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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 results 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 (Le., 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-Al 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 loads 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 
hourslyear 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 
CrossSite 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-SY-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%’’ 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 B31.1 
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-265 drains through a 
1%” diameter drain connection to the 241-AW-05A pump pit. The encasement was designed to 6 0  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 
1%” diameter drain connection to the 241-AW-02A pump pit. The encasement was designed to 6 0  psig 
and tested to 90 psig. 

Transfer line SN-609 was installed as part of the AP tank farm construction to ASME B3 1. I 
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 6241-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 

WT-SNL-3 150 

WT-SNL-3150 

ksign configuration shown in bold text 
'ressure io excess of design pressure 
kcasement pressure will rise to the rupture disk burst pressure, opening the flow path@); then the pressure will 
decrease to the pressure shown. 
Two-inch diameter drain conservatively evaluated using the flow resistance of a 1-44" diameter drain. 

CONSIDERATIONS 

Primary Piping Design 
RCSTS primary piping was constructed of three-inch Schedule 40s stainless steel pipe to ASTM A312 
Grade T P  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 A106 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 WO58-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 (%-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 
B 16.5 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 A53, 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 (%-inch or ’/*-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 WO58-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 WO58-P-032. 

Smalldiameter 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-5 13-AI 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 6241-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-3 150. 

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 B3 1.1 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 B3 1.1 
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 B3 1.1 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: 

(A)  A design analysis shall be peformed 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. 

(B)  The condition of the piping system and supportlrestraint scheme shall be determined byfield 
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. 

(C)  Necessary repairs, replacements, or alterations to the piping system are made to conform 
with the requirementsprescribed 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. 

(E)  The rate of pressure and temperature increase to the higher maximum allowable operating 
conditions shall be gradual so as to allow suflcient 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. 

( 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. 

(C) All safety valves, relief valves, and otherpressure relieving devices must be examined, and 
re-certified for the new pressure/temperature design conditions. Capacity of relieving equipment 
shall be investigated ifthe design pressure a d o r  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 B3 1.3 Paragraph 302.2.4 conditions for exceeding maximum allowable stress. 

8 
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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: 

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. 

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. 

c. 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 
system, and knowledge of the operational history including fluid chemistry. 

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 B3 1.1 by 
initial service test. 

e. 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. 

f: The piping system rerating i s  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. 

9 
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g. All piping component in the system (such as valves, flanges, bolts, gaskets, packing, and 
expansion joints) are adequate for the new combination of pressure and temperature. 

h. Pipingflexibility 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. 

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. 

j .  A decrease in minimum operating temperature is justified, ifrequired 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, thc likelihood of a large break in 
the primary pipe for a supematant transfer is reduced because of the available pressure head from the 
transfer pumps. The shutoff pressure of the bounding Westinghouse Model 2A-5 13-AI 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 ASh4E 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-AI 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 
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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 MathSoJ?, Inc. of Cambridge, Massachusetts. 
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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 consewation of mass (continuity) and energy (Bernoulli theorem) are applied between nodes (as numbered 
in Figure 1) and at the pipe break location plus a characteristic 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 characteristics 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. 

Flgure la.  Transfer Plpe Layout Schernatlc. 

I- XB Locat ion  o f  Break 
in Primary Pipe 

Ls  Encasement Section 
Under Consideryt ion 

Suppor t  n-th Secondary 
Encasement 
6-in Scheduie 40 
Carbon Stee l  Pipe 

-H 

I 
Primary Pipe 
3-in Schedule 40 
Stainless Stee l  Pipe 2-in. Schedule 4 0  

Carbon Stee l  Pipe 
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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 kglL. (Expected to vary from 1.1 
to 1.3 kg/L). 

2. For supernatant waste transfer apply SY-IO1 new transfer pump (Canned Motor Westinghouse Pump Model 2A-513-Al) 
characteristic pump head curve and for slurry transfers apply SY-101 new transfer pump (Canned Motor Westinghouse 
Pump Model 2A-513-Al) in series with booster pump (3~2~8.75 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 values of 5 mils due to general corrosion in carbon steel secondary encasement pipe and 
in drain pipe(@ and a pipe roughness value of 2 mils in the stainless steel primary pipe. 

4. Assume a waste transfer temperature of 60 OC. (Expected to vary from 40 to 60 OC 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 encasement pipe 60-psig rupture disk@) are open with an equivalent 2-inch diameter flow path. 
7. Assume rupture disk assembly as a pressure drop equivalent to 75 pipe diameters (Le. UD = 75) per 

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

9. For supernatant waste transfers in the 200 East Area, consider as representative the transfer route from AW-105 to WTP. 

10. Conservatively evaluate existing and proposed W-314 pipelines within 200 East Area assuming 1-1/2 inch diameter 

11. Assume postulated primary pipe break size of 10 in. by 0.10 in. (1 in2 flow area large break). 

manufacture's data (BS&B 2001). 

Calculation WO58-P-048. 

(This route includes existing pipeline and proposed W314 pipeline to WTP.) 

drains. (Nominal drain size is typically 1-1/2 or 2 inches.) 

Flgure 1 b. Replacement Cross-Slte Transfer System (RCSTS) Pipeline 
Elevatlons (It) and Equlvalent Pipe Lengths (It). 

pipebreak.mcd A- 2 



FS'P-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

EVALUATION ANALYSIS Revision: 4 
Page No. 3 of 37 

,"" Checked:* ?y:% Break in Waste Tank Cross-Site Transfer Pioine Svste 

Client: L!.lUMH ill Hanford Grouo. Inc. WONob No. 
Subject: -t Pioe Pressure Due to Pr imarv Pi Date: a 
Location: 200 Area - Hanford Site. Richland. Wash ineton Revised By: 

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 
(Lo > 0 ft) then the maximum encasement pressure resulting from a primary pipe break within this section will decrease 
as Lo 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 
configuration 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 Predlcted Maximum Encasement Pressure I~s ia )  for Postulated 1-in2 Primary Pipe Break 

All anchors, guider, and su porn 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 desim confreuration shown in bold text. 
2 Ressure exceeds design pressure. 
Encasement oressure will rise to Ihe ruoture disk burst oressure (60 usin). ooenine the flow oath(s) then the oressure will 3 

decrease to the pressure shown. 
'Two-inch diameter drain conservatively evaluated as 1.5-inch diameter drain to bound 200 East Area transfer mules. 
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6.0 ANALYSIS 

in poise Ibf 
2 

CP := - psi := I . - units gal 
gpm := - mil := - 

in min loo0 100 

T O L = I X I O - ~  

3 CTOL = 1 x IO- 
6.1 Waste Propettles 

The density and viscosity of water as a function of temperature (OC) were obtained from Shook and Roc0 (1991) and 
Estey and Hu (1998) as 

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

9 5 
temperature scales. 

5 9 
T ~ ( t ~ ) : = - - t C + 3 2  TC(tF):=--.(tF-32) 

bulkdensity p:=1.5.& tC:=40 TF(tC) =IO4 p(p,tC) =6.44cP 

tC:=60 T~(t,-)=140 p(p,tC) =5.19cP 
liter 

1 

p:=1.4.- kg tC:=40 p(p.tC) =2.9cP 
liter 

tc := 60 p(p.tC) =2.27cP 

tC := 60 

~ ~ 1 . 3 . -  kg tC:=40 p(p,tc) = 1.57cP 

p(p,tc) = I.2cP 
liter 
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q m Checked: 9/g$-/O/ By: 

Location: ; Revised: By: 

6.2 Pump Characterlstlcs 

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. 

SY-102 (SY-MA-3) Exl-fer r Pump 
(Peabody Floway Serial No. 80-2289-2291) 

Head (at 1760 RPM) Flow 
(gpm) (fi) 

SY-101 New Transfer Pump (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

Flow Head 
(gpm) (fi) i :=0. .6  

V Q E T ~ ~  := VHETP. := VQNTP, := VHNT~.  := 
I I I 

100 

Design Condition 

V H E T ~  := VHETP 

Design Condition at 4000 RPM 
(motor unit head) 

VHNTP := V H N T ~  + 560 - 510 

160 

- 1  Pump deadhead pressure v := 0 .  ft . sec 

liter 

- 1  
Pump discharge pressure at v 7 4 . 5 .  ft. sec Qdv) = 104gpm 

Pumpdischarge pressure at - 1  
v := 6 .  ft . sec &(v) = 138gpm 

A-6 pipebreakmcd 
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Client: CHZM Hill Hanford GrouD. Inc. WO/Job No. 

By: 
Subject: Second- i ' r Pi Date: mC 

Break i em Checked: ?/%dol 
Location: Revised: By: 

Ic;yoas-Site Booster PumQ (RPP-5667 Rev. OB) 
( 3 ~ 2 ~ 8 . 7 5  MSE 9 Stage Sulzer Bingham Pump) 
at Diversion Box 6241-A (Slurry Transfer Only) mp (RPP-5667 Rev' OB) pp&3ct w -211 Prototvm Transfer Pu 

(3x7 VTM 5 Staae Sulzer Pump) - . .  
Head (at 3688 RPM) Flow 

klpm) (ft) 
Head (at 3600 RPM 100% speed) Flow 

(gpm) (fi) 

~ Q W Z I I T P ~ :  VHwz11TPi:= VQBP~ := VHBP. := 

190 220 

140 500 

- 1  Pump deadhead pressure v := 0 . ft . sec 
Q.,(v), 1.3. - = 1639psi 

liter kg 1 
liter 

- 1  Pump discharge pressure at  v := 4.5. ft . sec QVW = 104 gpm 

Q,,(v), 1.3 - = 1533psi 
liter kg 1 
liter 

- 1  Pump discharge pressure a t ,  v := 6 .  ft . sec QVW = 138 gpm 

liter 

liter 
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Date: 9/12/2001 By: 
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Seco ndarv E ncasement Pioe Pressure Due to PI imarv Pine 

ross-Site Transfer Pipine Sy stem Checked: ?/a$%, By: 
Washineton Revised: By: 

Break in Waste Tank C 
200 Area - Hanford Site. Richland. 

Client: 
Subject: 

Location: 

Figure 28. SY-Farm Transfer Pump Head Curves. 
800 

600 
h 

c, 
-3 
L2 400 

200 

0 

SY-101 New 
Transfer Pump 

-*  -. -. 1- 
-. .. L a _  ... 

-. --. 
-*. 

--. -. -... .-.. 
'. 

*.I. 

%, 
0' 50 100 150 200 250 300 350 400 450 

Flow Rate (gpm) 

Figure 2b. SY-Farm Transfer Pump Discharge Pressure Curves for Waste Density of 1 and 1.5 kglL 

0 
0 

Flow Rate (gpm) 
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Date: ;j;y,T,l BBy; Client: CHZM Hill Hanford Grouo. Inc. 
Subject: Secondarv Encasement P ioe Pressure Due to Primarv P I D e  

Break in Waste Tank Cross-Site Transfer Pioinc Svstem Checked ~ Location: 200 Area - Hanford Site. Richland. Washington Revised: By: 

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

\ 

0 50 100 150 200 250 300 350 400 " 50 
Flow Rate (gpm) 

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

pipebreak.mcd 

0 50 100 150 200 250 300 350 400 " 
Flow Rate (gpm) 
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Break in Waste Tank Cros s-Site Transfer Pioine Svste m 

Location: 200 Area - Hanford Site. Richland. Washington Revised: By: 

f (Re,q)  := 

, 

6.3 Darcy Frlctlon Factor 

16 1 

+ 0.27. q ]] A t  2.457. I 

[ I 

R,(D,v,p,p) :=-. P D. v Reynoldsnumber 
w 

E 
q = - D 

relative roughness ratio 

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 

primary pipe is stainless steel and secondary encasement is carbon steel 

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

E := 2 . v := IO.  - ft tC := 60 TF(~C) = 140 Dpi = 3.068 in 
sec 

E p = 1.3- kg p(p,tC) = 1.197cP 
liter Dpi 

- - - 0.000652 
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Client: CHZM Hill Hanford Group. Inc. WO/Job No. 
Date: 9/)/;yol, 7;: Subject: 

Location: 200 Area - Hanford Site. R ichland. Washinet on Revised: By: 

Secondarv Encaseme nt Pipe Pressure Due to Primary Piue 
rn Checked: 

6.4 Pbe Parameters 

flow area of pipe i T 2  Af(Di) i 7 . Di 

Pri r i 3-in. schedule40 

Dpi 13.068, in internal diameter) Dpo := 3.5. in outside diameter 

tp := 0.5.  (Dp,  - Dpi) pipe thickness 

AP E Af( Dpi) Ap = 7.393in flow area of pipe QV(v) = Ap , v volume flow rate 

Drain DiDe 

1-in. schedule 40 1 1/2-in. schedule 40 2-in. schedule 40 

D ~ l i  := 1.049. in D~l.si := 1.610. in D ~ 2 i  := 2.067. in nominal internal diameter' 

tp = 0.216in 
2 

ADI :=Af(DDli) A ~ i . 5  :=Af(DDI.Si) ADZ :=Af(DDzi) 

 AD^ = 0.864in 
flow area of drain pipe 

2 ADZ = 3.356in 2 A ~ l . 5  = 2.036in 

s -s nt ' D L ~  - wO58 := 0.31 . in outside diameter of leak detector cable (W-058 only, 
PermAlert's Model No. AGW-Gold FIT) 
DLDo := DLDo-WOS8 DLDo-Existing := 0 ' in DLDo-W314 := 0 ' in 

12-in. schedule 40 at 
bends and expansion loops internal diameter of encasement pipe 6-in. schedule 40 

flow area of annulus region between primary and secondary pipe D ~ 6 i  := 6.065 . in Dsl2i := 12. in 

AS(DS,,DLDo) := - n . ( D ~ ~  2 - D~.') - - x . D L D ~  flow area A S ( D ~ ~ ~ , D L ~ )  = 19.2in2 AS(DS12i,DLDo) = 103.4in 2 

As(Ds~~,O.  in) = 19.269in 2 

4 4 
PS(DSi,DLDo) ' (DSi + DPo + DLDo) wetted perimeter P S ( D S ~ ~ , % ~ )  = 31in PS(DSIZ~,%D~) = 49.7in 

hydraulic diameter for seconda6 encasement pipe annulus 

Ps(Ds6i.O. in) = 30.049in 

6.5 K-Reslstance Loss Factors 

Head losses in the annulus region between the primary pipe and the secondary encasement due to steady-state flow in 
the annulus region resulting 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 VV2g 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 obstruction). 
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WO/Job No. 
Date: 9/12/2001 

Client: 
Subject: 

Location: 1 200 rea- hin n Revised: By: 

CHZM Hill Hdnford GrouD. Inc. 
Secondarv Encase ment P ioe Pressure Due to m v  P me 
Break in Waste Tank Cross-Site Transfer PiDing System Checked: 9 / 2 d  0 1  

K K L ( ~ )  := 

- 0.25- 

c (2.4 -a). IO [ :::::E.) (Idelchik 1994) 

0 if C,<O 

pipebreakmcd A-12 



- 
RPP-8778 REV 0 

CH2MHILL Hanford Group, Inc. 
EVALUATION ANALYSIS 

Calc. No. RPP-LJJ-005 
Revision: 9 
PaeeNo. A h L X l  - ~ 

Client: CH2M Hill Hanford Grouo. Inc. WOIJob No. 
Subject: Secondarv Encasement P iDe Pressure Due to Pn 'marv Pioe 

Date: 9l)&>),l F;: Break in Waste Tank Cross-Site Transfer PiDine Svste m Checked: 
Location: 200 Area - Hanfo rd Site. Richland. Washington Revised: By: 

Figure 3a. Correction Factor K, vs. a = UD, Ratio. 

1 6  I 8 1  

1 4 .  

a - Lyons 1982 
Idelchik 1994 _ _ _ _ _  

i 

p := 0.9 91 := I . in 

Figure 3b. K-Resistance Factor for Thlck-edged (Long) Orifice ( p := 0.9). 

a - Lyons 1982 
Idelchik 1994 _ _ _ _ _  
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WOIJob No. 
Date: !#;9,ll 7;: Client: CH2M Hill Hdnford Group. Inc. 

Subject: Seco ndarv Enmement Pioe Pressure Due to Primarv Pipe 
Break in Waste Tank Cross-Site Transfer Pioine Svstem 

Location: 200 Area - Hanford Site. Richland. Washington Revised: By: 
Checked: 

Figure 3c. K-Resistance Factor for Thlck-edged (Long) Orifice ( p := 0.75). 

3 

I .5 
\ 

025 0 5  075 I 125 1 5  175 2 225 2 5  275 
a 

Lyons 1982 
Idelchik 1994 

__ 
___--  

Figure 3d. K-Resistance Factor for Thlck-edged (Long) Orifice ( p :=OS). 

a 
Lyons 1982 
Idelchik 1994 

- _ _ _ _ _  
, 
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EVALUATION ANALYSIS Revision: 4 

W O h b  No. 
By: L. . I 
By: '32i2L Date: 9/12/2001 

Client: CH2M Hill Hanford Group. Inc. 
Subject: Seco ndaw Encase ment Pioe Pressu re Due to Pri marv Pioe 

Location: 200 Area - Hanford Site. Richland. Wash ineton Revised: By: 
Break in Waste Tank Cross -Site Transfer Pioine System Checked 9 . h  -/o I 

6.5.1 W-058 Pipe Sliding Support 

Figure 4. W-058 3x12 Sllding Support at Pipe Bends and Expanslon Loops. 
(PermAiert Drawing No. 95-597-EA, Sheet 4) 

.25 (3) 1.5 

SERVICE PIPE 

SECTION A - A 

7" LONG ST STL 
ASTM A 5 5 4  TP 3041 i' GUIDE TUBE 

4"  X 1/4" ST. STL 
ASTM 11-240. TP 304L 
BEARING PLATE 

1 "  X 1/8" ST. STL. ASTM A-240. TP 3 0 4  
LONGITUDINAL RESTRAINT BAR 

DETAIL 6 
3 X 12 SLIDING SUPPORl 
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PageNo. 160 f 31 

Client: CHZM Hill Hanford GrouD. Inc. WO/Job No. 
Subject: 

Location: 200 Area - Hanford Site. Richland. Washingto n Revised: By: 

Date: / 7 I By: L. J. Jul @ 
Checked:* By:& 

Seconda rv Encasement P b e  Pressure Due to Primarv PiDe 
% 

Pioe Slidina Sumo rt (W-058.) in annulus region of pipe bends and 
expansion loops (Figure 4, neglect effect of 4-in. 10 Gauge support ring) D L ~  := D L D ~ - W O ~ ~  = 0.31 in 

13 := - Ds12i 6 := 2.5925 . in 1 .  DPO 
t := - . in support plate thickness 11 := - 

4 2 2 

83 = 83.753deg 1:=2.r3.sir(:) 

%upport : = A S ( D S I ~ ~ . R D ~ )  - t .  1 &uppoll = 101.398 in2 

Psuppon = 65.689 in 

flow area at pipe supports 

wetted perimeter 

%-support = 6.174in hydraulic diameter for pipe support guide 

Psupport := Psuppon = 0.99 B := 

P = 0.431 1 = 0.435 
LSuppon := 4 . in length of Support Psupport 

Lsuppon 

DH-suppon 
asuppon := aSuppon = 0.648 KL(asupport) = 0.852 

v := 10. - ft p := 1.3. - kg tC :=60 T ~ ( t p )  = 140 p ( p , ~ )  =1.197cP € :=5 .mi l  
SeC liter 
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WO/Job No. 
Subject: Secondarv Enca sement Pipe Pressure Due to Prima rv P ipe Date: 9/12/2001 By: 
Client: CH2M Hill Hanford Grouo. Inc. 

Break in Waste Tank Cross-Site Transfer Pioing Svste rn Checked 9,/z?/o/ By: 
Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

6.5.2 W-058 Guide Support 

Flgure 5a. W-058 3x6 Guide Support at 12-Foot Spaclng. 
fPermAlert Drawina No. 95-597-EA. Sheet 4) 

CL SERVICE PlPt  

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

SECTION A ~ A 

DETAIL 5 
3 X 6 GUIDE SUPPORT 
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inner surface 
2.5 - - 

c 
E 

A 

v 
ln - '3 2 - 
3 
g 1.5 - 
'6 
c - 

z - I -  

0.5 - - 

I 

CH2MHILL Hanford Group, Inc. 
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Calc. No. RPP-LJJ-005 
Revision: _L! 
Page No. 18 of 32 

WOIJob No. Client: 
Subject: 

Location: 200 Area 

CH2M Hill Hdnford GIOUD. Inc. 
Second arv Encasement P ive . Pressure Due to Pn 'man  Pipe 
Break in Waste Tank Cross-Site Transfer Pioing Svstem Date: ;jI2<2; BByy:: Checked 

- Hanford Site. Richland. Washington Revised By: 

rt (w-0581 in annulus region (Figure 5a) PiDe 3 x 6 Guide SUDDO 

DS6i 
rsi := - 

DLDO := DLDo-WO58 hb = 0.31 in 

Dtublng := - 3 .  . in 14 := - Dtubing leak detector guide tube 

ttubing := 0.049. in 
*O:= 1 2 4 2 

D P O  

h l : =  1 + - . in h2 :=hl  h3:=[l t i ) - i n  

6 : = h g - A - h 3  6=0.188in y~ :=hi  y2 := h2 y3 := -h3 Y4 := Y3 
( y6) ' ( t) 3 .  

8 
 in hg:= 2 t -  . i n  

x3 :=m 
x2 = 2.449in y2 = 1.25in 

fdy) :=m 
x3 = 2.012in y3 = -1.875in 
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CH2M Hill Hanford Groun. Inc. 

imarv PiDe Secondarv Encasem ent PiDe Pressure Due to Pr 
7 m Checked 

WOIJoh No. Client: 
Subject: 

Location: 1 2 Area - Hanford Si i n  Revised By: 

0 1 = 120 deg e3:=2.acO{1 -?) 03 = 94.028deg 1 P o  - (hl  - A )  

e2 := 2 .  acos(1- II;11) €12 = 125.929deg e4:=2.aco(i  -?) 04 = 120 deg 

2 2  
14 r 
2 2  

( 2 .  x - e4 t sin(e4)) . - t - . sin(e3) ... 
2 

P O  

2 2 

2 r 
2 

t ( z  . x  - e 2 - e 3 ) .  - + e l .  ,sin(02) -- . sin(e1) 

2 x  2 
. (Dtubing - 2 . ttubing) - 7 ' %Do ] 

Pguide:=2.% "si + e l  .v0 t 2 , ( x 2  - x i )  + (2 .a  - 0 2 -  e3) . r t  2 .  (x3 -q) + (2 . x  - e 4 ) .  r4. 
+ ' [%Do t (Diuhing - 2 ' tiubing)] 

%,,ide = 10.836in2 flow area at pipe supports 

PgU& = 39.275 in wetted perimeter %suide := 4 ' - = 1.104in hydraulic diameter for 
Aguide 

Pguide pipe support guide 

Aguide 
@guide = 0.751 L~~~~~ := - 1 .  . in length of guide 

AS( DS6i. %Do) 4 Bguide := 

v=lOftsec -1  p=l .3-  kg tC=60  TF(tC)=140 p(p,tC) = 1.197cP E = 5 mil 
liter 
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Secondarv En-ent Pioe P ressure Due to Primarv Pipe 
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EVALUATION ANALYSIS Revision: 4 

WO/Job No. 
Subject: 
Client: 

Location: 700  Area - Hanford S ite. Richland. Was hineton Revised By: 

6.5.3 W-058 Pipe Anchor 

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

ANCHOR PLATE ASTM A-240.  TYPE 3 0 4 L  

POLYURETHANE FOAM 
INSULATION 

SERVICE PIPE 

CONTAINMENT PIPE FRP JACKET 

3" LONG ASTM A 5 5 4 ,  TYPE 304L 
STAINLESS STEEL GUIDE TUBE 

FRP COATING BY THE CHOPPED 
GLASS SPRAY-UP PROCEDURE 2"  

1/2" X 4" VENT SLOT 

t 
1" X 3" DRAIN SLOT 

SECTION A - A 

A = ANCHOR PLATE HEIGHT FRP JACKET 0.0. + 2 '  

B = ANCHOR PLATE WIDTH FRP JACKET 0.0 + 12" A 

NOTE: 
SPEC. REQUIRES 100% DYE PENETRANT (PT) 
EXAMINATION OF ATTACHMENT WELDS TO THE 
SERVICE PIPE THEREFORE ONLY THE ANCHOR 
WELDS TO THE SERVICE PIPE NEED TO CONFORM 
TO THIS REQUIREMENT 

DETAIL 4 

ANCHOR ASSEMBLY - TYPE B 
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Subject: Seco ndarv Encasement P ioe Pressure Due to Pn 'marv Pioe 

Date: Y T ; :  Break in Waste Tank Cross-Site Transfer Pipine Svstem Checked 9 Z C @ /  
Location: 200 Area - Hanfo rd Site. Richland. Washington Revised: By: 

lots as used in W314, see Figure 9) Pioe Anchor C W - W  in annulus region (Figure 6 wlo end radius In s . .  

account for leak detector guide tube 

Aanchor 
6anchor = I AS( DS6i. DLDo) 

$anchor := 

W058 plate thickness for Type A 6 C anchor plates is 3 .  Lanchor 
314 2 2 in. 

However, the majorily of anchors are of Type A (worst case), hence 
Lanchor := - ' In CCanchor := 

4 %-anchor 

V =  lofts= -1  p = 1.3- kg t c = 6 0  TF(tC)=140 P(p , tc )=I . l97cP ~ = 5 m i l  
liter 

pipebreak.mcd A-21 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. WP-LJJ-005 

EVALUATION ANALYSIS Revision: 4 
PageNo. 220f 37 

Client: CH2M Hill Hanford GrouD. Inc. WO/Job No. 
Subject: -darv E n c m e n t  P ioe Pressure Due to Primarv Pipe Date: 9/12 /2001 By: 

Break in Waste Tank Cross-Site Transfer Pioine Svst em Checked: ?/Z$?/oo/ By: 
Location: 200 Area - Hanford S ite. Richland. Washinet on Revised: By: 

PiDe Anchor (W -058) in annulus region (Figure 6 and Figure 9 with end rad ius in slots as used in W314, see Figure 9) 

Roo = 0.31 in account for leak detector Dtubing = 0.75 in ttubing = 0.049in 

2 AmChor = 6.254in flow area 
hydraulic diameter 
for anchor @-anchor = 0.983in 

h c h o r  
@-anchor :=4 . ~ 

Panchor 
Panchor = 25.448in wetted perimeter 

p(p,tC) = 1.197cP E = 5 mil - I  kg v = lOftsec p = 1.3- t c  = 60 TF(tC) = 140 
liter 
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Client: CH2M Hill Hanford Group. Inc. WO/Job No. 
Subject: Seco ndarv Enusement P ioe Pressurdue to Pn .maw Piue 

Break in Waste Tank Cross-Site Transfer Pipine Svste rn Checked 9/2$:/0/ By: 
Area - Hanford Site. Richland. Washineton Revised: By: Location: 200 

Date: 9/12/2001 By: *& 
% 

6.5.4 W-314 and Existing Pipeline Plpe Supports 

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

3" PROCESS-M9 

ROLLED SHEET, 11 GA x 
2" x 6". ASTM A240 TP 304L PLATE, 1/4" x 3" x 

4 5/16", ASTM A36 

\ I W  i 
3" PROCESS-M9 

ROLLED SHEET, 11 GA x 
2" x 6". ASTM A240 TP 304L PLATE, 1/4" x 3" x 

4 5/16", ASTM A36 
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WO/JobNo. . Client: 
Subject: -sure n Due to Pr imarv Pi 

Location: 1 200 Area - Hanford Si Revised: By: 

CH2M Hili Hanford G row. Inc. 

