canned Motor Westinghouse Pump Model 2A-513-A1
L, = 66001t H=7ft ep=2mil g P )
Lg = 13631 f o= 13£ Z = 0ft g5 = Smil DLDOFK:O.31m Fg=1
Lp=51015ft liter Fp3=1 £p = 5 mil Lc=10in
[x:=7300-ft+L{ tc=60°C Dpj =2.067in AZp=-1ft Lp(Dp;,Fg) =21.086ft W =0.lin
Fpg = | Fog = 1 J(Fk,Lo,xg) =13  N(Fg,Lo,Lg,xg) = 11 gc = 1 mil

I(Fk,Lo,xg) = 595 M(FK,Lo,Lg,xp) =517

bp11
P11 |:=ff(Lo,Ho,Lg,Hs, g, P, tC, Ep.€5,D. Dpi, Fk. Fp3. Fp, Fpo. AZp, Lp, H, Z, L, We, Ec, Hp11,p11, V11)
Vi1
P /
2 vi 29975 4.835
P; v3 29 464 1.319
Ps vs 18.746 1361
Pg |:=Py1 ve |[:=v11 Py =| 1.655 |psi vy = 7784 fesee !
Pg ve 18.762 5911% 107 °
Py vg 0564 183 107
12.82
Perack Verack 26.047
Results
hpy1 = 509 ft ,tc) = L.197¢P L; =12ft L; =552ft
P11 N(P C) ¢ e I
Py=293psi vy =4.8ftsec’’ Ap-vi = 111.4gpm . = 2.067in

P3=295psi  Fp3-v3= 1.3ftsec”’
Ps=187psi  vs= ldftsec’!
Pg=17psi  Fpg-vg=7.8ftsec

Pg=188psi  vg=-59x 10 >ftsec’’

Po=—0.6psi Fpg:vo=—18% 10" ftsec
Perack = 12.8 psi

Verack = 26 ft sec™!

Fpa - Ap - vy =304 gpm

ASﬁ(FK) - v5; = 81.4gpm

Fpeg - Af( ) vg = 81 4gpm

ASG(FK) vg=-3.5x 10 gpm
ip9 - Af(Dpi) - vo = ~1.9x 10~ S gpm

vi-Ap = Fp3-Ap-v3+ AS6(FK) -V5 + AS6(FK) -vg = 111.8gpm
{continuity check at break, OK)

Re(DH_crack(LCch)aVcrack,p»l-l(p ,tc)) =4x 104

P, - P5 = 10.529 psi

X-Site NTP

B1-22
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LIJ-005
EVALUATION ANALYSIS Revision: _0Q
Page No. __ 23 of 31

Client: _CH2M Hill Hanford Groun Inc. WO/Job No.
Subject: v E P Pri Pi Date: _ 9/12/2001 By

Break in Waste Tank Cross-Site Transfer Piping System Checked: _2/147/0} By
Location: _200 Area - Hanford Site, Richland, Washington Revised:

Case 2 (X10)

$Y-101 New Transfer Pump (RPP-5667 Rev. 0B)

Input
t .
L, = 6600t He7ft £p = 2 mil {Canned Motor Waestinghouse Pump Model 2A-513-A1)
Lg = 13631 f p=1_3£ Z=0ft g = 5mil Dipe =03lin  Fg=1
Lp = 51015 ft liter Fps =1 €D = 5 mil Fic L - 100
=
[xg:=7500-ft+ L] tc=60C Dpi =2.067in AZp =-1ft  Lp(Dp;j,Fk) = 21.086ft W. = 0.lin
.=0.
Fpgi=1  Fpg=0 (FK:Loxs) =14 N(Fg,LoLs,xp) =11 g = 1 mil
I(Fg.Lo,xg) = 611 M(F,Lo,Ls,xg) = 500
hpig
Pio |:=ft(Lo,Ho,Ls,Hs,xB,p,tC,£P.£5,£D, Dpi, FK. Fp3,Fp6, Fp9, AZp, Lp, H,Z,L¢, We, ¢, Hp1o, P10, V10)
vio
Py vl { 28.645 4.802
P3 v3 28.832 1.323
Ps vs 18.354 1.344
. -1
Pe |:=Pyp vo |=vio Pip=} 1.602 |psi vig=| 7.688 |ftsec
18.37 0
Pg v8
-0.385 2.131
Py vo
12.561 25.754
Perack Verack
Results
hp1g = 5101t tc} = 1.197cP ;o= ;o=
P10 u(p,tc) Te L =12ft Ly =552f
Py=286psi V| =4.8ftsec’" Ap-v{ = 110.6gpm Dp; = 2.067in
Py =28.8 psi Fps - va = 1.3ft svac“1 Fpa - Ap: vy =30.5gpm
Ps=184psi  v§=13 frsec ! Ase(Fx) - v5 = 80.4gpm
Pg = 1.6psi Fpg - vg = 7.7ft sec’] Fpg - Af(Dpi) - v6 = 80.4 gpm
Pg = 184psi  vg=0Oft sec”! Ase6(Fk) - vg =0 gpm
Pg = —0.4psi Fpy-vg = Oftsec-l Fno - Af(DDi) -vg =0gpm
Perack = 12.6psi vi-Ap = Fpy-Ap-vy+ ASG(FK) S V5 + AS6(FK) -vg =110.9gpm
-1 (continuity chack at break, OK)

Verack = 25.8 ftsec

Re(DH_crack(Lc,wc),Vcrack,P,ll(F’atC)) =4x 10"
P, - Ps = 10.291 psi

X-Site NTP B1-23



CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0

EVALUATION ANALYSIS Revision: _0
Page No. __24 of 3]
Client: _CH2M Hill Hanford Group. Inc. WO/lob No. s
Subject: nt Pipe Pressure D imary Pipe Date: By: L.JL
Break in Waste Tank Cross-Si 1 Pipi m Checked: 287/ By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: . By:
2 (X01
Input SY-101 New Transfer Pump (RPP-5667 Rev. 0B) _
Ly = 66001t H=7f gp = 2 mil {Canned Motor Weastinghouse Pump Model 2A-513-A1)
L = 13631 f p=1.3l—ii Z=0n es =3 mil Dipo, =03lin  Fg=1
- iter - = 5mi K
Lp = 51015 ft Fps =1 £p = 5mil L. = 10in
tc =60 °C Dpj=2067in AZp=-1ft  Lp(Dpj,Fx) = 21.086ft W, = 0.1in
Fpg =0 Fpo := 1 J(FKaLOst) =0 N(FK:LO,LS,KB) =25 g£c = 1 mil

I(FKaLOs XB) =0

Calc. No. RPP-LJJ-

M(Fx,Lo,Ls,xp) = 1111

hpgy
Poi |:=ff(Lo,Hy,Ls,Hs,xB,p, tC,€P, £,€ D, Dpi, FK, Fp3, Fp6, Fp9, AZD, Lp, H,Z, L, W, £, Hpo1 , o1 Vor )
Vo1
P2 v 131139 5.575
P3 v3 131.378 1.954
Ps V5 120.092 0
Ps |:=Ppy Ve |=vm Pp1 =| 96.187 |psi vpy =| 52.243 [ft sec'l
Pg vg 120.075 1395
Py v 1765 7.978
- Ve 113815 26.77
Results
hpg; = 497 ft u(p.tc) = 1.197cP LiFK: 121t LjFK=552ft
Py=13L1psi v =5.6ftsec | Ap - vy = 128 5gpm Dp; = 2.067in
Py= 1314psi  Fpj- vs = 2ftsec | Fp3 - Ap - v3 = 45 gpm
Ps=120.1psi v5=0ft sec”! Agg(Fk) - vs = 0gpm
Pg=962psi  Fpg- v = Oftsec | Fpe - Af(Dpi) - v =0 gpm
Pg=120.1psi  vg = l.4ftsec " As6(FK) - vg = 83.4gpm
Po=18psi  Fpg- vo = 8ftsec | Fpg - Ar(Dpi) - vg = 83.4gpm

Perack = 113.8psi

Verack = 268 ftsec”!

Re(DH_crack( Le, wc) » Veracks P, B (P , tC) ) =

Py — P5 = 11.048 psi

X-Site NTP

Vl'AP =

ax 10t

B1-24

Fp3 - Ap - v3 + Agg(Fk)} - v5 + Agg(F) - vg = 128.5gpm
(continuity check at break, OK)



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __25of 3]
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: in] E ipe Pressur i i Date: 1 By: L.
reak in Waste Tank Cross-Si 1 Pipin em Checked: @/ By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:

Figure 1¢. Case 2: Maximum Pressure in Cross-Site Encasement Pipe Due to Primary Plpe Break
(Between Diversion Box and Vent Station) within Encasement Section of Length L, Starting at L,

Relative to Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg =1 Low and high point rupture disk .
Z=0ft  1c=60°C fo=13-2 u(p,ic)=1197cP Le = 10in
¢ “liter A A DLpo, = 0.31in Dp; = 2.067in W= 0.Lin
c=0.
H=672ft Lo=6600ft Lg=13631ft Lp=51015ft  Li =12ft ep=2mil Lp{Dp;j,Fg) =21.1ft .
FK €c = 1l mil
AZp=-11ft Hy=11.8ft Hg=8563ft Fp3=1 L =552f £g = 5 mil €p = S mil
Fx Maximum
Pressure
140 ; 3 ; . (Ibtiin?)
Between Diversion Box 120
and Vent Station : ;
120 ‘
100
i
g
5 g0
£
&
&
E‘ 60— .
=
8
A
40
19
: 19
20 [ . )
SY-101 New Tranafer Pump (RPP-5667 Rev. 0B)
{Canned Motor Westinghouse Pump Model 2A-513-A1)
. :

4 4 3 4 4 4 4
4 6000 : 2. 4. 6. 5. _ 5.
rese §839Ends8%%n 8000 - 1-10 1?10 1.4 10° 1.6-10° 18.10° 2100 2.2.10
BS88 Low Point Open Location (ft) of Primary Pipe Break Down Stream of Pump
—e— High Point Open

X-Site NTP B1-25
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0Q

Page No. _260of 31

Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .

Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: 2 By:

Break i Tank Crogs-Site Transfer Pipin stem Checked: Wi By: -
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
Supernate Transfer
Case 3 break between Vent Station and 244A Lift Statien)
Lo :=LsY102_vSout L, =20362ft start distance from pump of secondary encasement section under consideration

Hy = Zvsout — ZSY102 Hy = 85.63ft  change in elevation of primary pipe from pump to point L
Lg = LySout_244Ain Lg =22425ft  length of secondary encasement section under consideration between drains

Hg :=Zp44Ain — Zsyioz  Hg = 10.88ft  change in elevation of primary pipe from pump to point L, + Lg

Subcase X11 (low and high point drain, Fpg = 1 and Fpq = 1)7,

X10 {high point drain, FD6 = 1 and FD9 = 0), Dpj = 2.067in
X01 {low point drain, FD6 =0 and FD9 = 1)*

Initial guesses (X11) Q:=889-gpm Vy:= Ag V= 3.3581 flow velocities
sec
Both low and high point drains open P Fg=1 Fps=1 Fpgi=1 Fpo=1
Hpj| :=H(Q) pump head Hpy1 =5221f1 Vi Fpe + AV
p2:=8.psi  primary pipe pressure just up stream of break Vs = 35
AgelF
p3:=8 . psi  primary pipe pressure just down stream of break Vg = Vs AS6(FK) _.%SL) =2.596
ps:=3.psi  secondary pipe pressure just up stream of break A¢(Dp;) P
=1 psi i i Vi Fpo+av  Ass(Fk)
pe:=1-psi  secondary pipe pressure at drain up stream of break Ve oo 1-Fpo —_ =572
g Af(Dpi)
pg:=3-psi  secondary pipe pressure just down stream of break Ag 6(FK)
pg:=1-psi  secondary pipe pressure at drain down stream of break Vo:=Vg- A¢(Dpi)
Pe:=1-psi apply conservation of mass ASG(FK) ft
Lo Vy3=V)]—-——— (V5 + Vg} V3=15]—
(continuity) at break 3= Ap (Vs+Vs) V3 sec
AgelFk ft
o= .‘_______( ) (Vs + Vg) Ve=174—
Acrack(Lc,wc) sec
T T
p11:=={p2 P3 Ps P P§ Py Pc) Vii=(V1 V3 Vs Vg Vg Vg V¢)

X-Site NTP B1-26
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0
Page No. __ 27 of 31
Client: CH2M Hill Hanford Group. Inc. WO/Job No.
Subject: NCasem i Pr i i Date: %é%ﬁ%%
Break in Tank Cross- fer Pipi tem Checked:
Location: _200 Area - Hanford Site, R ghlgnd, Washington Revised:_
I Q ft o
Initlal guegses (X10) Q:=83.2.gpm Vj:=— V| =3.611 — flow velocities
Ap sec

High point drain open Fg=1 Fp3=1 Fpg:=1 Fpg:=0

Hpio:=Hp(Q) pumphead  Hpjg=1525ft

Vi Fpe + AV
py:=20-psi primary pipe pressure just up stream of break 5= 5
Aggl I
p3:=20-psi primary pipe pressure just down stream of break V= Vs AS6(FK) %K). =2.596
ps:=16.psi secondary pipe pressure just up stream of break Af (DDI) i
Aggl F
pe:=1-psi  secondary pipe pressure at drain up stréam of break _ Vi-Fpg + AV ils(—E)- =572
Ve 5 Ao
ps:=16-psi secondary pipe pressure just down stream of break Ase(Fk)
pg:=40-psi secondary pipe pressure at drain down stream of break Y9 = 78" A(Dp;)
pei= 14 - psi apply conservation of mass _ ASG(FK) ft
(continuity) at break V3=V T Aap (Vs+Vg) Va=1. 62;
Ase(FK
C:=—-——--—-(-)—-(V5+V8) vc_lw1
Acrack(Lc , wc) sec
T T
p1o:=(p2 P3 P5 Pe P8 P9 Pc) Vio:=(V1 V3 V5 Vg V3 Vo V)
01 2 3 4 56 0O 1 2 3 4 56
Q ft o
Initial guesges (X01) Q:=86-gpm  V|:=— Vv = 3.732 — flow velocities
Ap sec
High point drain open Fk=1 Fp3=1 Fps:=0 Fpg:=1
Hpo1 :=Hp(Q) pump head Hppt = 524 ft
V1 - Fpg + AV
p2:=11-psi primary pipe prassure just up stream of break 5= 3
Agpl F
py=11-psi primary pipe pressure just down stream of break Vg = Vs. Ase{Fk) —iﬁ—(—l-(—)- =2.596
ps:=7-psi  secondary pipe pressure just up stream of break Af(DDi) P
AgglF
pe:=1-psi  secondary pipe pressure at drain up stream of break V) -Fpg + AV ___S_E_(__Q =5.72
- Vem—or—  Ao)
) . 4.5 y
pg:=7-psi  secondary pipe pressure just down stream of break Ag G(FK)
po:=1.psi  secondary pipe pressure at drain down stream of break 9= V8" Ar(Dp;)
pe:=35 - psi apply conservation of mass _ Ase(Fk)
{continuity) at break V3=V Ap (Vs+Vvg) V3=1 43;
AgelFk fit
Vei= () (Vs + V) Ve=17—
Acrack(Le, We) sec
T
po1:=(P2 P3 Ps P6 P8 P9 Pc) Vo;:=(V1 V3 Vs Vg Vg Vo V)T
01 2 3 4 56 0 1 2 3 4 56

X-Site NTP Bi-27
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __28 of 31
Client: CH2M Hil nford Gr Inc, WO/JobNo. __ .
Subject: nt P i Pi Date
Break in Waste Tank Cross-Site Transfer Piping System Checked
Location: - Hanford Site. Richlan i Revised:__ =~
Case 3 (X11)
11— $Y-101 New Transfer Pump (RPP-5667 Rev. 0B}
L, = 20362t HeTft ep =2 mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
Lg = 22425f; p~13£ Z=0ft €5 = 5 mil DLDOFK=O.31in Fg =1
Lp = 51015 ft liter Fps =1 ep = 5mil L. = 10in
[xB :=Ls - 18400 - ft + L] Dpi =2.067in AZp=-1ft  Lp(Dp;,Fg) =21.086ft W, =0.lin
tc=60°C Fpgi=l Fpo =1 J(Fk.Lo,xg) =7  N(Fg,Lo,Lg,xp) =33 €c = 1 mil
I(Fg,Lo,xg) =328 M(Fg,L,,Lg,xp) = 1500
hpp)
Pll = ff(LQ,I‘IO,LS,HS,XB,p,tC,EP,ES,ED,DDi,FK,FD3,FD6,FD9,AZD,LP,H,Z,LC,WC,EC,HP] l ’pl l’vll)
11
P s
2 v 11.223 3.711
Py v3 11.325 1.478
Ps vs 6.998 ~7.636x 107 °
Ps |:=Ppy Ve l=vq Py =| -0.564 [psi vy = 233% 10~ 7 ftsec‘l
Py vg 0357 4.968
4.59
Perack Verack 16.582
Results
hpy) = 5241t u(p,tc) = 1.197¢P Li =12ft L; =552ft
FK FK
Py =112psi vy = 3.7ftsec‘1 Ap-v]=855gpm Dpj = 2.0671in
Py=113psi  Fyy- vy = 1.5ftsec Fry1- Ap - v3 = 34.1 gpm
P5 = 7 psi v =-7.6%x 10"  ftsec™! Asa(Fr) - vs=—4.6x 10~ 3 gpm
=-06psi  Fpg-vg=-23x 10 fsec” - Ar(Dpi) - vg = ~24x 10” ®gpm
Pg = 7 psi vg = 0.9ftsec”’ Ass(Fk) - v8 = 52gpm
Pg = 0.4psi Fpo-vg=35 ftsec-l Fpo - Af(DDi) - vg = 52 gpm
Perack = 4.6psi vi-Ap = Fp3-Ap-v3+ Age(FK) - vs + Ase(Fi) - vg = 86gpm

Verack = 16.6 1t sec'l (continuity check at break, OK)

RC(DH_CraCk(LC! WC) » Veracks P » “’(p ’ tC)) =3x10
Py — Ps = 4.225 psi

4

X-Site NTP ' B1-28
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CH2MHILL Hanford Group, Inc. - Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _Q

Client: CH2M Hill Hanford Groun Inc.