Break in Waste Tank Cross-Site Transfer Pipin! Svs 

Pioe S U D D Q ~ ~  (W -314) in annulus region (Figure 7) neglect effect of 11 GA x 2 x 6 rolled sheet 

support plate thickness (no leak detector cable) 1 .  t :=- . in  
4 

%uppon:=A~(D~6j,0.in)-l.in. ( 4 t -  :6) . in    up port = 18.191 in2 flow area at pipe supports 
4 

:= PS( ~ ~ 6 i . 0  . in) t 2 . Psupport = 38.674in wetted perimeter 

Asupport 
%-support := 4 ' - 

Psupport D H - ~ ~ ~ ~ ~  = 1.881 in hydraulic diameter for pipe support guide 

Lsupport := 3 . in length of support 

v =  IOftsec - I  p = 1.3- kg IC = 60 TF(tc) = 140 p ( p , t ~ )  = 1.197cP E =5mil  
liter 

A-24 pipebreak.mcd 
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CH2MHILL Hanford Group, Inc. 

EVALUATlON ANALYSlS 
Calc. No. RPP-LJJ-005 

Revision: 2 
Page No. 25 of 31 

Client: CH2M Hill Hanford GIOUD. Inc. WOIJob No. 
Subject: -a&mcaseme nt P ips&ssure Due to Primary P 

Location: 200 Area - Hanford S ite. Richland. W a m n  Revised: By: 

6.5.5 W-314 and Existing Pipeline Pipe Guides 

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

PLATE, 1/4" x 1" x 4" 
ASTM A240 TP304L 3" PROCESS-M9 

TYP WELD TO 
3" PIPE ONLY 

TYP 3 PL 

PLATE, 1/4" x 1 1/4" x 4" 
ASTM A240 TP304L Y 
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CHZMHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

PageNo. 260f 37 
EVALUATION ANALYSIS Revision: 4 

WO/Job No. 
Date: 9/12/2001 By: 

Client: CH2M Hill Hanford Group. Inc. 
Subject: Secondarv Encasement P ioe Pressure D j s & & m a r v  P ipe 

Location: 200 Area - Hanford Site. Richland. W i n e t o n  Revised: By: 
Break in Waste Tank Cross-Site Transfer Piping Svstem Checked 9 h 7 . t  By: 

- r t  auide fW -314J in annulus region (Figure 8) 

1 .  t := - . In 
4 

(no leak detector cable) 

support plate thickness 

flow area at pipe supports 

(3 legs) 

2 
Aguide :=&(Ds~~ ,o .  in) - ( 2 .  t . 1.25. in + t . I . in) Aguide = 18.394in 

Pguide :=Ps(Ds~~,o.  in) - 5 .  t + 4 .  1.25. in + t + I . I .  in Pguide = 35.049in 

= 2.099in hydraulic diameter for pipe support guide 

wetted perimeter 

Aguide 

Pguide 
%_guide := 4 . - 
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EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 4 
~ 

Page No. 21 of 31 
WO/Job No. 

. Pipe Date: 
Client: 2M Hill Hanfor 
Subject: -seme nt Pine Pressure Due to Prharv 

Checked 
Location: 200 Area - Hanford Site. Richland. W a w t o n  Revised: By: 

. .  Break in Waste Tank Cross-Site Trmyfe r P i n i ~ S v s t e  rn 

. .  . .  
PiDe SUDDO- H -2-7055Ql in annulus region 

t := - . in 

Aguide := As(Ds6i,O. in) - ( 2 .  t . 1.25. in) 

(no leak detector cable) 

(only 2 legs) 3 .  
8 support plate thickness 

flow area at pipe supports 2 A&je = 18.332in 

Pguide := Ps(Ds6i.O. in) - 4 .  t + 4 . 1.25 . in Pguide = 33.549in wetted perimeter 

= 2.186in hydraulic diameter for pipe support guide 
Aguide 

:= 4 , - 
pguide 

f+.uide = 0.975 Lguide := 4 . in length of guide 
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Page No. 28 of 37 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Grouo. Inc. WOIJob No. 
Subject: 

Location: 700 Area - Hanfo rd Site. Richland. Washineton Revised: By: 

By: L. 
Date' By: 229- Secondarv Encasement Pipe Pressure Due to Primarv Pioe 

Break in Waste Tank Cross-Site Transfer Pioine Svstem Checked: 

6.5.6 W-314 Pipe Anchor 

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

3" 

I 
1 
I 
I 
I 
I 

1 "  x 3" DRAIN SLOT 

FRP COATING ON 
I 
I 
I ANCHOR PLATE 
I 
I 
I 
I 
I 

1 
I :/ I 

- POURED IN P Y C E  CONCRETE 
3' x 3' x 3 ,  CENTERED 
AROUND ANCHOR PLATE 

USE PRE-APPROVED MIX 
DESIGN 6064 PER CONST SPEC 

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

CONCRETE IS NOT REQUIRED 

4" VENT SL 
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CH2MHILL Hanford Group, h e .  Calc. No. RPP-WJ-005 

PageNo. 290f 31 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Group. Inc. WO/JobNo. . 
Subject: Secondarv Ewimnmt Piwl Pressure Due to Primarv Pipe Date: 9/12/2001 

Checked: 9 /Zr /o t  Break in Waste Tank Cross -Site Transfer Pioine Svste m 
Location: 200 Area - Hanford Site. Richland. Washington Revised By: 

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

1'-11" DIA 

/ 
2 17/32" 

2 1 /32"  

\ 

\ 
FULL RAD, TYP 

3 1/32" RAD 

3 5/8"  DIA 
HOLE THRU 

RAD 
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PageNo. 300f 32 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Group. I nc. WONob No. 
Date: 9112/2QQL By: Subject: -case ment Pipe Pressure Due to Primarv Pioe 

Break in Waste Tank Cross-Site Transfer Pioine Checked 9/ Zf/OO, By: 
Location: 700 Area - Hanford Site. Richland. Washington Revised: By: 

(no leak detector cable) 
PiDe anchor fW-314) in annulus region (Figure 9) 

LI 

t l  = 0.501 in 
81 = 91.934deg rl = 2.531 in 

L2 

2 DS6i 

t2 = 1.001 in 12 = 2.031 in 02 = 72.662deg 

91 -anc her= 1.283in hydraulic diameter for anchor bnchor 
%-anchor := 4 ’ - 

Panchor 

v = IOftsec-l p = 1.3- kg tC = 60 TF(tC) = 140 p(p,tC) = 1.197cP E =5mil 
liter 

&chor-W314( V, P , tC, E )  = 10.7 

KKanchor-W314(V,P,tC.E) = 9.37 

K ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ( V , ~ , ~ ~ ,  E )  := o 
KKanchor-Existing( v, P ,  tC. E )  := 0 

piplines 

no flow restricting anchors for existing pipelines 
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Page No. 31 of 37 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Group. Inc. WO/Job No. 

it:: Checked- ?y: 
Subject: m n t  Pioe Pres.ue Due to Primar 

Break in Waste Tank Cross-Site Transfer Pi& Sy 
Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

Date: 

6.5.7 Loss at Drain Exit 

r t r in (sudden enlargement, CRANE 1988, Eqn 2-9.1) 

KE(B) := ( 1 - B KE := KE( B) KE = I 

AbruDt contraction from &s rea ion to drain DiDQ (Blevins 1984, Case 11 of Table 6-7 rewritten in terms of upstream 
flow velocity, see also CRANE 1988, Eqn 2-1 1) 

BO( h i  5 DDLo) := 

tP 
ac(Lc,Wc) := 

h-crack(Lc. wc) 

5 P > 0.015, Re = - . DH . Vc > 10 
crack OH CI 

resulting k based on flow velocity through the crack for thick-edged orifice with a = UD 

per Lyons 1982, Eqn 4, pg. 158 

Kentrance Kcontraction 

A-3 1 pipebreak.mcd 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 32 of 31 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M H 111 Hanford Grouo. 1 nc. WO/Job No. 
Subject: 

Location: -2QO Area - Hanford Site. Richland. Was hineton 

Date: 9/12/2001 By: L. J. J u l v k e  Seco ndarv Enciwment P ice Pressure Due to P- 
Break in Waste Tank Cross-Site Transfer Piping Svstem Checked 9 h % O /  By: 

By: Revised: 

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

4 P 

OH CI 
For sharp-edged orifice (Idelchik 1994, pg. 218, a = UD < 0.015, Re = - . DH.  Vc > 10 ) 
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EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 9 
PaeeNo. A h f X L  - 

row. Inc. WO/Job No. 
re Due toPrimary Pipe 

Client: CH2M Hill Hdnford G 
Subject: Seco ndarv E n c a s e m e n t e  Pressu 

Break in Waste Tank Cross-Site Transfer Pinine Svstem Checked 
I .  . . .  ~ 

Location: 200 Area - Hanford Site. Richland. Waslugton Revised: By: 

Assumed Crack S ize Parameters %Do = 0 in 

L, := IO. in L, = loin crack length 

W, := 0.1 . in 
crack opening width 

2 
&rack(Lc,wc) = 1 in PcI(Lc,WC) = 0.368 B c ~ ( ~ c , ~ c , ~ ~ ~ o )  = 0.228 
Pcr&(Lc,wc) = 20.2in 

D ~ - ~ ~ ~ ~ ( L ~ , w ~ )  = 0.198in effective hydraulic diameter ac(Lc,wc) = 1.091 UD, ratio 

E ~ : =  1 . mil primary pipe through crack roughness 

vc := IO. - p := 1.3. - kg t c  := 40 TF(tC) = 104 p(p,tC) = 1.575cP 
f t  
SeC liter 

4 Reynolds number for 
R,(DH_crack(Lc,Wc),Vc,P.Cl(P,tC)) = lo flowthrough crack 

thick-edged orifice with a = UD,, > 0.015 a,(Lc,Wc) = 1.091 > 0.15 => thick-edged orifice - 4-12. Da. 218 

&rack( Lc, w c ~ v c ,  P 9 k s  Ec, %Do) = 1.809 mcrack(Lc, wc, vc, P, tC,Ec,%Do) = 1.586 

sharp-edged orifice (Idelchik 1994, pg. 218, a = UD,, < 0.015) 

KK&rack(Lc, Wc,Vc, PYtC, EC,DLDO) = 2.617 
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PageNo. 340f 37 
EVALUATION ANALYSIS Revision: 4 

Inc. WONob No. Client: CH2M Hill Hanford Grouo. 
Subject: 3.canub rv Encase ment Pioe Press- i 

Location: W hin t n Revised: 

Date: 9/12/2001 
Checked 9/2<h, Break in Waste Tank Cross-Site Transfer Pipine Svste m 

kg p(p,@) = 1.197cP E : = 5 .  mil ft 
SeC liter 

v:=10.- ~ ~ 1 . 3 . -  tC:=60 T ~ ( @ ) = 1 4 0  

bvons 1982. F m  4. Da. 158 

~ ~ ~ ~ ~ ~ - E ~ i ~ ~ i ~ ~ (  v, p , t c ,  E )  = 0.086 

ldelchik 1994. Diaaram 4-12. Da , 2 1 9  

K K ~ ~ ~ ~ ~ - E ~ ~ ~ ~ ~ ~ ~ (  V, p , IC, E )  = 0.1 18 

F, = 
no leak detection cable 

0 Kguide-Existing(V9 P ,tC,E) = 0.083 KKguide_Existing(V.P.tC.E) = 0.113 

~chor-Exist ing(V,P,tC,E) = o  

Gupport-wos8(v,p,tc.~) = 0.00095 K K s u p p o ~ - ~ 0 5 g ( ~ . ~ . t ~ . ~ )  = 0.0015 with leak detection cable 

K,chor-W058(V,P,tC,E) = 17.69 

~chor-W058wr(V,P,tC,E) = 11.54 

KKanchor-Existing( v, P IC3 E )  = 

1,2 %uide_WOSB( V,P,tC,E) = 2.39 KKguide-WO%( V, P 9 tC. E )  = 2.68 

KKa~chor-W058(V,p,tC,E) = 15.22 

KK,chor-WOSgwr(v,p,tC,E) = 10.15 

3/4-in. thk no radius in slots (1) 

3/4-in. thk with radius in slots (2) 

For simplicity, combine the K-resistance factor of support with every 4th guide to obtain an effective average K-resistance 
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Page No. 35 of 37. 
Client: CH2M Hi II  Hanford GrouD. Inc. WONoh No. 
Subject: &condm w n t  Pioe Pressure Due to Primarv Pioe Date: 

Checked 
Revised: 

no radius in slots 

with radius in slots 

manchor(V, P ,tCs E ,FK) 0 

KKmchor(v,p,tC,~,~K) = 15.217 314-h. thk no radius in slots 

KKmchor(V,p,tC,~,FK) = 10.147 3/4-in. thk with radius in slots 

KKmchor(v,p,tC,~,~K) = 9.373 1-in. thk with radius in slots 

3 

Li-W314 := 9 .  ft 

hW314:= 15 

R ~ o _ w 3 1 4  := 0 . in 

spacing of primary pipe guides 

spacing parameter for anchors 

diameter of leak detector 
cable (W-058 only) 

rupture disk switch 
FRO = 1 for rupture disk FRD-W314:=0 

( g x  104 

552 

552 

+ 
Lj := (A . Li) Lj = 

\ 135 

Existing 

W058 (Type A) 

W314 

approximate spacing of primary pipe anchors R 
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EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Group. Inc. WOIJob No. 
Subject: Secondarv Encasement Pipe P ressure Due to R 'marv Pioe 

Break in Waste Tank Cross-Site Transfer Pioing Svste m 
Location: 200 Are a - Hanford Site. R ichland. Wash ineton = By: 

Date: 

Revised: 
Checked: 9 2 / 0 1  

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. 

J( FK , Lo, XB) := n t round[ XB - Lo +J 
hF,.L. 

In otherwise 

I(FK.L,,XB) := 

N(FK,L,,LS,XB) := 

Lo := 0 .  ft Ls := 1m. f t  XB := 300. ft t Lo 

number of within secondary encasement 
section under consideration break 
FK:=o J(FK,L,,XB) = O  

FK := I J(FK,L,,XB) = I 

F K : = ~  J(FK,L,,XB) = 2  

number of within secondary 

FK :=O I(FK,L,,xB) = 33 

FK := I l (F~,L,,xg) = 24 

n t roun J( FK. L,, XB) encasement section under consideration break 

0 if n < O  
n otherwise 

n t round[ LS - (XB - FK Lo) ] 
h ~ , .  Li FK:=O N(FK,L,,LS,XB) = O  

0 if n < O  FK := 1 N(F~,L,,LS,XB) = I 

n otherwise F K : = ~  N(FK,L,,LS,XB) = 5  

F K : = ~  I(FK,Lo,Xg) = 3 1  

XB - Lo 

number of within secondary encasement 
section under consideration & break 

M(FK.L,,LS.XB) := 
number of Qui within secondary 

- N(FK,Lo,LS,xB) encasement tzi",","%r consideration &J break 

FK:=O M(FK,L,,Ls,xB) =78  

FK := 1 M(FK,L,,LS,XB) = 57 

1 n t round 

0 if n S O  

n otherwise 

6.5.10 Equlvalent Pipe Length for Drain Pipe and Rupture Dlak 

LD(%~,FK) := 3 .  ft t 1 .30. DDj t 75 .  DDi. FRD approximate equivalent length of drain pipe including one 
standard 900 elbows (UD=30 per CRANE 1988) and 
rupture disk (UD=75 per BS&B 2001) 

pK 

Annulus Flow Area and Hydraulic Diameter 
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EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Grouo. Inc. WO/Job No. 
ressure Due to Date: 9/12/2001 By: 

By: 
Subject: Secondarv Eaammnt Pioe P 

Location: 200 Area - Hanford SiteBirbland. Washineton Revised: By: 
.4 Break in Waste Tank Cross-Site Transfer Pioine Svstem Checked: 9/* 

6.6 Elevation at Break 

Elevation at assumed break location xB relative to transfer pump elevation 
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RPP-8778 REV 0 

_ .  
EVALUATION ANALYSIS 

Calc. No. RPP-LJJ-005 
Revision: 0 
Page No. -1 of 31 

WO/Job No. 
Date: 9/1U2001 By: L. J. J u l v k e  

Client: CH2M Hill Hanford Grow. Inc. 
Subject: Second-we Due to 
1 m Checked: 9hd 0 1  By: w%'J- 

Location: 200 Area - Hanford Site. Richland. Washington Revised: By: 

Reference:C:\WINDOWS\Desktop\Cross-Site Encasement Calcs\pipebreak.mcd(R) 

input Parameter Data 

RCSTS Elevation and Equlvalent Plpe Length Parameters 

elevation at SY102 Transfer Pump Pit 

elevation at SY-A-in Valve Pit 

elevation at SY-B-out Valve Pit 

elevation at Diversion Box 6241-A-in 

elevation at Booster Pump 

elevation at Diversion Box 6241 -A-out 

elevation at Vent Station 6241-V-in 

elevation at Vent Station 6241-V-out 

elevation at 244 Lift Station-in 

elevation at 244 Lift Station-out 

elevation at Tank AP107 

Buivalent DiDe lenath between DO& 

LSY 102~DBlout :=LSY102-SYAin + LSYAin-SYBout + LSYBout-DBlin + LDBlin-BP + LBP-DBlout LSY 102-DBlout = 6600ft 

LSY 102-VSout :=LSY IOZPBlout + LDBlout-VSin + LVSin-VSout LSY IOZ-VS~UI = 20362ft 
LSYAin-DBlin := LSYAin-SYBout + LSYBout-DBlin LSYAin-DBlin = 5635ft 

X-Site N W  BO-1 



CH2MHILL Hanford Grow, Inc. 
RPP-8778 REV 0 

- .  
EVALUATION ANALYSIS 

Calc. No. RPP-LJJ-005 
Revision: 4 
Page NO. 1 of 3 I 

Client: CH2M Hill Hanford GrouD. Inc. WO/Job No. 
Subject: &.cmdarv Encase ment Pipe Prgsure Due to Pn 'mar? PiDe Date: 91121 2001 By: 

Break in Waste Tank Cross-Site Trans fer Pioine Svstem Checked 9 /25yo /  By: 
Location: --ton 2 Revised: By: 

RCSTS Cases 

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

Lo := 0. ft L0=Oft 

H,, :=o ' ft H,, = Oft 

LS := LSY 102-SYAin 

Subcase X11 (low and high point drain, F,,, = 1 and F,, = 1 )', 
X10 (low point drain, FD6 = 1 and FD9 = 0) 1 1/2-in.drain, 
XO1 (high point drain, FD6 = 0 and FD9 = 1)' Ls  = 339 ft 

Hs := ZSYA~,, - Zsy102 Hs = 2.58ft 

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

Lo := LSY IO2-SYAin Lo = 339ft 
Subcase X11 (IDW and high point drain, F,, = 1 and F,, = 1 )', 

X10 (low point drain, FD6 = 1 and FD9 = O)', 
XO1 (high point drain, FD6 = 0 and FD9 = 1) 

H,, := ZSYA~,, - Zsy102 H,, = 2.58ft 

LS :=LSYAin-DBlin 

Hs : = Z D B ~ ~ ~  - Zsy102 

Ls = 5635 ft 

% = 11.67ft 

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

Subcase X11 (low and high point drain, FD6 = 1 and FD9 = l ) ,  
X10 (low point drain, FD6 = 1 and FD9 = 0), 
XO1 (high point drain, FD6 = 0 and FD9 = 1) 

LO := LSY 102-DB lout Lo = 6Mx)ft 

H , , : = Z D B ~ ~ ~ ~ - Z S ~ ~ O ; ?  H,,= 11.8ft 

LS :=LDBlout-VSin 

HS := %Sin - ZSY 102 

Ls  = 13631 ft 

Hs = 85.63ft 

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

Lo := LSYl02-VSout Lo = 20362 ft 

H,, : = Z V S Q ~ ~  - Zsyl02 H,, = 85.63ft Subcase X11 (low and high point drain, F,, = 1 and F,, = l)', 

LS := LVSOut-244Ain Ls = 22425 ft X10 (high point drain, FD6 = 1 and FD9 = 0), 
XO1 (low Doint drain. FD6 = 0 and FD9 = 1Y 

would require additional drainlrelief 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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Page No. 3 of 31 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Grouo. Inc. WO/Job No. 
Subject: 2 r 

Location: 200 Area - Hanford Site. Richland. Washingto n Revised: By: 

By: . . 
By:- i in Checked 

FK 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) 

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) 

q,i 

F~~ 

LP 

LP := LSY 102-VSout + LVSout-244Ain + L244Ain344Aout + L244Aout-AP107 

H:=ZAPIO7-ZSY102 

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

total equivalent length of primary pipe from pump to discharge exit 

LP = 51015 ft Lp = 9.662mi 

change in elevation of primary pipe from pump to point just before vertical 
increase in elevation at end of primary pipe at discharge to tank (see Figure 1) 

approximate change in elevation at drain 

vertical increase in elevation at end of primary pipe at discharge to tank at WTP (N/A) 

H = 7 f t  

U D  :=-I , ft 

z 70. ft 

Supernate Transfer 
Case 2 break between Diversion Box and Vent Station 

Lo :=LSY102-DBlout 

H,, := ZDBI,,~~ - zsyIo2 
LS := LDBlout-VSin 

HS := ZVS,,, - zsyl02 

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

= 11.8 ft change in elevation of primary pipe from pump to point Lo H,,= 11.8ft 

LS = 13631 ftength of secondary encasement section under consideration between drains 

HS = 85.63ftchange in elevation of primary pipe from pump to point Lo + L, H~ = 85.63ft 

xg:= looo. f t tLo 

HB(L,,H,,,LS,H~,XB) = 17.22ft 

distance of break in primary pipe from transfer pump 

elevation at assumed break location xB relative to transfer pump elevation 

tC temperature of waste (oC) 

P 
Pipe roughness 

EP := 2 . mil 

ES := 5 .  mil 

E D  : = 5 ,  mil 

bulk density of waste (kg/L) 

stainless steel primary pipe 

carbon steel secondary (encasement) pipe 

carbon steel drain pipe 

X-Site NTP BO-3 
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Calc. No. RPP-LJJ-005 _ .  
EVALUATION ANALYSIS Revision: 4 

PageNo. 4of 31 
Client: C W M  Hill Hanford Grouo. Inc. WO/Job No. 
Subject: 

Location: ?OO Area - Hanford Site. Richland Washineton Revised: By: 

By: L . 
By: SeconduyEmasement P ioe P r w  Due to Pm 'maw Pioe 

Break in Waste Tank Cross-Site Transfer Pioine Svste m Checked 

0 ) Existina - 
diameter of kg ~ ~ 1 . 3 . -  tC:=60 

w058 leak detection liter 

W314 
cable 

Assumed Crack &&&mmW$ 

TF( tc) = 140 

viscosity p(p,tC) = 1.197cP crack length V I  

4rack(Lc3wc) = 1 in bcl(Lc,Wc) =0.368 bcZ(Lc.Wc.%Do) = 

V I  crack opening width 

2 

Pcrxk(Lc,wc) = 20.2in 

h-crxk(Lc,wc) = 0.198in effective hydraulic diameter ac(Lc,Wc) = 1.091 UD,, ratio for crack 

E, := 1 . mil 

ft vc := 10. - 
SeC 

primary pipe through crack roughness 

thick-edged orifice with a = UD,, > 0.015 ac(Lc,Wc) = 1.091 > 0.15 => thick-edged orifice 

I vons 1982. Ea n 4. ~ a .  158 -m 4-12 Da. 2 19 
(1.80719) ( 1.58502 'l 

shap-edged orifice (Idelchik 1994, pg. 218, a = UD,, < 0.015) 

(2.6166") 

(2.61664) 

Encasement annulus K-resistance factors for guides and anchors modeled as thick-edged (long) orifice for a = UD,, > 0.015 - 
Existing FK :=0 Q u i k ( v . p , ~ , ~ , F ~ )  =0.083 h c h o r (  v,P,tC,E YFK) = 0 

W058 

W314 F K : = ~  Kguide(V,p,tC,E,FK) =0.083 &,hor(V,p,tC,E,~K) = 10.696 1-in. thk with radius in slots 

Vz:=O. ft . sec 

AV:=O.I.ftsec 

FK := 1 

F K : = ~  Kguide(V.p,tC,E,FK) = 1.912 &,chor(V,p,tc,E,~K) = 11.537 3/4-in. thk with radius in slots 

Quide( V,P ,k2, E ,FK) = 1.912 &,,,hor(V,p,tC,E,~K) = 17.686 3/4-in. thk no radius in slots 

- 1  -2 

- 1  

pz := 0 .  psi g = 32.174ftsec 

X-Site NTP BO-4 



IU'P-8778 REV 0 
CHZMHILL Hanford Group, Inc. 

EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 0 - 
Page No. 5 of 3 1 

Client: CH2M Hill Hanford Grouu. Inc. WO/JobNo. . 
Subject: Secondaw Encasement Piue Pressure Due to h m w  Piue Date: 9/12/2001 By: 

Break in Waste Tank Cross-Site Transfer Piuing Svstem Checked By: 
Location: 200 Area - Hanford Site. Richland. Washington Revised By: . 

Apply consewation of mass (continuity) and energy (Bernoulli theorem) between nodes (see Figure l a  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 xB relative to pump. 