Page No. __29.of 31
W0O/Job No.

Subject: I En n I i Pi Date: _ 9/12/2001 B L lvk
k in Tank Cr i Checked: 257 :

Location: Zm Area - I_-Igntg[d Site, nghland, Washington Revised:_ -

Case 3 (X10)

Input $Y-101 New Transfer Pump (RPP-5667 Rev. 0B)

Lo = 2036211 H=T7ft ep = 2mil {Canned Motor Westinghouse Pump Model 2A-513-A1)

= k = — i
Lg = 22425 - 1.3'_g Z=0ft £g = S mil Dipo. =03lin Fg = 1
Lp = 51015ft liter Fps =1 ep = 5 mil Fk

|xB:=LS—10000-ft+LO|

Le = 10in
Dpi =2.067in aZp=-1ft  Lp(Dpi,Fk) =21.086ft  _ ;)

ic=60 °C Fpg:=1 Fpg =0 J(Fk,Lo,xg) =23  N(Fg,Lo,Lg,xp) = 18 €c = L mil

I(FK,Lo,xp) = 1.012x 10° Lo,Lg,xp) = 815

hpio
Pio 3=ff(Lo-HOaLS,HSstapxtC,SP,ES,ED,DDi,FK,FDSu,FDG,FD%AZDrLP»HsZaLCrWCrEc,HPIOsPIO:VIO)
V10
P vi 32.874 3.152
P; v 32.928 1.934
Ps vs 31.675 0.469 :
Pg [:=Pjg V6 1:=Vi0 Pio=| —0.285 |psi vjo=| 2.684 |ftsec
31.677 0
Pg v8
40.383 33.926
Py v9
30.967 9.007
Perack Yerack
Results
hp1g = 530ft tc) = 1.197cP L, =12ft L =552ft
P-(P C) i i
P) = 32.9psi = 32ftsec”! Ap-v) = T2.6gpm Dpj = 2.067in
P3=329psi  Fpy-va= 1.9t sec’’ Fp3 - Ap - v3 = 44.6gpm
Ps=317psi vg= 0.5ftsec”" Age(FK) - vs = 28.1 gpm
=-03psi  Fpg- vg = 2.7ftsec | Fpe - Af(Dpi) - v6 = 28.1 gpm
Pg=317psi vg= 0ftsec”” ASﬁ(FK) . vg = 0 gpm
Pg=40.4psi  Fpg-vg=0ft sec | Fpo Af(DDi) - vg = 0 gpm

Perack = 31 psi

Verack = 9ft sec]

Re(DH_crack(Lc,wc),Vcrack,P,M(p,lC)) =1x 10
P> — P5 = 1.199psi

X-Site NTP

vi-Ap = Fp3 - Ap-vi+ AS6(FK) © V5 + ASﬁ(FK) -vg=T72.6gpm
{continuity check at break, OK)

B1-29
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-0035
EVALUATION ANALYSIS Revision: _Q
. Page No. __30of 31
Client: _CH2M Hill Hanford Group. Ing. WO/JobNo. ______ .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: /4
Break in Waste Tank -Site Transfer Pipin m Checked:
Location: _200 Area - Hanford Site, Richland, Washington Revised: 7~
Case 3 (X01)
Input ' - T f (RPP-5667 Rev. OB)
L, = 20362 ft H=7ft ep =2 mil {Canned Motor Westinghouse Pump Model 2A-513-A1)
Lg = 22425 f p=1.3£-(§— Z=0ft £g = 5 mil DLDoF —031in Fi = 1
— ier - - : K
Lp = 51015t Fp3 =1 ep = 5 mil L, = 10in
[xe = Ls - 22425 - ft + L Dpi =2067in AZp=-1ft  Lp(Dp;,Fg) = 21.086ft W, =0.1in
tc=60 °C  Fpgi=0  Fpgi=1l HFk.Lo.xg) =0 N(FK,Lo.Ls,xp) = 41 gc = 1mil
i{Fk.Lo.xg) =0  M(Fg,Lo,Ls,xg) = 1828
hpoy
Poi |:=ff(Lo,Ho,Ls, Hs, %B. P, tC,€P, €S, €D, Dpi, FK, FD3, Fp6, FD9, AZD, Lp, H,Z, Le, We, £, Hpoy . Pot . Voi)
Vo1
P v 17.974 3.94
P3 v3 18.088 1.578
Ps v 13.289 0
. -1
P |:=Pg v6 |=vor Ppy =| 10.572 {psi vgp =| 17.614 |ftsec
13.282 0.91
Pg vg
0.444 5.204
Py Y9 10.618 17.464
Perack Verack
Results
h = 5211t ,tc) = 1.197cP L; =12ft L; =3552ft
PO1 u(p.tc) i e
Py=18psi vy =39ftsec’ Ap - v = 90.8gpm Dp; = 2.067in
Py=181psi  Fy3-va = L.6ftsec | Fp3 - Ap- v3 = 36.4 gpm
Ps=13.3psi  v5=0ft sec | Age(Fk) - vs = 0 gpm
Pg=10.6psi  Fpg-vg = Oftsec Fpe - Ar(Dpj) - vg = 0gpm
Pg=133psi  vg=09ftsec”” Ase(Fk) - vg = 544 gpm
Pg = 0.4psi Fpg-vg = 5.2ftsec-l Fpo Af(DDi) - vo = 54.4 gpm
Perack = 10.6psi vi-Ap = Fpi-Ap-va+ ASG(FK) ‘vs + ASﬁ(FK) - vg = 90.8 gpm

Verack = 17.5fts ec-l {continuity check at break, OK)

RB(DH_CfaCk(LC’WC)chracksP»ll(P,tC)) =3x 104
Py —P5=4.685psi

X-Site NTP B1-30
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __ 3] of 3l
Client: _CH2M Hill Hanford Group. Inc. WQ/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: _9/ By: L. L
Break in Waste Tank Cross-Site Transfer Pipin Checked: a/ By:%
Location: _200 Area - Hantord Site, Richland, Washington Revised: By:

Figure 1d. Case 3: Maximum Pressure In Cross-Site Encasement Pipe Due to Primary Pipe Break
(Between Vent Station and 244A LIft Station) within Encasement Section of Length L, Starting at L

Relative to Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C,

Fg=1 T High point rupture disk Lc = 10in
_ — 3 — — - = i
Z=0ft tc=602C |p=13 == u(p,tc) = 1.197cP DLpo_ =031in Dp; = 2.067in W =0.1in
K R
H=672ft  Lo=20362ft Lg=20425f Lp=5SI01Sft L =12ft ep=2mi Lp(Dpi,Fx) =21.1ft “¢= ! il
AZp=-1ft H,=85.63ft Hg=1088ft Fpy=1 L -ss2f 87 Smil . ep=5mil
FK Maximum
Pressure
35 (Ib¥in?)
SY-101 New Transfer Pump (RPP-5667 Rev. 0B) %2
(Canned Motor Westinghouse Pump Model 2A-513-A1)
30 | |
25
3
2
5 20
&
a
&
E o5
g
& 13
10
7
5 YA o
Between Vent Station
and 244A Lift Station
0
* 1.5-10* 2.10* 2.5-10* 3.10* 3.5-10*

Qerexe Bothl:sg?s?Open 110

—®— High Point Open Location (ft) of Primary Pipe Break Down Stream of Pump
Bt Low Point Open

X-Site NTP B1-31
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APPENDIX C

INFRASTRUCTURE ENCASEMENT PIPE
MAXIMUM PRESSURE ANALYSIS
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APPENDIX C0

INFRASTRUCTURE ENCASEMENT PIPE
MAXIMUM PRESSURE ANALYSIS

BLOCKED TRANSFER ROUTE

C0-i
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0
Page No. __1of 22
Client: _CH2M Hill Hanford Group. Inc. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: ﬁt9 12/2 T
. in W Tank Cross-Site Transfer Pipin stem Checked: ﬁ%&/
Location: _200 Area - Hanford Site, Richland, Washington Revised:_

[+] Reference:C:\WINDOWS\Desktop\FY2001\Waste Transfer System\Encasement Pressure Issue\Cross-Site Encasement Calcs\pipebreak.r

Input Parameter Data

AW105 to WTP Elevation and Equivalent Pipe Length Parameters

Elevations

ZAW105.05A =684.5-ft  elevation at AW105 05A Transfer Pump Pit

' LAW105.05A_AWA = (108 + 240) - ft
Lawp =68535-ft elevation at AWA

Lawa_aw102.024 1= (205 + 124) - ft
Zawi102.024 =684.5 . ft elevation at AW102 02A

. ) LAW102.02A_APpit := (205 + 761) - ft
ZAppit :=676.61 - ft elevation at AP pit

. . LAPpit_APApit := (205 + 450) - ft
ZapApit =674 - ft elevation at AP-A pit (new)

) , L APApit_WTPinterface := (205 + 3518 — 1000) - ft
ZWTPinterface := 662.4 - ft  elevation at WTP interface

LwTPinterface_WTP := (884) - ft

ZwTp:=T707.44 - ft elevation at WTP in-plant

Lw105.05A_AW102.02A :=LAW105.05A_AWA + LAWA_aw102.02A Lw105.05A_AW102.02A = 6771t
Lw105.05A_APpit '=Lw105.05A_AW102.02A + LAW102.02A_APpit Lw105.05A_APpit = 1643 ft
Lw105.05A_APApit = Lw105.05A_APpit + LAPpit_APApit Lw105.05A_APApit = 2298t

Lw105.05A_WTPinterface := LW105.05A_APApit + LAPApit_WTPinterface LW 105.05A WTPinterface = 5021t

Lp:=L i i
P W 105.05A_WTPinterface LWTPlnterface_WTP Lp = 5905 ft
3 1 8 0.5 .
ZAW_tank_bottom = 631.5 + 3 12 + -1-2- ol ft  ZAw_full = ZAW tank_bottom + 422 - in (H-2-70394)

AHpump 1= ZAW105.05A — ZAW_full

AHpump = 17.094t

AWI105-WTP NTP Co-1
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CH2MHILL Hanford Group, Inc.

Cale. No. RPP-L1J-005

EVALUATION ANALYSIS Revision: _Q
Page No. _20of 22
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: condar Pj imary Pj Date: __9/1 By: L. J. Julyk
Break in Waste Tank Cross-Site Transfer Piping System Checked: i By:
Location: - Hanf ite, Richl Washington Revised: By:
AW105 to WTP Cases assume all drains 1-1/2-in. to bound other
Case 0 break between AW105 05A and AWA transfer routes
Lo:=0-ft L, =0ft :
Hy:=0-ft H, = 0ft Subcase X11 (low an.d hlghl point drain, Fps = 1 and Fygq = 1)7,
: X10 (low point drain, FD6 = 1 and FD9 = 0),
Ls :=LAW105.05A_AWA Lg = 3481t X01 (high point drain, FD6 = 0 and FD9 = 1)*
Hs :=ZAWA — ZAW105.05A Hg =0.851ft 2-in.drain low point drain
Case 1 break between AWA and AW102 02A
"o LAWI0S05A AWA o m e Subcase X11 (low and high point drain, Fyg = 1 and Fpg = 1)
) _ ubcase ow and high point drain, Fpg = 1 and Fg = 1)*,
=7 -Z =0.85ft
Ho =ZAWA ~ ZaW 105054 Ho X10 (high point drain, FD6 = 1 and FD = 0)*,
Lg:=LAwA_AWI102.024 Lg = 3291t X01 (low point drain, FD6 = 0 and FD9 = 1)

Hg :=ZAw102.02A — ZAW105.05A Hg =0ft

Case 2 break between AW102 02A and AP pit

Lo =Lw105.05A_AW102.024 Lo =6771t

Ho ' =ZAw102.024 — ZAW105.054  Ho =0ft

Ls := LAW102.02A_APpit Lg =966 ft

Hs :=ZAppit ~ ZAW105.05A Hg =-7.891t
Case 3 break between AP pit and AP A pit

Lo = Lw105.05A_APpit Lo = 16431t

Ho :=ZAPpit ~ ZAW105.05A H, =-7.89ft

Ls :=LAPpitl_APApit Lg =6551t

Hg :=Zapapit ~ ZAW105.05A Hg =-10.5ft
Case 4 break between AP A pit and WTP interface

Lo :=Lw105.05A_APApit Lo = 22981t

Hp :=ZApapit — ZAW105.05A H, =-10.51t

Lg :==LAPApit_WTPinterface Lg=272311

Hg := ZwTPinterface — ZAW105.05A  Hg =-22.1ft

1 1/2-in.drain low point drain

Subcase X11 (low and high point drain, Fpg = 1 and Fpg = 1)°,
X10 (high point drain, FD6 = 1 and FD9 = 0)*,
X01 (low point drain, FD8 = 0 and FD9 = 1)

2-in.drain low point drain

Subcase X11 (low and high point drain, F,q = 1 and Fpg = 1)*,

X10 (high point drain, FD6 = 1 and FD9 = 0)*,
X01 (low point drain, FD6 = 0 and FD9 = 1)

2-in.drain low point drain

Subcase X11 (fow and high point drain, Fpq = 1 and Fpg = 1)*,

X10 {high point drain, FD6 = 1 and FD9 = 0)*,
X01 (low point drain, FD6 = 0 and FD9 = 1)

2-in.drain low point drain

* would require additional drain/relief valve at other end of line segment

X =1 for FD3 = 1 (primary pipe downstream flow open)
0 for FD3 = Q (primary pipe downstream flow blocked)

AW105-WTP NTP

C0-2
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Client: CH2M Hill Hanford Group. Inc, WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe  Date: jzu}% I By LLuykr?
Break in Waste Tank Cross-Site Transfer Piping System Checked: 2 By:%
Location: _2 ea - Hanford Site, Richland, Washington Revised: By:
Fy selects primary pipe interal support parameters in annulus

= 0 for existing in-Farm piping {no leak detection cable, no anchors)

= 1 for W058 and W314 extension of W058 (with leak detection cable 2-in. thk anchor, no radius in anchor slots)
= 2 for W058 and W314 extension of WO58B (leak detection cable 2-in. thk anchor, with radius in anchor slots)

= 3 for new in-Farm W314 piping (1-in. thk anchor, with radius in anchor slots)

Dp; internal pipe diameter of drain
= 1.5 or 2 Inches for existing in-Farm piping (no rupture disks)
= 2 inches for WO58 and W314 extension of W058 (with rupture disks)
= 2 inches for new in-Farm W314 piping (no rupture disks)

Fpiz Fpg Fpo Sswitch to block (= 0) or open (= 1) flow downstream of break and drain location 6 or 9, respectively

Lp total equivalent length of primary pipe from pump to discharge exit
Lp =359051t Lp=1.118mi
H := ZwTPinterface — ZAW105.054  change in elevation of primary pipe from pump to point just before H=-22ft

vertical increase in slevation at end of primary pips at discharge to tank
(see Figure 1)

AZp=-1-ft approximate change in elevation at drain
Z:=H+45.ft vertical increase in slevation at end of primary pipe at discharge to tank at WTP Z =23ft

Supemate Transfer
Case 4 break between AP A pit and WTP interface

Lo :=Lw105.05A_APApit L, = 2298 ft start distance from pump of secondary encasement section under consideration
Hp '=ZApapit — ZAW105.05A H, = -10.5ft change in elevation of primary pipe from pump to point L, H, =-10.51t
Ls := LAPApit_WTPinterface Lg = 27231t length of secondary encasement section under consideration between drains

Hs := ZwTPinterface — ZAW105.054 Hs = -22.1 ft change in elevation of primary pipe from pump to point L, +Lg  Hg = -22.11t

xg = 1000- ft + Ly distance of break in primary pipe from transfer pump

HB(LO, H,,Ls,Hs, xB) =-14.76ft elevation at assumed break location xg relative to transfer pump elevation

tc temperature of waste (°C)

P bulk density of waste (kg/L)

Pipe roughness
ep:=2 - mil stainless steel primary pipe
£g:=5 mil carbon steel secondary (encasement} pipe
Ep:=5 - mil carbon steel drain pipe

AWI105-WTP NTP C0-3
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Subject: Mmmmmm Date: %_
B in W Tank Cr Transfer Pipin slem Checked: ;
Location: Mmm&mm%maw_ Revised: —_—
0 Existing
. diameter of kg
0.31 —173. == —
Assum rack Siz ramert DL = in w058 leak detection p:=13 — te =60
e cable Tr(tc) = 140
L.:=10-i 0 w314 F C) =
crack length . .
viscosity p(p,tc) =1.197cP
We:=01-i crack opening width 0.22781
.2 0.22826
Acrack(Lc,Wc) =lin BC](LCswC) =0.368 BCZ(LCsWCsDLDo) = 0.22826
Perack(Le, We) = 20.2in 022781

DH_crack{Lc. W} =0.198in  effective hydraulic diameter oe(Le, W) = 1.091 L/D,, ratio for crack

€c:=1- mil

Veim 10—
sec

primary pipe through crack roughness

4 Reynolds number for

Re{DH_crack{Le: W), Ve, p.11(p  tc) ) = 2% 10 flow through crack

thick-edged orifice with o = /D, > 0.015
Lyons 1

tte(Le, We) = 1.091 > 0.15 => thick-edged orifice

2. Ean 4, pg. 1 i i -
1.80719

1.80671
1.80671
1.80719
shap-edged orifice (idelchik 1994, pg. 218, o = L/D,, < 0.015)
2.61664
2.61598
2.61598
2.61664

1.58502
1.58459
1.58439
1.58502

KC!'aCk(LC!wC! VC! P, tC, E'C;DLDO) = KKCI’aCk(LC’WC: Vc,P »tC1 EC’DLDO) =

KKKCTaCk(LCv va VC! [+2 "C vEeo DLDO) =

Encasement annulus K-resistance factors for guides and anchors modeled as thick-edged (long) orifice for a = L/D,, > 0.015

Lyons 1982, Eqn 4. pg. 158
EXisting FK =0 Kguidc("', P, tC’ €, FK) = 0.083 Kanchor(" P, tC ,€ vFK)
woss FK:=1 Kguide(v.p,tc.€,Fk) = 1.912 Kanchor{ V., tc. €, F) = 17.686 3/4-in. thk no radius in slots
Fx=2  Kgyde(v.p,tc.8,Fk) = 1.912 Kanchor( v, P, tc,€,Fg) = 11.537 3/4-in. thk with radius in slots
W314  Fx:=3  Kguide(v.p,tc,€,Fg) = 0.083 Kanchor{ V., tC. €, Fg) = 10.696 1-in. thk with radius in siots
Vg:=0.ft-sec pz:=0-psi g= 32.174&580-2

AV:=0.1- ftsec |

AWI105-WTP NTP

C0-4
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EVALUATION ANALYSIS Revision: _0
Page No. _ 5 of 22
Client: _CH2M Hill Hanford Group, Inc. WO/Iob No. .
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date: _ 9/12/2001 By: L.J. Jui
Break in Waste Tank Cross-Site Transfer Piping System Checked: EZ s7al By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:

Apply conservation of mass (continuity) and energy (Bernoulli theorem) between nodes (see Figure 1a of Appendix A) and at
the pipe break plus the characteristic pump head relation (see Figure 2 of Appendix A) to model the nonlinear system of
equations that govern the steady-state flow behavior resulting from a primary pipe break at location xg relative to pump.

SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
(Canned Motor Westinghouse Pump Model 2A-513-A1)

H'p(Q) := HNTP(Q) - AHpymp

Nonlinear governing system of equations

Given apply conservation of mass (continuity) and energy (Bernoulli theorem)
VozVz V2V, V2V, VieVp V2V VeeVp VeV

continuity

Ass(FK) - V, = Fps - A(Dpi) - V3

Asg(F) - V, = Fpo - Af(Dpi) - Vs
Ap-Vy=Ap-V, - Fp3 + Acrack{Le, We) - Vg
Acrack(Lc’wc) : V6 = AS6(FK) : (V2 + V4)
Hp = HP(AP ‘ Vo) pump head curve
Bernoulli (between nodes, see Figure 1a of Appendix A)

2
X v p
Hp - {Re(DPisVo’P,H(P,tC))»;_::;J - ']5% ' % = [p—og + HB(Lo:Ho’LS’HSsXB)] 1-2
Py .\ (V0)2 A N (V1)2 2-3
Lp g 28 P-g
Py ep ) Lp-xp (V1)2 (Vl)2
_;: ¥ (1 - {Re(npi,vl,p,p(p,tc)),ﬁj o KE) o Hp(Lo.Ho,Ls, Hg, xp)| = P H+Z 3-4
i 2 v \2 2
po + (VO) = p6 + ( 6) + Kcrack(Lc:Wc,VG,PJC,ECsDLDo ) & 2-crack
 p g 2.8 p-g 2.g FK 2.g
2 2
Pg . (Vﬁ) | P2 N (Vz) crack-5

AW105-WTP NTP C0-5
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Page No. _6of 22
Client: CH2M Hill Hanford Group. Inc. : WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date:
Break in Tank Cross-Site Tr. r Pipin stem Checked: j%&
Location: _200 Area - Hanford Site. Richland, Washington Revised:
2l ) o).V 0100 | 2 (vz)“'ps |
— + + 5L »H W X - F sV Mo ,t » ' - w | = e
o B 0»Ho,Ls, Hs, xp e( H_a6\FK), V5. P, 1{p c) Dr <) | DragFx) 2-8 "
v 2 v 2 5-6
| (V) (V)
+1- I(FK1L01XB) * Kgulde(vzsP,tCsES;FK) 2_g + 7. g
+J(Fi, Lo, xB) - Kanchor( V5, tc: €5, Fic) + KD(DDi,DLDoFK) +Ho |
* Py ep | Lp(Dpi,Fk) (Va)2 (V3)2
—— 411 -1l Re{ Dpyi, Vs, t —_— _Kg|-— |= AZ 6-7
o ( {e( i, V3.0,1(p,tc)). Dm) o EJ T T T
[ 2 2
P6 . (V6) }={ p4 . (V4) :| crack-8
 p-g 2-8 p-g 2-g
[ p4 £g Lg - (xB —LO) (V4)2 1 p 1
—— + Hp({Ly,Hy.Lg,Hg, xg) — f| Re(D Fkl,V..p, e, . . w =l — ..
— B(Lo s.Hs,xB) { e( H_a6(FK), V.0, 1{p c)) DH_aﬁ(FK)] D) 2o¢ -~
2 2 8'9
(Va) (Vs)
+[1- M(FK,LO,LS,xB)-Kguide(V4,p,tc,es,FK) W + 7
+N(FK!L05LSst) ! KanChOT(V4vp!tC’ES!FK) + KD(DD’I’DLDOFK) _+ HS .
T Ps ¢ep | Lp(Dpi.Fk) V5)2 (Vs)2
— 1-fIR ; ——— A= | = -1
_p-g+( {C(DDI Spu(ptc)) DDl) Do KEJ 28 2. ¢ + AZp 9-10

Solution function

ff(Lo, Ho,Ls, Hs, X8, P, !, £P. €5, €D, Dpi, FK, Fp3, Fpg, Fp9, AZp, Lp, H,Z,L¢, We, €¢, Hp,p, V) := Find(Hp, p, V)

T T
(P2 P3 P5s P P8 P9 Pc) (Vi V3 Vs Vg Vg Vo V)
01 2 3 4 56 0 1L 2 3 4 56

AWI105-WTP NTP C0-6
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Page No. _7of 22
Client: _CH2M Hill Hanford Group. Inc. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: %
Break in Waste Tank Cross-Site Transfer Piping System Checked: 247 /@7 %ﬂ/
Location: _200 Area - Hanford Site, Richland, Washington Revised: 7~

For plotting, fotlowing function returns nth solution variable at points defined in vector xg n = result variable selected
PP(LD,HO,Ls,Hs,xB,p,tc,ep,(:‘.s,eD,DDi,FK,FD3,FD6,FDg,AZD,Lp,H,Z,n,Lc,WC,EC,Hp,p,V) = |vp & O
H'p « Hp
P ep
VeV
for i€ 0..length(xg) - 1
XBB - XB.

1
X « ff{Ly,H,,Ls, Hg, xp
Hp X,
P« X1
V'« )\{2

v

Vevs =l

Y(—X1

P, Yn

vp

AW105-WTP NTP C0-7
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EVALUATION ANALYSIS Revision: _0
Page No. __3of 22
Client:  CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date:%ﬁ? By: L.J
Break in Waste T ross-Site Trans iping System Checked: 25~/ By:%&/
Location: _200 Area - Hanford Site. Richland. Washington Revised: By:

AW105-WTP Supernate Transfer
Case 0 break between AW105 05A and AWA

Lo=0-ft Lo =0ft start distance from pump of secondary encasement section under consideration
Hy:=0-ft Hp,=0ft  change in elevation of primary pipe from pump to point L,
Lg :=LAW105.05A_AWA Ls =348ft length of secondary encasement section under consideration between drains

Hg :=Zawa — ZAW105.05A Hg = 0.85ft

change in elevation of primary pipe from pump to point L, + Lg

nitial 10) Q:=326-gpm  Vy:=—
sec
Low point drain open Fpg:=1 Fpo:=0
Hpjp:=Hp(Q pumphead  Hpjg=239ft V| - Fpg + AV
pa:= 148 . psi primary pipe pressure just up stream of break Vs = 3.1 A (F )
p3 == 149 - psi primary pipe pressure just down stream of break Vg i=Vs- AS6(FK) —-S—Z—K— = 2.607
ps:=20-psi secondary pipe pressure just up stream of break A¢(Dpi) F
Asel F
pe:=12-psi secondary pipe pressure at drain up stream of break Ve i V1 Fpg + AV 86( K) = 9.46
8= 50 Af(DDi)
pg:=20-psi secondary pipe pressure just down stream of break Ag 6(FK)
pe:=8-psi  secondary pipe pressure at drain down stream of break Vo:=Vg: A¢{Dp;)
pei=1-psi apply conservation of mass _ Ase(FK) ft
{continuity) at break V3:=Vy - Ap (Vs+Vg) V3= 2'16'5';
AselF
c;=_(i (Vs + Vg) Ve = 88.6——
ACl'aCk(LC’WC) sec

T
p10:=(P2 P3 ps Pe Ps P9 Pc)

AWI105-WTP NTP

Subcase X11 (low and high point drain, Fpg = 1 and Fpg = 1)",

X10 (low point drain, FD6 = 1 and FD9 = 0),
X01 (high point drain, FD& = 0 and FD9 = 1)*

use Existing Piping
Guide/Anchor

Fg =0

CO0-8

Kk
Dpi:=Dp1sy [p:=13: .—g
liter

V= 14_143—ﬁ— flow velocities

T
Vio=(V1 V3 Vs Vg Vg Vo V)
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EVALUATION ANALYSIS Revision: _0
: Page No. __9of 22
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: _9, By: L.J Ju
Break in Waste T, ross-Site Tr Pipin m Checked: /. By
Location: _200 Area - Hanford Site, Richland. Washington Revised: By:

Case 0 (X10)

Input — $Y-101 New Transter Pump (RPP-5667 Rev. 0B)
Lo = Of H=_22t ep = 2 mil {Canned Motor Westinghouse Pump Model 2A-513-A1)
Lg = 348 _ 13k Z =2291t g5 = 5mil Dips. = 0in Fy = 0
Lp = 5905 ft liter Fp3 =0 £p = 5 mil - Fi .
P D3 ‘ = 10in
[B:=347 fi+ L 1c=60°C Dpi=16lin AZp=-1ft Lp(Dp;,Fg) =7.025ft W =0.1in
=0.

FK,Lo,xB) =39  M(F,Lo,Ls,xg) =0

hpio
Pio |:=ff(Lo,Ho,Ls,Hs,xB,p,tC,€p. €8, €D, Dbi, Fx, Fp3, Fp6, Fpo, AZp, Lp, H,Z,Le, We, €, Hp10, P10, Vio)
V10
Py V]
P3 vy
Ps V5
P |=Pio | V6 [=vio
Pg vg
Py vg
Perack Verack
Results
hpyo = 352 ft u(p,tc) = 1.197¢P LiFK=9ft LjFK=9>< 10t
—169psi vy =112ftsec’ Ap - v| = 258.1gpm (= 1.61in
Py=169.7psi  Fp - v3 = Oftsec . Fp3- Ap - v3 = 0 gpm
Ps=617psi  vs=43ftsec Ase(FK) - vs = 258.1gpm
Pg=342psi  Fpg- vg=40.71t sec”! Fps - Ar(Dpi) - v6 = 258.1gpm
Pg = 61.9psi vg = Oftsec'l ASﬁ(FK) -vg =0gpm
Pg = 43.5psi Fpg-vg = Oftsmec'l Fpo - Af(DDi) - vg = 0gpm

Perack = 1.8psi vi- Ap

Verack = 82.8 frsec”

Rc(DH_crack(LCswc)’Vcrack’psl’-(P,tC)) =1x 105
Py - P5 = 107.292 psi

AWI05-WTP NTP

Fp3-Ap- vy + ASﬁ(FK) - V5 + ASﬁ(FK) - vg = 258.1gpm
(continuity check at break, OK)

CO0-9
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __10of 22
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. :
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date:_Q%ZQ%L_ By: L_L% ulyle 7,
reak in W Tank Cross-Site Tr. r Pipin stem Checked: _2/25/2/ By: ,rf M
Location: _200 Area - Hanford Si ichl Washi Revised: By:

Figure 1a. Case 0: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break
(Between AW105 05A and AWA) within Encasement Section of Length L, Starting at L, Relative to

Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg =0 o Low point drain Le = 10in
= = o = re— = = i = i
Z=229ft tc=60°C Jp=13 = u{p,tc) = 1.197¢cP DLDOFK Oin Dp; = 161 in W, = 0.1in
H=-22.1ft Ly=0ft Lg=348ft  Lp =5905ft Li, =9ft &p=2mil Lp(Dpi,Fk) =7ft  °¢~ tmil
Ap=-1ft H,=0ft Hg =0.85ft Fp3=0 L =9)(104ﬂ eg=5mil ep=5mil
FK
70 . Maximum
' Pressure
(Ib¥in?)
3 e 3 3 € ¥ ¢ > 13 X 62
&0 U S
50
o
&
2
3 40f
£
-4
[
g 30
3
A
20
AW105-to-WTP Transfer
10 break between AW105 05A and AWA
SY-101 New Transfer Pump (RPP-5667 Rev. OB)
(Canned Motor Westinghouse Pump Model 2A-513-A1)
0 ;
0 50 100 150 200 250 300 350

¢ Tow Point Open .
Location (ft) of Primary Pipe Break Down Stream of Pump

AWIL03-WTP NTP C0-10



RPP-8778 REV O

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
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Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/1 By: L.J. Ju]
Break in Wast -Site Transfer Pipi m Checked: Cl By:

Location: _200 Area - Hanford Site. Richland, Washington Revised: By:

Supernate Transfer

Case 1 break between AWA and AW102 02A

Lo =LAw105.05A_AWA L,=348ft start distance from pump of secondary encasement section under consideration

Ho:=ZAWA ~ ZAW105.05A H,=085ft change in elevation of primary pipe from pump to point L,

Ls :=Lawa_AwW102.024 Ls=329ft length of secondary encasement section under consideration between drains

Hs :=ZAW102.02A - ZAWI0S0SA po-0fc  change in elevation of primary pipe from pump to point L, + Lg

Subcase X11 (low and high point drain, Fp, = 1 and Fpg = 1)%, us_e EXIStIng
X10 (high point drain, FD6 = 1 and FD9 = 0)*, guide/anchor
X01 (low point drain, FD& = 0 and FD9 = 1)
Q ft . .
Initlal guesses (X01) Q:=270-gpm  V{:=— Vi = 11,718 —low velocities
Ap sec
Low point drain open fx =0 Fp3=0 Fpe:=0 Fpg:=1
Hpgy :=H»(Q) pump head Hpq = 3341t
P 0 V1 -Fpg + AV

p:=185 - psi primary pipe pressure just up stream of break 5= 50
AgglF

p3:= 185 . psi primary pipe pressure just down stream of break VooV ASG(FK) Si K) =2.607

6:=V5 ————

ps:=67-psi secondary pipe pressure just up stream of break Af (DDI) ’
AgglF

pg:=47-psi secondary pipe pressure at drain up stream of break _ Vi Fpg+ AV -—86( k) =9.46

Vgi=—————— Af(Dpi)

pg:=67 - psi secondary pipe pressure just down stream of break Verv A36(FK)

pg:=37-psi secondary pipe pressure at drain down stream of break 9= V8 Af(DDi)

pci= 1.7 psi apply conservation of mass _ As6(Fk) PN i

(continuity) at break V3=V - Ap -(Vs+Vg) V3= 03&
Ass(FK
VoS8R _ (o v Veoshatt
Acrack( L, Wc) sec
= T . T
po1:=(p2 P3 Ps P P8 P9 Pc) Vo1:=(V1 V3 Vs Vg Vg Vo V)
01 2 3 4 56 0O 1 2 3 4 56

AW105-WTP NTP Co-11
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Location: _200 Area - Hanford Site. Richland, Washington Revised: By:
Case 1 (X01)
Input S$Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
L, =3481t H=-22ft ep = 2 mil {Canned Motor Westinghouse Pump Model 2A-513-A1)
p=l_3_!_(_g__ Z=2291ft €5 = 5 mil DLDOFK=0in Fg =0
Lp = 5905 ft liter Fp3 =0 £p = 5 mil

Lc = 10in
tc =60 °C Dpj = 16lin AZp=-1ft Lp(Dp;,Fx) = 7.025ft W, =0.1in

J(Fg.Lo,xg) =0  N(Fg,Lo,Ls,xp) =0

Fpg:=0 Fpo:=1 €c = I mil
{Fg,Lo,xg) =0 M(Fg,Lo,Ls,xg) =37
hpoy
Poy |:=ff(Lo,Hy,Ls, Hs,xB,P,tC,€P, €5, €D, Dpi, FK. FD3, FD6, FD9, AZD, Lp, H,Z, Lc, We, £c, Hpot . P01, Vor )
vol
P2 vl
P3 v3
Ps v5
Pe [=Po1 | v6 |=vo1
Pg A
Pg vo
Perack Verack
Results
hpoy = 351 ft m(p,tc) = 1.197¢P Lj, =9f Lj, =9 10
Py = 168.8psT vi = 112 ftsec”! . Ap - vy =258.2gpm Doy = 161 n
Py =1695psi  Fpy: vy =0ftsec Fp3 - Ap-v3=0gpm
Ps = 61.6psi Vg = Oftsec.1 As(,(FK) - v§ = 0 gpm
Pg =433 psi Fng - vg =01t s'ac-1 Fpg - Af(DDi) - vg =0 gpm
Pg=6ldpsi  vg=43ftsec Ago(FK) - vg = 258.2gpm
Po=343psi  Fpo- vo=40.7ftsec Frg - Af(Dpi) - vo = 258.2gpm
Perack = L1.5psi vi-Ap = Fpy-Ap-v3+ Age(Fk) - vs + Ase(Fk) - vg =258.2gpm

Verack = 8Lt sec”) {continuity check at break, OK)

RC(DH_Cl'aCk(LC’WC) » Yeracks P l-"(p ) tC)) =1x 105
Pz ~ P5 = 107.231 psi

AWI105-WTP NTP C0-12
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0Q
Page No. __13 of 22
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/12/2001  By: %/
Break in Waste Tank Cross-Site Transfer Pipin m Checked: 24’3 s/¢/ By:
Location: _200 Area - Hanford Site. Richland. Washington Revised: By:

Figure 1b. Case 1: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break
(Between AWA and AW102 02A) within Encasement Section of Length L, Starting at L, Relative to

Transfer Pump for Supernate Waste Transfer at Tomperature of 60 °C.