SY-101 New Transfer Pump (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) H'p(Q) := HNTP(Q) - AHpump 

Nonlinear governing svstem of eauatlons 

Given apply conservation of mass (continuity) and energy (Bernoulli theorem) 

vo>v, VI >v, V 2 t V Z  v3 t v ,  v4>vz 

continuity 

AS6(FK) ' v2 FD6 ' Af(bi) ' v3 

AS6(FK) ' v4 FD9 ' Af(bi) ' vs 
AP ' vo = AP ' VI ' FD3 + &rack(Lc,wc) ' v6 

&rack(Lc, wc) ' v6 = AS6(FK) ' (v2 + vq) 

Hp = Hap( Ap . Vo) 

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

V 5 t V z  V6>V, 

pump head curve 

1-2 

2-3 

3 4  

2-crack 

crack-5 

X-Site NTP BO-5 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

PageNo. 6of  31 
EVALUATION ANALYSIS Revision: 4 

IOUD. Inc. WONob No. Client: CHZM Hill Hanford G 
Subject: Seco ndarv E n-t Pme P r w e  Due to Pnrnary Ppe 

-Site Transfer Pio ine Svste rn 
Location: 1 2 Ar - ' W '  Revised: By: 

Break in Waste Tank Cross 
By: L. . @ 

Date: *iF By: &!&- Checked 

- 

... p3 - 
P . g  

+- P 3 f  ... 
2 . g  

+Ho - 

I . ,  \ L  
5-6 

9-10 

T 
(PZ P3 P5 P6 P8 P9 Pc) ('1 '3 ' 5  '6 '8 ' 9  ' c ) ~  

0 1  2 3 4 5 6  0 1 2 3 4 5 6  

X-Site N W  BO-6 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. 

EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 9 
Page No. 7 of 31 

Client: CH2M Hill Hanford Grow. Inc. WO/Job No. 
Subject: Seco ndar v Encasement Pioe Pressure Due to Pnma ' r v Pi De Date: 9/12/2001 By: 

Break in Waste Tank Cross-Site Transfer Pioine Svste rn Checked Y/zr7/Ool By: 
Location: 200 Area - Hanford Site. R ichland. Washineton Revised: By: 

For plotting, following function returns nth solution variable at points defined in vector xB n = result variable selected 

X-Site NTP BO-7 



RPP-8118 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 8 of 31 
EVALUATION ANALYSIS Revision: 4 

WO/Job No. 
Subject: Seco ndaw Encase ment PiDe Pressure Due to Primarv Pioe Date: 9/1’Y2M)I By: 
Client: CH2M Hill Hdnford Grouo. Inc. 

Break in Waste Tank Cross-SiteJransfer Pioinr System Checked: 9/2.//0/ By: 
Location: 200 Area - Hanford Site. R ichland. Washinrton Revised: By: 

RCSTS Supernate Transfer 

Case 0 break between SY-102 Pump Plt and SY-A Valve Pit 

L, = oft  start distance from pump of secondary encasement section under consideration 

~0 = o f t  change in elevation of primary pipe from pump to point Lo 

L~ = 339 ft length of secondary encasement section under consideration between drains 

& = 2.58ft change in elevation of primary pipe from pump to point Lo + Ls 

Lo := 0 . ft 
H0 :=o . ft 
LS := LSY 102-SYAin 

HS :=ZSYAin - zSylo2 

Subcase XI  1 (low and high point drain, FDB = 1 and F,, = I)’, 
X10 (low point drain, FD6 = 1 and FD9 = 0) 1 1/2-in.drain, 
XO1 (high point drain, FD6 = 0 and FD9 = 1)’ 

VI:=- Q 
’ 

ft 
AP set 

Inltlal a- 11 Q:=326.gpm vI = 14.148- flow velocities 

Both low and high point drains open 

Hpll :=Hp(Q) pump head Hpll =239ft 

p2 := 148 . psi primary pipe pressure just up stream of break 

p3 := 149 . psi primary pipe pressure just down stream of break 

p5 := 20.  psi secondary pipe pressure just up stream of break 

p6 := 12 . psi secondary pipe pressure at drain up stream of break 

p8 := 20. psi secondary pipe pressure just down stream of break 

p9 := 8 . psi secondary pipe pressure at drain down stream of break 

pc := 1 . psi apply conservation of mass 
(continuity) at break 

ft Vc = 93.1 - 
sec 

5.4 

= 2.607 AS6(FK) AS6(FK) 

Af ( DDi) 
V I ,  F09 t AV AS6(FK) 

vs := 6.5 Af( b i )  

AP v6 := v 5 .  

= 9.46 

AS6(FK) 
Af ( DDi) 

v 9  := V8. 

v 3  :=VI - AS6( FK) . (V5 + Vs) V3 = 1.56- ft 
AP sec 

use Existing Piping FK=O 
Guide/Anchor 

X-Site NTP BO-8 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

EVALUATION ANALYSIS Revision: 4 
PageNo. 9 o f  3 1  

Client: CHZM Hill Hanford Grouo. Inc. WO/lob No. 
Subject: Seco ndarv Encase men1 Pioe Pressure Due to Primary Pioe Dale: 4LlU2OO1 By: 
/ Br k ' n  Was in t m Checked 9 / 2 d  O/ By: 

Location: ZOO Area - Hanford S i l d  ichland. Washineton Revised ' By: 

ft 
see 

Initial auesres (- Q:=Z88.gpm VI:=- Q 
AP 

vI = 12.499- flow velocities 

FK=O F ~ 3 = 0  F ~ ~ : = I  F ~ : = o  Low point drain open 

Hplo := Hp(Q pump head Hplo = 305 ft 

p2 := 160. psi primary pipe pressure just up stream of break 

p3 := 160 . psi primary pipe pressure just down stream of break 

p5 := 65. psi secondary pipe pressure just up stream of break 

p6 := 30. psi secondary pipe pressure at drain up stream of break 

p8 := 65 . psi secondary pipe pressure just down stream of break 

p9 := 46. psi secondary pipe pressure at drain down stream of break 

VI , FD6 + Av 
3.1 

v5 := 

v 6 : = v 5 .  AP 
= 2.607 AS6( FK) AS6( FK) 

Af( DDi) 
V I .  Fm + AV AS6(FK) 

A f ( 4 i )  = 9'46 vs := 

v 9  := vs . 
50 

AS6(FK) 

Af( DDi) 

pc := 12. psi ft apply conservation of mass 
V3:=V1- 

(continuity) at break AP sec 
. (V5 + Vs) V3 = 1.9- 

AS6( FK) 

ft 
see 

Vc = 78.4- 

vlO:=(vI v 3  v5  v 6  vg v 9  V C ) ~  T 
PIO:=(P2 P3 P5 P6 P8 P9 Pc) 

ft v1 = 13.106-iow velocities Q VI := - 
AP 

Initial auesses (XOll Q := 302 . gpm 
SeC 

FK=O F ~ 3 = 0  F D ~  := 0 F D ~  := I High point drain open 

Hpol :=Hp(Q) pump head Hpol = 282ft 

p2 := 179 . psi primary pipe pressure just up stream of break 
V I .  F D ~  + Av vs ;= 

3 

= 2.607 
AS6(FK) AS6(FK) 

Af( DDi) 
V I .  F D ~  t AV AS6(FK) 

vs := 3 Af( DDi) 

p3 := 179 . psi primary pipe pressure just down stream of break 

p5 := 75 . psi secondary pipe pressure just up stream of break 

p6 := 53 . psi secondary pipe pressure at drain up stream of break' 

p8 := 75 . psi secondary pipe pressure just down stream of break 

p9 := 33 . psi secondary pipe pressure at drain down stream of break 

AP v 6  := v5 , 

= 9.46 

AS6(FK) 

Af( DDi) 
v 9  := v8 , 

pc := 17. psi ft 
":="- AD see . (Vg t Vs) V3 = 1.55- 

apply consewation of mass &6(FK) 
(continuity) at break 

ft 
sec 

V, = 85.5 - 

X-Site NTP BO-9 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Revision: EVALUATlON ANALYSlS 
PageNo. 100 f 34 

Client: CH2M Hill Hanford Grow. Inc. WO/Job No. 
Subject: Secondarv Encase ment PiDe Pressure Due to Pnmarv Pioe 

Break in Waste Tank C ross.Site Transfer pipine System 
Location: 200 Area - Hanford Site. Richland. Washingon Revised: By: 

+g% %:We Date: 
Checked. 

Z=Of t  & ~ = 5 m i l  =Oin F K = O  
9( 

kg p = 1.3- p q  
Lp = 51015ft liter F D ~  = 0 ~ ~ = 5 m i l  Le = loin 

-4 tC=60  'c Qi= 1.61in AZzg=-lft LD(DD~,FK) =7.025ft Wc=O.lin 

:=PI1 

V I  

v3 

v5 

v6 

V8 

v9 

Vcrack 

' 162.72 
161.149 
19.889 

12.254 
19.899 
9.961 

-60.084 

12.931 

1.996 
2.603 
24.638 
2.358 

22.317 

95.592 

- I  
: see 

BO-10 X-Site NTP 



CHZMHILL Hanford Group, Inc. 
RPP-8778 REV 0 

Calc. No. RPP-WJ-005 - 
EVALUATION ANALYSIS Revision: 4 

Page No. I1 of 31 
Client: CH2 M Hill Hanford GrouD. Inc. WOIJob No. 
Subject: &.wndarv E ncaseme nt Pioe Pressure Due to Pn 'marv Piue 

Break in Waste Tank Cross-Site Transfer Piping System 
Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

Date: 
Checked: 

= V I 0  

X-Site NTF' BO-1 1 



CH2MHILL Hanford Group, Inc. 
RPP-8118 REV 0 

Calc. No. RPP-LJJ-005 - 
EVALUATION ANALYSIS Revision: 4 

Page No. 12 of 31 
Client: CH2M H ill Hanford Group. Inc. WOIJob No. 

Checked:* z: Subject: Seco ndarv W n t  P ioe Pressure Due to Pn 'marv Pioe 
-Site Transfer Pioine Svste m 

Location: 1 W hin on Revised: By: 
Break in Waste Tank Cross 

Date: 

p(p.tC) = 1.197cP 
Li = 9 f t  L. = 9 x 10 4 ft 
FK Jm 

-1  P2 = 187.6psi VI = 11.7ftsec Ap . V I  = 270.6gpm 
b j  = 1.61 in 

- I  P3 = 188.8psi 

P5 = 69.9psi 

P6=49.lpSi FD6.V6=OftSec 

P8 = 69.7 psi 

P9 = 37.7 psi 

Fnq. vq =Oftsec 

v5 = Oftsec 

F D ~ .  Ap,  V3 = Ogpm 

AS6( FK) ' V5 = 0 gPm 

FD6 ' Af( bi) ' V6 = 0 gPm 
&(FK) . V8 = 270.6gpm 

F D ~  . Af( h i )  . v9 = 270.6gpm 

V i  , Ap 

- I  

- 1  

- I  v8 = 4.5 ft sec 

F D ~  . v9 = 42.6ft sec 
- 1  

PcrXk = 3.8psi 

Vcmk = 86.8 ft sec 

R,(DH-crack(Lc,Wc),vcmk,P,CL(P,tC)) = 1 X 10 

= F D ~ .  Ap . V3 + AS~(FK) V5 + &(FK) . V8 = 270.6gpm 

- I  (continuily check at  break, OK) 

5 

P2 - P5 = 117.758 psi 

X-Site NTP BO-12 



CHZMHILL Hanford Group, Inc. 

IO 

RPP-8778 REV 0 

Between SY-102 Pump Pit 
and SY-A Vafw PI 
SY-101 New (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

Calc. No. RPP-LJJ-005 - 
EVALUATION ANALYSIS Revision: 9 

Page No. 13 of 31 
WO/Job No. 

Date: :y<yl By: 
Client: CH2M Hill Hdnford Grow. Inc. 
Subject: Seco ndarv Ewawnent Pioe Pressure Due to 

Break in Waste Tank Cross-Site Transfer Pioine Svstem Checked 9 Z 0 )  By: 
Location: 200 Area - Hanford Site. Richland. Washgmn Revised: By: 

Figure la. Case 0 Maximum Pressure in Croas-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 Lo 

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

Low point drain Lc = loin 

W, = 0.1 in 

= 1 mil 

FK=O 

2 = O f t  hi = 1.61 in -FK = O in 
tc = 60 OC p = 1.3 p(p, tc)  = 1.197cP 

liter 
9 f t  ~ p = 2 m i 1  L D ( ~ ~ , F K )  = 7 f t  L b K  = 

P I  
H = 6.72ft Lo = Oft  Ls =339ft Lp=51015ft 

x-x+ BothEndsOpen 
Low Point &en Location (ft) of Primary Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(Ibfhn2) 

70 

62 

20 

-e- High Point Open 

X-Site NTF' BO-13 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-001 

PageNo. 140f 31 
EVALUATION ANALYSIS Revision: 

Inc. WOIJob No. 
Due to Primrv Pine 

Client: CH2M Hill Hanford GIOUD. 
Subject: &mtlarv Encasasnt Pipe Pressure 

Break in Waste Tank Cross-Site Transfer Pipine Svstem 
Location: 200 Area - Hanford S ire. Richland. Washington 

Supernate Transfer 

Case 1 break between SY-A Valve Pit and Diveraion Box 
L, = 339ft start distance from pump of secondary encasement section under consideration 

= 2.58 ft change in elevation of primary pipe from pump to point Lo 
Lo := LSY 102SYAin 

H,, := ZSyAin - Zsylo2 
LS :=LSYAin-DBlin L~ 5635 ft length of secondary encasement section under consideration between drains 

Hs : = Z D ~ l i n  - Z~ylo;?  Hs = 11.67ft change in elevation of primary pipe from pump to point Lo + L, 

Subcase X11 (low and high point drain, FDB = 1 and F,, = 1 Y, 
X10 (low point drain, FD6 = 1 and FD9 = Or, 
XO1 (high point drain, FD6 = 0 and FD9 = 1) 

ft 
sec 

vl = 7.w- flow velocities Q 
AP 

hltiai auesses tXll) Q := 161.5. gpm 

Both low and high point drains open 

VI := - 
$K=11 F ~ 3 = o  F ~ 6 : = 1  F ~ 9 : = 1  

Hpl I := H p ( Q  pump head Hpl1 = 469 ft VI ' FD6 t Av 
v5 := pz := 62 . psi primary pipe pressure just up stream of break 

p3 := 62 .  psi primary pipe pressure just down stream of break 

p5 := 39.  psi secondary pipe pressure just up stream of break 

p6 := 5.4. psi secondary pipe pressure at drain up stream of break 

p8 := 39.  psi secondary pipe pressure just down stream of break 

p9 := I . psi secondary pipe pressure at drain down stream of break 

3.2 
= 2.596 AS6(FK) AS6( FK) 

Af( h i )  
V 1 . F m t A V  AS6(FK) 

vs := 80 Af ( DDi) 

AP v6 := v5, 

= 5.72 

AS6(FK) 
v9 := vs . 

Af(DDi) 

pc := 26.  psi 

AS6( FK) v .- ' (v5 + vs) 
"- & r a ~ k ( ~ c , ~ c )  

apply conservation of mass 
(continuity) at break AS6( FK) , (v5tvs) v3=1.01- ft v3 :='I - AP SeC 

ft v, = 44.3 - 
SeC 

use W-058 FK = I 

guide/anchor 

X-Site NTF' BO-14 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. 

EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 0 ~~~~~ 

P a g e ~ o .  -1jof 31 
Client: CH2M Hill Hdnford GrouD. Inc. WO/Job No. 
Subject: By: 

By: 
Location: 200 Area - Hanford Site. Richland. Washington Revised By: 

Secondarv E ncasement P ioe Pressure Due to Primarv P me 
Break in Waste Tank Cross-Site Transfer Pi- 

ft 
VI = 4.34 - Q VI := - 

AP SeC 
flow velocities ml auesses [XlQ) Q := 100. gpm 

FK = 1 F ~ 3 = 0  FD6:=1 F ~ 9 : = 0  Low point drain open 

Hplo:=Hp(Q) pumphead Hp10=515ft v l . F D 6 t A v  
v 5  := 

2.9 p2 := 50. psi 

p3 := 50. psi 

p5 := 20. psi 

p6 := 20. psi 

p8 := 20.  psi 

p9 := 5 . psi 

primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

= 2.596 AS6(FK) AS6(FK) 

Af( DDi) 
V I .  F D ~  + AV AS6(FK) 

AP v 6  := v5 , 

A f ( b j )  =5'72 v8 := 
50 

AS6( FK) v9  : = v g .  
A f ( b )  

ft 
' (v5 t v8) v3  = 0.36- 

pc := 5 . psi apply conservation of mass AS6( FK) v 3  :=VI - 
(continuity) at break AP SeC 

ft 
sec 

Vc = 29.4 - &6(FK) v '- ' (v5 + v8) 
''- &ck(Lc,wc) 

Q vI = 9.852- ft flow velocities Initial auesses [XOu Q := 227 . gpm VI := - 
AD sec 

High point drain open 

Hpol:= Hp(Q) pump head Hpo1 = 395 ft 

v5 := 
10 p2 := 204 . psi primary pipe pressure just up stream of break 

p3 := 204. psi primary pipe pressure just down stream of break = 2.596 AS6(FK) AS6(FK) 
AP v6 := v 5 .  

p5 := 154. psi secondary pipe pressure just up stream of break Af( hi) . .  

= 5.12 VI F D ~  + AV AS6(FK) 

v8  := a 5  A f ( b i )  
p6 := 124 . psi secondary pipe pressure at drain up stream of break 

_1.d 

AS6(FK) 

Af( h i )  

pg := 154 . psi secondary pipe pressure just down stream of break 

p9 := 9.05 . psi secondary pipe pressure at drain down stream of break '9 := '8 ' 

ft . ( v 5  + v8) v3  = 2.44- pc := 126 . psi apply conservation of mass v3 := - AS6(FK) 

v '- 

AP SeC (continuity) at break 

ft 
sec 

Vc = 54.8 - AS6(FK) 
. (v5 + V8) 

'- &rack(Lc, wc) 

X-Site NTF' BO-15 



RPP-8778 REV 0 
CHZMHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

EVALUATION ANALYSIS Revision: 4 
PageNo. 16of 3 I 

CH2M H ill Hanford Grouo. Inc. 
' arv Pioe 

Client: 
Subject: Secondarv Encase ment Pioe Jkessure Due to Pun 

Break in Waste Ta nk Cross-Site Transfer Pipine System 
Location: 200 Area - Hanford Site. Richland. Was hineton Revised By: 

WO/Job No. 
Date: 

Checked: 9% %:% 

kg Z=Of t  ~ ~ = 5 m i l  kb =0.31in F K =  1 
p = 1.3- FK 

Lp=51015ft liter F~~ = 0 ~ ~ = 5 m i l  Lc = loin 

tC=60  'c b i  = 2.067in AZD = -1 f t  LD(DI)I,FK) = 21.086ft Wc = O.lin 

J(FK,L,,XB) = O  N(FK,L,,LS.XB) = 10 = 1 mil 

146.24 
147.492 

20.975 
15.531 psi v l l  

21.087 

0.546 
-49.073 I 

'12.108) 

1.898 
3.708 
21.208 

0.956 
5.466 
89.507, 

f t  sec-l 

X-Site NTP BO-16 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 17 of 31 
EVALUATION ANALYSIS Revision: 4 

row. Inc. WO/Job No. 
Subject: Secondarv E ncasement PloePressureDuetoPn 'man Pine Date: 9/12/2001 By: 
Client: CH2M Hill Hanford G 

Break in Waste Tank Cross-Site Transfer Piping Svstem Checked: 9/23 -/0/ By: 
Location: 200 Area - Hanhrd S ite. R ichland. Washington Revised: By: 

~ ~ = 5 m i l  
= 0.31in FK = I 1-i p=l.3- kg Z=Of t  

Lp = 51015ft liter F~~ = 0 ~ ~ = 5 m i l  FK Lc = loin 

I x p d  t c=m 'C b i  = 2.067in AZD = - I  ft LD(DD~,FK) = 21.086ft w, = O,l in  

= VI0 

X-Site NTP BO-17 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-001 

Page No. 18 of 31 
EVALUATION ANALYSIS Revision: 4 

WOIJob No. 
Date: .yrTZol, B& 

Revised: By: 

Client: 
Subject: -daw Encaseme nt Pioe Pressure Due to m y  Pipe 

Location: 

CH2M Hill Hanford Grouo. Inc. 

k Cross-Site Transfer Pioine Svstem Break in Waste Tan 
200 Area - Hanford Site.Rlchland. Washineton 

Checked: 

Care 1 tXoU 
Input========================================== 
Lo = 339 ft 

SY-101 New T ransfer Pume (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-A1) H = 7ft ~p = 2mil 

z =Oft ~ ~ = 5 m i l  =0.31 in FK = 1 -4 = 1.3- kg 
liter F D ~  = 0 ED=5Illil FK 

h i  = 2.067in AZD = -1 ft 
L, = loin 

W,=O.lin 

F D ~  := 0 F D ~  := 1 J(FK.L,,XB) = o  N(FK.L,,LS,XB) = 10 E ,  = I mil 

Lp = 51015ft 

I x g d  tC=60  'c L D ( ~ ~ , F K )  = 21.086ft 

I(FK,L,,xB) = o  M(FK,L,,LSPB) = 460 

:= Po1 

hpOl = 441 ft p(p,tC) = 1.197cP Li = 12ft Lj = 552ft 

Pz = 231.8psi VI = 8.2ftsec Ap . VI = 188.6gpm DD, = 2.067 in 

P3 = 232.3 psi 

P5 = 174.6psi 

P6= 139.8pSi FD6.V6=0ftSeC 

Ps = 174.5psi 

P9 = 11.1 psi 

FK FK 
-1 

-1 Fnq . v l  = 0 ft sec 

vg = 0 ft sec 

F D ~ .  Ap. V3 = Ogpm 

As6( FK) ' V5 = 0 gPm 

FD6 ' Af( h i )  ' v6 = 0 gPm 
As~(FK) . v8 = 188.6gpm 

F D ~ .  A f ( h i )  . v9 = 188.6gpm 

V I .  Ap 

-1 

-1 

-1 
vg = 3.2ftsec 

F D ~  . V9 = 18ft SeC -1 

Pcmk = 142.5pSi 

Vcrack = 60.5 ft SeC 

= F D ~ ,  Ap,  V3 t &6(FK). V5 t AS6(FK) . VE = 188.6gpm 

- 1  (continuity check at break, OK) 

5 
R,(DH_cr:k(Lc,Wc),vcrack,P,p(P,tC)) = 1 X 10 

Pz - Pg = 57.234psi 

X-Site NTP BO-18 
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Revision: 4 
PageNo. 19of 31 

EVALUATION ANALYSIS 

WO/Job No. 
Date: jyll,:; BBy: Client: 

Subject: 

Location: 200A rea - Hanford Site. Richland. Washineton Revised: By: 

CHZM Hill Hdnford Group. Inc. 
Secondar-seme nt Pioe Pressure Due t m  
Break in Waste Tank Cross-Site Transfer Pipine System Checked: 

Figure lb. 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 LStart ing at Lo 

Relative to Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 
L, = loin 

W,=O.Iin 1""1 E, = I mil 

F K = I  High point rupture disk 

liter FK 
Z=Of t  

H=6.72ft  Lo=339ft  Ls=5635ft  Lp=51015ft LiFy=12ft &p=Zmil  LD(DD,.FK) = 2 l . l f t  

DDi = 2.067in tC = 60 OC p = 1.3 p(p,tC) = 1.197cP =0.31in 

.. 
ES = 5 mil ED = 5 mil L =552ft h z ~  = -I ft % - 2.58ft Hs = 11.67ft F D ~  = 0 

JFK 

Between SY-A Valve Pit 
and Diversion Box 

SV-101 New Tr- (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

O: 500 lo00 1500 Zoo0 2500 3Mx) 3500 4000 4500 ! 

a\ \ 
0 5500 1 

Maximum 
Pressure 
(Ibflin2) 

175 

88 

29 

1 
+" BothEndsOpen 

Low Pointopen 
+ High Point Open 

Location (ft) of Primary Pipe Break Down Stream of Pump 

X-Site NTF' BO-19 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

PageNo. 20of 31 

Seco ndarv E n m e  Pressu re Due to Pri 
fer Pioinem:t:tI? Cher;:: By: A Break in Waste Tank Cross-Site Trans 

EVALUATION ANALYSIS Revision: 4 

row. Inc. WO/Job No. 
Subject: 
Client: CH2M Hill Hanford G 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

By: L. J. Julvk # 

Supernate Transfer 
Case 2 break between Dlverslon Box and Vent Station 

L o  := LSY 102-DBlout L, = 6600ft start distance from pump of secondary encasement section under consideration 

~0 = 11.8ft change in elevation of primary pipe from pump to point Lo 

L~ 
H~ = 85.63ftchange in elevation of primary pipe from pump to point Lo t L, 

:= Z D B ~ ~ ~ ~  - Zsylo2 

LS := LDBlout-VSin 

HS :=%Sin - ZSY 102 

13631 ftength of secondary encasement section under consideration between drains 

Subcase X I  1 (low and high point drain, FDB = 1 and F,, = I), 
X10 (low point drain, FD6 = 1 and FD9 = 0), 
XO1 (high point drain, FD6 = 0 and FD9 = 1) 

DDi = 2.067 in 

ft 
see 

Q := 127 . gpm VI := - Q 
AP 

v1 = 5.512- flow velocities 

FK = I F ~ 3 = 0  F ~ 6 : = 1  F ~ 9 : = 1  Both low and high point drains open 

Hpll :=Hp(Q) pump head Hpll  =498ft VI. F D ~  + A v  
p2 := 58. psi 

p3 := 58 . psi 

p5 := 32. psi 

p6 :=4 .  psi 

p8 := 32 . psi 

p9 := 1 . psi 

v5 := 

v6:=v5. AP 

primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

2.8 
= 2.596 AS6(FK) AS6(FK) 

Af( DDi) 
VI F D ~  + AV AS6(FK) 

Af(%i) =5’72 v g  := 
80 

AS6( FK) 

Af( DDi) 
v9 := v* . 

pc := 16. psi 

AS6(FK) v ’- ‘ (v5 + v8) 
’- 4 r a ~ k ( ~ c ~ ~ c )  

ft 

v3:=v1- AD sec 
AS6( FK) , (v5 + vg) v3 ZO.13- 

apply conservation of mass 
(continuity) at break 

ft 
Vc = 39.8- 

SeC 

X-Site NTP BO-20 
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CH2MHILL Hanford Group, Inc. Caic. No. RPP-LJJ-005 

PageNo. 21 of 31 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford GIOUD. Inc. WOlJob No. 
Subject: Secondarv Encas-e Pressure Due to Pn 'maw Pioe Date: _eLIu2001 By: 

Break in Waste Tank Cross-Site T r a d e r  Pio ine Svste m Checked 9/2</0/ By: 
Location: 200 Area - Ha&r Revised: By: 

ft 
VI = 6.987- flow velocities Q 

AP 
m e s s e s  XlQ) Q := 161 . gpm VI := - 

SeC 
FK = I F D ~  = 0 FD6 := 1 F D ~  := 0 Low point drain open 

Hplo :=Hp(Q) Pump head Hplo = 469ft 

pz := 62 . psi 

p3 := 62 . psi 

p5 := 39. psi 

p6 := 5 . psi 

p8 := 39 . psi 

p9 := I . psi 

pc := 26. psi apply conservation of mass AS6(FK) 

V I .  F D ~  t Av 
3.07 
AS6(FK) AS6(FK) 

Af( DDI) 
V ~ . F D ~ ~ A V  AS6( FK) 

vg := primaly pipe pressure just up stream of break 

primary pipe pressure just down stream of break 

secondaly pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

= 2.596 
AP v6 := VS. 

A f ( 4 i )  = 5.72 v8 := 
50 

AS6( FK) v 9 : = v 8 .  
Af ( b l )  

ft 
(continuity) at break AP sec 

' (Vg t Vg) V3 = 0.99 - v 3  :=VI - 

ft vc = 44.3 - 
sec 

AS6(FK) v .- 
' (vS + v8) 

'.- &rack(Lctwc) 

vlO:=(v[ v 3  v5  v 6  v 8  v 9  V C ) ~  T 
PlO:=(PZ P3 P5 P6 P8 P9 Pc) 

ft 
AD SeC 

- Q:=l lO.gpm VI:=- Q vI = 4.774- flow velocities 

High point drain open 

Hpol := Hp(Q Pump head Hpol = 509ft 

vg := p~ := 125 . psi primary pipe pressure just up stream of break 

p3 := 125 . psi primaly pipe pressure just down stream of break 

pg := 120. psi secondary pipe pressure just up stream of break 

p6 := 112 . psi secondary pipe pressure at drain up stream of break 

p8 := 120. psi secondary pipe pressure just down stream of break 

p9 := 1 . psi secondary pipe pressure at drain down stream of break 

3 
= 2.596 

AS6( FK) AS6( FK) 

AS6( FK) 

V8 := 4.5 Af( DDi) 

AP v 6  := v 5 .  
Af( D D I )  

= 5.72 VI . F D ~  + Av 

&6(FK) 

Af(DDi) 
v 9  := V8. 

f t  
AP sec 

' (Vg t V8) V3 = 1.88- 
pc:= 118. psi apply conservation of mass AS6( FK) V3 :=VI - (continuity) at break 

ft 
sec 

Vc = 21.4- 
AS6( FK) v .- ' ( VS t v8) 

'- &rack(Lc,wc) 

X-Site NTP BO-21 
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CH2MHILL Hanford Group, h e .  

EVALUATION ANALYSIS 
Calc. No. RPP-Lll-005 

Revision: 4 
PageNo. 220f 31 

Client: CH2M Hill Hdnford Grouo. Inc. WOIJob No. 
Subject: Secondarv Encaserne nt Pioe Pressure Due to Date: 
1 Checked: 

Location: 200 Area - Hanford Site. Richl-Washineton Revised: By: 

,,=1.3- kg Z=Of t  ~ ~ = 5 r n i l  D L ~ ~  = 0.31 in FK = 1 

Lc = loin 

Wc = O. l in  

Lp=51015ft liter F D ~  = 0 ~ ~ = 5 m i l  

tc = 6 0  'c DDi = 2.067in AZD = -1 ft L D ( ~ ~ , F K )  = 21.086ft 

V I  

v3 

v5 

v6 

v8 

v9 

Vcrack 

' V I 1  PI1 = 

60.714) 

60.977 
33.23 
5.041 psi v l l  

33.272 

4.563 
17.892, 

5.668 
1.433 

2.177 
12.453 

6 . 1 5 7 ~  

0.035 
41.904 

X-Site NW BO-22 
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Page No. 23 of 31 
EVALUATION ANALYSIS Revision: 4 

WO/Job No. 
Subject: -1 Pioe Pressure Due to Date: 9/12/2001 By: 
Client: 

By: 
Location: 200 Area - Hanford Site. RichlandJX&&on Revised By: 

CH2M Hill Hanford Grouo. Inc. 

Break in Waste Tank Cross -Site Transfer Pioine System Checked: Y/Zrs'/O/ 

Case 2 (X1U 
p (RPP-5667 Rev. OB) 
'"-tor Westinghouse Pump Model 2A-513-Al) 

PI0 = := vi0 

61.299 \I 
61.547 

35.265 

4.805 psi V I O  

35.305 
2.191 

20.737, 

5.52 
1.463 

2.13 
12.185 ftsec-I 

0 

8.689 

40.784, 

X-Site NTF' BO-23 
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RPP-8178 REV 0 

Calc. No. RPP-LJJ-005 - .  
EVALUATION ANALYSIS Revision: 4 

PageNo. 240f 31 
Client: CH2M Hill Hanford Group. Inc. WO/Job No. 

Checked- z: Subject: 

Location: 200 Area - Hanford Site. Richland. Washington Revised: By: 

Date: Seco n d w  Encasement Pioe Pressure Due to 
Break in Waste Tank Cross-Site Transfer P- I 

= PO1 POI = 

183.934) 
184.07 

166.007 
132.978 psi VOI = 

165.98 
3.137 

155.962, 

4.581 ’ 
2.337 

0 

61.409 ftsec-l 

1.764 
10.092 

33.865, 

X-Site NTP BO-24 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

EVALUATION ANALYSIS Revision: 4 
Page No. 25 of 31 

CH2M H ill Hanford Grouu. Inc. WO/JobNo. . Client: 
Subject: Secondarv W n t  P iDe Pressure Due to Primarv Pipe 

Break in Waste Tank Cross-Site Transfer Pioinn Svste m 
Location: 200 Area - Hanford Site. Richland. Wa&,hg@n Revised By: 

By: . . 
By:*= 

Date: 
Checked: 

Figure IC. Case 2: Maximum Pressure in Cross-Site Encasement Pipe Due to Primary Pipe Break 
(Between Diversion Box and Vent Station) within Encaaement Section of Length bStarting at Lo 

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

F K = I  

z = Oft 

H=6.72ft  Lo=6600ft L ~ = 1 3 6 3 1 f t  Lp=51015ft 

Low and high point rupture disk 

= 0.31 in 
L, = loin 

@i = 2.067 in 

LD(&,FK) = 21.1ft 

tC = 60 OC p = 1.3 k(p,tC) = 1.197cP 
liter W,=O.lin 

LB, = 12ft ~p = 2mi1 
E, = 1 mil 

P I  
.. 

U ~ = - l f t  &=11.8ft  Hs=85.63ft F D ~ = O  Lj =552ft ES = 5 mil ED = 5 mil 
FK 

Between iversii 
tatlon 

Box 

SY-101 New T u m & d u ~  (RPP-5667 Rev. OB) 
(Canned Motor Westirlghouse Pump Model 2A-513-Al) 

Maximum 
Pressure 
(IbfAn2) 

166 

44 

33 

LOW Point open 
-8- High Point open  Location (ft) of Primary Pipe Break Down Stream of Pump 

X-Site NTP BO-25 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

EVALUATION ANALYSIS Revision: 4 
Page No. 26 of 31 

WO/Job No. 
Subject: Secondaw E ncasement Pioe P r w  ' P  Date: 9/IU2M)I By: 
Client: 

By: 
Location: aM, Area - k h h d S & A  'chland. Washineton Revised: By: 

CH2M Hill Hanford Grouo. Inc. 

Break in Waste Tank Cross-Site Transfer Pioing Svstem Checked y/ZS%! 

Supernate Transfer 

Case 3 break between Vent Station and 244A Lift Statlon) 

Lo := LSY 102-VSout 

~0 := zVSout - zsylo2 
LS := LVSout-244Ain 

Hs : = Z z a ~ i , ,  - Zsy102 

Lo = 20362ft 

~0 = 85.63ft 

Ls = 22425 ft 

HS = 10.88ft 

start distance from pump of secondary encasement section under consideration 

change in elevation of primary pipe from pump to point Lo 

length of secondary encasement section under consideration between drains 

change in elevation of primary pipe from pump to point Lo + Ls 

Subcase X11 (low and high point drain, FDB = 1 and FD9 = 1 r, 
X10 (high point drain, FD6 = 1 and FD9 = 0), 
XO1 (low point drain, FD6 = 0 and FD9 = 1)' 

4 i  = 2.067 in 

Q vl 5,989- ft flow velocities M i  auesses (XW Q := 138 . gpm VI := - 
AP sec 

FK = I F ~ 3 = 0  F ~ 6 : = 1  F ~ 9 : = 1  Both low and high point drains open 

Hpll :=Hp(Q) pumphead Hpll =489ft v i .  F D ~  t Av 
v5 := pz :=47 . psi 

p3 :=47 . psi 

p5 := 29 . psi 

p6 := 1 . psi 

p8 := 29 . psi 

p9 := 1 . psi 

primary pipe pressure just up stream of break 3.5 
= 2.596 

AS6(FK) AS6(FK) 

Af ( DDi) 
V ~ . F D ~ + A V  AS6(FK) 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

AP v 6  := VS. 

= 5.72 
vs := 80 Af(&) 

AS6(FK) 

Af ( DDi) 
v 9  := vs . 

pc := 19. psi 

AS6(FK) v '- ' (v5 t vs) 
'- &rack(Lc,wc) 

ft apply conservation of mass AS6(FK) 
(continuity) at break AP sec 

. (V5 t Ve) V3 = 1.27- v 3  := v, - 
ft 

sec 
v, = 34.9 - 

X-Site NTP BO-26 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 27 of 3L 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Group. Inc. WO/Job No. 
Subject: Secondarv E ncasement Pioe Pre- ' rv Pioe Date: 

Checked 
Location: -d S ite. Richland. Washineton Revised: By: 

Break in Waste Tank Cross-Site Transfer Pioine System 

ft 
AD sec 

lnltlal auesses IX  1Q Q:=78.gpm VI :=- Q v1 = 3.385- flow velocities 
~ -, 

High point drain open 

Hp10 := Hp(@ pump head Hplo = 527 ft 
V I .  F D ~  t Av 

v5  := 

v 6 : = v 5 .  AP 

p2 := 45 . psi primary pipe pressure just up stream of break 

p3 :=45. psi primary pipe pressure just down stream of break 

p5 := 35 . psi secondary pipe pressure just up stream of break 

p6 := 1.5 . psi secondary pipe pressure at drain up stream of break 

p8 := 35. psi secondary pipe pressure just down stream of break 

p9 := 55 . psi secondary pipe pressure at drain down stream of break 

3 
= 2.596 AS6(FK) AS6(FK) 

Af( DDi) 
AS6(FK) 

= 5.72 VI , F D ~  t AV 
Vg := 3.8 Af(DDi) 

AS6(FK) 

Af( DDi) 
v9 := vg. 

pc := 30.  psi 

AS6(FK) 

&rack(Lc,wc) 
vc := . (v5 t v8) 

apply consetvation of mass 
(continuity) at break &6(FK) . (Vg+Vs)  V3=0.3- ft 

v3:=v1- AP SeC 

ft Vc = 22.8- 
SeC 

PIO:=(P2 P3 P5 P6 P8 P9 Pc) T vlO:=(v1 v 3  vg  v 6  v 8  v9 V C ) ~  
0 1  2 3 4 5 6  0 1 2 3 4 5 6  

ft 
sec 

lnltlal auesses IXOl) Q := 75.  gpm VI := - Q 
AP 

vi = 3.255- flow velocities 

F K =  1 F ~ 3 = 0  F ~ 6 : = 0  F ~ 9 : = 1  High point drain open 

H ~ ,  := Hp(@ pump head H~~~ = 52sft 
VI .FD6 + Av 

v5  := p2 := 5 8 .  psi 

p3 := 5 8 .  psi 

p5 := 50. psi 

p6 := 32. psi 

pg := 50. psi 

p9 := 1 . psi 

primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

8 
= 2.596 AS6( FK) AS6( FK) 

Af( DO,) 
AS6( FK) 
A f ( g , )  =5'72 

AP v 6  := v 5 ,  

VI F D ~  + AV 

3 
vg := 

&6( FK) 
v 9  := vs . 

A f ( W  

pc := 44. psi 

AS6(FK) v .- ' (v5  + v8) 
"- &rack(Lc,Wc) 

ft apply conservation of mass &6(FK) 
(continuity) at break AP sec 

, (V5 + V8) V3 = 0.32 - V3:=V1- 

ft 
sec 

Vc = 21.7- 

POI :=(PZ P3 P5 P6 P8 P9 Pc) T VOl :=(VI v 3  v5 v 6  vg v9 V C ) ~  
0 1  2 3 4 5 6  0 I 2  3 4 5 6  

BO-27 X-Site NTP 



CHZMHILL Hanford Group, Inc. 
RPP-8778 REV 0 

Calc. No. RPP-LJJ-001 - 
EVALUATION ANALYSIS Revision: 4 

PageNo. 2 8 0  f 31 
WO/Job No. 

By: L. J. Julvk 
Client: 
Subject: / 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

CHZM Hill Hanford Grouo. Inc. 

. .  Checked: By: 6 Break in Waste Tank Cross-Site Transfer Piping Svstem 
Date: 

Case 3 [ X l l l  

DD, = 2.067in AZD = -1 ft LD(DD~,FK) = 21.086ft Wc = O.lin 

=pi1 = V I 1  p11 = 

32.535) 
32.587 

24.093 
-0.564 psi v11 = 

24.081 

1.219 
19.366 

3.126 
1.942 

- 1 . 0 9 2 ~  

-3 .156~ 

1.217 

6.963 
23.232 

- I  
t sec 

h p l l =  530ft B(p,tC) = 1.197cP Li = 12ft Lj = 552ft 
FK FK 

-I 
P2 = 32.5psi V I  = 3.lftsec Ap . VI  = 72gpm DD, = 2.067 in 

P3 = 32.6psi 

~ 5 = 2 4 . 1 p s i  v q = - ~ . ~ x  ~ o - ~ f t s e c - ’  

- 1  F m .  v i  = Oftsec F j y .  Ap. v i  = Ogpm 

A,q,j(FK) . v5 = 4 . 5  x IO- gpm 
-1 P6 = -0.6psi FD6. V6 = - 3 . 2 ~  lO-’ftSeC 

- 1  
FD6, Af(@i). V6 = -3.3X 10-6gpm 

Pg=24.lpsi vg=12ftsec &(FK) . Vg = 72.8 gpm 

P9 = 1.2pSi -1  F D ~ .  v9 = 7ftSec FD9 . Af( h i )  . v9 = 72.8 gpm 

VI  . Ap Pc,,k = 19.4psi = F D ~  Ap. V3 + As~(FK) . v5 + As~(FK) , vs = 72.8gpm 

- I  (continuity check at break, OK) 
vcmk = 23.2ftsec 

Re( DH-crack( Lc, wc) , Vcrack. P. P( P , tC)) = 4 X 10 

P2 - P5 = 8.441 psi 

4 

X-Site NTP BO-28 



CH2MHILL Hanford Group, Inc. 
RPP-8778 REV 0 

Calc. No. RPP-LJJ-005 
EVALUATION ANALYSIS Revision: 4 

Page No. 29 of 31 
Client: CHZM Hill Hanford Group. Inc. WO/Job No. 
Subject: 

Location: 200 Area - Hanfprd S ite. Richland. Washineton Revised By: 

By: L. J. 
C h g t i i  *%- By: a Seco ndarv Encaseme nt Pioe Pressure 

Break in Waste Tank Cross-Site Transfer Pioine System 

cawmxm 
1np,,t--------================================== 
Lo = 20362 ft H = 7 f t  &p=Zmil  (Canned Motor Westinghouse Pump Model 2A-513-Al) 

SY-101 New T r m  (RPP-5667 Rev. OB) 

= 1.3- kg Z=Of t  & ~ = 5 m i l  D L ~  =0.31in F K =  I 
Lp=51015ft liter F D ~  = 0 & ~ = 5 m i l  FK 

Lc = loin 
- c -  . in Xg :=Ls - 5800. ft t L 4 i  = 2.067in AZD = -1 f t  LD(DD~.FK) = 21.086ft 

t c = 6 0  'c F ~ 6 : = l  F D ~ : = O  J ( F ~ , L , , x g ) = 3 0  N(FK,L,,Ls,xB)=I~ ~ ~ = l m i l  
1(F~,L,,xg) = 1 . 3 5 5 ~  10 3 L0,Ls,xg) =472 

:= PI0 

V I  

v3 

v5 

v6 

V8 

v9 

Vcrack 

88.481 

88.456 
82.508 
0.69 

82.517 
74.808 
79.177 

2.621 

3.128 
1.017 

5.819 
0 

46.09 

19.527 

itsec-l 

hplo = 534ft p(p.tC) = 1.197cP Li = l2ft L. =552ft 

P2 = 88.5 psi 

P3 = 88.5psi 

P5 = 82.5 psi 

P6=0.7pSi FD6'V6=5.8ftSeC FD6 , A f ( 4 , )  ' V6 = 60.9 gpm 

Pg = 82.5psi 

P9 = 74.8psi FD9 V9 = OftSeC 

FK 'FK 
-1 

V I  = 2.6ftsec 

F n l .  v l  = Oftsec 

v5 = 1 ft sec 

Ap . VI  = 60.9 gpm 

F D ~  . Ap . v3 = 0 gpm 

A ~ ~ ( F K )  . v5 = 60.9 gpm 

D D ~  = 2.067 in 
-1 

- I  

- 1  

-1 vs = Oftsec AS6(FK) ' "8 = 0 gPm 

F D ~  . Af( DE) . v9 = 0 gpm 

vi . Ap 

-1 

PcrXk = 79.2 psi = F D ~ .  Ap , V3 + As~(FK) V 5  + AS6(FK) . V8 = 60.9gpm 

-1  (continuity check at break, OK) 
Vcrack = 19.5 ft SeC 

4 
R,(qi_crack(Lc,Wc),vcrack,P.~(P.tC)) = lo 

Pz - P5 = 5.973psi 

BO-29 X-Site NTP 
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Revision: 4 
PageNo. 300f 31 

EVALUATION ANALYSIS 

Client: CHZM Hill Hdnford GrOUD. Inc. WOIJob No. 
Subject: SecondaryEncasement P iDe Pressure Due to m a r v  Piue By: 

By: 
Location: 200 Area - Hanford S ite. Richland. Washineton Revised: By: 

Break in Waste Tank Cross-Site Transfer Pbine Svste ' 

:= Po1 

V I  

v3 

3 

v6 

v8 

v9 

Vcrack 

= VOI POI = 

32.387\ 

32.44 
23.977 
-0.352 psi VOI = 

23.964 

1.196 
19.266 

3.135 

1.935 

-1.621 x 
2,327 ftsec-' 

1.209 

6.917 
23.19 

p(p,tC) = 1.197cP Li =12ft L -552ft 
PK 'FK 

(continuity check at break, OK) 

X-Site NTP BO-30 
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PageNo. 31 o f 31 
EVALUATION ANALYSIS Revision: 4 

Client: CHZM Hill Hanford Grouo. Inc. WO/Job No. 
Subject: 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

rimarv Pi Date: 9/ 2/2 I By: L. J. Julvk I? Checked:* By:& 
Secondarv Encasement Pioe Pressure Due to P 
Break in Waste Tank Cross-Site Transfer Piping S\Lsfe 

Figure id. Case 3 Maximum Pressure in Crosa-Site Encasement Pipe Due to Primary Pipe Break 
(Between Vent Station and 244A Lift Station) within Encasement Section of Length LStarting at Lo 

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

High point rupture disk 

DD, = 2.067 in 

L, = loin 

Wc = 0.1 in 

e, = I mil 

FK = 1 

z = Oft x~~~~ = 0.31 in ~ ( p , t )  = 1.197cP 

FK 
~ = 6 . 7 2 f t  ~ ,=2036Zf t  ~ S = 2 2 4 2 5 f t  ~ p = 5 1 0 1 5 f t  ~i =12ft  e p = ~ r n i l  LD(DD,,FK) = ~ l . l f t  

90 

80 

70 

- 6 0  
a 
e! 
2 50 

eL 
E 

B 
8 
$ 

M .- - 
E 

2 40 

30 

za 

IO 

C 

(RPP-5667 Rev. OB) 

P (Canned Motor Westinghouse Pump Model 2A-513-Al) 

Belween Vent Station 
and 244A Lift Station 

+ High Point Open 
Low Point Open 

Location (ft) of Primary Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(lbfhn2) 

83 

69 

24 

X-Site NTP BO-3 1 
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RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. 

EVALUATION ANALYSIS 
Calc. No. RPP-WJ-005 

Revision: 4 
Page No. -1 of 31 

Client: CH2M Hill Hanfor Inc. WOIJob No. 
Date: 

Break in Waste Tan k Cross-Site Transfer PILI ine Svste 
Location: a 200 rea - Hanf Revised: By: 

Reference:C:\WINDOWS\Desktop\F12001\Waste Transfer SystemWncasement Pressure Issue\Cross-Site Encasement Calcs\pipebreak.r 

Input Parameter Data - 

ACSTS Elevatlon and Equlvalent Plpa Length Parameters 

Zsylo2 := 668.62. ft 

Z s y ~ i ~  := 67 1.2 . ft 

ZSYBout := 670.2, ft 

Z D B ~ ~ ~  := 680.29 . ft 

ZBP := 684.92 . ft 

Z D B ~ ~ ~ ~  := 680.42 . ft 

Zvsin := 754.25 . ft 

Zvsout := 754.25 . ft 

Z ~ U A , ~  := 679.5 . ft 

Z 2 4 4 ~ ~ ~ t  := 681.36. ft 

Z ~ p 1 0 7  := 675.34. ft 

elevation at SY102 Transfer Pump Pit 

elevation at SY-A-in Valve Pit 

elevation at SY-B-out Valve Pit 

elevation at Diversion Box 6241 -A-in 

elevation at Booster Pump 

elevation at Diversion Box 6241-A-out 

elevation at Vent Station 6241-V-in 

elevation at Vent Station 6241-V-out 

elevation at 244 Lift Station-in 

elevation at 244 Lift Station-out 

elevation at Tank AP107 

LSYIM-SYA~~ := 339 . ft 

LSYAin-SYBout := 714 ' ft 

LSYBout-DBlin :=4921 ' ft 

LDB~,~-BP := 340. ft 

LBp-DBlout := 286 ' ft 

L D B ~ ~ ~ ~ - v s ~ ~  := 13631 . ft 

L ~ ~ i n - v ~ ~ ~ t  := 131 ft 

LVSout-2aAin := 22425 , ft 

L244Ain-244Aout := 301 ' ft 

L244Aout-AP107 := 7927. ft 

X-Sire NTF' 

, 
B1-1 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-WJ-005 

PageNo. 2of  34 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M H ill Hanford Grouo. Inc. WO/JobNo. . 
Subject: 

Location: 700 Area - Hanford Site. Richland. Washineton Revised: By:‘ 

By: . 
Chz:;: q z %  B y : W Y h  

‘marv Pioe Seco ndarv Encasement Pice Pressure Due to Pn 
Break in Waste Tank Cross-Site Transfer P- m . .  

RCSTS Cases 

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

Lo := 0 , ft L,=Oft 

& : = o ,  ft %=Oft  
Subcase X11 (low and high point drain, F,, = 1 and F,, = 1 )’, 

X10 (low point drain, FD6 = 1 and FD9 = 0) 1 1/2-in.drain, 
XO1 (high point drain, FD6 = 0 and FD9 = 1)’ LS := LSY102SYAin Ls = 339 ft 

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

Lo :=LSYIOZ-SYAin Lo = 339 ft 
Subcase X11 (low and high point drain, F,, = 1 and F,, = 1 )’, 

X10 (low point drain, FD6 = 1 and FD9 = O)’, 
XO1 (high point drain, FD6 = 0 and FD9 = 1) 

% : = Z ~ y ~ i ~ - Z s y l m  &=2.58ft 

LS :=LSYAin-DBlin Ls = 5635 ft 

HS : = Z D B ~ , ~  - Zsy102 & = 11.67ft 

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

Subcase X11 (low and high point drain, F,, = 1 and F,, = l), 
X10 (low point drain, FD6 = 1 and FD9 = 0), 
XO1 (high point drain, FD6 = 0 and FD9 = 1) 

Lo :=LSYl(n-DBlout Lo = 6600ft 

& :=ZDBIout - zsylO2 % = 11.8ft 

LS := LDBlout-VSin 

HS := %in - ZSY 102 

Ls = 13631 ft 

Hs = 85.63ft 

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

Lo := LSY102-VSout Lo = 20362 ft 

& := Zvsout - Zsy102 & = 85.63ft Subcase X11 (low and high point drain, F,, = 1 and F,, = l)’, 

LS := LVSout-244Ain Ls = 22425 ft X10 (high point drain, FD6 = 1 and FD9 = 0), 
XO1 (low Doint drain. FD6 = 0 and FD9 = 1). 