- L= 10in
Fg =0 i Low point drain W. = 0.Lin
Z=229ft tc=60°C = 1.3—— ,tc)=1197¢P D =0in , ==

C P Titer P-(P C) LDog, Dp; = 1.61in €= 1 mil
H=-22.1ft Ly=348ft Lg=329ft  Lp=5905ft LiFK =9fc ep=2mil Lp(Dp;,Fg)="7ft
AZp=-1ft H,=0851ft Hg = 0ft Fp3=0 L =9x104ft £g = 5Smil €p =S mil .
FK Maximum
Pressure
70 ‘ ‘ (Ibfin?)
62
60
50
B
g
§ 40
£
&
=¥
g 10
=
3
A
20!~
AW105-to-WTP Transferé
10 break between AWA and AW102 02A
SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
(Canned Motor Westinghouse Pump Model 2A-513-A1)
0 : | I
0 100 200 300 400 500 600 700

0% 1 ow Point Open . ) .
Location (ft) of Primary Pipe Break Down Stream of Pump

AWI105-WTP NTP Co-13
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __t4 of 22
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: L.J. Jul %
Break in Tank Crogs-Si fer Pipi &l Checked: By:
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
Supernate Transfer
Case 2 break between AW102 02A and AP pit
Lo == Lw105.05A_AW102.02A L, = 677t start distance from pump of secondary encasement section under consideration
Hy :=ZAw102.02A4 — ZAW105.05A Ho = 0ft  change in elevation of primary pipe from pump to point L,
Ls :=LAW102.02A_APpit Lg = 966 ft length of secondary encasement section under consideration betwaen drains
Hg :=ZAppit — ZAW105.05A Hg = -7.89ft 1ange in elevation of primary pipe from pump to point L, + Lg
Subcase X11 (low and high point drain, Fpz = 1 and Fpg = 1)*, us-e EXIStlng
X10 (high point drain, FD6 = 1 and FD9 = 0)*, guide/anchor
X01 (low point drain, FD6 = 0 and FD9 = 1) Dpj = 1.61in
nitl Q:=307.gpm  Vi:= 2 V] = 13.323 —ff-low velocities
Ap sec ’
Low point drain open ' Fg=0 Fp3=0 Fpg:=0 Fpg:=1
HPO] =H (Q) pump head HPOI =273 ft
p Vi -Fpg + AV
pz:=94-psi primary pipe pressure just up stream of break Vs = 3
AgglF
p3:=94-psi primary pipe pressure just down stream of break VeV Ase(Fx) «--59-(—-5-)- =2.607
6:=V5: ————r
ps:=36-psi secondary pipe pressure just up stream of break Af(DDi) P
_ . . : Vi-Fros ay  As6{FK)
pPg:=25-psi secondary pipe pressure at drain up stream of break 1-¥po+ A —— 2 -946
Vs = e A (DD)
4.2 D
pg:=36-psi secondary pipe pressure just down stream of break ey Ag 6(FK)
po:=18.psi Ssecondary pipe pressure at drain down stream of break 9-=V8- Af(DDi)
P :=3.8- psi apply conservation of mass _ Age(Fk) ft
- (continuity) at break V3=Vy - b (Vs+Vg) Vi=491 P
Assl FK ft
c:=——(--)——— (Vs + Vg) Ve = 62.2
Acrack(Lc, Wc) seC
T T
po1:=(P2 P3 P5s P6 P8 P9 Pc) Vor:=(V1 V3 V5 Vg Vg Vo V()
01 2 3 4 56 0 1 2 3 4 56

AWI105-WTP NTP C0-14
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __ 15 of 22
Client: CH2MHillHanfordGroup.Inc. ~ WO/JobNo.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe  Date: :‘% %/
Break in Waste Tank Cross-Site Transfer Piping System Checked:
Location: _200 Area - Hanford Site, Richland, Washington Revised:_
Case 2 (X01)
INput======= $Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
L,=6771t H=-22ft Ep = 2mil {Canned Motor Westinghouse Pump Model 2A-513-A1)
p=l.3-—?-(§-— Z =229ft 5 = 5mil DLDOFK:Oin Fx =0
Lp = 5905 ft liter Fp3 =0 £p = 5mil L, = 10in
[B:=965-ft+ Ld tc=60°C Dpi=16lin AZp=-1ft Lp(Dp; Fg) =7.025ft W, = 0.Lin
Fpg =0 Fpo:=1 J(FkLo,xg) =0 N(FK.Lo.Ls,xp) =0 £c = 1 mil
I(Fk,Lo,xg) =107 M(Fg,Lo,Lg,xg) =0
hpo1
Py |:=ff(Lo,Ho,Ls,Hg, B, p,tc,€p,€5,€D, Dpi, FK, Fp3, Fpe, Fpo, AZp, Lp, H,Z, Lc, We, £, Hpot. Po1. Voi )
vol
Py ) V]
P3 v3
Ps vs
Ps [:=Pg Ve |:=vor
Pg Vg
Py vo
Perack Verack
Results
hpgy = 397 ft u(p,tc) = 1.197cP LiFK=9ft LjFK=9x 10* st
Pp=1238psi  vi =9.8ftsec’” Ap - v| = 2255 gpm Dp; = 1.6 in
P3=1243psi Fm-w = Oftsec'1 Fps-Ap:v3=0gpm
Pg =42 psi vs = 0ft se:(:-1 ASG(FK) -v5 =0gpm
Pg = 26.4 psi Fps - v = Oi’ts.ec'1 Fps - Af(DDi) - vg =0gpm
Pg=419psi  vg=3.8ftsec Ase(FK) - vg = 225.5gpm
Pg = 26 psi Fpo - vo = 35.5ft sec”. Fpg - Af(Dpj) - v = 225.5gpm
Perack = —3.8psi NE Ap = Fpa-Ap-vi+ ASG(FK) Vg + ASG(FK) -vg =225.5gpm

Verack = T2.31t sec”] (continuity check at break, OK)

Rc(DH_crack(Lc-Wc)sVcrack,P,P-(p,tC)) =1x10°
~ P5 = 81.764 psi

AWI105-WTP NTP C0-15
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __160of 22
Client: _CH2M Hill Hanford Group, Inc. WO{Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: L.J.
Break in Waste Tank Cross-Site Transfer Pipi Im Checked: 2/ By:
Location: _2 - Hanford Site, Richl Washi Revised: By:

Figure 1¢. Case 2: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break
(Between AW102 02A and AP Pit) within Encasement Section of Length L, Starting at L, Relatlve to

Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg =0 iz Low point drain L. =10in
— - o] = —_— = = i
Z=229ft 1tc=60°C |p= 13—% n(p.tc) = 1.197cP DLDoFk=0i“ Dp; = 1610 W, =0.1in
H=-221ft Ly=677ft Lg=966ft Lp=-5905ft Ly =9ft ep=2mil  Lp(Dp;Fg)="7f gc = Lmil
AZp=-1ft Hy=0ft Hg =-7.89ft Fpai=0 L =9><104ft Eg = Smil Ep =S mil
: FK Maximum
Pressure
70 (ibtfin?)
| 83
60
sol———— -
5
&
5 ol
&
&
-
§ 10
=
8
A
20
AW105-to-WTP Transfer :
10 break between AW102 02A and AP pit
SIJ_OJ_NB_W_'[LGD!J!LP_UIDR (RPP- 5667 Rev. 0B
{Canned Motor Westlnghouse Pump Model 2A—513-A1)
0 : ; : : .
0 200 400 600 800 1000 1200 1400 1600 1800

¥»¢ 1ow Point Open \ .
Location (ft) of Primary Pipe Break Down Stream of Pump

AWI05-WTP NTP C0-16



CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0
Calce. No. RPP-1.JI-005

EVALUATION ANALYSIS Revision: _Q
Page No. _ 17 of 22
Client: CH2M Hilt Hanford Group, Inc, WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: 4‘9‘
Break in Waste T ross-Site T Pipin stem Checked: :}% By:ﬁuf—\/
Location: _200 Area - Hanford Site. Richland, Washington Revised: By:

Supernate Transfer

Case 3 break between AP pit and AP A pit

Lo :=Lw105.05A _APpit

Ly = 1643 ft start distance from pump of secondary encasement section under consideration
Ho :=ZAPpit —~ ZAW105.05A H,=-7.89ft  change in elevation of primary pipe from pump to point L,
Ls = LAPpit_APApit Lg = 655 ft length of secondary encasement section under consideration between drains
Hs :=ZAPApit ~ ZAWI0S0SA g = _10.5¢  change in elevation of primary pipe from pump to point L, + Lg
use W314
Subcase X11 {low and high point drain, Fyg = 1 and Fpg = 1)%, guidelanchor

X10 (high point drain, FD6 = 1 and FD9 = 0)*,
X01 (low point drain, FD8 = 0 and FD9 = 1)

Dpj = 1.61in
Q ft .
! l X01) Q:=271.-gpm Vi = V| = 11.761 —low velocities
P sec
High point drain open @ Fp3=0 Fpg=0 Fpy:=1
Hpgt :=H(Q) pump head Hpgp = 3321t
POl p POl Vi Fpg + AV
p2:=71-psi primary pipe pressure just up stream of break Vs = 37 A (F )
p3:=72-psi Pprimary pipe pressure just down stream of break Vg = Vs Ase(Fk) %;5— =2.607
ps:=30.psi secondary pipe pressure just up stream of break Af(DDi)
AgglF
ps:=21-psi secondary pipe pressure at drain up stream of break Ve Vy-Fpg + AV s6(Fk) =9.46
g= A¢(Dpi)
pg:=30-psi secondary pipe pressure just down stream of break Ag 6(FK)
po:=13-psi Ssecondary pipe pressure at drain down stream of break Vo :=Vg- Af(Dp)
Pci=6-psi apply conservation of mass v ASG( K) N i
(continuity) at break V3=Vi (Vs + Vg) V3=4.66 soc
Agel Fk ft
Vo= —( ) -(Vs+ Vg) Ve=325—
Acrack( Le, Wc) sec

T
po1:=(P2 P3 P5 D6 P8 P9 Pc)

01

AW105-WTP NTP

2 3 4

C0-17

T
Vo1 :=(Vl V3 V5 Vg Vg Vo Vc)
56 o 1 2 3 4

56
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CH2MHILL Hanford Group, Inc.

Calc. No. RPP-L]J-005

EVALUATION ANALYSIS Revision: _0
Page No. __18 of 22
Client: CH2M Hill Hanford Group, Inc. WO/JobNo. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: L
Break in Waste Tank Cross-Site Transfer Piping System Checked:
Location: _200 Area - Hanford Site. Richland. Washington Revised:_____ "~
Case 3 (X01)
INput=======================z====sss=s==== SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
Lo = 1643 ft H=-221t ep = 2mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
s =655f |3x8 Z=229ft  gg=5mil DLpo, =0in Fk =3
oD — K
Lp = 5905 ft litet Fp3 =0 €p = Smil L. = 10in
tc =60 °C Dpi=16lin AZp=-1ft Lp(Dpj,Fg) =7.025ft  Wc=0.lin
Fpg =0 Fpo =1 J(FK.Lo,x) =0  N(Fg,Lg,Lg,xg) =5 €c = L mil

I(FK,Lo,Xg) =0

M(FK:LO!LS!XB) =68

hpo1
Por |:=ff(Lo,Ho,Ls, Hs,xB, P, C.£P, £5,£D, Dpi. FK. FD3. Fp6. Fpo, AZp, Lp, H,Z, Lc, W, £, Hpot, Po1, Vo1 )
Vo1
1) V1 132.529 9.547
P3 v3 132.944 6.621
Ps vs 54.692 0
. -1
Pe |:=Po; v6 |:=vo1 Po1 =| 38.44 |psi vg) =| 43.077 |ftsec
54.575 3.663
Pg vg
24.736 34.667
ik Y 11.066 70517
Perack Verack
Results
hpgy = 404 ft u(p.tc) = 1.197¢P L =9ft L =135ft
FK FK
. -1
Py = 132.5psi =9.5ftsec ; Ap - v] =220 gpm Dp; = L.61in
P3=1329psi  Fp3z-vy=0ftsec Fp3 - Ap-va=0gpm
Ps5 = 54.7psi vs = Oft sec”! A36(FK) - v5 =0 gpm
Pg = 38.4psi Fpe: ve = Oftsec'l Fpg - Af(DDi) - vg =0gpm
Pg = 54.6 psi vg = 3.7ft sec”! AS6(FK) - vg =220 gpm
Po=247psi  Fpg- vo = 34.7 ftsec | Fpg - Ar(Dpi) - o = 220 gpm

Perack = 11.1psi vi*Ap =

Verack = 70.6ftsec

Re(DH_crack(Lc,wc),VcrackaP,U(P,tC)) =1x 10°
P; — P5 =77.837psi

AWI105-WTP NTP

C0-18

Fpi-Ap-v3+ ASG(FK) Vs + AS6(FK) - vg = 220 gpm
-1 {continuity check at break, OK)



CH2MHILL Hanford Group, Inc.

EVALUATION ANALYSIS
Client: CH?2M Hill Hanford Group. Inc. WO/Iob No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date:
Break in W Tank Cross-Site r Pipin tem Checked:
Location: _200 Area - Hantord Site. Richland, gghmg;gn Revised:

RPP-8778 REV 0

2

Calc. No. RPP-LJ]-
Revision: _Q
Page No. __19 of 22

Figure 1d. Case 3: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break
(Between AP pit and AP A PIt) within Encasement Section of Length L, Starting at L, Relative to

Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg=3 i Low point drain L¢ = 10in
Z=229ft tc=607°0C = 13— Jte) = 1197 cP =0in . We=0.1in
¢ P liter] !-l(p C) DLDOFK Dpi=1.6lin ¢ -
=-22Ift Lo=1643ft Lg=655ft Lp=5905ft L =9ft ep=2mil Lp(Dpi,Fg) =7t °¢~ Lmil
K
AZp=-1ft Hy=-7.89ft Hg=-105ft Fp3=0 gg=5mil  ep=>5mil
L =135ft :
FK Maximum
Pressura
60 (Ib¥in2)
55
50 ...................................................................
- 40
i
&
c
£
R 30 [
&
g
g
5]
&
20
AW105-to- WTP Transfer :
10} break between AP pit and AP A plt
$Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
(Canned Motor Westlpghouse; Pump Model 2A-513-A1)

0 :
0 200 400 600
w$¥% T ow Point Open

AWI05-WTP NTP
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1000 1200 1400

C0-19
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0Q
Page No. _200f 22
Client: CH2M Hilj Hgnfgrgi gz Qup, g WO/{Job No.
Subject: Se lary E | Du 14 : Date: Ef %E%l L. 3. Julyk 2'{ '
Break in Wagm lgmg Q[Qﬁ§ Sjm :angfgr Btgmg stggm Checked:
Location: Area - Hantord Site, Richland. Washington Revised:_ ~
Supernate Transfer

Case 4 break between AP A pit and WTP interface

Lo :=Lw105.05A_APApit L,=2298ft  startdistance from pump of secondary encasement section under considerat
Hy :=ZAPApit — ZAW105.05A H, =-105ft  change in elevation of primary pipe from pump to point L,
Ls := LAPApit_WTPinterface Lg=2723ft  tength of secondary encasement section under consideration between drains

Hs := ZwTPinterface — ZAW105.054 Hs =-22.1ft  change in elevation of primary pipe from pump to point L, + Lg

use W314
Subcase X11 (low and high point drain, Fng = 1 and Fpg = 1)*, gUidelanChOI'
X10 (high point drain, FD6 = 1 and FD9 = 0}*,
X01 (lOW point drain, FD6 = 0 and FD9 = 1) DDi = 1.611n
Q ft o
Initial Q:=2494.gpm Vy=— V| = 10.824 —-low velocities
Ap sec
Low point drain open Fx=3 Fp3=0 Fpe:=0 Fpg:=1
Hpg; :=H',(Q) pumphead  Hpg = 364 ft
P Vi-Fpg + AV
p2:=67-psi primary pipe pressure just up stream of break Vs = 50
. AgglF
p3:=67-psi primary pipe pressure just down stream of break V= Vs. Ase(Fk) —Sé—ﬁl =2.607
ps:=37.psi secondary pipe pressure just up stream of break Af(Dp;) P
: : . V1. Fro + AV Ase(Fk)
Pe:=26-psi secondary pipe pressure at drain up stream of break Ve e 1-Fpg + ——r = 046
8=""4s Af(DDi)
pg:=37.psi ssecondary pipe pressure just down stream of break vy Ag 6(FK)
po:=9.psi  Ssecondary pipe pressure at drain down stream of break 9-=8" Ar(Dpi)
Pc:=20- psi apply conservation of mass __ SG(FK) _ ft
(continuity) at break VaEVI-— (Vs+Vg) V3=489—
Aggl Fx ft
c:=#—-(V5+Vg) Ve =43.9—
Acrack(Le, We) sec
- T T
po1:=(p2 P3 P5 Ps P8 P9 Pc) Vor:=(V) Vi V5 Vg Vg Vo Vi)
01 2 3 4 56 0 1 2 3 4 56

AWI105-WTP NTP C0-20
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0
Page No. __21 of 22
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. .
Subject: Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: L.Jéulxk dﬁ'
Break in Waste Tank Cross-Site Transfer Piping System  Checked: 24" By: M
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
Case 4 (X01)
Input SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
Lo = 22981t H=-22ft ep =2 mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
Lg = 2723f p=1'3:_g Z =229t eg = 5 mil DLDOFK=0in Fg =3
- er — - :
Lp = 5905 ft Fp3=0 Ep = Smil L. = 10in
=L = 3 § = i = — H =
tc =60 °C Dpj = l.6lin AZp =11t Lp(Dpi,Fk) = 7.025t W, = 0.Lin

(Fk,Lo.xg) =0  M(Fg,Lo,Lg,xp} =283

hpo1
Poi |:=ff(Lo,Ho,Ls, Hs.xB,p. tC,EP. €5, €D, Dpi, FK. FD3. Fp6, FD9, AZp, Lp, H,Z, L, W, £, Hpo1, Po1, Vo1 )
Vol
Py v ‘ 139.147 ( 8.486
P vy 139.303 7.363
Ps vs 77.647 0 B
Ps |:=Py v6 |=vo Pg1 =| 54.627 |psi vg) =| 51.268 [ftsec
77.554 3.256
Pg vg
19.444 30.814
P,
? ' 43.18 62.732
Perack Verack
Results
h =433 ft ) = 1.197cP L; =9ft Li =135ft
P01 U(p C) e £
P> =139.1psi v = 8.5ftsec'1 Ap-v; =1955gpm Dpj =1.61lin
P3=1393psi Fp3 -w3= 0ftsec " Fp3- Ap-v3 =0gpm
P5 =77.6psi Vg = Ofts;e,tfl AS6(FK) +vs =0gpm
Pg = 54.6psi Fpe-vg=0 ftscc-l Fpg - Af(DDi) - vg=0gpm
Pg=776psi  vg=3.3ftsec | As6(FK) - vg = 195.5 gpm