*would require additional drainlrelief valve at other end of line segment 

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

X-Site NTF’ B1-2 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-001 

Page No. 3 of 31 
EVALUATION ANALYSIS Revision: 4 

WO/Job No. 
By: L. J. Julvk 
By:& 

Client: CH2M Hill Ha nford Grouo. Inc. 
Subject: Secondarv En-t PiDe P r e s s u r e a r v  Pioe Date: 

-Site Transfer Piping Svstem Checked Break in Waste Tank Cross 
Location: Revised: By: 

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) 

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) 

FK 

FD3 

L P  

LP := LSY102-VSout + LVSoul-244Ain + L244Ain-244Aout t L244Aoul-AP107 

FD6 FD9 switch to block (= 0) or open (= 1) flow downstream of break and drain location 6 or 9, respectively 

total equivalent length of primary pipe from pump to discharge exit 

L P  = 51015ft Lp = 9.662mi 

H :=ZAP107 - ZSY 102 change in elevation of primary pipe from pump to point just before vertical H = 7 f t  
increase in elevation at end of primary pipe at discharge to tank (see Figure 1) 

approximate change in elevation at drain 

vertical increase in elevation at end of primary pipe at discharge to tank at WTP (N/A) 

AZD:=-l.ft 

z :=o. ft 

Supernate Transfer 
Case 2 break between Diversion Box and Vent Station 

Lo :=LSYIOZ-DBIO~~ Lo = 66OOft start distance from pump of secondary encasement section under consideration 

H,, := zDBlout - zsyloz H,, = 11.8ft change in elevation of primary pipe from pump to point Lo H0 = 11.8ft 

L S  := LDBlout-VSin 

H~ :=zVSin - zsyloz 

L~ = 13631 ftength of secondary encasement section under consideration between drains 

H~ = 85.63ftchange in elevation of primary pipe from pump to point Lo + Ls H~ = 85.63ft 

X g : = 1 m . f t + L o  

HB(L,,%,L~,H~,X~) = 17.22ft 

tC temperature of waste (OC) 

P 
Pipe roughness 

~p : = 2 .  mil 

E S  : = 5 ,  mil 

E D  := 5 . mil 

distance of break in primary pipe from transfer pump 

elevation at assumed break location xB relative to transfer pump elevation 

bulk density of waste (kglL) 

stainless steel primary pipe 

carbon steel secondary (encasement) pipe 

carbon steel drain pipe 

X-Site NI" B1-3 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 4 of 31 
EVALUATION ANALYSIS Revision: 4 

WO/Job No. 
Date: 9/1U2001 

Client: CH2M Hill Hanford Group. Inc. 
Subject: Seco ndarv Encamlent P ioe Presswe Due to Pdmarv Pioe 

-Site Transfer Pipine System 
Location: 200 Area - Hanford Site. R W n d .  Washineton Revised: 

Break in Waste Tank Cross 

Existing 
diameter of kg ~ ~ 1 . 3 . -  tC:=60 ~ 0 0  = [ i: ]in w058 leak detection 

W314 

liter 
Crac k Size Parameters 

cable TF(tC) = 140 

viscosity p(p,tC) = 1.197cP crack length VI 

&rack(Lc,wc) = l i n  PcI(Lc,WC) = 0.368 Pc2(Lc,Wc,DLDo) = o,22826 
[ ; ]  V I  crack opening width 

2 

P-k(Lc,wc) = 20.2in 

qi-crack(Lc,Wc) = 0.198 in effective hydraulic diameter ac(Lc,Wc) = 1.091 UDo, ratio for crack 

:= 1 . mil 

ft vc:= 10. - 
SeC 

primary pipe through crack roughness 

thick-edged orifice with a = UD,, > 0.015 ac(Lc,Wc) = 1.091 =. 0.15 => thick-edged orifice 

I vons 1983 Ea n 4. ~ a .  158 l&&hik 1994. D iaaram 4-12. Da. 2 19 
1.58502 

KKcrack( Lc,wc, vc, P.fC, Ect%Do) = 
[ [::::::I &rack( Lc, wc, vc, P 9 tC> Ec. %Do) = ,80671 

shap-edged orifice (Idelchik 1994, pg. 218, a = UD,, < 0.015) 

2.61664 

KK&rack( Lc, Wc,Vc, P 9 tC 9 EcTDLDo) = [ ::::.:] 
2.61664 

Encasement annulus K-resistance factors for guides and anchors modeled as thick-edged (long) orifice for a = UD,, > 0.015 - 
Existing FK :=0 

FK := 1 Kguide(V,P.tC.E.FK) = 1.912 &,chor(V,p,tC,E,~K) = 17.686 3/4-in. thk no radius in slots W058 
F K : = ~  Kguide(v,p,tC,E,FK) = 1.912 &,chor(V,p,tc,E,FK) = 11.537 3/4-in. thk with radius in slots 

W314 F K : = ~  Kguide(V.p,tC,E,FK) =0.083 &,chor(V,p.tc,E,FK) = 10.696 1-in. thk with radius in slots 

V, := 0 .  ft . sec pz:=O.psi g=32.174ftsec 

AV := 0.1 . ft sec 

Kgui&(v.p,tC.E.FK) = 0.083 %char( V,P7tC.E ,FK) = 0 

- 1  -2 

- I  

X-Site NTP Bl-4 
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CHZMHILL Hanford Group, Inc. 

Client: CHZM Hill Hanford GrouD. Inc. WO/Job No. 
Subject: Secondarv Encasement Pipe Pressure Due to Primarv Pipe Date: 9 / 1 2 / 2 0 0 1 y :  

Break in Waste Tank Cross-Site Transfer Pioine Svstem Checked: By: 
By: Location: 200 Area - Hanford Site, Richland, Wasbindon Revised: 

Calc. No. RPP-LJJ-005 
EVALUATION ANALYSIS Revision: 4 

Page No. 5 of 3 I 

' . 

Apply conservation of mass (continuity) and energy (Bernoulli theorem) between nodes (see Figure l a  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 xB relative to pump. 

SY-IO1 New Transfer Pump (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) WP(Q) := HNTP(Q) - AHp~mp 

Nonlinear eovernlna svstem of eauatlons 

Given apply conservation of mass (continuity) and energy (Bernoulli theorem) 

vo2v, v, tv, v25v, V 3 t V ,  v4>v, v52v, V6>V,  

continuity 

AS6(FK) ' v2 e FD6 ' ' v3 

AS6(FK) ' v4 FD9 ' Af(%i) ' v5 

AP ' vo = AP ' 

&mck(Lc*wc) ' v6 = AS6(FK) ' ('2 + '4) 

' FD3 + &mck(Lc~Wc) ' ' 6  

HP = "p(AP ' vo) 
Bernoulli (between nodes, see Figure l a  of Appendix A) 

pump head curve 

2crack 

crack-5 

X-Site NTP B1-5 
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CH2MHILL Hanford Group, Inc. Calc. No. RF'P-LJJ-005 

EVALUATION ANALYSIS Revision: 4 
Page No. 6 of 3 1 

WOIJob No. 
I 2  

Client: CH2M Hill Hanford GrOUD. Inc. 
Subject: a d a r v  E ncasement PiDe P r e s s d u e  to Primarv Pioe 

Break in Waste Tank Cross-Site Transfer Piping System 
Location: 200 Area - Hanfnrd S ite. Richland. Washineton Revised: By: 

. .  C h e z $ m  %:- 
- 

... 
p3 - 

5-6 P . g  

t- P 3 f  ... 
2 . g  

+Ho - 

6-7 

crack8 

9-10 

T 
(P2 P3 P5 P6 P8 P9 Pc) (v1 v 3  v5 v6 v8 v9 V C ) ~  
0 1  2 3 4 5 6  0 1 2 3 4 5 6  

X-Site NTF' B1-6 
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Calc. No. RPP-LIJ-005 - 
EVALUATION ANALYSIS Revision: 4 

Page No. 7 of 31 
Client: CH2M Hill Han ford Grouo. Inc. WO/Job No. 
Subject: 

Location: X@ Area - Hanford Site. Richland. Washington Revised: By: 

Seco ndarv -ure Due to Pn 'marv Pine 
~ r P '  in rn Checked 

For plotting, following function returns nth solution variable at points defined in vector xB n = result variable selected 

X-Site NTP B1-7 
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Page No. 8 of 31 
EVALUATlON ANALYSIS Revision: 4 

rd Grouo. Inc. WO/Joh No. 
Subject: S econdxv Encasement Pioe Pressure Due to Primarv PiDe Date: 9/1- By: 
Client: CHZM Hill Hanfo 

By: 
Location: 200 Area - Hanford Site. Richland. Washineton Revised By: 

Break in Waste Tank Cross-Site Transfer P inine Svste rn Checked: *<A/ 

RCSTS Supernate Transfer 

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

L, = o f t  start distance from pump of secondary encasement section under consideration 

q, = of t  change in elevation of primary pipe from pump to point Lo 

L~ = 339 ft length of secondary encasement section under consideration between drains 

& = 2.58ft change in elevation of primary pipe from pump to point Lo + L, 

Lo := 0 . ft 

% :=o ' ft 
LS :=LSYIOZ-SYAin 

Hs :=ZSYAin - z S Y l ~  

Subcase X11 (low and high point drain, F,, = 1 and F,, = 1 )', 
X10 (low point drain, FD6 = 1 and FD9 = 0) 1 1/2-in.drain, 
XO1 (high point drain, FD6 = 0 and FD9 = 1)' 

VI:= - Q 
AP 

hi : = D ~ 1 . 5  p := 13 .  0 
p j O C  

ft 
sec 

Initialauesses Ihl l) Q := 326 . gpm vl = 14.148- flow velocities 

F ~ 6 : = 1  F ~ 9 : = 1  Both low and high point drains open 

Hpll :=Hp(Q) Pump head Hpll =24Oft 

pz := 148 . psi primary pipe pressure just up stream of break 

p3 := 149. psi primary pipe pressure just down stream of break 

p5 := 20.  psi secondary pipe pressure just up stream of break 

p6 := 12. psi secondary pipe pressure at drain up stream of break 

p8 := 2 0 .  psi secondary pipe pressure just down stream of break 

p9 := 8 . psi secondary pipe pressure at drain down stream of break 

pc := I . psi 

T 
PlI:=(PZ P3 P5 P6 P8 P9 Pc) 

apply conservation of mass 
(continuity) at break 

ft 
Vc = 93.1 - 

S I X  

AS6( FK) 

Af( DDi) 
v9 := vs . 

v, := v1 - AS6(FK) . (Vg + Vs) V3 = 1.56- ft 
AP SeC 

use Existing Piping F K = O  
Guide/Anchor 

X-Site NTP B1-8 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

EVALUATION ANALYSIS Revision: 4 
PageNo. 9o f  31 

WO/Job No. 
By: L. ul @ 

Client: > 
Subject: -da rv Encamsat.& Pressu re Due to F'nmw P 

Location: 200 Area - Hanford Site. Richland. Washineton Revised By: 
By: & Break in Waste Tank Cross -Site Transfer Pipine System- Checked 9 1. 

ft vl = 12.499- flow velocities Q 
AP 

MI au- 1Q) Q:= 288.  gpm VI := - 
SeC 

FK=O F D ~ =  1 F ~ 6 : = 1  F ~ 9 : = 0  Low point drain open 

Hplo := Hp(Q pump head Hplo = 306 ft VI . FD6 + Av 
v 5  := p2 := 160. psi primary pipe pressure just up stream of break 

p3 := 160. psi primary pipe pressure just down stream of break 

p5 := 65 . psi secondary pipe pressure just up stream of break 

p6 := 30. psi secondary pipe pressure at drain up stream of break 

p8 := 65 . psi secondary pipe pressure just down stream of break 

p9 := 46. psi secondary pipe pressure at drain down stream of break 

3.1 
= 2.607 k 6 (  FK) AS6(FK) 

Af(DDi) 
V I . F D ~ ~ A V  AS6(FK) 

AP v 6  := v5  , 

A f ( b i )  = 9'46 vs := 
50 

AS6( FK) 

Af( DDi) 
v 9  := v 8 ,  

ft 
. (v5  + v8) v 3  = 1.9- pc := 12. psi apply consewation of mass AS6(FK) v 3  :=VI - 

(continuity) at break AP SeC 

ft 
sec 

Vc = 78.4- AS6(FK) v '- . (v5  + vs) 
'- &~ack(~c,Wc) 

PlO:=(PZ P3 P5 P6 P8 P9 Pc) T vlO:=(vl v 3  v5  v 6  vg  v9 V C ) ~  
Q vI = 13.106-10W ft velocities auesses ( XOl) Q := 302 . gpm 

High point drain open 

VI := - 
AP SeC 

FK=O F D ~ =  1 FD6:=0 F ~ 9 : = 1  

Hpol := H p ( Q  pump head Hpol = Z83ft 
VI .FD6 t Av 

3 
v5  := p2 := 179. psi primary pipe pressure just up stream of break 

p3 := 179 . psi primary pipe pressure just down stream of break = 2.607 AS6( FK) AS6(FK) 

V I '  F D ~  + AV AS6(FK) 

Af ( DDi) 

AP Vg:=v5. 
p5 := 75. psi secondary pipe pressure just up stream of break 

p6 := 53 . psi 

p8 := 75. psi 

p9 := 33 . psi 

Af ( DDi) 

= 9.46 secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

v 8  := 
3 

AS6(FK) 

Af( DDi) 
v 9  := v 8 .  

ft 
AP sec ' (v5 + v8) v 3  = 1.55- pc := 17. psi apply consewation of mass AS6(FK) v 3  :=VI - (continuity) at break 

ft 
sec 

Vc = 85.5- 
AS6(FK) 

&rack(Lcv wc) 
vc := ' (v5 + vs) 

PO1 :=(PZ P3 P5 P6 P8 P9 Pc) T VOI :=(VI v 3  v 5  v 6  v 8  v 9  v.)' 
0 1  2 3 4 5 6  0 I 2  3 4 5 6  

B1-9 X-Site NTP 
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CH2MHILL Hanford Group, Inc. 

EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 4 
PageNo. 10of 31 

WO/Job No. 
Date: ;/lU:W; 7;: Client: CH2M Hill Hanford Grouo. Inc. 

Subject: Secondarv Encasemat Pine Pressu re Due to 
Break in Waste Tank Cross-Site Transfer Pioing System 

Location: 200 Area - Hanfo rd Site. Richland. Washineton Revised: By: 
Checked -....455./ J 

V I  

v3 

V5 

v6 

VS 

v9 

"crack 

:=VI 1 PI1 = 

141.067' 
142.73 
17.324 

10.649 psi v11 = 

17.333 
8.538 

-52.195 

13.903 
1.847 

2.434 
23.036 
2.191 

20.742 
89.125 

- 1  R sec 

4 
hpl1 = 250 ft p(p,tC) = 1.197cP Li = 9 f t  L. = 9 x I O f t  

FK JFK 
-1 Pz = 141.1psi V I  = 13.9ftsec Ap . VI  = 320.3gpm = 1.61 in 

- I  F D ~ .  Ap . v3 = 42.6gpm P3 = 142.7psi F D ~ ,  V3 = 1.8ftSK 
-1  As~(FK).  vg = 146.2gpm 

-1 As~(FK),  vs = 131.6gpm 

Ps = 17.3 psi v5 = 2.4ft sec 
-1 FD6, Af(&) . V6 = 146.2gpm P6 = 10.6psi FD6 ' V6 = 23ftSeC 

Ps = 17.3psi 

P9 = 8.5psi 

vs = 2.2ftsec 

F D ~ .  v9 = 20.7ftsec -1  F m .  Af(Dm). v9 = 131.6gpm 

Pcrack = -52.2psi VI  . Ap = F D ~ .  Ap. V3 t As~(FK) . Vg + As~(FK) . V8 = 320.3gpm 

- 1  (continuity check at break, OK) 
Vc-k = 89.1 ft SeC 

5 
R,(DH-crack(Lc.Wc).Vcrack.P.CL(P,tC)) = lo 

Pz - Pg = 123.744psi 

X-Site NTP B1-10 
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I I of 31 
EVALUATlON ANALYSlS Revision: 4 

Inc. WOIJohNo. . 
ioe 

Client: CH2M Hill Hanford G~OUD. 
Subject: Seco ndarv&asement Pipe €!rasure Due to Prunarv P 

Break in Waste Tank Cross-Site Transfer Pipine System 
Location: 200 Area - Hanford Site. Richland. Washineton Revised By: 

Page No. 

By: . . 
Date:-* By:yy3z - Checked: 

/ 

X-Site NTP B1-11 
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EVALUATION ANALYSIS Revision: 4 
PageNo. I 

Client: h WOIJob No. 
Subject: Secondw -semen1 Pine Pressu re Due to Date: 911U2001 

Location: g 200 Area - Hanf W '  Revised: ' ' 
Break in Waste Tank Cross-Site Transfer Pioine Svstem Checked >W/ d l  

z = Oft ES = 5 mil =Oin F K = O  kg p = 1.3- 
Lp = 51015ft liter F~~ = 1 ~ ~ = 5 m i l  FK 

Lc = loin 

W, = 0.1 in %=1.61in AZzg=-lft LD(DD~.FK) =7.025ft 

:=Po1 = VOI 

hpOl = 289ft p(p,tC) = 1.197cP 4 L. = 9 x  10 ft 
L G K = 9 f t  'FK 

VI Ap = F D ~ .  Ap. V 3  t As~(FK) ' V5 t AS~(FK) . Vg = 298.3 gpm 

(continuity check at break, OK) 

X-Site NTP B1-12 
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Page No. 13 of 31 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hdnford Grouo. Inc. WO/Job No. 
Pioe Pressure Due to Primarv Date: 9/12/2001 Subject: Secondarv Encasement 

Location: 200 Area - Han ford Site. Richland. W '  ashineto n Revised: By: 
Checked: 4/r</4 Break in Waste Tank Cross-Site T ra nsfe r P i DI 'n g Svstem 

Figure la .  Case 0 Maximum Pressure In Cross-Site Encasement Pipe Due to Primary Pipe Break 
(Between SY-102 Pump Pit and SY-A Valve Pit) wlthln Encasement Section of Length L.Startlng at Lo 

Relative to Tranafer Pump for Supernate Waste Transfer at Temperature of 60 OC. 

F K = O  Low point drain 
z = Oft = 1.61 in p(p,tC) = 1.197cP =Oin 

FK 
9ft  &p=2mi l  LD(DD~.FK) =7f l  LbK = 

H = 6.72ft Lo = Oft Ls = 339ft Lp = 51015ft 

Between SY-102 Pump Pit 
and SY-A Valve Pit 

SY-101 New (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-51341) 

50 100 150 200 250 300 
BothEndsOpen 

BBB Low PointODen Location (ft) of Primary Pipe Break Down Stream of Pump 

L, = loin 

Wc = 0.1 in 

= 1 mil 

Maximum 
Pressure 
(lMiin2) 

61 

54 

17 

X-Site NTF' 

-e- High Point dpen 

B1-13 
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Hanford Group, Inc. Calc. No. RPP-LJJ-005 
EVALUATION ANALYSIS Revision: 

PageNo. 14of 31 
Client: CH2M Hill Hanford Group. Inc. WO/Job No. 
Subject: Seco ndarv E n c a m e  Pressu re Due to M a w  Pioe Date: 9/12/2001 

Checked *h/ 
Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

. .  Break in Waste Tank Cross-Site T r a v  

Supernate Tranafer 

Case 1 break between SY-A Valve Pit and Diversion Box 

Lo := LSY 102-SYAin 

Q := ZSyAin - zsylo2 
LS := LSYAin-DBlin 

Hs := 

L, = 339ft start distance from pump of secondary encasement section under consideration 

Q = 2.58ft change in elevation of primary pipe from pump to point Lo 

L~ = 5635 ft length of secondary encasement section under consideration between drains 

Hs = 11.67ft change in elevation of primary pipe from pump to point Lo + Ls - ZsyIo2 

Subcase X11 (low and high point drain, F,, = 1 and F,, = l r ,  
X10 (low point drain, FD6 = 1 and FD9 = Or, 
XO1 (high point drain, FD6 = 0 and FD9 = 1) 

ft 
AP sec 

VI = 7.009- flow velocities Q m e s s e s  IX1 Q := 161.5. gpm VI := - 
Both low and high point drains open pK=11 F D ~  = I F ~ ~ : = I  F ~ : = I  

Hpll :=H'p(Q) pump head Hpll = 469ft VI . FD6 + Av 
v5 := p2 := 62.  psi 

p3 := 62.  psi 

primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break 
3.2 

= 2.596 AS6( FK) AS6(FK) 

AS6( FK) 

AP v 6  := v5 , 
p5 := 39 . psi secondary pipe pressure just up stream of break Af(&) 

= 5.12 V I .  F D ~  t AV 

80 
p6 := 5.4. psi secondary pipe pressure at drain up stream of break 

p8 := 39. psi secondary pipe pressure just down stream of break 

p9 := 1 . psi secondary pipe pressure at drain down stream of break 

v 8  := 

AS6(FK) 

Af( DDi) 
v 9  := V8 . 

pc := 26 . psi 

AS6(FK) v .- . (v5 + v8) 
.- &rack(Lc.wc) 

ft apply conservation of mass 
(continuity) at break AP sec 

, ( v 5 t v g )  v3=1.01- AS6( FK) V3:=V1- 

ft vc = 44.3 - 
SeC 

use W-058 FK = 1 

guide/anchor 

X-Site NTP B1-14 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-001 

EVALUATION ANALYSIS Revision: 4 
Page No. 15 of 31 

WO/Job No. 
Date: 9 ~ 2 J 2 ~ 0 1 ,  

Client: 
Subject: 

Location: 

CH2M Hill Hanford Grouo. Inc. 
Seconda rv Encasement P i x  Pressure Due to Primary Pipe 

k Cross-Site Transfer Pioing Svste m Checked 9 25-  
Washineton Revised: 

Break in Waste Tan 
200 Area - Hanford Site. Richland. 

ft 
sec 

VI = 4.34- flow velocities Q 
AP 

Q:=IOO.gpm VI:=- k&Mguesses tXlQ) 

F K = I  F D ~  = 1 F D ~ : =  1 F ~ 9 : = 0  Low point drain open 

Hplo :=Hp(Q) pump head Hplo = 516ft v1 .FD6 t Av 
v5 := p2 := 50. psi 

p3 := 50.  psi 

p5 := 20. psi 

p6 := 20. psi 

p8 := 20. psi 

p9 := 5 . psi 

primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

2.9 
= 2.596 

AS6(FK) AS6(FK) 

A[( h i )  
VI .  FD9 + AV AS6(FK) 

Vg := 50 Af( DDi) 

AP v 6  := v 5 ,  

= 5.72 

AS6(FK) 

Af( h i )  
v 9  := v 8 .  

ft 
' (v5 t v8) v 3  = 0.36- 

pc := 5 . psi apply conservation of mass AS6(FK) V3:=V1 - 
(continuity) at break AP SeC 

ft Vc = 29.4 - AS6(FK) 
SeC 

v '- . (v5 t V8) 
'- &rack(Lcswc) 

PIO:=(P2 P3 P5 P6 P8 P9 Pc) T vlO:=(vI v 3  v 5  v 6  v8 v 9  V C ) ~  
ft 

sec 
v1 = 9.852- flow velocities Q 

AP 
lnitlai auesses fXOu Q := 227 . gpm VI := - 

FK = 1 F D ~  = 1 F ~ 6 : = 0  F ~ 9 : = 1  High point drain open 

Hpol := Hp(@ pump head Hpol = 396ft 

p2 := 204 . psi primary pipe pressure just up stream of break 

p3 := 204 . psi primary pipe pressure just down stream of break 

p5 := 154 . psi secondary pipe pressure just up stream of break 

p6 := 124 . psi secondary pipe pressure at drain up stream of break 

AS6( FK) 
p8 := 154 . psi secondary pipe pressure just down stream of break 

Af( DDi) p9 := 9.05 . psi secondary pipe pressure at drain down stream of break 

pc := 126. psi apply consewation of mass AS6( FK) 

VI .FD6 t Av 
10 

vg := 

= 2.596 AS6( FK) AS6( FK) 

V I . F D ~ + A V  AS6(FK) 

v8 := 3.5 Af ( DDi) 

AP v 6 : = v 5 .  
Af (%I) 

= 5.72 

v 9  := v 8 ,  

ft 
(continuity) at break AP sec 

' (v5 + VS) v 3  = 2.44 - V3 :=Vi - 

ft 
Vc = 54.8- 

AS6( FK) 

SeC 
v .- ' (v5 t v8) 

'- &rack(Lc, wc) 

VOI :=(VI v 3  v5  v 6  v 8  v 9  V C ) ~  T 
POI :=(P2 P3 P5 P6 P8 P9 Pc) 

0 1  2 3 4 5 6  0 1 2 3 4 5 6  

X-Site NTP B1-15 
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EVALUATION ANALYSIS Revision: 4 

PageNo. 16of 34 
WOlJob No. 

By: L. . w Client: CHZM Hill Hanford GrouD. Inc. 
Subject: Secondarv Encasement Pioe Pressure Due to Primary Pipe 

Break in Waste Tank Cross-Site Transfer PiDine Svstem 
Location: 200 Area - Hanford Sit-zton Revised: By: 

By: Checked: 7 5/ 0 

Care 1 CXll) 
(RPP-5667 REV. OB) 

'"-W Westinghouse Pump Model ZA-513-A1) 

F K =  I 

Lc = loin 
%DoFK = 0.31 in 

kg Z=Of t  ~ ~ = 5 m i l  v j  = 1.3- 
Lp = 51015ft liter F~~ = 1 ~ ~ = 5 m i l  

I x g d  tc=60 'C & = 2.067in . h z ~  = -1 ft LD(DD~.FK) = 21.086fl Wc = 0.1 in 

:=VI1 PI1 = 

124.694 

126.132 
18.059 

13.356 psi vi1 = 

18.157 

0.347 
41.773 

12.931 

1.741 
3.446 
19.712 

0.864 
4.94 

82.724 

- 1  
t sec 

hpl1 = 289 ft k(p, tc)  = 1.197cP Li = 12fl Lj = 552ft 
FK FK 

& = 2.067in 

X-Site NTF' B1-16 
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Revision: 2 
Page No. 17 of II 

Client: CH2M Hill Hanford Grouo. Inc. WOIJob No. 
Date: 

-y;rTnz: Break in Waste T Checked: y/!? 7;: 
Location: ~ w .  n Revised By: 

V1 

v3 

v5 

v6 

VS 

v9 

Vcrack 

:= VI0 

L. = 552ft 
LbK = l2 ft 'FK 

hplo = 297 ft 

Pz = 129.8psi 

P3 = 131.2psi 

Pg =27.3psi v5 =4.2ftsec AS~(FK) . v5 = 252.7gpm 

P6 = 2 0 . 3 ~ ~ 1  

p(p,tc) = 1.197cP 

-1 
Ap VI  = 293.7gpm 4i = 2.067 in V I  = 12.7ftsec 

FD-, . v-, = 1.8ftsec -1 F D ~ .  Ap. v3 = 4lgpm 
- I  

- 1  FnS, Vh = 24.2ftSe FD6. Af(&) . V6 = 252.7 gpm 
- 1  Pa = 27.5psi 

P9=17.9psi Fm.vg=Oftsec  

VR = Oftsec AS6( FK) ' t 3  = 0 gPm 

FD9 ' Af( &) ' V9 = 0 gPm 
-1 

X-Site NTP B1-17 
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PageNo. 18of 31 
Client: CH2M Hill Hanford GrOUD. InC. WO/Job No. 
Subject: Secondarv Encase ment PIN Pressu re Dw.&.&marv P IDe 

Break in Waste Tank Cross-Site Transfer Pioine Svstem 
By: . . 

Date:* By:- Checked: 
Location: 200 Area - Hanford Site. Richland. Washugton Revised By: 

X-Site NTP B1-18 
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EVALUATION ANALYSIS Revision: 4 
PageNo. 19of 3 1 

WOlJob No. 
Subject: 
Client: 

Location: 200 Area - Hanford S ite. Richland. Wash ineton Revised: By: 

Secondaw Encaseme nt Pipe Pressure Due to Pri- 
CH2M Hill Hanford Grouu. Inc. 

Break in Waste Ta nk Cross-Site Transfer Piuing System 
Date:* By: By:- . . 

Checked. 

Figure lb. Case 1: Maximum Pressure in Cross-Site Encasement Pipe Due to Primary Pipe Break 
(Between SY-A Valve Pit and Dlverslon Box) within Encasement Section of Length LStarting at Lo 

Relative to Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 
L, = loin FK = I 

z = Oft 

H=6.72ft  Lo=339ft  Ls=5635ft  Lp=51015ft Li = l z f t  Ep=Zmil L&i,FK) =21.lft  

A Z ~ = - l f t  H,=2.58ft  H~=11 .67f t  F ~ 3 = 1  

High point rupture disk 
t c  = 60 OC p = 1.3 v(p, tc)  =1.197cP DLooFK=O.31in Dgi=2,067in W, = 0.1 in 

liter 
= 1 mil 

FK 
ES = 5 mil ED = 5 mil 

P I  
L. = 552ft 

JFK 

Between SY-A Valve Pit 
and Diversion Box 

SY-101 New T ransfe r Pumq (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Ai) 

500 1000 1500 2000 2500 3000 3500 4000 4500 So00  5500 
~6 Both Ends Open 

Low Point Ouen Location (ft) of Primary Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(lbliin2) 

151 

62 

24 

) 

X-Site NTP 

+ High Point Open 

B1-19 
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Calc. No. BPP-LJJ-OQ5 _ .  
EVALUATION ANALYSlS Revision: 4 

PageNo. 200f 31 
Client: CH2M Hill Hanford GrouD. Inc. WOIJob No. 

Date: -;9/<?2: "B',:: Subject: &anshy Encase ment PiDe Pressu re Due to P r m a & ~ ~  

Location: 200 Area - Hanford Site. Richland. Washington Revised: By: 
Break in Waste Tank Cross-Site Transfer Pioine Svstem Checked: 

Supernate Transfer 
Case 2 break between Diverslon Box and Vent Station 

Lo :=LSYIOZ-DBlout 

H,, := ZDBlout - ZsyIo2 

LS := LDBlout-VSin 

HS := ZVSin - ZSYIOZ 

L, = 661x1~ start distance from pump of secondary encasement section under consideration 

& = 11.8ft change in elevation of primary pipe from pump to point Lo 

L~ = 13631 ftength of secondary encasement section under consideration between drains 

H~ = 85.63ftchange in elevation of primary pipe from pump to point Lo + Ls 

Subcase X11 (low and high point drain, F,, = 1 and F,, = I ) ,  
X I 0  (low point drain, FD6 = 1 and FD9 = 0), 
XO1 (high point drain, FD6 = 0 and FD9 = 1) 

4 i  = 2.067 in 

ft 
sec 

m s e s  ( X l l )  Q := 110.3. gpm VI := - Q 
AP 

Both low and high point drains open 

vl = 4.787- flow velocities 

FK = I F ~ 3 = 1  FD6:=1 F ~ 9 : = 1  

Hpll :=Hp(Q) pumphead Hpll =51Oft VI .FD6 t Av 
p2 := 28 . psi 

p3 := 28 . psi 

v 5  := 

v 6 : = v 5 .  AP 

primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break 
3.8 

= 2.596 AS6( FK) 
AS6(FK) 

VI F D ~  + AV AS6(FK) 
p5 := 18. psi secondary pipe pressure just up stream of break Af ( 4 1 )  

A f ( 4 i )  = 5'72 p6 := 1 . psi 

p8 := 18 . psi 

p9 := 1 . psi 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

vg := 
80 

AS6(FK) 
vg := vg, 

Af ( 4 1 )  

pc := 12.  psi 

AS6(FK) v '- ' (v5 + v8) ''- & r a ~ k ( ~ c ~ ~ c )  

ft apply conservation of mass AS6(FK) 
(continuity) at break v 3 : = v I -  AP sec 

. (V5 t Vg) V3 = 1.29- 

ft 
sec 

Vc = 25.9- 

X-Site NTP B1-20 
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EVALUATION ANALYSIS 
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Revision: 0 ~~ 

Page NO. -21 of 34 
Client: CH2M Hill Hanford Grouw. Inc. WO/Job No. 
Subject: a n d a r v  E ncasemenr Piwe Pressu re Due to Date: 9/12/2001 By: 

Location: 200 Area - Hanford Site. R ichland. Washineton Revised: By: 
) Checked: Ah</ O I  By: 

ft 
sec 

VI = 6.987- flow velocities Q 
AP 

lnltlal auesses (X 1Q) Q := 161 . gpm VI := - 
F K =  I F D ~ =  1 F ~ 6 : = 1  F ~ 9 : = 0  Low point drain open 

Hplo := Hp(@ pump head Hplo = 470ft 

p2 := 62 . psi 

p3 := 62. psi 

vi . F D ~  + Av 
3.07 
AS6(FK) AS6(FK) 

V I .  F D ~  + AV AS6(FK) 

vs := 50 Af( h i )  

v 9  := vs . 

v 3 : = v 1 -  

v 5  := primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break = 2.596 
AP v 6  := v 5 .  

p5 := 39. psi secondary pipe pressure just up stream of break Af(DDl) 

= 5.72 p6 := 5 . psi 

p8 := 39. psi 

p9 := I . psi 

pc := 26. psi apply conservation of mass AS6(FK) 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 
&36( FK) 

Af (%I) 

ft . (Vg + V8) V3 = 0.99 - 
(continuity) at break AP SeC 

ft 
sec 

v, = 44.3 - AS6(FK) v .- ' (VS + vs) 
'- krack(Lc9Wc) 

PlO:=(P2 P3 P5 P6 P8 P9 Pc) T vlO:=(v1 v 3  v5  v 6  v 8  v 9  V C ) ~  
ft Q Initial auesses (XOU Q:=llO.gpm VI:=- 

AD sec 
VI = 4.774- flow velocities 

FK= I F D ~  = 1 FD6:=0 F ~ 9 : = 1  High point drain open 

Hpol :=Hp(@ pump head Hpol = 510ft 
V I .  F D ~  + Av 

3 
vg := p2 := 125 . psi primary pipe pressure just up stream of break 

p3 := 125 . psi primary pipe pressure just down stream of break = 2.596 
AS6(FK) AS6(FK) 

AS6( FK) 

AP v 6  := v5 . 
p5 := 120. psi secondary pipe pressure just up stream of break 

p6 := I12 . psi secondary pipe pressure at drain up stream of break 

ps := 120. ps; secondary pipe pressure just down stream of break 

p9 := 1 . psi secondary pipe pressure at drain down stream of break 

A f ( W  
VI F D ~  + AV 

4.5 vs := A f ( h I )  = 5.72 

AS6( FK) 

Af( hi) 
v 9 : = v 8 .  

pc:= 118. psi 

AS6( FK) v .- ' (v5 + v8) 
'- krack(Lc,wc) 

ft . (Vg + Vs) V3 = 1.88- 
AP SeC 

apply conservation of mass 
(continuity) at break 

AS6( FK) v 3  :=VI - 

ft 
sec 

Vc = 21.4- 

X-Site NTP B1-21 
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22 of 3 I 
EVALUATION ANALYSIS Revision: 4 

Page No. 
WO/Job No. 

Date: 9/IU2001 
Checked: 7/5</0/ 

Client: 
Subject: 

Location: 200 Area - Hanford Site. Richland. Washineton Revised 

CH2M Hill Hanford GIOUD. Inc. 
Secondarv Encasement Pice Pressu re Due to Pnmarv Piw 
Break in Waste Tank Cross-Site Tr& ' r Pioine Svstem 

-4 tC=60  'c D~i=2.067in  AZzg=-lft LD(DD,,FK) =21.086ft Wc=O.lin 

V I  

v3 

v5 

v6 

V8 

v9 

"crack 

' V I 1  PI1 = 

f 4.835 29.275 \I 
29.464 
18.746 

1.655 psi vl1 = 

18.762 - 5 . 9 1 1 ~  

4.564 

1.319 
1.361 

7.784 

7 - 1 . 8 3 ~  IO- 
26.047 12.82 , 

-1 Ft sec 

B1-22 X-Site NTP 
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PageNo. 230 f 31 
EVALUATION ANALYSIS Revision: 4 

Client: CHZM H ill Hanford Grouo. Inc. WO/Job No. 
Subject: Seconda rv Encasement P ioe Pressure Due to Primarv Pioe Date: 9/1U2001 By: 

Break in Waste Tank Cross-Site Transfer Pioine Svste m Checked 9h5'/o! By: 
Location: 2 A r e a  - Hanford Site. Richland. Washineton Revised: By: 

:= PI0 

28.645 'l 
28.832 

18.354 
1.602 psi V I O =  

18.37 

-0.385 
12.561, 

4.802 
1.323 

1.344 
7.688 

0 

2.131 
25.754 

-I 
Ft see 

X-Site NTP B 1-23 
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Revision: 4 
PageNo. 240f 31 

Client: CH2M Hill Hanford GIOUD. Inc. WO/Job No. , .  
imarv Pipe Subject: -Encaseme nt Pioe Pressure Due to Pr 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

By: L. J. 
Date:+* By:- . .  Break in Waste Tank Cross-Site Transfe r Pioine Svste m Checked: 

Case 2 (XO1) 

Input========================================== 
Lo = 6600ft H = 7 f t  ~ p = 2 m i l  (Canned Motor Westinghouse Pump Model 2A-513-AI) 

Z=Of t  e s = 5 m i l  -13631fj = 1.3- kg =0.31in F K =  I 
Lp=51015ft liter F D ~  = 1 ED=5mil FK 

tc =60  'c D D ~  = 2.067in AZD = -1 ft 

SY-101 New Transfer Pumlz (RPP-5667 Rev. OB) 

Lc = l o in  

wc = O,lin 

F D ~  := 0 F D ~  := 1 J(FK,L,,XB) = o N(FK,L,,LS+B) = 25 = I mil 

LD(DD~.FK) = 21.086ft 

I(FK,L,,XB) = O  M(FK,L,,LS,X~) = 1111 [:I : = f f ( L ~ , ~ , ~ S , ~ ~ , ~ g , P , t C , ~ P ~ E S ~ E D , ~ D i , ~ K , ~ D 3 , ~ D 6 r ~ D 9 . ~ D ~ ~ P ~ ~ ~ ~ ~ ~ c ~ ~ c ~ E c ~ ~ W l ~ P O I r ~ O I )  

= VOI POI = 

131.139 
13 1.378 
120.092 

96.187 
120.075 

1.765 

113.815 

psi VOI = 

5.575 
1.954 

0 

52.243 ftsec-l 
1.395 

7.978 

26.77 , 

X-Site NTP B 1-24 
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WO/Job No. 
Subject: Seco ndarv E-ent P iDe Pressure Due to Primarv Pioe Date: 9/12/2001 By: 
Client: CH2M Hill Hanford GIOUD. Inc. 

* rPi in em Checked 9/2$-/00/ By: 
Location: 200 Area - Hanford S ite. Richland. Washington Revised: By: 

Figure IC. 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 LStarting at Lo 

Relative to Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 
F K = I  

z = Oft 

H ~ 6 . 7 2 f t  L,=6600ft Ls=13631ft  Lp=51015ft Li =12ft  Ep=2mil  L ~ ( % , F ~ ) = 2 1 . l f t  e , = l m i l  

Low and high point rupture disk 
L, = loin 

t c  =60 OC p = 1.3 P(PstC) =1J97cp Roo =0.31in b = 2 . 0 6 7 i n  
FK W, = 0.1 in liter 

Fk 

PI 

I40 

120 

100 

h 
M .- 
8. 
2 80 

e: 
iE 
2 60 
B 
8 

c% 

- 
u 

!E 

40 

20 

0 

Between Diversion Box 
and Vent Station 

.. 
& ~ = 5 m i l  &zg=5mil Lj = 552ft 

FK 

SY-101 NEW 7- (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

Maximum 
Pressure 
(lbfIin2) 

120 

19 
19 

MMO So00 l.104 l.2.104 l.4.1O4 1.6.1O4 1.8.1O4 Z.104 2.2.104 

Location (ft) of Primary Pipe Break Down Stream of Pump 
I%?End:@n 
Low Point Open 

+ High Point Open 

X-Site NTP B1-25 
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PageNo. 260f 31 
Client: CH2M Hill Hanford Grouo. Inc. WOIJob No. 
Subject: 

Location: 

Date: 
Checked* %:% Secondarv E ncasement Pipe Pressure Due to f k h r v  Pioe 

Tank Cross-Site Transfer Pioine Svstem 
Washineton Revised: By: 

Break in Waste 
200 Area - Hanford Site. R i W d .  

Supernate Transfer 

Case 3 break between Vent Station and 244A Lift Station) 

Lo := LSY 102-vsout 

&, :=ZVSout - zsyloz 
LS := LVSoutL244Ain 

HS := Z244Ajn - zsYlo2 

L, = 20362ft 

= 85.63ft 

Ls = 22425 ft 

Hs = io.88ft 

start distance from pump of secondary encasement section under consideration 

change in elevation of primary pipe from pump to point Lo 

length of Secondary encasement section under consideration between drains 

change in elevation of primary pipe from pump to point Lo + Ls 

Subcase X11 (low and high point drain, FDB = 1 and F,, = l)’, 
X10 (high point drain, FD6 = 1 and FD9 = 0), 
XO1 (low point drain, FD6 = 0 and FD9 = 1)’ 

ft 
sec 

Initial auesses (X 11) Q := 88.9. gpm VI := - Q 
AP 

v1 = 3,858- flow velocities 

F K =  I 9 3 3  = I F D ~  := 1 F D ~  := 1 Both low and high point drains open 

Hpll:=Hp(Q) pumphead Hpll =522ft VI , F D ~  t Av 
v 5  := 

p2 := 8 . psi 

p3 := 8 . psi 

p5 := 3 . psi 

p6 := I . psi 

ps := 3 . psi 

p9 := 1 . psi 

primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

35 
= 2.596 AS6(FK) AS6(FK) 

Af( h i )  
V I .  F D ~  + AV AS6(FK) 

AP v6  := v5. 

A f ( 4 i )  = 5.’2 vg := 
5 

AS6(FK) 

Af( h i )  
v9  := vg. 

pc := 1 . psi 

AS6(FK) v ’- ’ (v5 t v8) 
’- &rack(Lc9wc) 

ft . (V5 + Vs) V3 = 1.51 - apply conservation of mass AS6( FK) 
v3  :=VI - 

(continuity) at break AD SeC 

ft 
sec 

Vc = 17.4- 

X-Site NTP B1-26 
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EVALUATION ANALYSIS 

Calc. No. RPP-LJJ-005 
Revision: 4 

~ 

PageNo. 270 f 31 
Client: CH2M Hill Hanford GrOUD. Inc. WO/Job No. 
Subject: 

Location: 200Are a - Hanford S ite. Richland. Was hineton Revised: By: 

Secondarv E ncasement P ioe Pressure D u e a r v  Pioe 
Break in Waste Tank Cross-Site Transfer Pioine . System Checked. 

ft 
AP sec 

lnltlal auesses I XlQl Q := 83.2. gpm VI := - Q VI  = 3.611- flow velocities 

High point drain open FK = 1 F D ~ =  1 F ~ 6 : = 1  F ~ 9 : = 0  

Hplo := WP(Q pump head Hplo = 525 ft 
VI .FD6 t Av 

5 
vg := p2 := 20. psi primary pipe pressure just up stream of break 

= 2.596 AS6(FK) AS6(FK) 

Af( 4 i )  
VI FD9 t AV AS6(FK) 

vg := 3.8 A f ( 4 i )  

p3 := 20. psi 

p5 := 16 . psi 

p6 := 1 . psi 

pg := 16. psi 

p9 := 40. psi 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

AP v 6  := vg. 

= 5.72 

AS6( FK) 

Af( DDi) 
v 9  :=vg .  

pc := 14. psi 

AS6(FK) 

&rack(Lc,wc) 
vc := ' (v5 t vs) 

ft apply consewation of mass 
(continuity) at break AD see 

. (Vg t Vg) V3 = 1.62- &6( FK) v 3  :=VI - 

ft Vc = 14.7 - 
SeC 

PIO:=(P2 P3 P5 P6 P8 P9 Pc) T v lO:=(v l  v 3  v 5  v 6  vs v 9  V,)* 

0 1  2 3 4 5 6  0 I 2  3 4 5 6  

ft 
Q := 86 .  gpm VI := - Q 

AP 
vl = 3.732- flow velocities 

SeC 
FK = 1 F D ~  = 1 F D ~  := 0 F D ~  := 1 High point drain open 

Hpol:= H p ( Q  pump head Hpol = 524ft 
VI . FD6 t- AV 

3 
vg := p2 := I 1  . psi primary pipe pressure just up stream of break 

= 2.596 AS6(FK) AS6(FK) 

A f ( 4 i )  
v] . F D ~  + AV AS6(FK) 

vg := A f ( 4 i )  = 5'72 

p3 := 11 . psi 

ps := 7 . psi 

p6 := 1 . psi 

p8 := 7 . psi 

p9 := 1 . psi 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

AP v 6 : = v 5 .  

4.5 

AS6(FK) 

Af(DDi) 
v 9  := vs . 

pc := 5 . psi apply consewation of mass 

(continuity) at break AP sec 
As6(FK) . (V5 t Vg) V3 = 1.43- ft v 3  :=VI - 

ft 
sec 

Vc = 17- 

VO] :=(VI v 3  v5  v6 v 8  v 9  V C ) ~  T 
PO1 :=(P2 P3 P5 P6 P8 P9 Pc) 

0 1  2 3 4 5 6  0 1 2 3 4 5 6  

B1-27 X-Site NTP 
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EVALUATION ANALYSIS Revision: 4 

PageNo. 28of 31 
Client: CH2M Hill Hanford GIOUD. Inc. WO/Joh No. 
Subject: Secondarv nt P ioe Pressure b e  to F'n 'marv Pioe Date: 

Checked 
Location: 200 Area - Hanford Site. Richland. W-on Revised: By: 

Break in Waste Tank Cross-Site Transfe r Pioine Svstem 

z = Oft  ES = 5 mil x~~~ = 0.31 in FK = 1 v j  = 1.3- kg 

Lp=51015ft liter F~~ = 1 ED = 5 mil L, = loin 

9 
p3 

p5 

p6 

p8 

p9 

pcrack 

V I  

v3 

v5 

v6 

"8 

v9 

Vcrack 

: = V I 1  p11 = 

I 1.223 
11.325 

6.998 
-0.564 

6.991 

0.357 
4.59 

psi v11 = 

3.711 
1.478 

-1.636~ 

-2.33 x IO- 
0.868 
4.968 
16.582 

- 1  
. Sec 

X-Site NTP B1-28 
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PageNo. 290f 31 
Client: CH2M Hill Hanford Group. Inc. WO/Job No. 
Subject: 

Location: 200 Area - Hanford Site. Richland. Washington Revised: By: 

Date: 9 121 
Checked* 

Seco ndarv Encaseme nt P ioe Pressu re Due to PI imarv Pioe 
Break in Waste Tank Cross-Site Transfer PIO- 

:= PI0 

V I  

v3 

v5 

v6 

V8 

v9 

Vcrack 

PI0 = := VI0 

32.874) f 3.152 

32.928 1.934 
31.675 0.469 

4 2 8 5  psi V I O =  2.684 ftsec 
31.677 0 

40.383 33.926 

- I  

30.967 \ 9.007 

hplo = 530ft 

P2 = 32.9psi 

P3 = 32.9psi. 

Pg = 31.7psi 

-1  
VI  = 3.2ftsec 

Fnq . vq = 1.9ft sec 

v5 = OSftsec 

- 1  

- I  

- I  
P6 -0.3pSi FD6. V6 = 2.7ftSeC 

-1  Pg = 31.7psi 

P9 = 40.4 psi 

vg = Oftsec 

F D ~  . v9 = 0 ft sec 
-1 

X-Site NTP B1-29 
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EVALUATION ANALYSIS 

Client: CH2M Hill Hanford Grouo. Inc. WO/Job No. 
Subject: Pioe Pressu re Due to Pnmarv Pioe Date: 

Checked 
Location: 200 Area - Hanford Site. Richland. Washineton Revised: 

Break in Waste Tank Cross -Site Transfer Pioine Svste m 

i2xiQuw 
Input========================================== SY-101 New Transfer Puma (RPP-5667 Rev. OB) 
Lo = 20362 ft H = 7 f t  ~p = 2mil (Canned Motor Westinghouse Pump Model 2A-513-A1) 

V I  

v3 

v5 

v6 

v8 

v9 

vcrack 

Po1 = 
= VOI 

17.974 1 f 3.94 

18.088 1.578 
13.289 0 
10.572 psi VOI = 17.614 
13.282 0.91 
0.444 5.204 

10.618, ,, 17.464 

Ft sec-l 

X-Site NTP B1-30 
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Calc. No. RPP-LJJ-005 - 
EVALUATION ANALYSIS Revision: 4 

Page No. 31 of 31 
row. Inc. WO/Job No. Client: CH2M Hill Hanford G 

Subject: Seco ndarv Encasement Pipe P r w r e  Due to Primarv P ine 
Break in Waste Tank Cross-Site Transfer PiDine Svstem 

Location: 200 Area - H d r d  S ite. Richland. Washineton Revised: By: 

Date: BByy: 
Checked: 

Figure Id. Case 3: Maximum Pressure in Cross-Site Encaaement Pipe Due to Primary Pipe Break 
(Between Vent Statlon and 244A Lift Station) wlthin Encasement Sectlon of Length L,Starting at Lo 

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

High point rupture disk 

liter D L D ~ , ~  = 0.31 in k j  = 2.067in 

L, = loin FK = 1 

2 =Oft 

H=6.72ft  Lo=20362ft Ls=22425ft Lp=51015ft Lj =12ft  ~ p = 2 m i l  L D ( ~ ~ , F K )  =21.1ft 

tC=60  "2 p = 1.3 p(p,tC) = 1.197cP W, = 0.1 in 

= I mil 
FK 

P I  
.. 

AZD = -1 ft H,, = 85.63ft Hs = 10.88ft F D ~  = 1 & ~ = 5 m i l  . & ~ = 5 m i l  Lj = 552ft 
FK 

35 

3a 

25 

h 

.- M 
E v 

5 2c 

E 

E 

eL 

15 

x 
I C  

5 

a 

SY-101 New T r m  (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al ) 

Between Vent Station 
and 244A Lift Station 

1 . 1 0 ~  1.5.104 2 . 1 0 ~  2.5 .lo4 3.5 .lo4 hef BothI?n%Ouen 
+ High Point dpen 
EE+B Low Point Open 

Location (ft) of Primary Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(IbfIin2) 

32 

13 

7 

X-Site NTP B1-31 
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BLOCKED TRANSFER ROUTE 
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CH2MHILL Hanford Group, Inc. 
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EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 4 
Page No. I of 22 

WO/Joh No. 
Date: * 9 I 2 k: 

Client: 
Subject: 

CH2M Hill Hanford Grouo. Inc. 
Secondarv Encasement PiDe Pressure Due to F ' r i m  
Break in Waste Tank Cross-Site Transfer Pipine Svstem Checked: 

Location: 200  Area - Hanford Site. Richland. Washineton Revised: By: 

Reference:C:\WINDOWS\DesktopW2001\Waste Transfer SystemEncasement Pressure Issue\Cross-Site Encasement Calcs\pipebreak.r 

input Parameter Data - -I-- ----___ II 

Awl05 to WTP Elevatlon and Equivalent Pipe Length Parameters 

Eauivalent DiDe lenath be- Elevations 

ZAW105.05A := 684.5 . ft 

ZAWA :=685.35. ft 

elevation at Awl05 05A Transfer Pump Pit 

elevation at AWA 
LAW105.05A-AWA := (108 + 240) ' ft 

Z A W I O ~ , O Z ~  := 684.5. ft elevation at AW102 02A 
LAW102.02A-APpit :=(205 + 761) ' ft 

L ~ ~ p i t - ~ p ~ ~ i t  := (205 t 450) . ft 

L ~ p ~ ~ i t - ~ ~ p i ~ t ~ r f ~ ~  := (205 t 3518 - 1ooO) ft 

Z ~ ~ p i t  := 676.61 , ft 

Z ~ p ~ ~ i t  := 674. ft 

ZwTpinterface := 662.4. ft 

elevation at AP pit 

elevation at AP-A pit (new) 

elevation at WTP interface 

ZWTP := 707.44. ft elevation at WTP in-plant 

LW105.05A-AW102.0ZA :=LAWl05.05A-AWA t LAWA-AW102.0ZA 

LW105.05A-APpit ~=~W105.05A_AW102.OZA + LAW102.02AAPpit 

LW 105.05AAPApit := LW105.05AAPpit + LAPpit-APApit 

LW 105.05A-WTF'interface := LWIOS.05A-APApit t LAPApit-WTPinterface 

LP := LW IO5.05A-WTPinterface LWTPinterface-WTP 

LW 105.05A-AW l02.02A = 677 f t  

LW105.05A-APpit = I643ft 

LW105.05A-APApit = 2298ft 

LW105.05A-WTPinterface = 5021 ft 

Lp = 5905 ft 

AWIOS-WTP NTF' co- 1 



RPP-8778 REV 0 
CHZMHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

EVALUATION ANALYSIS Revision: 9 
PageNo. 2of 22 

row. Inc. WO/Job No. Client: CH2M Hill Hanford G . 
Subject: Secondarv Encasement Pipe Presme Due to Pn ‘mary Pipe 

Break in Waste Tank Cross-Site Transfer PiDine Svstem 
Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

Date: 9ll;X$l, 2;: 2s ry- 
Checked. 