1

Pg = 19.4psi Fpo * vo = 30.8ftsec Fpo - Af DDI) -vg = [95.5gpm

Perack = 43.2psi | vi-Ap = Fpi-Ap-va+ ASG(FK) - Vg + ASﬁ(FK) -vg = 195.5gpm

Vorack = 62.7ft SeC-l (continuity check at break, OK)

Re(DH_crack(Lc,Wc)sVcrack,p,l-l(p,tc)) =1x 105
Py — P5 = 61.5psi

AWI05-WTP NTP C0o-21
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-003
EVALUATION ANALYSIS Revision: _0

Page No. __22 of 22

Client: CH2M Hill Hanford Gro p, Inc. WO/ JobNo.
Subject: Pr. Pi Date:
Break in Waste T -Site Transfer Pipin stem Checked:

Location: _200 Area - Hanford Site, Richland. Washington Revised:_

Figure 1e. Case 4: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break
{Between AP A pit and WTP Interface) within Encasement Section of Length L, Starting at L, Refative

to Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg =3 - Low point drain Lc=10in
=229ft  tc=60 °C p_13m§ u(p.tc) = 1.197¢P Dips =0in B = 1611n W, = 0.1in
FK _ :
H=-22.1ft Ly =2298ft Lg=2723ft Lp=5905ft L =9t ep=2mil Lp(Dp;Fg)="7f Ec=Lmil
K
AZp=-1ft Hy=-105ft Hg=-22.1ft Fpz=0 L —135; &s=Smil  ep=5mil
e Maximum
Pressure
80 ; (ib¥in2)
| | 78
70
60
&b
g 50
&
s 0| - | e R N ,
£ s ‘ 5
=2 i H H
g : :
20
AW105-10-WTP Transfer
break between AP A pit and WTP Interface
1 $Y.101 New Transter Pump (RPP-5667 Rev. 0B)
(Canned Motor Westlnghouse Pump Model 2A-513-A1)
0 ] ;
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
¥>6¢ Low Point Open Location (ft) of Primary Pipe Break Down Stream of Pump

AWI105-WTP NTP C0-22
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APPENDIX C1

INFRASTRUCTURE ENCASEMENT PIPE
MAXIMUM PRESSURE ANALYSIS

OPEN TRANSFER ROUTE

Cl-i
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RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0Q
Page No. __] of 22
Client: _CH2M Hill Hanford Group. Inc. WO/Job No. :
Subject: _Secon Pi i Pi Date: 1 By:
Break in Waste Tank Cross-Site Transfer Piping System Checked: %Z%E%a/ By:%««/
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:

[3] Reference:CAWINDOWS\Desktop\FY2001\Waste Transfer System\Encasement Pressure Issue\Cross-Site Encasement Calcs\pipebreak.1

Input Parameter Data

AW105 to WTP Elevation and Equlvalent Pipe Length Parameters

Elevations

ZAWI05.05A = 6845-ft  elevation at AW105 05A Transfer Pump Pit

LAW105.05A_AWA = (108 + 240} - ft
Zawa :=685.35 - ft elevation at AWA

_ Lawa_Aw102.024 =(205 + 124) - fi
ZAW102.024 = 6845-ft  elevation at AW102 02A

LAW102.02A_APpit := (205 + 761) - ft
ZAppit :=676.61 - ft elevation at AP pit

L APpit_APApit := (205 + 450) - ft
ZaPApit =674 - ft elevation at AP-A pit (new)

. L APApit_WTPinterface *= (205 + 3518 - 1000) - ft
2\ TPinterface .= 662.4 - ft  elevation at WTP interface

Lw TPinterface_WTP := (884) - fi

ZwTp=70744. ft slevation at WTP in-plant

Lw105.05a_Aw102.024 =LAW105.05A_AWA + LAWA_AW102.024 Lwi105.05A_aw102.024 = 6771t
Lw105.05A_APpit := Lw105.05A_AW102.02A + LAW102.02A_APpit Lw105.054_APpit = 1643 ft
Lw105.05A_APApit = LW 105.05A_APpit + LaPpit_APApit Lw105.05A_APApit = 2298 ft

Lw105.05A_WTPinterface == LW105.05A_APApit + LAPApit_WTPinterface Lw105.05A WTPinterace = 5021 ft

Lp :=Lw105.05A_WTPinterface + L-WTPinterface_ WTP Lp = 5905 t

3 1 8 05
ZAW_tank_bottom = (631.5 = —— +

— |-t Z =Z 422 i H-2-70394
8 12 12 12 ) AW_full = £AW_tank_bottomn + in ( )

AHpump = ZAW105.05A — ZAW_full

AHpump = 17.094 ft

AWI05-WTP NTP Cl-1
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CH2MHILL Hanford Group, Inc.

Calc. No. RPP-LI1I-005

EVALUATION ANALYSIS Revision: _0
Page No. __2of 22
Client: _CH2M Hi]l Hanford Group, Inc. WO/Job No. .
Subject: n En it Pipe Pressure D imary Pi Date: By: ;
reak in Waste Tank Cross-Site Transfer Pipin m Checked: g/ By:
Location: _200 Area - Hanfor i Revised: By:
AW105 to WTP Cases assume all drains 1-1/2-in. to bound other
Case 0 break between AW105 05A and AWA transfer routes
Ly:=0-ft Lo =0ft
Hy=0-ft H, = 0ft Subcase X11 (low arrd hlgh. point drain, Fpg = 1 and Fpg = 1)%,
X10 {low point drain, FD8 = 1 and FD9 = 0),
Lg :=LAW105.05A_AWA Lg = 3481t X01 (high point drain, FD6 = 0 and FD9 = 1)*
Hg :=Zawa — ZAW105.05A Hg = 0.85ft 2-in.drain low point drain
Case 1 break between AWA and AW102 02A
Fo = LAWI05.05A_AWA Lo 480 Sub X1 d high point drain, F 1andF 1)
ubcase ow and high point drain, Fpg = 1 and Fpg = 1),
=Z -Z = 0.85ft
Ho =ZawA ~ ZAW105.05A o X10 (high point drain, FD6 = 1 and FD9 = 0)*,
Lg :=LAWA_AW102.024 Lg = 3291t X01 (low point drain, FD6 = 0 and FDg = 1)

Hg :==ZAw102.02A — ZAW105.05A Hg = 0ft

Case 2 break between AW102 02A and AP pit

Lo :=Lw105.05a_AW102.02A Lo=6771t

Hy :=7ZAw102.02A - ZAW105.054  Ho=0ft

Ls :=LAW102.02A_APpit Lg = 966 ft

Hg :=Zappit — ZAW105.05A Hg = -7.891t
Case 3 break between AP pit and AP A pit

Lo :==Lw105.05A_APpit Lo = 1643t

Hy :=ZAppit - ZAW105.05A Hy = -7.891t

Ls :=LAPpit_APApit Lg = 6551t

Hg :=ZAPpapit - ZAW105.05A Hg = -10.5ft
Case 4 break between AP A pit and WTP interface

Lo :==Lw105.05A_APApit Lo = 2298ft

Hy :=ZAPApit — ZAW105.05A Hg = -10.5ft

Lg := LAPApit_WTPinterface Lg =27231t

Hs = ZwTPinterface ~ ZAW105.054  Hg = -22.1ft

1 1/2-in.drain low point drain

Subcase X11 (low and high point drain, Fpg = 1 and Fpq = 1)*,

X10 (high point drain, FD6 = 1 and FD9 = 0)*,
X01 (low point drain, FD6 = 0 and FD9 = 1)
2-in.drain low point drain

Subcase X11 (low and high point drain, Fps = 1 and Fpg = 1)*,

X10 (high point drain, FD6 = 1 and FD9 = 0)",
X01 (low point drain, FD6 = 0 and FD9 = 1)

2-in.drain low point drain

Subcase X11 (low and high point drain, F5 = 1 and Fpg = 1)*,

X10 (high point drain, FD6 = 1 and FD9 = ()",
X01 (low point drain, FD& = 0 and FD9 = 1)

2-in.drain low point drain

* would require additional drain/relief valve at other end of line segment

X = 1for FD3 = 1 (primary pipe downstream flow open)
0 for FD3 = O {primary pipe downstream flow blocked)

AWI105-WTP NTP
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __3of 22
Ciient: _CH2M Hill Hanford Group. Inc. WO/Job No. :
Subject: n E ment Pipe Pr i Pi Date: __9/ By: L.J.
Break in Waste Tank Cross-Site Transfer Piping System Checked: %éf gdl By: -
Location: _200 Area - Hanford Site. Richland. Washington Revised: By:
Fy selects primary pipe internal support parameters in annulus

= 0 for existing in-Farm piping {no leak detection cable, no anchors)

= 1 for W058 and W314 extension of W058 {with leak dstection cable 2-in. thk anchor, no radius in anchor slots)
= 2 for W058 and W314 extension of WO58 (leak detection cable 2-in. thk anchor, with radius in anchor slots)

= 3 for new in-Farm W314 piping (1-in. thk anchor, with radius in anchor slots)

Dpy; internal pipe diameter of drain
= 1.5 or 2 inches for existing in-Farm piping (no rupture disks)
= 2 inches for W058 and W314 extension of W058 (with rupture disks)
= 2 inches for new in-Farm W314 piping (no rupture disks)

Fps Fpg Fpo switch to block (= 0) or open (= 1) fiow downstream of break and drain location 6 or 9, respectively

Lp total equivalent length of primary pipe from pump to discharge exit

Lp = 5905 ft Lp=1.118mi
H := ZwTPinterface — ZAW105.05A  change in elevation of primary pipe from pump to point just before H=-22ft

vertical increase in elevation at end of primary pipe at discharge to tank
(see Figure 1)

AZp =-1-ft approximate change in elevation at drain

Z:=H+45 -t vertical increase in elevation at end of primary pipe at discharge to tank at WTP Z =231t
Supermate Transfer

Case 4 break between AP A pit and WTP interface

Lo :=Lw105.05A_APApit L, = 2298 ft start distance from pump of secondary encasement section under consideration
Hy :=ZAPApit — ZAW105.05A H, = -10.5 fichange in elevation of primary pipe from pump to point L, H, = ~10.5ft
Ls := LAPApit_WTPinterface Lg = 2723 ft length of secondary encasement section under consideration between drains

Hs = ZwTPinterface — ZAW105.05A Hs = —22.1 fichange in elevation of primary pipe from pump to pointL, +Lg  Hg = -22.1ft

xg:=1000-ft + L, distance of break in primary pipe from transfer pump

HB(LO,HO,LS,HS,xB) =-14.76ft elevation at assumed break location xg relative to transfer pump elevation

tc temperature of waste (°C)

p butk density of waste (kg/L)

Pipe roughness
ep:=2-mil stainless steel primary pipe
€5 :=5 - mil carbon steel secondary (encasement) pipe
Ep:=5-mil ' carbon steel drain pipe

AWI105-WTP NTP C1-3
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RPP-8778 REV 0

CH2MHILL Hanford Group, Inc.

EVALUATION ANALYSIS
Client: CH2M Hill Hanford Group. Inc. WO/Job No.
Subject: MMMQM&MQM Date: |
B in W Tank Cross-Site Tr. ipi m Checked: Z |
Location: _200 Area - Hanford Site. Richland, Waghmg; on Revised:
0 Existing
. diameter of
Assumed Crack Size Parameters 031 |
& ize Paramet Dipo = woss leak detection
0.31 cable
Lc:=10-1 crack length 0 wat4
(We:=0.1-1i crack opening width 0.22781
2 0.22826
Acrack(Le, We) = Lin Bei(Lc, W) = 0.368 Bez(Le, WesDLDo) =| oo
Perack(Le, We) = 2021 '
erack(Te, We) = 202in 0.22781

DH_crack( L, Wc) = 0.198in

Ec:=1-mil
ft

Vei=10. wme
sec

thick-edged orifice with o = L/D,,, > 0.015

effective hydraulic diameter

Re(DH_crack(Le. We), Ve, p, k(P tc)) = 2% 10

ateLe, We) = 1.091

primary pipe through crack roughness

KKcrack(Lc,Wc,Vc,p,tCaec;DLDo) =

Lyons 1982, Eqn 4. pg. 158
1.80719
KCrack(LCswc,Vc,D,tC,Ec,DLDO)= 180671
1.80671
1.80719
shap-edged ortice (Idelchik 1994, pg. 218, a = /D, < 0.015)
2.61664
KKK rack(Le, We, Ve, 0,1¢, €, DLpo) = 2.61598
2.61598
| 2.61664

Calc. No. RPP-LJJ-005

Revision: _0

Page No. _40of 22

Tr(tc) = 140
viscosity u(p,tc) = 1.197cP

LIDOH ratio for crack

4 Reynolds number for
flow through crack

(L, Wc) = 1.091 > 0.15 => thick-edged orifice

1.58502
1.58459
1.58459
1.58502

Encasement annulus K-resistance factors for guides and anchors modeled as thick-edged (long) orifice for o = /Doy > 0.015

n n4
Existing Fg :=0 Kguide(v,p,tc,s,FK) =0.083
WO58 Fg =1 Kguide(v,p,tc,a,FK) =1912
FK =2 Kguide(V,P,tCaS,FK) = 1912
W314  Fg:=3  Kguide(v.p.tc,6,Fg) = 0.083
V,:=0-ft-sec pz:=0-psi g= 32-174ftsec'2
AV :=0.1 - fesec”’

AWI105-WTP NTP

1

Kanchor(", p.te,E ,FK)

Kanchor(VfP,tC, 3 ,FK) 17.686
) = 11.537
) = 10.69

Kanchor(", P, tCs E, FK
Kanchor( v,.P, CC, £, FK

Cl-4

3/4-in. thk no radius in slots
3/4-in. thk with radius in slots

1-in. thk with radius in slots
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-003
EVALUATION ANALYSIS Revision: _0
Page No. _ 5 of 22
Client: CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: _9/1272001__ B: L J. Julyk
Break in Waste Tank Cross-Site Transfer Piping System Checked: o1
Location: _200 Area - Hanford Site, Richland, Washington Revised:_ =~

Apply conservation of mass (continuity) and energy (Bernoulli theorem) between nodes (see Figure 1a of Appendix A} and at
the pipe break plus the characteristic pump head relation (see Figure 2 of Appendix A) to model the nonlinear system of
~ equations that govern the steady-state flow behavior resulting from a primary pipe break at location xg relative to pump.

SY-101 New Transfer Pump (RPP-5667 Rev. 0B)
(Canned Motor Westinghouse Pump Model 2A-513-A1)

H(Q) := HNTr(Q) - AHpump

Nonlinear governing system of equations

Given apply conservation of mass (continuity) and energy (Bernoulli theorem)
\/02\/z vlavz szvz vszvz V42VZ Vsz\/z \/62VZ
continuity

Ass(FK) - V., = Fp - Af(Dpi) - V

Ass(FK) - V, = Fpy - Af(Dpi) - V

Ap-V, B Ap.V,-Fp3 + Acrack(Lc,Wc) -V
Acm(:k(Lc:Wc) : V6 = ASG(FK) : (V2 + V4)

Hp = H'P(Ap : vo)

Bernoulli (between nodes, see Figure 1a of Appendix A)

pump head curve

- e, i
=HP _{R‘{DP" 0P e, tc)) ;:J ' I_)x%i ' £2-_0—)g_ g[p 08 * HalLorHoLs, Hs, XB)J "2
Po . (Vo)2 1P . (Vl)2 2.3
LP8 2-g P8
P ep | Lp-xp (Vl)2 (Vl)2
_E + (1 - {Re(Dpi,Vl,p,p,(p,tC)),D—PJ oo T KEJ- e Hp(Lo, Ho, Lg, Hs, xp) | = et H+Z 34
i 2 2 2
p v p v v
r Og + (2 O)g = N -63 + (2 6)2 + Kcrack(Lc»wc;V(;’P:tC’sc-DLDoFK) : % 2-crack
Pg . (V6)2 = Py + (V2)2 crack-5

AWI0S-WTP NTP C1-5
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _0
Page No. __ 6 of 22
Client: _CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: :’%%
Break in Waste Tank Cross-Site Transfer Piping System Checked: :
Location: _200 Area - Hanford Site, Richland, Washingion Revised: "~
B 2 W " _
P, €S xg-Lo (Vo) Ps
—— + Hp(Ly,Hy,Lg, Hg, xg) — fi Re{D Fk).V,,p, o)), . . - | = ..
o2 B(Lo. Ho,Ls, Hs, x) { e( H_a6(FK) 2P M(P C)) DH_“a6(FK)) Dh_aso(FK) 22 o2
v 2 v 2 5-6
(V2 (V)
+ 1= I(FK,LO,XB)-Kguide(Vz,p,tc,Es,FK) e + 2¢g
+J(FK.Lo,xB) - Kanchor{ V,.P. tc. 6. Fk) + KD(DDi,DLDoFK) +H, |
— Py ep | Lp(Dpi,Fk) (V3)2 (V3)2
— +|1-fR Vs t — Y _Kg| L |= AZ 6-7
e ( { ¢(Ppi, V3.0.1(p.1c)), DD:J o E] W R
[ 2 2
Pg . (V6) ]=|: Py N (V4) :| crack-8
Lp-g 2-8 p-g 2-g
K Hp(Lo, Ho.Ls. Hs, x8) — | Re(Dt1_ag(FK), V.50 (0 te) ), —o Ls - (x8 - Lo) (V4)2 " (P ]
— + ’ 1 1 ,X - ] ,p’ p,[ » ' : o [ =]
—, * Finllo Ho L. Hs, xg (Pr_as(Fi), V0.1 tc)) D aoF) | Dradie)  Zs -
2 v.\2 8-9
(V) (V)
+1- M(FK!LO!LS!XB) ' Kguide(v4,p»tC,SS,FK) - “'5“"; + 7. g
+N(Fi,Lo,Ls,x8) - Kanchor( VP, 1C.£8,Fk) + KD(DDi,DLDoFK) | +Hs |

. P8 Dp;

p_5+(1—{Re(DD| 50o1(p.10)), ﬁD] Solooef) J (—5} ( 5) + AZp 9-10

Solution function

(Lo, Ho,Ls, Hs, xB,p,1C, €P, €S, €D, Dpi, FK . FD3, Fp6, Fpg, AZp, Lp, H, Z, Le, We, €¢, Hp,p, V) := Find(Hp, p, V)

T T
(p2 3 ps ps P8 P9 pc) (V1 V3 Vs Ve Vg Vg Vi)
01 2 3 4 56 01 2 3 4 56

AWI105-WTP NTP ' Cl1-6
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CH2MHILL Hanford Group, Inc. , Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0
Page No. __7of 22
Client: CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: %_2_%_!:‘ E J giléz Z :
Break in Waste Tank Cross-Site Transfer Piping System Checked:
Location: _200Q Area - Hanford Site, Richland, Washington Revised:
For plotting, following function returns nth solution variable at points defined in vector xg n = result variable selected

PP(LU,HO,LS,HS,XB,p.tc,EP,ES,ED.DDi,FK,Fns,Fns,Fm,AZD,Lp,H,Z,n,I—c,Wc,sc,Hp,p,V) = {vp 0
Hp « Hp

Pep
VeV
for ie 0. length(xp) - 1
XBB € X*B.
1
X b H(LO’I{OvLS!HS»xI
Hp « XO
p « xl
V' X2
AV

VeV —
4

Y(—Xl

vp, ¢ Yn

vp

AWI105-WTP NTP C1-7
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L]J-005
EVALUATION ANALYSIS Revision: _Q
Page No. __8of 22
Client: _CH2M Hill Hanford Group. Inc. WOQ/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: L. ], Julyk
Break in Waste Tank Cross-Site Transfer Piping System Checked: /By
Location: _200 Area - Hanford Site. Richland, Washington Revised: By:
AW105-WTP Supernate Transfer
Case 0 break between AW105 05A and AWA
Lo=0-1t L, =0ft start distance from pump of secondary encasement section under consideration
Ho:=0-ft H,=0ft change in elevation of primary pipe from pump to point L
Ls :=Law105.054_AWA Lg=348ft length of secondary encasement section under consideration between drains

Hg :=ZAWA ~ ZAW105.05A Hg = 0.85ft change in elevation of primary pipe from pump to point L, + Lg

Subcase X11 (low and high point drain, Fps = 1 and Fpq = 1)*,
i =D =13 —
X10 (low point drain, FD6 = 1 and FD9 = 0}, P liter

X01 (high point drain, FD& = 0 and FDg = 1)*

Initial guesses (X10) Q:=326-gpm  V|:= Ag V= 14.1481 flow velocities
. . P sec
Low point drain open Eps:=1 Fpo:=0
Hpyg = H'p(Q) pump head Hpjp =239ft V) -Fpg + AV
py:= 148 . psi primary pipe pressure just up stream of break Vs = 3.1
Aggl F
p3:= 149 . psi primary pipe pressure just down stream of break Vg = Vs AS6(FK) Sj’f K) = 2.607
ps:=20-psi secondary pipe pressure just up stream of break Af(DDi) P
AgglF
pe:=12-psi secondary pipe pressure at drain up stream of break Ve o Vi Fpg + AV M =946
pg:=20.psi secondary pipe pressure just down stream of break Ag 6(FK)
po:=8-psi  secondary pipe pressure at drain down stream of break Voi=Vg- Af(Dm)
pei=1 - psi apply conservation of mass _ Ase(Fk) ~ ft
{continuity) at break V3=Vi- Ap (Vs+vg) V3= 2-16‘;;;
Ags(FK ft
Vc = __.................._._._( ) . (VS + VS) Vc =88.6—
Acrack(Lc , wc) sec
T
pio:=(P2 P3 Ps P6 P8 DP9 Pc) Vig=(V1 V3 Vs Vg Vg Vg V)T

use Existing Piping
Guide/Anchor

Fx =0

AW105-WTP NTP C1-8



CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0
Calc. No. RPP-LIJI-005

EVALUATION ANALYSIS Revision: _Q
Page No. _ 9 of 22
Client: _CH2M Hill Hanford Group. Inc. W0O/Job No. .
Subject: ry Encasement Pipe Pri i Pi Date: __9 By: L.J. Jul
Break in Waste Tank Cross-Site Transfer Pipi t Checked: a7/ By:
Location: _200 Area - Hanford Site. Richland. Washington Revised: By:
Case 0(X10)
InpUts====== _ $Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
Ly = 0ft He 22t ep = 2 mil {Canned Motor Westinghouse Pump Model 2A-513-A1)
= k = B = i
L. = 348f p= 1'3'“1 Z =229t €5 =5Smil DLDOFK =0in Fi =0
= iter - _ g
Lp = 5905 ft Fp3=1 €p = 3 mil L = 10in
[g:=347-ft+ Ly tc=60°C Dpj=l.6lin AZp=-1ft Lp{Dp;,Fg) =7.025ft W, = 0.1in
Fpe:=1  Fpg:=0 H(Fi.Lo.xp) =0 N(Fi,Lo.Ls.xp) =0 €c = 1 mil

{Fg,Lo,xg) =39  M(FK,Lo,Ls,xg) =0

hpio
Pio :=ff(Lo,Ho,Ls,Hs,XB,p,tc,EP.Es,ED,DDi,FK,Fm,Fbe.Fm,AZD,LP.H,Z,Lc,Wc,ﬁc,leo,Plo,Vlo)
vio
) A
P3 V3
P35 vs
Pe |=Pio| VY6 [=Vi0
Pg Vg
Py Vg
Perack Verack
Results
hpio = 254 ft u(ptc) = 1.197cP L =9ft L =9x 10*s
Py=100.1psi  v; = 13.8ftsec Ap - v = 317.5gpm Dp; = 1.61in
Py=101.6psi  Fry-v3 = 5.1ftsec Fp3 - Ap- v3 = 117.6gpm
Ps = 36.7psi vg = 3.3ft sec'1 ASG(FK) -vs =199.9gpm
Pg=203psi  Fpg- vg=31.5ftsec | Fps - Af(Dpi) - v6 = 199.9gpm
Pg = 36.8 psi vg = Oft sec'] AS(,(FK) - vg = 0 gpm
Pg=259psi  Fpg - vo=Oftsec | Fpo - A¢(Dpi) - vo = 0 gpm

Perack = 0.8psi

Verack = 64.1 ftsec“1

Re(DH_crack(Lc:wc)vVcracksp,ll(P,tC)) =1x 105
Py — Ps = 63.387 psi

AWI105-WTP NTP

vi - Ap

= Fp3- Ap- v3 + Age(Fk) - v5 + Agg(Fk) - vg = 317.5gpm
{(continuity check at break, OK)

C1-9
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-1.JJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __10of 22
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: W ' rimary Pj Date: By: L. J Iyl &
Break in Waste Tank Cross-Site Transfer Piping System Checked: % By:
Location: _200 Area - Hanford Site, Richland. Washington Revised: By:

Figure 1a. Case 0: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break
(Between AW105 05A and AWA) within Encasement Section of Lerigth L, Starting at L, Relative to

Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg=0 e Low point drain L¢ = 10in
Z=22091 tc =60 °C = 13— ,tc) = 1.197¢P =0i . W.=0.lin
¢ P liter u(p C) DLDOPK n Dp; = 1.61in < .
H=-22.1ft Lo=0ft Lg=348ft  Lp=5905ft Li =9ft ep=2mi Lp(Dpi.Fg) = 71t ec = L mil
— - = = = -I = i
AZp=-1ft H,=0ft Hg =0.85ft Fp3=1 L _oxigtg Es=Smil  ep=Smil
FK
40 . Maximum
3 : : Pressure
{Ibt/in?)
35 . e R . 40
10 . e . S S
55
& 25
:
&£
g 20
&
§
a
c% 15
10 :
AW105-to-WTP Transfer
break between AW105 05A and AWA
51 . ...........................................................
$Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
(Canned Motor Westinghpuse Pump Model 2A-513-A1)
0 0 50 lbO 150 200 250 300 350

0% Low Point Open . .
Location (ft) of Primary Pipe Break Down Stream of Pump

AWI105-WTP NTP C1-10
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EVALUATION ANALYSIS

Calc. No. RPP-LJI-005
Revision: _Q

Page No. __1] of 22

Client: _CH2M Hill Hanford Group. Inc. WO/Job No. :
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: By: L. |
Break in Waste Tank Cross-Site Tran ipi m Checked: 2/ By: :
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
Supernate Transfer

Case 1 break between AWA and AW102 02A

Lo :=LAW105.05A_AWA

Lo = 3481t
Ho '=ZAwA — ZAW105.05A H, = 0.85ft
Ls:=Lawa_AWI102.02A Lg = 3291t

Hs =ZAwW102024 ~ ZAWI0S.0SA p oy

Subcase X11 (low and high point drain, Fyq = 1 and Fpg = 1),

start distance from pump of secondary encasement section under consideration

change in elevation of primary pipe from pump to point L,

length of secondary encasement section under consideration between drains

change in elevation of primary pipe from pump to point L, + Lg

use Existing

X10 (high point drain, FD6 = 1 and FD9 = 0)*, guide/anchor
X01 (low point drain, FD6 = 0 and FD9 = 1) Dp; = 1.61in
Q ft .
Initial guesses (X01) Q:=270-gpm  V|:=— V) = 11.718 —low velocities
Ap sec .
Low point drain open | Fx=0 Fp3=1 Fpg:=0 Fpg:=1
Hpg) :=H'p(Q) pump head Hpg = 334ft
P Vi-Fpg + AV
pa:=185.psi primary pipe pressure just up stream of break Vs = 50
Aggl F
p3:=185.psi Pprimary pipe pressure just down stream of break Vo= Vs. Ass(Fk) # =2.607
ps:=67-psi secondary pipe pressure just up stream of break Ar{Dp;) P
. : i V| -Fpg + AV Asé(Fk)
pg:=47 - psi  secondary pipe pressure at drain up stream of break 1 D9 —= =946
| Vg=——"——  A{(Dpj
pg =67 .psi secondary pipe pressure just down stream of break Ag 6(FK)
pg:=37.psi secondary pipe pressure at drain down stream of break V9T V8" A(Dpi)
pci=1.7-psi apply conservation of mass _ Ass(FK) B ft
(continuity) at break V3=V - (Vs+Vg) V3= 0'3;
AgglF
c:=ﬂ-(V5+Vg) vc=84.4-£5-
Acrack(Lc, Wc) sec
T T
po1:=(P2 P3 P5 P6 P8 P9 Pc) Vor:=(V1 V3 Vs Vg Vg Vg V)
01 2 3 4 56 0 1 2 3 4 56

AW105-WTP NTP

Cl-11
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-0035
EVALUATION ANALYSIS Revision: _0
Page No. __12of 22
Client: CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: _Secondary Encasement Pipe Pressure Duge to Primary Pipe Date: 12/2 By: L.
Break in Waste Tank Cross-Site Transfer Piping System Checked: G By:
Location: _200 Area - Hanford Site, Richland. Washington Revised: By:
Case 1 (X01)
Input ==z=somms $Y-101 New Transfer Pump (RPP-5667 Rev. 0B}
L, = 3481t H=-22ft £p = 2mil (Canned Motor Westinghouse Pump Mode! 2A-513-A1)
p=1.3£ Z =2291t £s = 5mil DLDOFK=0in Fk =0
Lp = 5905 ft liter Fp3 =1 ep = 5mil

L¢ = 10in
= - o }C i = i = - H =
tc = 60 . Dpi=16lin AZp=-1ft Lp(Dp;,Fx) =7.025ft W= 0.1in

J(Fk,Lo.xB} =0  N(Fg,Lo,Ls,xg) =0

Fpg =0 Fpg:=1 €c = l mil
I(Fk,Lo.xg) =0 M(Fg,Lo,Ls,xp) =37
hpo1
Po1 |:=ff(Lo,Ho,Ls, Hs,xB, 0, C, P, €S, £ D, Dpi, FK, FD3, FD6. FD9, AZD, Lp, H, Z, Le, W, £c, Hpo1, o1, Voi )
Vo1
Py Vi
Py v3
Ps &
Ps [=Po1 | V6 |:=voi
Pg v8
Py vg
Perack Verack
Resullts
hpg) = 254 ft u(p.tc) = 1.197¢P Ly =9ft Lj =9x 10* 5t
Py = 100 psi vi = 13.8ftsec”’ Ap- v =317.5gpm ) )
Py=1014psi  Fp-va = 5.1ftsec’” Fp3 - Ap - v3 = 117.5gpm Poi = Lolin
Ps=36.6psi  v5=0ft sec | Ass(FK) - vs = 0gpm
Pg=257psi  Fpg- vg = Oftsec Fps - Af(Dpi) - v6 = O gpm
Pg=36.6psi  vg=33ftsec” Ase(FK) - vg = 200 gpm
Pg =20.4psi Fpg-vg =313 ftsec'] Fpo - Af DDi) - vg = 200 gpm
Perack = 0.6psi vi-Ap = Fp3-Ap-v3+ Ags(Fk) - vs + Age(Fk) - v = 3175 gpm

Verack = 642 ftsec'l {continuity check at break, OK)

Re(DH_crack(LCawc)errackvp’p-(p’tC)) =1x 105
Py - P5 =63.347 psi

AWI05-WTP NTP C1-12



RPP-8778 REV 0

CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _0Q
Page No. __13of 22
Client: _CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: mmmmm&mmﬁmmm Date: __gf%i%
Break in Wa kCr Transfer Pipin m Checked: %
Location: _200 Area - Hanford Site, ngh and, Washington Revised:_____ =~

Figure 1b. Case 1: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break
(Between AWA and AW102 02A) within Encasement Sectlon of Length L, Starting at L, Relative to

Transfer Pump for Supernate Waste Transtfer at Temperature of 60 °C.

_ Lc=10in
Fx =0 i Low point drain We = 0.lin
Z =229t tc =60 °C =1.3— g0 =1197¢P D =0in . e==

c = LDop, Dp; = 1.6l in = I mil
H=-22.1ft Lo=348ft Lg=329ft Lp=5905ft Li =9ft ep=2mil Lp(Dpj, Fg) = 7ft
AZp=-1ft Hy=085ft Hg=0ft Fp3 =1 L =9x lotg €s=5mil  ep=Smil
FK Maximum
Pressure
40 : (Ibfin?)
! a7
35
30
b
g
2
£
8 20
&
i
;’,g 15
10 ;
AW105-t0-WTP Transfer:
break between AWA and AW102 02A
5T
SX_OJ_ue_1 w_'l'_angte_Eumn (RPP-5667 Rev. OB)
(Canned Motor Westinghouse Pump Model 2A-513-A1)
0 ‘ :
0 100 200 300 400 500 600 700

¥60¢ Low Point Open . . L
Location (ft) of Primary Pipe Break Down Stream of Pump

AW105-WTF NTP Cl-13



RPP-8778 REV 0
CH2MHILL Hanford Group, Inc. : Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _0Q
Page No. __14 of 22

Client: _CH2M Hill Hanford Group. In¢. WO/Job No.

Subject: ndary En imary Pj Date: By:
Break in Waste Tank Cross-Site Tre Pipin stem Checked: 721 By:
-_ By

Location: _200 Area - Hanford Site, Richland, Washington Revised:

Supernate Transfer

Case 2 break between AW102 02A and AP pit
Lo :=Lw105.05A_AW102.02A Lo = 677 ft start distance from pump of secondary encasement section under consideration

Hy :=ZAw102.02A — ZAW105.054 Ho =0ft  change in elevation of primary pipe from pump to point L,
Lg == LAW102.02A_APpit Lg =966 ft length of secondary encasement section under consideration between drains

Hg :=ZAppit — ZAW105.05A Hg = -7.89 ft 1ange in elevation of primary pipe from pump to point L, + Lg

Subcase X11 {low and high point drain, Fpg = 1 and Fpg = 1)", use EX|St|ng

X10 (high point drain, FD6 = 1 and FD9 = 0", guide/anchor
X01 {low point drain, FD6 = 0 and FD9 = 1) Dpj = 1.61in
nitial X01) Q:=307-gpm V= -9- Vi = 13.3231Iow velocities
Ap sec

Low point drain open Fk=0 Fp3=1 Fpg:=0 Fpg:=1

Hpg :=Hp(Q) pumphead  Hpg; =273 ft
V) -Fpg + AV
p2:=94-psi primary pipe pressure just up stream of break V5= 3
AgglF
p3:=94-psi primary pipe pressure just down stream of break —_— Age(Fk) —--—-56( k) = 2.607
6 = 5 § —
ps:=36-psi secondary pipe pressure just up stream of break Af(DDi) P
. . . Vi-F v ASﬁ(FK)
P6:=25-psi secondary pipe pressure at drain up stream of break 1'Fpo + A ————= =0 46
Vg = 12 A¢(Dp;)

pg:=36-psi secondary pipe pressure just down stream of break ey ASG(FK)

=18 - psi i - 9:= Vg ——
po:=18-psi secondary pipe pressure at drain down stream of break Af(DDi)
pc = 3.8 - psi apply conservation of mass _ As6(FK) ft

(continuity) at break V3:=V) - Ap (Vs+Vg) V3=491 Py
AgelFx ft
c3=#"(vs+ Vg) Ve=62.2—
Acrack(Lc, Wc) sec
T
po1:=(p2 P3 Ps P6 P8 P9 Pc) Vor:=(V1 V3 Vs Vg Vg Vg V)T
01 2 3 4 56 0 1 2 3 4 56

AWI105-WTP NTP Cl1-14
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-L1J-005
EVALUATION ANALYSIS Revision: _Q
Page No. __i3of 22
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: __9/12/2001  By: L.J. Julyk &P
Break in Waste Tank Cross-Site Transfer Piping System  Checked: __5 /2476  By: @#Zlelllooe~_—
Location: _200 Area - Hanford Site, Richland, Washington Revised: By:
Case 2 (X01)
Input === SY-101 New Transfer Pump (RPP-5667 Rev. 0B}
Ly = 677 ft H=-221t ep = 2 mil {Canned Motor Westinghouse Pump Model 2A-513-At)
Lg = 9661 p=1'31'itg- Z=229ft  £5=>5mil DLDOFK=0in Fg =0
— ner — - :
Lp =5905ft Fp3=1 £p = Smil L = 10in
[g:=965-ft+ L tc=60°C Dpi=16lin AZp=-1ft Lp(Dp;j,Fk) =7.025f W, = 0.1in
Fpg:=0 Fpg =1 J(FK’L°‘XB) =0 N(FK'L"’LS’XB) =0 £c = 1 mil

{Fg,Lo,xg) = 107 M(Fk,Lo,Ls,xg) =0

hpoi
Po1 |:=ff(Lo,Ho,Ls, Hs.xB. P, tC,€P. €S, €D, Dpi, FK, Fp3, Fps, FD9, AZD, Lp, H,Z, L¢, We, £¢, Hpo1, Po1, Vor)
Vo1
Py i
P3 v3
Ps v5
Pg |:=Po Ve =Vl
Pg vg
Py vo
Perack Verack
Results
hpgy = 347 ft u(p,tc) = 1.197¢P Ly =9ft L =9x 10*
Py=618psi  vy= 113 frsec” Ap - v| =261 gpm Dp;j = 1.61in
P3=62.7psi  Fpi-va=4.4ft sec Fp3 - Ap - v3 = 100.5gpm
Ps=2l1psi v5= 0 frsec Ase(FK) - v5 =0gpm
Pg=116psi  Fpg-vg= 0 ftsec Fpé - Af{Dpi) - v6 =0gpm
Pg = 21 psi vg = 2.7ftsec”! Ass(Fi) - v = 160.5gpm
Pg=129psi  Fpg-vg=25.3 fesec™) Fp9 - Af(Dpi) - vo = 160.5gpm
Perack = —2.2psi vi-Ap = Fp3-Ap-v3+ Agg(Fk) - v5 + Ase(Fk) - v = 261 gpm

] continui ’
Verack = 51.5 ftsec i {continuity check at break, OK)

Re(DH_crack(LCrwc)’Vcracksp»ll(P-tC)) =9x 104
Py - P5 = 40.739 psi

AW105-WTP NTP Cl1-15
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Client: CH2M Hill Hanford Group. Ine.