Awl05 to WTP Cases 

Case 0 break between Awl05 05A and AWA 
Lo := 0 , ft Lo = Oft 

% :=o, ft %=Oft  

LS := LAW 105.05A-AWA 

HS :=ZAWA - ZAW105.05A 

Ls = 348 ft 

Hs = 0.85 ft 

Case 1 break between AWA and AW102 02A 
Lo :=LAW105.05A-AWA 

Ho := ZAWA - ZAWIOS.OSA 

LS :=LAWA-AW102.02A 

HS :=ZAW102.02A -ZAW105.05A HS = o f t  

Lo = 348 ft 

% = 0.85 ft 

Ls = 329 ft 

Case 2 break between AW102 02A and AP pit 
Lo :=LW105.05A-AW102.02A 

%:=ZAW102.02A -ZAW105.05A % = o f t  

LS := LAWLO2.02A-APpit 

HS :=ZAPpit -ZAW105.05A 

Lo = 677 ft 

Ls = 966 ft 

Hs = -7.89ft 

Case 3 break between AP pit and AP A pit 
Lo := LW105.05A-APpit 

b :=ZAPpit - ZAW105.05A 

LS := LAPpit-APApit 

HS := ZAPApit - ZAW l05.05A 

Lo = 1643 ft 

H., = -7.89ft 

Ls = 655 ft 

Hs = -10.5 ft 

Case 4 break between AP A pit and WTP interface 
Lo := LW 105.05A-APApit 

b := ZAPApit - ZAW 105.05A 

LS := LAPApit-WTPinterface 

HS :=ZWTPinterface - ZAW105.05A 

Lo = 2298ft 

& = -10.5ft 

Ls  = 2723ft 

HS =-22.1ft 

assume all drains 1-1/2-ln. to bound other 
transfer routes 

Subcase X11 (low and high point drain, F,, = 1 and F,, = l)’, 

X10 (low point drain, FD6 = 1 and FD9 = 0), 
XO1 (high point drain, FD6 = 0 and FD9 = 1)’ 

2-in.drain low point drain 

Subcase X11 (low and high point drain, F,, = 1 and F,, = l)’, 
X10 (high point drain, FD6 = 1 and FD9 = O)’, 
XO1 (low point drain, FD6 = 0 and FD9 = 1) 

1 112-in.drain low point drain 

Subcase X11 (low and high point drain, F,, = 1 and F,, = 1 )’, 
X10 (high point drain, FD6 = 1 and FD9 = O)’, 
XO1 (low point drain, FD6 = 0 and FD9 = 1) 

2-in.drain low point drain 

Subcase X11 (low and high point drain, F,, = 1 and F,, = 1 )’, 
X10 (high point drain, FD6 = 1 and FD9 = O)’, 
XO1 (low point drain, FD6 = 0 and FD9 = 1) 

2-in.drain low point drain 

Subcase X11 (low and high point drain, F,, = 1 and F,, = l ) * ,  

X10 (high point drain, FD6 = 1 and FD9 = O)’, 
XO1 (low point drain, FD6 = 0 and FD9 = 1) 

2-in.drain low point drain 

*would require additional drainhelief 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) 

AWIOS-WTPNTP co-2 
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Page No. 3 of 22 

By:  L. J. Julvk 
By:- 

EVALUATION ANALYSIS Revision: 4 

WO/Job No. Client: 
Subject: 

CH2M Hill Hanford Grouo. Inc. 
Secon-ment P ioe Pressure Due to Primarv Pioe Date: 

Checked . .  Break in Waste Tank Cross-Site Tran- I 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

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) 

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) 

FK 

DDi 

FD3 F D ~  F D ~  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 = 5905 ft Lp = 1.118mi 

H := zwTtinterface - zAw 105,05A 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) 

AzD := -1 , ft 

Z :=H t 45. ft 

Supemate Transfer 
Case 4 break between AP A pit and WTP interface 

Lo := LW 105.05A-APApit 

~0 := zApApit - z ~ ~ ~ ~ ~ , ~ ~ ~  
LS := LAPApit-WTF’interface 
H~ :=zWTRnterface - z ~ ~ ~ ~ ~ , ~ ~ ~  % = -22.1 f t  change in elevation of primary pipe from pump to point Lo + Ls 

X g  := l W . f t +  Lo distance of break in primary pipe from transfer pump 

H ~ ( L , , % , L ~ , H ~ , X ~ )  = -14.76ft elevation at assumed break location xB relative to transfer pump elevation 

approximate change in elevation at drain 

vertical increase in elevation at end of primary pipe at discharge to tank at WTP z = 23ft 

L, = 2298ft start distance from pump of secondary encasement section under consideration 

H,, = -10.5 ft change in elevation of primary pipe from pump to point Lo H0 = -10.5ft 

L~ = 2723 ft length of secondary encasement section under consideration between drains 

H~ = -22.1 ft 

tC temperature of waste (OC) 

P 
Pipe roughness 

~p :=2 .  mil 

E S  : = 5 .  mil 

E D  : = 5 .  mil 

bulk density of waste (kglL) 

stainless steel primary pipe 

carbon steel secondary (encasement) pipe 

carbon steel drain pipe 

AW105-WTP NTP CO-3 
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PageNo. 4of 22 
EVALUATION ANALYSIS Revision: 4 

WO/Job No. 
Date: 3,g;z; By;: 

Client: CH2M Hill Hanford Grouo. Inc. 
Subject: Secondarv E ncasement Pioe Pre-rv Pioe 

Break in Waste Tank Cross-Site Transfer Pioine Svstem 
Location: 200 Are a - HantadS&&& ' land. Washineton Revised: By: 

Checked 

Existing 
diameter of kg p:=1.3.-  tc :=60 Assumed Crack Size Parameters hh=[{:]in w058 cable leakdetection liter 

TF(tC) = 140 
W314 

crack length 

crack opening width 
viscosity p(p,tC) = 1.197cP 

2 BcI(Lc,WC) = 0.368 Bc2(Lc.Wc.DLDo) = E;] o,22826 
&rack(Lc,wc) = 1 in 
Pcrack( L,.,w,) = 20.2 in 

&-crack(Lc,wc) = 0.198in effective hydraulic diameter ac(Lc,Wc) = 1.091 UD,, ratio for crack 

~ ~ : = l . m i l  primary pipe through crack roughness 

ft vc:= 10. - 
SeC 

thick-edged orifice with a= UD,, > 0.015 ac(Lc,Wc) = 1.091 0.15 => thick-edged orifice 

Lvons 1982. Ean 4. DO. 158 1994. D m  4-12. 
(1.80719) 

(1.80719) 

shap-edged orifice (Idelchik 1994, pg. 218, a = UD,, e 0.015) 

(2.61664) 

1.58502 
1.58459 

1.58459 

1.58502 

(2.61664) 

Encasement annulus K-resistance factors for guides and anchors modeled as thick-edged (long) orifice for a = UD,, > 0,015 

Existing FK := 0 

FK := 1 W058 
FK := 2 

W314 F K : = ~  

- 1  

- I  

V, :=0 . ft . sec 

AV:=O.I.ftsec 

AWIOS-WTP NIT 

- 
%uide(v,P,tC,E,FK) = 0.083 

Quide( V, P 9 IC, E 9 FK) = 1.912 

Quide( V, P, tC,E ,FK) = 1.912 

Quide(v,P,tC,E,FK) = 0.083 

p,:=O.psi g=32.174ftsec 

%char( V, P,tC, E ,FK) = 0 

&,,hor(V,p,tC,E,~K) = 17.686 

&,chor(V,p,tC,~,FK) = 11.537 

KanChor(v,p,t,-,~,FK) = 10.696 

3/4-in. thk no radius in slots 

3/4-in. thk with radius in slots 

1-in. thk with radius in slots 

-2 

CO-4 
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CHZMHILL Hanford Group, Inc. 

Client: CHZM Hill Hanford Grouu, Inc. WO/Job No. 
Subject: Secondary Encasement Pipe Pressure Due to Primary Piue Date: 9/12/2001 

Location: 200 Area - Hanford Site. Richland, Washineton Revised 

Calc. No. RPP-LJJ-005 

Page No. 5 of 22 
EVALUATION ANALYSIS Revision: 0 

Break in Waste Tank Cross-Site Transfer Pbing Svstem Checked: w' 

Apply conservation of mass (continuity) and energy (Bernoulli theorem) between nodes (see Figure l a  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 xB relative to pump. 

SY-101 New Transfer Pump (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) Hp(Q) := HNTP(Q) - AHp~mp 

Nonlinear aovernlng svstem of eauations 

Given apply conservation of mass (continuity) and energy (Bernoulli theorem) 

vo2v, V I  >v, v22v, v3 >v, v4>v, v5>v, V 6 > V ,  

continuity 

AS6(FK). v2 FD6 ' A f (b i ) .  v3 
AS6(FK) ' v4 FD9. ' v5 
Ap ' vo AP ' VI ' FD3 + &rack(Lc,wc) ' '6 

&rack(Lc,wc) ' vs AS6(FK) ' (v2 + v4) 

HP = "p(AP ' vo) 
Bernoulli (between nodes, see Figure l a  of Appendix A) 

pump head CUNe 

2crack 

crack-5 

AWIOS-WTP NTP CO-5 
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Page No. 6 of 22 
EVALUATION ANALYSIS Revision: 4 

. 
Client: CH2M Hill Hanford Group. Inc. WO/Job No. 
Subject: Secondarv Enmsement By: L. . I 

Break in Waste Tank Cross-Site PiDe Pressure Transfer Due Pioine to Primarv Svstem Pipe Checked Date:* By: & 
. - .  

Location: 200 Area - Hanford Site. Richland. Wash ineton Revised By: 

(P2 P3 P5 P6 PE P9 P c ) ~  (v l  v3 v5 v 6  v8 v9 Vc)T 

0 1  2 3 4 5 6  0 I 2  3 4 5 6  

AWIOS-WTPNW CO-6 



CH2MHILL Hanford Group, h e .  
RPP-8778 REV 0 

Calc. No. RPP-LJJ-005 
EVALUATION ANALYSIS Revision: 4 

Page No. I of 22 
Client: CH2M Hill Hanford Grow . . Inc. WO/Job No. 
Subject: Secondarv Encaseme nt Pioe Pressure Due to Date: 

Checked 
Location: 200 Area - Hanford Sit-chland. Wash ineton Revised: By: 

Break in Waste Tank Cross-Site Transfer Pivine Svstem 

For plotting, following function returns nth solution variable at points defined in vector xB n = result variable selected 

P + O  
rp c Hp 

'+-P 
'l C v 
or ic O..length(xp) - 1 

AWIOS-WTPNTF' CO-7 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 8 of 22 
EVALUATION ANALYSIS Revision: 9 

WONobNo. . Client: CH2M Hill Hanford Grouo. Inc. 
Subject: Seco ndaw E n c m t  Pice Pressure Due to Primarv Pips- 

Break in Waste Tank Cross-Site Transfer Pioine Svstem 
Location: 200 Area - Hanford Site. Richland. WaShlllpton Revised By: 

By: . . 
Date: +;* Checked: 

AWlO5-WTP Supernate Transfer 

Caae 0 break between Awl05 05A and AWA 

L, = oft 

H,, = oft 

L~ = 348ft 

start distance from pump of secondary encasement section under consideration 

change in elevation of primary pipe from pump to point Lo 

length of secondary encasement section under consideration between drains 

Lo := 0 .  ft 

:=o . ft 
Ls :=LAW105.05AAWA 
Hs :=ZAWA -ZAWIOS.OSA H~ = 0.85ft change in elevation of primary pipe from pump to point L, + L~ 

Subcase X11 (low and high point drain, F,, = 1 and FD9 = 1 )’, 
X10 (low point drain, FD6 = 1 and FD9 = 0), 
XO1 [high point drain, FD6 = 0 and FD9 = 1)’ 

ft Initial auesses IX  la) Q:=326. gpm VI :=- Q 
AP 

v1 = 14.148 - flow velocities 

FD6:=1 F ~ 9 : = 0  Low point drain open 

Hplo:=Hp(Q) pump head Hplo = 239ft VI. F D ~  t Av 
p2 := 148 . psi primary pipe pressure just up stream of break 

p3 := 149. psi primary pipe pressure just down stream of break 

p5 := 20. psi secondary pipe pressure just up stream of break 

p6 := 12. psi secondary pipe pressure at drain up stream of break 

p8 := 20. psi secondary pipe pressure just down stream of break 

p9 := 8 . psi secondary pipe pressure at drain down stream of break 

v g  := 

Vg:=v5. AP 

3.1 
= 2.607 

AS6(FK) AS6(FK) 

Af( hi) 
F D ~  t A v  AS6(FK) 

vg := 50 Af ( DDi) 

&6(FK) 

Af ( DDi) 

= 9.46 

v9 := V8 . 

pc := 1 . psi apply conservation of mass v3 := - AS6( FK) . (Vg t V8) V3 =2.16- ft 
AP sec (continuity) at break 

ft 
&6(FK) Vc = 88.6- 

SeC 
’ (v5 t V8) 

“:= &mk(Lc,Wc) 

use Existing Piping F K = O  
Guide/Anchor 

AWIOS-WTPNTP CO-8 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 9 of 22 
EVALUATION ANALYSIS Revision: 9 

Client: CH2M Hill Hanford G r w .  Inc. WOlJob No. 
Subject: Seco ndaxv Enraseme nt Pioe Pressure Due to P r h a y & ~  

Break in Waste Tank Cross-Site Transfer Piuine Svste m 
Location: 200 Area - Hanford Site. R ichland. Washington Revised: By: 

Che::: %:I 

AW 105-WTP NIT CO-9 
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CH2MHILL Hanford Group, Inc. 

EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 4 
PaaeNo. 100 f 22 - 

Inc. WOIJobNo. . 
Subject: Seco ndarv Enc-t P iDe Pressure Due to Ri- Date: 9/1 By: 
Client: CH2M Hill Hanford Grouo. 

1 Checked: 9 / 2 ~  01 By: . - .  . ~~ ~ 

Location: 2 Area- Ha ' r ' Revised By: 

Figure la.  Case 0 Maximum Pressure in AW105-WTP Encasement Plpe Due to Prlmary Pipe Break 
(Between Awl05 05A and AWA) within Encasement Section of Length L, Starting at Lo Reiatlve to 

Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 

Low point drain F K = O  

Z = 22.9ft tc = 60 OC p(p,tC) = 1.197cP = O h  

H = -22.1 ft Lo = Oft Ls = 348 ft Lp = 5905 ft 

DE = 1.61 in PK 

AW105-to-WTP Transfer 
break between Awl05 O5A and AWA 

SY-101 New T- (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

50 100 150 200 250 300 350 
Low Point Open 

Location (ft) of Primary Pipe Break Down Stream of Pump 

L, = loin 

W, = 0.1 in 

cC = I mil 

Maximum 
Pressure 
(lbilin2) 

62 

AW 105-WTP NTF' co-10 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. I 1  of 22 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford G r w .  Inc. WO/Joh No. 

m Checked 
Subject: Secondary Encaseme nt Pioe Pressure Due to Primarv Pipe 

Break in Waste Tank Cross -Site Transfer Pioine Svste 
Location: 200A rea - Hanford S ite. Richland. Washineton Revised: 

Supernate Transfer 
Case 1 break between AWA and Awl02 M A  

Lo :=LAW105.05A-AWA L, 348 ft start distance from pump of secondary encasement section under consideration 
% :=ZAWA - ZAW105.05A 

Ls := LAWAJ\WIOZ.MA 

HS :=ZAW102.02A - ZAW105.05A H~ = oft 

~0 = 0.85ft change in elevation of primary pipe from pump to point Lo 

L~ = 329ft length of secondary encasement section under consideration between drains 

change in elevation of primary pipe from pump to point Lo + Ls 

Subcase XI  1 (low and high point drain, F,, = 1 and F,, = 1 r, 
X10 (high point drain, FD6 = 1 and FD9 =Or, 
XO1 (low point drain, FD6 = 0 and FD9 = 1) p x i q  

use Existing 
guide/anchor 

ft vl = 11,718-low velocities Q VI := - 
AP 

Q := 270. gpm 
SeC 

FK=O F ~ 3 = 0  F ~ 6 : = 0  F ~ 9 : = 1  Low point drain open 

Hpol := Hp(Q pump head Hpol = 334ft 
VI . F D ~  t Av 

50 
v5 := 

v 6  := v5. AP 

p2 := 185 . psi primary pipe pressure just up stream of break 

p3 := 185 . psi primary pipe pressure just down stream of break 

p5 := 67 . psi secondary pipe pressure just up stream of break 

p6 := 47 . psi secondary pipe pressure at drain up stream of break 

p8 := 67 . psi secondary pipe pressure just down stream of break 

p9 := 37. psi secondary pipe pressure at drain down stream of break 

= 2.607 AS6( FK) AS6(FK) 

Af( 4 i )  
V1 . F D ~  + AV AS6(FK) 

v8  := 2.7 Af ( DDi) 
= 9.46 

AS6(FK) v9 := V8. 

pc := 1.7. psi 

AS6(FK) v .- . (v5 t vE) ''- &rack(Lcswc) 

ft apply conservation of mass 
(continuity) at break AP sec , (Vg t V8) V3 = 0.3- AS6( FK) V3:=V1- 

ft 
Vc = 84.4 - 

SeC 

T 
vOl v3 v5 v6 v8 v9 vc) 

T 
POI :=(P2 P3 P5 P6 P8 P9 Pc) 

0 1  2 3 4 5 6  0 1 2  3 4 5 6  

co-11 
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CH2MHILL Hanford Group, Inc. 

EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 0 - 
PageNo. 12of 22 

WO/Job No. 
'man Pioe Date: 9/12/2001 By: 

Client: 
Subject: acondarv Eric-re Due to Pn 

Checked- By: 
Location: 200 Area - Hanford Site. W a n d .  Washington Revised: By: 

CH2M Hill Hanford Group. Inc. 

Break in Waste Tank Cross-Site Transfer Pipine Svste m 

4 hpO1 = 351 ft p(p,tC) = 1.197cP Li = 9 f t  Lj = 9 x  10 ft 
FK FK 

- I  P2 = 168.8psi 

P3 = 169.5psi 

Pg = 61.6psi 

P6 = 43.3 psi 

Pg=61.4psi vg=4.3f t se~  AS~(FK) . Vg = 258.2gpm 

VI  = 11.2ftsec 

Fn?. vq = Oftsec 

vq = Oftsec 

FD6 , V6 = 0 ft SeC 

Ap . VI = 258.2gpm 

F D ~ .  Ap. v3 =Ogpm 

&6( FK) ' VS = 0 gPm 

FD6 ' Af (hh) ' V6 = 0 gPm 

D D ~  = 1.61 in -1  

-1  

-1  

- 1  

- 1  P9 = 34.3 psi F D ~  , v9 = 40.7 ft SeC FJJ~. Af(&) . v9 = 258.2gpm 

V I  ' Ap Pcrack = 1.5 psi = FD3 ' Ap ' V3 t AS6(FK) ' Vg t AS~(FK) ' V8 = 258.2gpm 
- 1  (continuity check at break, OK) V,-ra,-k = 82.8 ft SeC 

Re(qt-crack(Lc.Wc),vcrack,P,~(P,tC)) = 1 X 10' 
P2 - Pg = 107.231 psi 

AWIOS-WTF'NTF' co- 12 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-001 

EVALUATION ANALYSIS Revision: 4 
PageNo. 130 f 22 

Client: C W M  Hill Hanford Gr- Inc. WO/Job No. 
Subject: -case ment Pme -re Due to Pumw PiDe 

Break in Waste Tank Cross-Site Transfer Pioine Svste m 
Location: 200 Area - Hanford S ite. Richland. Washineton Revised: 

Checked 9/z 5 .  

Figure lb.  Case 1: Maximum Pressure in AW105-WTP Encasement Pipe Due to Primary Pipe Break 
(Between AWA and A W l M  MA) within Encasement Section of Length L, Starting at Lo Relative to 

Transfer Pump for Supernate Waste Transfer at Temperature of SO OC. 
- -  L, = loin - 

Low point drain I - 'K=u 

)r(p,tC) = 1.197cP D L D ~  = O i n  
Wc=O.lin 

c C  = 1 mil b i  = 1.61 in Z = 22.9ft t c  = 60 "c 
FK 

H = -22.1 ft Lo = 348 ft Ls  = 329 ft Lp = 5905 ft ~ & = 9 f t  ~ p = 2 m i 1  L D ( D D ~ , F K ) = ~ ~ ~  

4 ES =5mil E ~ = 5 m i l  
F D 3 = 0  Lj = 9 x 1 0  ft AZD = -1 ft = 0.85 ft & = Oft 

FK 

AW105-to-WTP Transfer 
break between AWA and A W l M  02A 

SY-101 New 1- (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-1 

100 200 300 500 600 
LowPointOpen 

Location (it) of Primaty Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(Ibifin2) 

62 

0 

CO- 13 



CH2MHILL Hanford Group, Inc. 
RPP-8778 REV 0 

EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 
Revision: 4 
PageNo. 14of 22 

Client: CHZM Hill Hanford Grouo. Inc. WOIJob No. 

em Checked-, By:*&- 
Subject: &c.ondan, E ncasement Pice Pressure Due to - 
4 Br k in  f rPi  i 

Location: 200 Area - Hanford S i t 0  ichland. Washinefsn Revised By: 

By: L. J. Julvk 8d. Date: 

Supernate Transfer 

Case 2 break between A W l M  M A  and AP pit 
Lo : = L W I ~ ~ , O ~ A _ A ~ ~ ~ ~ , ~ ~ ~  

H,, := ZAWIM,02A - ZAw105.05~ & = oft 

LS := LAW102.02A-APpit 

HS :=ZAPpit - ZAW105.05A 

Lo = 677ft start distance from pump of secondary encasement section under consideration 

Ls = 966ft length of secondary encasement section under consideration between drains 

Hs = -7.89ft iange in elevation of primary pipe from pump to point Lo + Ls 

change in elevation of primary pipe from pump to point Lo 

Subcase X11 (low and high point drain, F,@ = 1 and F,, = ly, 
X10 (high point drain, FD6 = 1 and FD9 = Or, 

use Existing 
guide/anchor 

XO1 (low point drain, FD6 = 0 and FD9 = 1) hi = 1.61 in 

ft Q 
AP sec 

VI = 13.323-low velocities Initial Q := 307 . gpm VI := - 
Low point drain open FK=O F D ~ = O  F D ~ : = O  F ~ 9 : = 1  

Hpol :=Hp(Q) pump head H ~ I  = 273ft 

p2 := 9 4 .  psi primary pipe pressure just up stream of break 
A F  

p3 := 9 4 .  psi primary pipe pressure just down stream of break AS6(FK) s6' K' = 2.607 
AP v 6  := v5 , 

p5 := 36 .  psi 

p6 := 25 . psi 

p8 := 3 6 .  psi 

p9 := 18. psi 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

4%) 
VI . F D ~  t AV 

4.2 

AS6( FK) 
vs := A f ( g i )  =9'46 

AS6(FK) v 9  := vs . 
Af(DDi) 

ft . (V5 + Vs) V3 = 4.91 - pc := 3.8. psi apply conservation of mass AS6(FK) V3:=V1 - 
(continuity) at break AP SeC 

ft V, = 62.2 - AS6( FK) 
SeC 

v .- ' ( v5 + vE) 
'- &rack(Lc,Wc) 

AWIOS-WTPNTp CO-14 



CH2MHILL Hanford Group, Inc. 
RPP-8778 REV 0 

EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 4 
Page No. 15 of 22 

WO/Job No. 
By: 

Client: 
Subject: 

By: 
Location: 200 Area - Hanford Site. Richland. W a s m t o n  Revised: By: 

CH2M Hill Hanford Grouo. Inc. 
Seco ndarv Encasement Pioe Pre- 
Break in Waste Tank Cross-Site Transfer Pioine Svste 

= VOI 

AWIOS-WTP NTP CO- 15 



CH2MHILL Hanford Group, Inc. 
RPP-8778 REV 0 

Calc. No. RPP-LJJ-005 . 
EVALUATION ANALYSIS Revision: 4 

PageNo. 16of 2 2 
Client: CHZM Hill Han ford Group. Inc. WOIJob No. 
Subject: Seco ndarv Encasement PiDe Pressure D w a r v  Pioe 

Break in Waste Tank Cross-Site Transfer Pioine Svste 
Location: 200 Area - Hanford Site. Richland. Washineton 

Figure IC. Case 2: Maximum Pressure in AWl05-WTP Encasement Pipe Due to Primary Pipe Break 
(Between Awl02 M A  and AP Pit) within Encasement Section of Length L,Starting at Lo Relative to 

Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 
F K = O  

Z = 22.9ft t c  = 60 O C  p = 1.3 k ( p , e )  = 1.197cP W, = 0.1 in 

L, = loin Low point drain 

DD~ = 1.61 in 
DLDoFk = O in E, = I mil 

liter 
~i = 9 f t  ~ p = 2 m i l  LD(DD~,FK) = 7 f t  
Fx 

I-”I 
H = -22.1 ft Lo = 677 ft Ls  = 966 ft Lp = 5905 ft 

4 ~ ~ = 5 m i l  ~ ~ = 5 m i l  Lj = 9 x  10 ft 
PK 

AW105-to-WTP Transfer 
break between Awl02 02A and AP plt 

SY-101 New Tr- (RPP-5667 Rev. 06) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

200 400 600 800 IO00 1200 1400 IMX) I 
W Low PointOpen 

Location (ft) of Primary Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(IbfIin2) 

63 

x) 

AWIOS-WTP NTP CO-16 



RPP-8778 REV 0 
CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 17 of 22 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Group. Inc. WOIJob No. 
Subject: Secondoncaseme nt PiDe Pressure Due to Primarv Pioe 

Break in Waste Tank Cross-Site Transfer Pioine Svstem 
Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

C h e ~ ~ ~ ~  z: 
Supernate Transfer 

Case 3 break between AP pit and AP A pit 

Lo :=LWIOS.OSAAPpit L, = 1643ft 

% :=ZAPpit - ZAW105.05A ~0 = -7.89ft 

LS := LAPpit-APApit L~ = 655 ft 

HS :='APApit - ZAW105.05A H~ = -10.5ft 

start distance from pump of secondary encasement section under consideration 

change in elevation of primary pipe from pump to point Lo 

length of secondary encasement section under consideration between drains 

change in elevation of primary pipe from pump to point Lo + Ls 

use W314 
Subcase X11 (low and high point drain, FDB = 1 and F,, = lr, 

X10 (high point drain, FD6 = 1 and FD9 = Or, 
XO1 (low point drain, FD6 = 0 and FD9 = 1) @i = 1.61 in 

guide/anchor 

Q vI = 11.761 -low ft velocities 
hl t la l  auesses I XOll  Q := 271 . gpm VI := - 

AP "'m F ~ 3 = 0  F D ~  := 0 F D ~  := 1 High point drain open 

Hpol :=Hp(Q pump head Hpol = 332ft 
V I .  F D ~  t Av 

vg := p2 := 71 . psi primary pipe pressure just up stream of break 

p5 := 30.  psi secondary pipe pressure just up stream of break 

3.7 
= 2.607 AS6( FK) AS6(FK) 

AS6(FK) 

V8 := 4.4 Af ( DDi) 

p3 := 72.  psi primary pipe pressure just down stream of break 
AP v 6  := v 5 ,  

Af( DE)  

= 9.46 VI . Fm + AV p6 := 21 . psi 

p8 := 30. psi 

p9 := 13. psi 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 
AS6(FK) 

Af ( DDi) 
v 9  := vg . 

p c .- .- 6 .  psi ft apply conservation of mass 
(continuity) at break AP sec 

. (V5 t Vs) V3 = 4.66- AS6( FK) 
v 3 : = v 1 -  

ft 
sec 

Vc = 52.5 - 

CO-17 
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CHZMHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 18 of 22 
EVALUATION ANALYSIS Revision: 4 

WO/Job No. 
i Date: By: L. J. 