RPP-8778 REV 0

Calc. No. _RPP-L1J-005
EVALUATION ANALYSIS Revision: _0Q
Page No. _l6of 22

WO/Job No.

Subject:

ipe Pri

Location: _200 Area - Hanford Site, Richland, Washington Revised: By:

D imary Pi Date: 2 By: L 1. Julyk ##
Break in Waste Tank Cross-Site Transfer Piping System Checked: By:m

Figure 1c. Case 2: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break
(Between AW102 02A and AP PIt) within Encasement Section of Length L, Starting at L, Relative to

Transfer Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg =0
Z=229ft

k
tc=60°C lp=13—2]

liter,

H=-22.1fi Ly=677ft  Lg="966ft

AZp=-1ft Hy=0f1 Hg =-7.89ft Fp3y=1

35

30

25
)
g

E 20
2
a
&
&

g s
=
3
[75]

10

5

0

l.ow point drain
u(p.tc) = 1.197cP DL, =0i D = L6Lin
K
Lp = 5905ft L =9ft ep=2mil Lp(Dpj, Fg) =71t

L =9x104ft eEg=3mil ep=3mil
Fx

AW105-to-WTP Transfer

¥-1

break between AW102 02A and AP pft

(Canned Motor Westinghouse Pump Model 2A-513-A1)

(RPP-5667 Rev. 0B}

0 200 400
¥ T ow Point Open

AWI105-WTP NTP

600 800 1000 1200 1400 1600 1800

Location (ft) of Primary Pipe Break Down Stream of Pump

Cl-16

L. = 10in
W, =0.1in

£c =1 mil

Maximum
Pressure

(Ib#in2)

34



CH2MHILL Hanford Group, Inc.

RPP-8778 REV 0O
Calc. No. RPP-L1J-005

EVALUATION ANALYSIS Revision: _Q
Page No. __17of 22
Client: CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: En I i i Pi Date: 9/12{2% 1. Julvk
Break in W Tank -Sit m Checked: 2578

Location: _200 Area - Hanford Si Ig, Richland, Wgshmg;gg

Supernate Transfer

Case 3 break between AP pit and AP A pit

Lo = Lw105.05A_APpit

Revised:_ =~ =

Ly = 1643 ft start distance from pump of secondary encasement section under consideration
Ho :=Zappit = ZAW105.05A H, =-7.89ft  change in elevation of primary pipe from pump to point L,
Ls = Lappit_aPapit Lg=655ft length of secondary encasement section under consideration between drains
Hs = Zapapit —~ ZAW105.05A Hg =-10.5ft  change in elevation of primary pipe from pump to point L + Lg
use W314
Subcase X11 (I?w ant.:l high .pount drain, Fyg =1 and Fg = 1)%, guide,anchor
X10 (high point drain, FD& = 1 and FD9 = 0)*,
X01 {low point drain, FD6 = 0 and FD9 = 1) Dp; = 1.61in
Initial X0) Q:=271-gpm  Vy=-2 V] = 11.761 ' low velocities
Ap sec
High point drain open [Fk = §] Fp3=1 Fpe:=0 Fpg:=1
Hpgp :=H(Q) pumphead  Hpg = 332ft
Vi-Fpg + AV
pa:=71-psi primary pipe pressure just up stream of break Vs = 37
AgglF
p3:=72-psi primary pipe pressure just down stream of break Ve oV Ase(Fk) %l = 2.607
6:=Vs ———
ps:=30.psi secondary pipe pressure just up stream of break Af(Dpi} P
AgglF

ps:=21-psi secondary pipe pressure at drain up stream of break Ve Vi-Fpg + AV se K) =9.46

pg:=30-psi secondary pipe pressure just down stream of break - Ag 6(FK)

po:=13-psi Ssecondary pipe pressure at drain down stream of break 9-=V8 Af(Dp)

Pc:=6 - psi apply conssrvation of mass _ ASG(FK) ft

(continuity) at break V3=V - Ap (Vs + Vg} V3=4.66— oc
AgelFx '
o= (Fx) (Vs + Vg) vc=5251
Acrack( Le, Wc) sec

T
po1:=(P2 P3 Ps P6 P8 P9 Pc)

¢l 2 3 4

AWI05-WTP NTP

56

T
Voi :=(V1 V3 V5 Vg Vg Vo Vc)
0 1 2 3 4 56

Cl-17



RPP-8778 REV 0
CH2MHILL Hanford Group, Inc.

Calc. No. RPP-111-005

EVALUATION ANALYSIS Revision: _Q
Page No. _ 18 of 22
Client: CH2 ill Hanford Group. Ing. WO/obNo, _
Subject: Pipe Pressur i i Date: __ 9/ By: L.J. Jul
Break in Waste Tank -Site Transfer Pipin m Checked: 2577 By:
Location: _2 - Hanf ite. Richland, Washington Revised: By:
Case 3 (X01)
Input S$Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
L, = 16431t H = -22ft ¢p = 2mil {Canned Motor Westinghouse Pump Model 2A-513-A1)
Ls = 655f kg Z=2291t €5 = 5mil Dipo_ =0in Fx =3
p=13—— FK
Lp = 5905 ft liter Fpi=1 ¢p = Smil L. = 10in
xg:=0- ft + L, tc =60 °C Dpj=16lin AZp=-1ft  Lp(Dp;,Fg) =7.025ft  W=0.lin
Fpg:=0  Fpg:=| J{Fg,Lo,xg) =0  N(Fg,Lo,Lg,xp) =5 €c = 1mil
I(Fk,Lo,xg) =0  M(Fk,Lo,Ls,xp) =68
hpo)
Poi |:=ff(Lo,Hy,Ls, Hs,xB,p,tC, £p,€S,€D. Dpi, FK, Fp3, Fpe, Fp9, AZp, Lp, H, Z, Le, We, ¢, Hpot, Po1, Vo1 )
Vo1
Py i 64.987 11.249
Py v3 65.919 4.486
P vs | 26.619 0 1
Ps |[:=Ppq V6 |:=vpi Pp; =| 18.639 |psi vpp =| 30.185 |ftsec
26.56 2.595
Pg vg
12.173 24.56
Fo Y9 4123 50
"Perack Verack
Results
hpg| = 350 ft u(p.tc) = 1.197¢P Li =9ft L =135ft
FK Fy,
. -1
P> = 65 psi vy = 11.2ftsec | Ap- vy =2592gpm Dp; = 1.61in
P3 = 65.9psi Frys - va = 4.5ftsec Fps- Ap- vy = 103.4gpm
P5=266psi  v5=0ft sec’! As6{FK) - vs = 0gpm
Pg=186psi  Fpg- vg = Oftsec Fpe - Ae(Dpi) - v6 =0 gpm
Pg=266psi  vg=2.6ftsec’ " As6(FK) - vg = 155.8gpm
Py = 12.2 psi Fpy - vo =24.6ft sec-l Fpo - Af(DDi) - vg = 155.8 gpm
Perack = 4.7psi vi-Ap = Fpi-Ap-vi+ Asﬁ(FK) - V5 + ASﬁ(FK) - vg = 2592 gpm

Verack = S0 ft sec |

Re(DH_crack(LCswc), Vcrack,P,ll(PstC)) =8x 104
P> — P3 = 38.367 psi

AWI105-WTP NTP C1-18

{continuity check at break, OK)
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CH2MHILL Hanford Group, Inc. ' Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _(
Page No. __19of 22
Client: CH2M Hill Hanford Group. Inc. WO/Job No.
Subject: n 1 i I imary Pi Date: % g fi!t L i Eﬁ‘yk Z
Break in Waste Tank Cross-Site Transfer Piping System Checked:
Location: _200 Area - Hanford Site, Richland, Washington Revised:_

Figure 1d. Case 3: Maximum Pressure In AW105-WTP Encasement Pipe Due to Primary Pipe Break
(Between AP pit and AP A Pit) within Encasement Section of Length L, Starting at L, Relative to

Transter Pump for Supernate Waste Transfer at Temperature of 60 °C.

Fg =3 iz Low point drain L =10in
= . = )C =1, =1]1. = i R =} i
Z=229ft tc=60 p=13_% u(p,tc) = 1.197¢P DLpo, =0in Dy = 161 in W, =0.1in
H=-221ft Lo=1643ft Lg=655ft Lp=5905ft L =9ft ep=2mil Lp(Dp;Fk)=7f e =1 mil
K
AZp =-1ft Hy=-7.89fi Hg=-105ft Fpz=1 es=5mil  ep=>5mil
L =135ft .
Fk Maximum
Pressure
30 5 ; ; : (ibtin?)
l 27
25 |-
—~ 20
.04
&
Q
3
£
8. 15 - . e . e n " S ————
& : :
g
8
@
10

AW105-t0- WTP Transfer ,
5| break between AP pEt and AP A pit

SXJﬂanﬂsLEumn (RPP-5€567 Rev. 0B)
(Canned Motor Westmghouse Pump Model 2A 513-A1)

0 j . ! ; :
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

*06¢  Low Point Open .
Location (ft} of Primary Pipe Break Down Stream of Pump

AW105-WTP NTP C1-19
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q
Page No. __ 20 0of 22
Client: _CH2M Hill Hanford Group, Inc. WO/Job No.
Subject: Encasement Pi Pri ipe Date:
Break in Waste Tank Cross-Site Tr: ipin m Checked: igg 2
Location: _200 Area - Hanford Site, Richland, Washington Revised:__ "~
Supernate Transfer

Case 4 break between AP A pit and WTP interface

Lo :=Lw105.05A_APApit Lo = 2298ft start distance from pump of secondary encasement section under considerat
Hy :=ZApApit — ZAW105.05A H,=-105ft  change in elevation of primary pipe from pump to point L,
Ls :=LAPApit_WTPinterface Lg =2723ft  length of secondary encasement section under consideration between drains

Hg = ZWTPinterface — ZAW105.05A4 Hs =-22.1ft  change in slevation of primary pipe from pump to pointL, + Lg

\ use W314
Subcase X11 (low and high point drain, Fpg = 1 and Fpg = 1), guidelan chor
X10 (high point drain, FD6 = 1 and FD9 = 0)*,
X01 (low point drain, FDB = 0 and FD9 = 1) Dpj = 1.61in

Initial guesses (X01) Q:=249.4.gpm V;:= -2 V] = 10.824— low velocities
Ap sec
Low point drain open Fxk=3 Fpz=1 Fpg:=0 Fpg:=1

Hpg) :=H'p(Q} pump head Hpgp = 364 ft

V1 -Fpg + AV
p2:=67-psi primary pipe pressure just up stream of break 5= 50
Agel F
p3:=67-psi primary pipe pressure just down stream of break Ve oV Ase(Fk) M =2.607
6:=VYs —F—~
ps:=37-psi secondary pipe pressure just up stream of break Af(DDi) i
. : - Vi.F AV AS‘S(FK)
Pg:=26-psi Secondary pipe pressure at drain up stream of break Ve o= 1-¥po + — = 9.46
T T s Ar(Dpi)

pg:=37-psi secondary pipe pressure just down stream of break ooy Ag 6(FK)

— . i i i 9 = 8 TRy
po:=9-psi  secondary pipe pressure at drain down stream of break Af(DDj)
Pc:=20- psi apply conservation of mass _ Ase(Fk) ft

(continuity) at break V3=V - Ap (Vs+Vg) V3=4. 89—
AselFK
Vei= # . (VS + VB) Vo= 43.91
Acrack(Le, We) 7 sec
. T T
po1:=(p2 P3 PS P6 Pg P9 Pc) Vor:=(V1 V3 V5 Vg Vg Vg V)
601 2 3 4 56 0 1 2 3 4 56

AWI105-WTP NTP C1-20
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJI-005
EVALUATION ANALYSIS Revision: _Q
Page No. _21of 22
Client: _CH2M Hill Hanford Group, Inc. WO/Job No. .
Subject: _Secondary Encasement Pipe Pressure Due to Primary Pipe Date: 1 By L.l oF
Break in Waste Tank Cross-Site Transfer Piping System Checked: (/ By:
Location: _200 Area - Hanford Site. Richl Washington Revised: By:
Case 4 (X01)
Input $Y-101 New Transfer Pump (RPP-5667 Rev. 0B)
Ly = 229811 H=-221t ep = 2mil (Canned Motor Westinghouse Pump Model 2A-513-A1)
Lg = 27231 kg Z=22911 £g = Smil Dipg =0in Fg =3
p= 13@ FK
Lp = 59051t Fpi=1 Ep =5mil L = 10in
=u- = 3 o i = — H =
tc =60 °C Dpi=16lin  AZp =-1ft Lp(Dpj,Fk) = 7.025ft W, = 0.1in

J(FK.,Lo,xg) =0  N(Fg,L,,Lg,x) =20
I(FK.Lo,xg) =0  M(Fk,Lo,Ls,xg) = 283

Fpg =0 Fpg:=1 Ec = 1 mil

hpo1
Por |:=ff(Lo,Ho,Ls, Hs,xB, P, IC,Ep. €5, €D, DDi, FK, FD3, Fp6, Fpo, AZp, Lp, K, Z, Lc, We, ¢, Hpo1, Po1. Voi )
vol
Py V] 59.362 10.303
Py v3 60.108 4.58
Ps v 32.024 0 ]
Pe |:=Po; v6 |:= Vf)l Pop =| 22.452 [psi  vpp =] 33.059 |ftsec
31.981 2.196
Pg vg
8.573 20.782
Py v9
16.346 42.308
Perack Verack
Results
hpoy = 381 ft ,tc) = 1.197cP Li =91ft Li =135ft
PO1 u(p c) c i iy 35
Py=594psi vy = 103 ftsec | Ap - v{ = 237.4gpm Dp; = 1.61in
Py=60.1psi  Fp- vy =4.6ftsec Fp3 - Ap- v3 = 105.5gpm
P5 = 32 psi vg = Oftsec™" Ase(FK) - vs = 0gpm
Pg =22.5psi Fpg - vg = Oft scc'l Fpe - Af(DDi) ‘vg=0gpm
Pg = 32psi vg = 2.2ftsec” Ase(Fk) - v§ = 131.9gpm
Po=86psi  Fpg- vo=20.8ftsec . Fpg - At(Dpi) - Vo = 131.9gpm.
Perack = 16.3 psi vi-Ap = Fp3-Ap-v3+ ASG(FK) Cv5 + AS6(FK) - vg = 237.4gpm
Verack = 42,3t sec'l {continuity check at break, OK)

RE(DH_crack(Lc, Wc),Vcrack,D,M(P,tC)) =7x 104
Py — P5 =27.339psi

AWI105-WTP NTP C1-21
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005
EVALUATION ANALYSIS Revision: _Q

Page No. _ 22 of 22

Client: CH?2M Hill Hanford Grouo Inc WO/JobNo. ____
Subject: S '_ cong A5¢ > Pressure Du Primary Pipe Date
km Waste Tank Cross-Si Tr nsf rPl in stem Checkcd

Location: MJMLBMML_ Revised: "~

Figure 1e. Case 4: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break
(Between AP A pit and WTP Interface) within Encasement Section of Length L, Starting at L, Relative

to Transfer Pump for Supérnate Waste Transfer at Temperature of 60 °C.

Fg=3 g Low point drain Lc = 10in
Z=229ft tc=60°C |p=13 (p,tc) = 1.197cP . . W =0.1in
i ’ =0in Dp; = 1.61in ¢
liter DLDoFK Di e - Lmil
H=-22.1ft Ly=2298ft Lg=2723ft Lp=>5905ft Li, =9ft ep=2mil Lp(Dpj, Fg) =71t ¢
K
AZp =-1ft Hy=-10.5ft Hg=-22.1ft Fpi=1 L = 135ft eg=5mil ep=>5mil
JFK - Maximum
Pressure
35 ; 5 ; ; (Ibt/in%)
' 32
30
257
%
g
§ 20
£
K
o ;
§ IS . [ R ........................................................................................................ g e e e e
= :
g
@
10
AW105-t0-WTP Transfer
5 break between AP A plt and WTP interface
Y-101 N (RPP-5667 Flev . 0B)
(Canned Motor Westlnghouse Pump Model 2A 513-A1)
0 | H : . !
0 500 . 1000 1500 2000 2500 3000 3500 4000 4500 5000
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APPENDIX D

INDEPENDENT VERIFICATION OF ANALYSIS MODEL

Results of calculations contained herein were produced in AFT Fathom (version 3). AFT is a registered
trademark of Applied Flow Technology in Woodland Park, Colorado.
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COMMENTARY

The independent analysis given herein showed excellent agreement with preliminary results of
the Mathcad model provided for independent review, thus verifying the Mathcad model.
However, in the final calculations given in RPP-8778, there were some changes to the input
parameters. The major changes are:

e Changes to loss factors for the W-058 guides and anchors (RCSTS piping). Table 1
compares the preliminary loss factors for the guides and anchors with the final values
used RPP-8778.

Table 1. Comparison of W-058 Loss Factors Used
in Preliminary and final calculations

Item Preliminary Final
Guide 2.73 19
Anchor 10.85 17.7

e Changes to pump curve. The preliminary calculation used a performance curve scaled
up to a maximum delivery head of 650 feet from the performance curve for the new
transfer pump installed in Tank 241-SY-101. This scaling was done to evaluate impacts
of potentially higher head pumps that might be used for future transfers. In the final
calculation, the motor unit head curve for the new transfer pump (canned motor
Westinghouse pump model 2A-513-Al) is utilized.

e Change to reference elevation. The preliminary calculation used the pump pit nozzle as
a reference zero elevation. For the final calculation, the reference elevation is lowered
to the waste level in a full tank (using SY tank farm elevations). This reduces the
available pump delivery head by 16.9 feet.

o Addition of loss factor for open rupture disk. The preliminary calculation does not

include the loss factor for failed rupture disks. In the final calculation, drains from the
RCSTS annulus are modeled to include the loss factor for the rupture disks.

The net effect of these differences was to reduce the predicted maximum pressure in the
encasement pipe for the postulated primary pipe break by approximately 12 percent.
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Fluor Hanford
P.O. Box 1000
Richland, Washington 99352

FLUOR

August 20, 2001 FH-010433
CONTRACT NO. DE-AC06-96R1.13200

Mr, Larry J. Julyk, Principal Engineer
Design Engineering

CH2M HILL Hanford Group, Inc.

Post Office Box 1500

Richland, Washington 99352-1505

Dear Mr. Julyk:

INDEPENDENT ANALYSIS FOR MAXIMUM SECONDARY ENCASEMENT
PRESSURE FOR CROSS-SITE WASTE TRANSFER LINE

Reference:  Julyk, L. I, “Secondary Encasement Pipe Pressure Due to Primary Break in
Waste Tank Cross-Site Waste Transfer Piping System,” Calculation Number
RPP-LJJ-005, dated May 11, 2001.

The purpose of this letter is to transmit the results of a series of independent analyses that
were performed for the cross-site waste transfer line. The goal of these analyses was to
determine the maximum secondary encasement pressure should a primary pipe break occur
between the SY-A valve pit and the 6412-A diversion box during waste transfer operations.
The results of these analyses are specific for the cross-site waste transfer line between tanks
SY-102 and AP-107.

A significant emphasis was placed on reviewing the analysis techniques and equations that
were used in the reference calculation RPP-LJJ-005 to calculate the loss coefficients for
various support and anchor components, as well as the pipe break. An independent pipe
break network flow model was developed to confirm the maximum secondary encasement
pressure with and without primary flow for various combinations of secondary drains.
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Mr. L. J. Julyk FH-010433
August 20, 2001 : CONTRACT NO. DE-AC06-96RL13200
Page 2

The attached results indicate a maximum secondary encasement pressure of approximately
200 psig. ' A comparison of the results from the reference (RPP-LJJ-005) with the subject
analyses show very good agreement considering the complexity of the analyses, the assumed
crack geometry, and lengths of the cross-site transfer line. This indicates that the results
documented within RPP-1LJJ-005, are consistent with the documented pipe break flow model
and are representative of expected conditions should a pipe break occur.

If there are any questions, please call me at 376-6562.
Sincerely

L4

F. J. Heard, Engineer II
Engineering Analysis

CONCURRENCE

Date

Engineering Laboratory

w

Attachment

CAWINDOWS\Temporary Intemet Files\OLKFI D2\FH-010433,doc - 08/20/2001
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INDEPENDENT ANALYSIS FOR MAXIMUM SECONDARY ENCASEMENT
PRESSURE FOR CROSS-SITE WASTE TRANSFER LINE

1.0 INTRODUCTION AND PURPOSE

An independent review was performed of the Double-Shell Tank (DST) encasement pressure
drop analysis (RPP-LJJ-005). The independent review consisted of line-by-line check the
calculated results and comparison against text book values and the development of a pipe break
network flow model. ‘

The purpose of this letter report is to document the results of the independent pipe break network
flow analyses. The goal of the independent analyses is to provide an alternate mechanism to
determine the maximum secondary encasement pressure should a pipe break occur within the
primary transfer line between the SY-A transfer pit and diversion box 6241-A during waste
transfer operations. The results of these analyses are specific for the cross-site waste transfer line
between tanks SY-102 and AP-107.

2.0 SCOPE OF REVIEW

A significant emphasis was placed on reviewing the analysis techniques and equations, as
documented within the reference calculation (RPP-LJJ-005), that were used to calculate the loss
coefficients for the various support and anchor components, as well as the pipe break.
Fundamental references were used to confirm the calculated friction factors and component loss
coefficients. An independent pipe break network flow model was developed to confirm the
maximum secondary encasement pressure with and without primary flow and for various
combinations of secondary drains. Two cases from the subject pressure drop analysis were
simulated. The results are presented in Section 5.0.

3.0 CODE DESCRIPTION - FATHOM

FATHOM is an incompressible steady-state one-dimensional Newtonian fluid network flow
analysis program. FATHOM was obtained from Applied Flow Technology, Woodlawn Park,
Colorado. FATHOM has been validated and verified for use for quality affecting analyses at
Hanford (Heard 2000).

FATHOM employs two fundamental constructs: pipes (P) and junctions (J). Pipes are conduits
for steady state, incompressible, one-dimensional fluid flow. The mass flow rate through the
entire length of the pipe is always constant. Junctions are connector points for pipes at which
flow balances are made. Each pipe must be connected to two junctions. Currently there are
twenty junction types.

FATHOM can be used to model a variety of engineering systems including:

Open and closed (recirculating) systems

Network systems that branch or loop, with no limit on the number of loops
Pressure and/or gravity feed systems

Pumped systems, including multiple pumps in parallel and/or in series

1
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INDEPENDENT ANALYSIS FOR MAXIMUM SECONDARY ENCASEMENT
PRESSURE FOR CROSS-SITE WASTE TRANSFER LINE

Pumps with variable speed, controlled discharge pressure, and viscosity corrections
Systems with pressure and/or flow control valves

Systems with valves closed or pumps turned off

Systems with heat exchangers

Systems heat transfer from external surfaces

With FATHOM, users can create a graphical representation of the piping network using a drag-
and-drop interface from a palette of pipe system components. Multiple units of measurement are
available for input and output, which helps minimize conversion errors.

FATHOM works almost exclusively with the concept of a loss factor, also known as a K factor
or resistance. Loss factors are area dependent. FATHOM provides hundreds of standard loss
models based on well known references such as; Crane (1988), Idelchik (1994), and Miller
(1990), but also allows the user to enter there own loss data. Variable or dynamic loss models
that depend on flow, area ratios, and/or flow splits (such as tees and wyes), and the angle of the
connecting pipes are also supported. FATHOM also provides automatic calculation of friction
factors using the Colebrook-White correlation. Loss factors can be applied in two ways: point
losses associated with junctions, or distributed losses associated with a pipe. Distributed losses
are assumed distributed evenly along the pipe length, much like friction losses.

FATHOM also provides an extensive database of thermo-physical properties for numerous fluids
and gases. Fluid density and dynamic viscosity must be specified for all analyses. Fluid vapor
pressure is an optional specification. These properties can be entered by hand or can be
obtained from the material database. FATHOM allows the fluid properties to be entered in
whatever units you find most convenient.

FATHOM uses a Newton-Raphson method to solve the fundamental equations of pipe flow that
govern conservation of mass (continuity), momentum, and energy. Solutions are obtained by
iterative matrix methods that have been optimized for speed and convergence.

4.0 MODEL DEVELOPMENT AND ASSUMPTIONS

A pipe break network flow model was developed using FATHOM. The network flow model
used design data from RPP-LJJ-005 to model the cross-site waste transfer line. Figure 4-1
presents a line diagram of the pipe break network flow model.

The cross-site waste transfer line consists of pipe-within-a-pipe: an inner (primary) waste
transfer line encased by a larger outer (secondary) pipe. The annular area between the primary
and secondary pipes is nominally dry and free from waste. The pipe break network flow model
treated the annular piping arrangement as two separate parallel pipes connected by a sharp-edged
orifice (J5) that could be positioned anywhere along the cross site transfer line. The orifice was
assumed to have a flow area of 1 square inch and was assumed to approximate a break in the

primary pipe.
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The orifice loss factor based on the upstream flow area was calculated by the following equation
(Idelchik 1994, page 218) for turbulent Reynolds Numbers:

2 0.375 2
K=| 24 _||o7071-200e ), [1 -—-A"’ﬁﬂ (EQU 4-1)
Aorifice Aup Adown

The primary pipe extends from the SY-102 transfer pump pit to tank AP-107 with a total length
of 51015 feet. The section containing the location of the postulated pipe break extends from the
SY-A valve pit (339 feet) to the 6241-A diversion box (5974 feet). The primary pipe was
assumed to be 3-inch Schedule 40 stainless steel (3.5-inches OD, 3.068-inches ID) with an
absolute roughness of 0.002 inches. The secondary encasement pipe was assumed to be 6-inch
Schedule 40 carbon steel (6.625-inches OD, 6.028-inches ID) with an absolute roughness of
0.005 inches. The secondary encasement pipe was treated as an annular pipe with the
appropriate flow area and wetted perimeter.

The secondary encasement pipe is assumed to have two drain lines (2-inch Schedule 40, 2.375-
inches OD, 2.067-inches ID) located at the SY-A valve pit and at the 6241-A diversion box.
Each of the drain lines was assumed to have an equivalent length of 8.2 feet with an outlet
expansion loss coefficient of 1.0 and an assumed absolute roughness of 0.005 inches.

The annulus between the primary waste pipe and the secondary encasement pipe contains
numerous pipe supports, pipe anchors, and a leak detection cable. The pipe supports and anchors
were assumed uniformly spaced along the length of the waste transfer line. The leak detection
cable (0.75-inches OD) was assumed to run the entire length of the waste transfer line. It was
determined that 10 anchors and 460 supports are located within the line break section between
the SY-A valve pit and the 6241-A diversion box. The loss factors due to the anchors (K=10.85)
and supports (K=2.73) were approximated from the corresponding losses of long-hole orifice
plates (Idelchik 1994, page 219) and are based on the secondary encasement pipe annular flow
area. This allowed the upstream and downstream loss factors for the secondary encasement pipe
to be summed as a series resistance and distributed depending on the location of the pipe break.

The pipe break flow model also includes specifications for a new transfer pump (NTP) (canned
motor Westinghouse pump model 2A-513-A1) that determines the pressure (head) that is added
to the system. The pump head (feet of water) versus volumetric flow (gal/min) characteristics
for the NTP were obtained from page 6 of RPP-LJJ-005 and are presented in Table 4-1.

Table 4-1 New Transfer Pump Head vs. Flow

Number | Pump Head (AH) Flow (Q)
(ft) (GPM)

1 650.0 0

2 650.0 40
3 624.5 80
4 599.0 120
5 554.4 160
6 535.3 180
7 471.6 220

3
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The following paragraphs refer to Figure 4-1. Junction 1 is an infinite flow reservoir for
Junction 2 the new transfer pump. Junctions representing pumps must have a mass source.
Junction 13 is a zero loss branch and marks the beginning of the pipe break section. Junction 3 is
a zero loss branch that provides an inlet leg to Junction 5 the pipe break orifice. Junction 14 is
the 6412-A diversion box and marks the end of the postulated pipe break section. Junction 4 is
the primary waste transfer line outlet discharge at tank AP-107. The primary pipe is assumed to
discharge to an assigned pressure of 14.35 psia (Hanford average) with an outlet expansion loss
coefficient of 1.0.

Junction 6 corresponds to a zero loss branch that diverts flow both downstream and upstream
within the secondary encasement annular flow area. Junctions 7 and 10 represent tee fittings for
the downstream and upstream drain lines, respectively. Junctions 8 and 11 represent the
remainder of the secondary encasement pipe as dead ends. Junction 9 and 12 represent the
discharge point of the two drain lines. Each drain line is assumed to discharge to an atmospheric
pressure of 14.35 psia (Hanford average) with an outlet expansion loss coefficient of 1.0.

Pipes P2 and P6 represent the primary waste transfer line and the secondary encasement line
downstream of the assumed break location. Pipes P3 and P9 represent primary waste transfer
line and the secondary encasement line upstream of the assumed break location. As previously
discussed the downstream and upstream loss factors for the secondary encasement pipe
distributed depending on the location of the pipe break.

A user option allows junctions and pipes to be closed to flow, This allowed a series of
simulations to be performed with and without flow through the primary pipe upstream of the
assumed break location and various combinations of open or closed drain lines within the
secondary encasement section.

Case 1 from RPP-LJJ-005 was chosen as a representative calculation with (FD3=1) and without
(FD3=0) flow through the primary pipe. (The term FD3 was used in the reference analysis as a
flow multiplier for flow through the primary pipe downstream from the location of the pipe
break.) The pipe length (5635 feet) between the SY-A valve pit and the 6412-A diversion box
was divided into ten intervals with eleven points. Each was point represented a pipe break
location. Three analyses were performed at each point: 1) both drains open, 2) downstream drain
open (upstream closed), and 3) upstream drain open (downstream closed).

5.0 RESULTS

Tables 5-1 and 5-2 summarize the results of the network flow analyses for a series of simulated
primary pipe breaks and locations. Table 5-1 presents the maximum secondary encasement
pressure versus break location with primary flow. Table 5-2 presents the maximum secondary
- encasement pressure versus break location without primary flow. Tables 5-1 and 5-2 also
summarize the location and elevation of the assumed break, as well as the secondary pressure
loss factors associated with the downstream and upstream annular pipe anchors and supports.

From Table 5-1 the maximum secondary encasement pressure with primary flow was determined
to be approximately 170 psig. This value was obtained for the case with the upstream drain open

4
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(downstream closed) and a primary pipe break location just one foot upstream of the SY-A valve
pit. These conditions maximized both the flow resistance to the open drain and the secondary
encasement pressure. This can be compared with the results from RPP-LJJ-005, which indicate a
maximum secondary encasement pressure of approximately 177 psig.

From Table 5-2 the maximum secondary encasement pressure without primary flow was
determined to be approximately 200 psig. This value was obtained for the case with the
upstream drain open (downstream closed) and a primary pipe break location just one foot
upstream of the SY-A valve pit. These conditions maximized both the flow resistance to the
open drain and the secondary encasement pressure. This can be compared with the results from
RPP-LJJ-005, which indicate a maximum secondary encasement pressure of approximately
209 psig.

TABLE 5-1. MAXIMUM SECONDARY ENCASEMENT PRESSURE VS. LOCATION
OF BREAK WITH PRIMARY FLOW

No. | Location | Elevation Secondary Loss Factor Maximum Secondary Encasement
of Break | Of Break Pressure (psig)
(ft) (fo Downstream | Upstream | Both | Downstream | Upstream
Drains | Drain Drain

Open Open* Open**
1 340.0 671.2 0.2 1362.1 13.5 18.7 169.7
2 902.5 672.1 136.2 1226.1 22.5 39.2 147.3
3 1466.0 673.0 272.5 1089.8 25.8 52.1 127.1
4 2029.5 673.9 408.7 953.6 26.3 60.7 108.9
5 2593.0 674.8 5449 8174 25.3 66.5 92.2
6 3156.6 675.7 681.2 681.2 23.3 70.5 76.8
7 3720.0 676.7 8174 544.9 20.7 73.3 62.5
] 4283.5 677.6 ' 953.6 408.7 17.4 75.2 49.0
9 4847.0 678.5 1089.8 272.5 13.6 76.4 36.1
10 5410.5 679.4 1226.1 136.2 9.1 77.2 23.8
11 5973.0 680.3 1362.1 0.2 35 71.5 11.8

* Junction J12 closed, Junction J9 open
** Junction J9 closed, Junction J12 open
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TABLE 5-2. MAXIMUM SECONDARY ENCASEMENT PRESSURE VS. LOCATION
OF BREAK WITHOUT PRIMARY FLOW

No. | Location | Elevation | Secondary Loss Factor Maximum Secondary Encasement
of Break | Of Break Pressure (psig)
(f) (ft) Downstream | Upstream | Both | Downstream | Upstream
Drains | Drain Drain

Open Open* Open**
1 340.0 671.2 0.2 1362.1 15.9 22.5 200.0
2 902.5 672.1 136.2 1226.1 274 48.2 178.9
3 1466.0 673.0 272.5 1089.8 19| 65.5 158.3
4 2029.5 673.9 408.7 953.6 331 77.8 138.4
5 2593.0 674.8 544.9 817.4 323 87.0 119.1
6 3156.6 675.7 681.2 681.2 30.2 94.0 100.3
7 37200 676.7 817.4 544.9 27.1 99.5 32.0
8 4283.5 677.6 953.6 408.7 23.1 104.3 64.3
9 4847.0 678.5 1089.8 272.5 18.3 107.4 47.1
10 5410.5 679.4 1226.1 136.2 12.4 110.3 30.4
11 5973.0 680.3 13621 0.2 5.0 112.7 14.2

* Junction J12 closed, Junction J9 open
** Junction J9 closed, Junction J12 open

Figures 5-1 and 5-2 present a comparison of the results obtained from RPP-LJJ-005 and the
subject analyses. The break locations assumed for RPP-LJJ-005 differ slightly from the subject
analyses. However, very good agreement was noted. The maximum difference occurred for the
first primary break location nearest to the SY-A valve pit. Very close agreement was noted over
the entire range of break locations for the cases with both drains open and the just the
downstream drain open.

6.0 CONCLUSIONS

The results from Tables 5-1 and 5-2 indicate that the maximum secondary encasement pressure
is approximately 209 psig. A comparison of the results from RPP-LIJ-005 and the subject
analyses, as shown in Figures 5-1 and 5-2, show very good agreement considering the
complexity of the analyses, the assumed crack geometry, and lengths of the cross-site transfer
line. This indicates that the analysis techniques documented within RPP-LJJ-005 are consistent
with the pipe break flow mode! and are representative of expected conditions should a pipe break
occur, Small differences in the calculated friction factors, the number of support components,
and the calculated loss coefficients will have an affect on the maximum encasement pressure.
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