Client: CH2M Hill Hanford Grouo. Inc. 

Break in Waste Tank Cross-Site T r j m & ~ & ! ~  . .  n Svste 
Subject: Second-t Pioe Pressure Due to Primarv P 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 
Checked- By:+&%!! 

f132.529\ 
132.944 

54.692 

Po1 = 38.44 
54.575 

24.736 
,, 11.066 , 

psi VOI = 

9.547 \I 
6.621 

0 
~ 43.077 ftsec-l 

3.663 
34.667 

(70.577 

hpol = 404 f t  p(p,tC) = 1.197cP Li = 9 f t  Lj = 135ft 

D D ~  = 1.61 in 

FK FK 
-1  P2 = 132.5psi 

P3 = 132.9psi 

P5 = 54.7psi 

P6 = 38.4psi 

Pg = 54.6psi 

VI  = 9.5ftsec 

F n l '  v l  =Oftsec 

v5 = Oftsec 

FD6, V6 = OftSeC 

vg = 3.7ftsec 

Ap . VI  = 220 gpm 
- 1  F D ~ .  Ap. V3 =Ogpm 

-1  
As6( FK) ' V 5  = 0 gPm 

FD6 ' Af( %I) ' V6 = 0 gPm 
- 1  

- 1  
As6( FK) , V8 = 220 gpm 

-1 P9 = 24.7 psi F D ~  . V9 = 34.7 ft SfX F D ~  , Af( hi) . V9 = 220 gpm 

V I  , Ap Pcr,k = Il.lpsi 

Vcrack = 70.6ftsec 

Re(h-crack(Lc.Wc),Vcrack,Psk(P,tC)) = lo 

P2 - P5 = 77.837 psi 

= F D ~ .  Ap . V3 + A ~ ~ ( F K )  V 5  + As6(FK) . V8 220gpm 

-1 (continuity check at break, OK) 

5 

AWIOS-WTPNTP co- 18 



RPP-8778 REV 0 
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Page No. 19 of 22 
EVALUATlON ANALYSlS Revision: 4 

Client: CH2M Hill Hanford GrouD. Inc. WONob No. 
Subject: 

Location: 

Seco ndarv W e m e  nt PiDe Pressure -arv Pioe 
Break in Waste Tank Cross-Site Transfe r Pioing Svstem 
200 Area - W o r d  S ite. Richland. Washington 

Ch 

Figure Id. Case 3: Maximum Pressure in AW105WTP Encasement Pipe Due to Primary Pipe Break 
(Between AP pit and AP A Pit) within Encasement Section of Length L,Starting at Lo Relative to 

Transfer Pump lor Supernate Waste Transfer at Temperature of 60 OC. 

10 

F K = ~  Low point drain L, = l o in  

Z = 22.9ft tC = 60 'c p = 1.3 p(p,tC) = 1.197cP h ~ ~ ~ = O i n  D D ~  = 1.61 in W, = 0.1 in 

H=-22.lft Lo=1643ft Ls=655f t  Lp=5905ft L s K = 9 f t  ~ p = 2 m i l  LD(DD~,FK) = 7 f t  E, = 1 mil 

break between AP pit and AP A pit 

SY-101 New TrpnrtnLeump (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

.. 
ES = 5 mil ED = 5 mil mD = -1 ft & = -7.89ft Hs = -10.5 ft F D ~  = 0 Lj = 135ft 

FK 

200 400 600 800 loo0 1200 1400 1600 1800 Zoo0 2200 ' 

Low Point Open 
Location (ft) of Primary Pipe Break Down Stream of Pump 

Maximum 
pressure 
(IbfIin2) 

55 

w 

AWIOS-WTPNTP CO-19 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 20 of 22 
EVALUATION ANALYSIS Revision: 9 

By: L. J. Julvk 
//o/ By: 'A Checked 9 x 5  

Client: CH2M Hill Hanford GrouD. Inc. WO/Job No. 
Subject: -re Due to Primarv PiDe Date: 9/17/2001 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: ' By: 
Break in Waste Tank Cros ,s-Site Transfer Piuine Svste m 

Supernate Transfer 

Case 4 break between AP A pit and WTP interface 
Lo := LW 105.05A-APApit 

% := ZAPApit - ZAW 105.05A 

LS := LAPApit-WTPinterface 

HS := ZWTpinterface - ZA~105,0gA 

L, = 2298ft 

H,, = -10.5ft 

L~ = 2123ft 

Hs = -22.1 ft 

start distance from pump of secondary encasement section under considerat 

change in elevation of primary pipe from pump to point Lo 

length of secondary encasement section under consideration between drains 

change in elevation of primary pipe from pump to point Lo + Ls 

use W314 
guide/anchor Subcase X11 (low and high point drain, FD6 = 1 and FDg = 1 r, 

X10 (high point drain, FD6 = 1 and FD9 =Or, 
XO1 (low point drain, FD6 = 0 and FD9 = 1) h i  = 1.61 in 

ft vl = 10,824-low velocities 
sec 

Initial auesses tXOl) Q := 249.4. gpm VI := - Q 
AP 

F K = ~  F D ~  = o  F ~ 6 : = 0  F ~ 9 : = 1  Low point drain open 

Hpol :=Hp(Q) pump head Hw1 = 364ft 

pz := 67. psi 

p3 := 67 . psi 

p5 := 37 . psi 

p6 := 26. psi 

p8 := 37. psi 

p9 := 9 . psi 

V I .  F D ~  + Av 
50 

vg := primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

= 2.607 AS6( FK) AS6( FK) 

Af( DDi) 
AS6( FK) 

v g  := 4.8 Af( h i )  

AP v6 := v5 , 

= 9.46 v1 .FD9 + AV 

AS6(FK) 

Af( h i )  
v 9  := v 8 .  

pc := 20. psi ft 
AS6( FK) . (Vg + Vg) V3 = 4.89- apply conservation of mass 

(continuity) at break v3:=v1 - AP SeC 

ft 
v,=43.9- 

sec 

AWIOS-WTF'NE' co-20 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

Page No. 21 of 22 
EVALUATION ANALYSIS Revision: 9 

Client: CH2M Hill Hanford GrouD. Inc. WO/Job No. 
Subject: Secondam Encase ment Pioe Pressure Due to &j.nwv Pine Date: 9/17/2001 

Break in Waste 
Location: 200 Area - Hanford Site. R i c h l a n d . o n  

Tank Cross-Site Transfer Pioine Svstem Checked ?/ a. 5'/U / 
Revised: By: ' 

!2a=a.w 
Inp~,,------------------------------------------ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lo = 2298 ft H=-22ft e p = 2 m i l  (Canned Motor Westinghouse Pump Model 2A-513-AI) 

SY-101 New Transfer Pymp (RPP-5667 Rev. OB) 

kg Z = 22.9ft E S  = 5 mil F K = ~  

liter F D ~  = 0 e ~ = 5 m i l  
p = 1.3- 

L, = loin 

Wc=O.Iin 

F D ~  := 0 F D ~  := 1 J(FK,L,,x~) = o N(FK,L,,LS.XB) = 20 ec = 1 mil 

Lp = 5905 ft 

1-d tC=60  'c D D ~  = 1.61in AZD = -1 f t  LD(DD~.FK) = 7.025ft 

I(FK,L,,xB) = 0 M(FK,L,,Ls,xB) = 283 

= VOI 
Po1 

139.147 

139.303 

77.647 
54.627 
71.554 
19.444 

43.18 

8.486 

7.363 
0 

5 1.268 
3.256 
30.814 

62.732 

- I  
: sec 

AW 105-WTP NTP co-21 
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PageNo. 220f 22 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford GrOUD, Inc. WO/Job No. 
Subject: acondarv Encasement P ioe P r m r e  Due ta Pun ' arvPiue 

Location: 200 Area - Hanford Site. IWlImd. Washineton Revised: By: 
Break in Waste Tank Cross -Site Transfer Pioine Svstem Checked 9 

Figure le.  Case 4: Maximum Pressure in AWIOCWTP Encasement Pipe Due to Primary Pipe Break 
(Between AP A pit and WTP interface) within Encasement Section of Length LStarting at Lo Relative 

to Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 

L, = loin Low point drain FK = 3. 

Z = 22.9ft t c  = 60 'c p = 1.3 p(p, tc)  = 1.197cP W,=O.lin 

H = -22.1 ft Lo = 2298ft Ls  = 2723ft Lp = 5905ft 

liter hk =Oin D ~ i = l . 6 l i n  
FK E, = 1 mil L. -9 f t  &p=2mil  LD(&,FK) = 7 f t  k - 

P I  

\ 

A w l  05-to-WTP Transfer 
break between AP A pit and WTP Interface 

SY-101 New Tr 
(Canned Motor -e Pump Model 2A-513-A1 

(RPP-5667 Reb. JB) 

500 1000 1500 2wO 2500 3w0 3500 4ooo 4 
Low Point Open Location (fl) of Primary Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(lbflin2) 

78 

AWIOS-WTP NTF co-22 
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OPEN TRANSFER ROUTE 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-OOS 

Page No. 1 of 22 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Grouo. Inc. WOIJob No. 
Subject: Secondarv E m t  Pioe Pressure Due to Pnm ' arvPiDe Date: ;%;?;, By: 

P s t G L L  Cheched: By: 
Location: -d Site. Richland. Washineton Revised By: 

Reference:C:\WINDOWS\DesktopW2COl\Waste Transfer SystemEncasement Pressure Issue\Cross-Site Encasement Calcs\pipebreak.i 

Input Parameter Data- _I 

Awl05 to WTP Elevatlon and Equlvalent Plpe Length Parameters 

FlevationS -0 th between DointS 

Z ~ ~ 1 0 5 . 0 5 ~  := 684.5. ft 

ZAWA := 685.35 . ft 

ZAW102.02A := 684.5. ft 

Z ~ ~ p i t  := 676.61 . ft 

Z ~ p ~ ~ i t  := 674. ft 

Z ~ ~ p i ~ ~ ~ r f ~ ~  := 662.4. ft 

elevation at AW105 05A Transfer Pump Pit 

elevation at AWA 

elevation at Awl02 02A 

elevation at AP pit 

elevation at AP-A pit (new) 

elevation at WTP interface 

LAW105.05A-AWA :=(lo8 + 240). ft 

LAWA-AW102.02A := (205 + 124) ' ft 

LAW102.02A-APpit :=(205 t 761) ' ft 

L ~ ~ p i t - ~ p ~ ~ i t  := (205 t 450) ft 

LApApit-WTpjnterface := (205 t 3518 - 1000) . ft 

Z W T ~  := 707.44 . ft elevation at WTP in-plant 

LW 105.05A-AW 102.02A := LAW 105.05AAWA t L A W A A W  102.02A 

LWl05.05A-APpit :=LW105.05A-AW102.02A + LAW102.02A-APpit 

LW10S.05A-APApit :=LWlOS.O5AAPpit + LAPpit-APApit 

LW 105.05A-WTPinterface := LW105.05A-APApit + LAPApit-WTPinterface 

LP := LW 105.05A-WTPinterface + LWTPinterface-WTP 

LW105.05A-AW102.02A = 677ft 

LW105.05A-APpit = 1643ft 

LW105.05A-APApit = 2298ft 

LW105.05A-WTPinterface = 5021ft 

Lp = 5905 ft 

AWIOS-WWNW c1-1 



CHZMHILL Hanford Group, Inc. 
WP-8778 REV 0 

- 
EVALUATION ANALYSIS 

Calc. No. RPP-LJJ-001 
Revision: 9 
Page No. 2 of 22 

Client: CH2M Hill Hanford Grouo. Inc. WONob No. 
Subject: Seco ndarv Encaseme nt Pioe Pressure Due to Prima rv Piue ' 

Break in Waste Tank Cross-Site Transfer Pioine Svste m 
Location: 200 Area - Hanford Site. Richland. W a s w t o n  Revised: By: 

Date: 3% By: By:*L . 
Checked 

AW105 to WTP Cases 

Case 0 break between AW105 05A and AWA 
Lo := 0 . ft Lo = Oft 

H,, :=o . ft &=Oft  

LS :=LAW105.05A-AWA 

& :=ZAWA -ZAW105.05A 

Ls  = 348 ft 

Hs = 0.85 ft 

Case 1 break between AWA and AW102 02A 
Lo := LAW 105.05A-AWA 

% :=ZAWA-ZAW105.05A 

LS := LAWAAW 102.02A 

HS :=ZAWIM.OZA -ZAW105.0SA HS = O f t  

Lo = 348 ft 

H,, = 0.85 ft 

Ls  = 329 ft 

Case 2 break between Awl02 02A and AP pit 
Lo :=LW105.05A-AW102.02A 

% := ZAW lM.02A - ZAW l05.05A 

LS := LAW102.02A-AF'pit 

HS :=ZAPpit - Z A W I O ~ . O ~ A  

Lo = 671 ft 

% = O f t  

Ls  = 966 ft 

Hs = -7.89ft 

Case 3 break between AP pit and AP A pit 
Lo :=LW105.05A-AF'pit Lo = 1643ft 

% :=ZAPpit - ZAW105.05A 

LS := LAPpit-APApit 

HS :=ZAPApit - ZAW105.05A 

H,, = -7.89ft 

Ls  = 655 ft 

Hs = -10.5ft 

Case 4 break between AP A pit and WTP interface 
Lo :=LW105.05A-APApit Lo = 2298ft 

% := ZAPApit - zAW 105.OSA 

LS := LAPApit-WTPinterface 

HS := ZWTPinterface - ZAW105.05A 

& = -10.5ft 

Ls = 2723ft 

& = -22J ft 

assume all dralns 1-1/2-In. to bound other 
transfer routes 

Subcase X11 (low and high point drain, F,, = 1 and F,, = l)., 
X10 (low point drain, FD6 = 1 and FD9 = 0), 
XO1 (high point drain, FD6 = 0 and FD9 = 1). 

2-in.drain low point drain 

Subcase X11 (low and high point drain, F, = 1 and F,, = 1 )., 
X10 (high point drain, FD6 = 1 and FD9 = O)., 
XO1 (low point drain, FD6 = 0 and FD9 = 1) 

1 112-indrain low point drain 

Subcase X11 (low and high point drain, F,, = 1 and FD9 = l)., 
X10 (high point drain, FD6 = 1 and FD9 = O)* ,  
XO1 (low point drain, FD6 = 0 and FD9 = 1) 

2-in.drain low point drain 

Subcase X11 (low and high point drain, Foe = 1 and F,, = l)., 
X10 (high point drain, FD6 = 1 and FD9 = 0)", 
XO1 (low point drain, FD6 = 0 and FD9 = 1) 

2-in.drain low point drain 

Subcase X11 (low and high point drain, FD6 = 1 and F,, = 1 )., 
X10 (high point drain, FD6 = 1 and FD9 = O)., 
XO1 (low point drain, FD6 = 0 and FD9 = 1) 

2-in.drain low point drain 

* would require additional drainlrelief 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) 

AWIOS-WTP NTP c1-2 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-m 

Page No. 3 of 22 
EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Group. Inc. WO/Job No. 
Subject: Seco ndarv Encasement Pioe Pressure Dw&.Pnm ' arv Pioe 

Location: 200 Area - Hanford Site. Richland. Wwhgton Revised: By: 
Date: + k F  By: By: J?:L- L. . Checked: Break in Waste Tank Cross-Site Transfer Pioine Svstem 

selects primary pipe internal support parameters in annulus 
= 0 for existing in-Farm piping (no leak detection cable, no anchors) 
= I 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) 

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) 

FK 

hi 

F D ~  F D ~  F D ~  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 = 5905 ft Lp = 1.118mi 

H := ZWTPinterface - ZAW105,05A change in elevation of primary pipe from pump to point just before 
vertical increase in elevation at end of primary pipe at discharge to tank 
(see Figure 1) 

H = -22ft 

hzD :=-I , ft 

Z :=H t 45. ft 

Supernate Transfer 
Case 4 break between AP A pit and WTP interface 

Lo := L W  105.05A-APApit 

& := zApApit - z ~ ~ ~ ~ ~ , ~ ~ ~  
L S  := LAPApit-WTPinterface 

H~ := zWTPinterface - z ~ ~ ~ ~ ~ , ~ ~ ~  H~ = -22.1 fchange in elevation of primary pipe from pump to point Lo + L, 

Xg:=1OOo.ft+Lo distance of break in primary pipe from transfer pump 

Hg(L,,%,Ls,Hs,xg) = -14.76ft elevation at assumed break location xg relative to transfer pump elevation 

approximate change in elevation at drain 

vertical increase in elevation at end of primary pipe at discharge to tank at WTP z = 23ft 

L, = 2298ft start distance from pump of secondary encasement section under consideration 

~0 = -10.5ftchange in elevation of primary pipe from pump to point Lo & = -10.5ft 

L~ = 2723ft length of secondary encasement section under consideration between drains 

HS = -22.1 ft 

tC temperature of waste (OC) 

P 
Pipe roughness 

Ep:=Z.mil stainless steel primary pipe 

e s : = 5 . m i l  

ED : = 5 .  mil 

bulk density of waste (kg/L) 

carbon steel secondary (encasement) pipe 

carbon steel drain pipe 

AWIOS-WTP NTP C1-3 

http://Ep:=Z.mil
http://es:=5.mil
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EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 0 
~~ 

Page NO. -4 of 22 
WONobNo. . 

Date: 9/12/2001 
Client: f 

ndarv Encasement Pioe Pressu re Due to Primarv Pioe 
stem Checked 7/25%l By: 

Subject: Seco 
Break in Waste Tank Cross-Site Transfer Pin me Sv 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: ' By: 

. .  

Existing 
diameter of kg p:=1.3.- tC:=60 D L b  = ]in w058 leak detection 

W314 

liter 
Assumed C w k  S ize Parameterg 

cable TF( tc) = 140 

crack length VI 

krxk(Lc9wc) = 1 in PcI(Lc.WC) = 0.368 BC2(LC.WC~hDo) = 

viscosity p(p.tC) = 1 . 1 9 7 ~ ~  V I  crack opening width 

2 

Pcrxk( LC,wc) = 20.2 in 

&-crxk(Lc,Wc) = 0.198in effective hydraulic diameter ac(Lc, Wc) = 1.091 UD,, ratio for crack 

:= I . mil primary pipe through crack roughness 

ft vc := 10. - 
sec 

thick-edged orifice with a = UD,, > 0.015 a C ( ~ , , w c )  = 1.091 > 0.15 => thick-edged orifice 
Lvons 1982. Fa n 4. r)a. 158 ldelchik 1994. Di-m 4-12 oa. 219 

1.58502 

1.58459 

1.58459 I 1.58502 

&rack(Lc2wc9 vc, P , tC, Ecl hb) = [ ;E;/ ,8067 KKcrack( Lc,wc, vc, P , Ec,DLb) = 

shap-edged orifice (Idelchik 1994, pg. 218, a = UD,, c 0.015) 

(2.61664) 

(2.61664) 

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

Lvons 1982. Ea n 4. oa. 158 

Existing FK :=0 Kgui&(V,p.tC,E,FK) =0.083 Kanchor( V, P ,tC, E ,FK) = 0 

FK := 1 

F K : = ~  K g u i d e ( v , p , V , ~ , F ~ )  = 1.912 Kanchor(V,p.tC,E,~K) = 11.537 3/4-in. thkwith radius in slots 
Kguide( V, P, tC. E 9 FK) = 1.912 K,chor(v,p,e,e,~K) = 17.686 3/4-in. thk no radius in slots W058 

W314 F K : = ~  Kguide(v.~.tC,E,F~) =0.083 KanChor( V,p, tc, E ,  F ~ )  = 10.696 1 -in. thk with radius in slots 

- I  -2 

- 1  

V, :=O . f t .  sec pz:=O.psi g=32.174ftsec 

AV :=0.1. ftsec 

AW 105-WTP NTF' C1-4 
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CH2M Hill Hanford Grouo. Inc. 
Secondarv Encasement Piue Pressure Due to Primarv Pioe 
Break in Waste Tank Cross-Site Transfer Piping System 
ZOO Area - Hanford Site, Richland. Washington 

Calc. No. RPP-LJJ-005 

PageNo. 5 of 22 
EVALUATION ANALYSIS Revision: 3 

Client: 
Subject: 

Location: 
Checked -9&s 

Apply conservation of mass (continuity) and energy (Bernoulli theorem) between nodes (see Figure l a  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 xB relative to pump. 

SY-101 New Transfer Pump (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

Nonlinear aovernlne system of eauations 

Given apply conservation of mass (continuity) and energy (Bernoulli theorem) 

vo tv ,  v, t v ,  v2rv,  v3rv,  v4;:v, v5 2v, V 6 t V ,  

continuity 

AS6(FK) ' v2 
AS6(FK) ' v4 

FD6 ' Af(%i) ' v3  

FD9 ' At(%) ' v5 

AP ' vo AP ' VI ' FD3 + &rack(Lc.wc) "6 

&mck(Lc,wc) ' '6 AS6(FK) ' (v2 + '4) 

HpmH' Ap V pump head curve P( ' 0) 

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

1 -2 

2-3 

crack-5 

C1-5 



RPP-8778 REV 0 
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EVALUATION ANALYSIS Revision: 4 
PageNo. 6of  22 

Client: CH2M Hill Hanford Group. I nc. WOIJob No. 
Subject: &sm&xy Encase ment Pioe Pressure Due to Pn 'maw PiDe 

Break in Waste Tank Cross-Site Transfer Pio ine System 
Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

Date: 
Checked 

T 
(P2 P3 P5 P6 PB P9 Pc) ( v l  v3 v5 v6 v8 v9 V C ) ~  
0 1  2 3 4 5 6  0 1 2 3 4 5 6  

9-10 

C1-6 AWIOS-WTP NIT' 
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Calc. No. RPP-LJJ-COS - .  . ~~~~~ 

EVALUATION ANALYSIS Revision: 4 
Page No. I of 22 

Client: CH2M Hill Hanford Group. Inc. WO/Job No. 
Subject: Seco n d w  E n-mt P iDe Pressure Due to P r i i  

Break in Waste Tank Cross -Site Transfer Pipine System 
Location: 200 Area - Hanford Site. Ricbnd. Washineton Revised: By: 

Date: 
Checked 

For plotting, following function returns nth solution variable at points defined in vector xB n = result variable selected 

P t O  
I'p t Hp 

' + P  

or i c  ~..length(xg) - I  

" t v 

AV 
V'tvt-  

4 

Y t XI 

"Pi +- Y" 

P 

AWIOS-WTP NTP C1-7 
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EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 
PaaeNo. - 

WONob No. 
Date:- BByy:: Client: 

Subject: 
C"2M Hill Hanford Gruuo. Inc. 
Seco ndaw E n c w n t  P ioe Pressure Due to &muy&~- 
Break in Waste Tank Cross-Site Transfer Pioing Svstem Checked: 

Location: 200 Area - Hanford Site. Richland. Washinpton Revised: ~. / By: 
. . .  ~~ 

AWIOS-WTP Supernate Transfer 

Case 0 break between Awl05 05A and AWA 

L, = oft 

~0 = oft  

L~ = 348ft 

start distance from pump of secondary encasement section under consideration 

change in elevation of primary pipe from pump to point Lo 

length of secondary encasement section under consideration between drains 

Lo := 0 . ft 
H0 :=o . ft 
Ls :=LAW105.05A-AWA 

HS :=ZAWA - ZAW~OS.OJA H~ = 0.85ft change in elevation of primary pipe from pump to point L, + L, 

0 b i : = D ~ 1 , 5  p:=1.3. 
Subcase X11 (low and high point drain, F,, = 1 and F,, = l)', 

X10 (low point drain, FD6 = 1 and FD9 = 0), 
XO1 (high point drain, FD6 = 0 and FD9 = 1)' 

ft 
Q := 326 . gpm VI := - Q vI = 14.148- flow velocities 

AP 
Low point drain open seC FD6:=1 F ~ 9 : = 0  

Hplo:=Hp(Q) pump head Hplo = 239ft VI . FD6 + AV 
vg := p2 := 148 . psi primary pipe pressure just up stream of break 

p3 := 149 . psi primary pipe pressure just down stream of break 

p5 := 2 0 .  psi secondary pipe pressure just up stream of break 

p6 := 12 . psi secondary pipe pressure at drain up stream of break 

p8 := 20. psi secondary pipe pressure just down stream of break 

p9 := 8 . psi secondary pipe pressure at drain down stream of break 

3.1 
= 2.607 AS6(FK) AS6(FK) 

Af( DDi) 
VI F D ~  + AV AS6(FK) 

V8 := 50 Af( DDi) 

v 9  := V8. 

AP v 6  := vg, 

= 9.46 

AS6(FK) 

Af(DEi) 

ft apply conservation of mass 
(continuity) at break AP sec . (Vg + Vg) V3 = 2.16- pc := I . psi AS6( FK) 

V3 :=Vi - 

ft 
sec 

Vc = 88.6- AS6(FK) v .- ' (vs + V8) "- & r a ~ k ( L c , ~ c )  

use Existing Piping FK=O 
Guide/Anchor 

AWIOS-WTPNTP c1-8 



RPP-8178 REV 0 
CHZMHILL Hanford Group, Inc. Calc. No. RPP-LJJ-001 

EVALUATION ANALYSIS Revision: 4 
Page No. 9 of 22 

Client: CH2M Hill Hanford Grow. Inc. WO/Job No. 
Subject: Seconda rv Encasement Pioe Pressure Due to Pn 'mar!, Pipe Date: 9/12/2001 

Location: 200 Area - Hanford Site. Richland. Washineton Revised 
Break in Waste Tank Cross-Site Transfer Pi!,?@ Sys tern Checked: 9/2< -% 

AW IM-WTP NTP C1-9 
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CH2MHILL Hanford Group, Inc. Calc. No. RPP-LJJ-005 

PageNo. 10of 22 
EVALUATION ANALYSIS Revision: 

Client: CH2M Hill Hanford Grouo. Inc. WOlJob No. 
Subject: Seco ndaN Eric-Due to P rimarv Pipe Date: 

Checked: 
Location: 200 Are a - Hanford Site. R i w d .  Washineton Revised: By: 

Break in Waste Tank Cross-Site Transfer Pioine Svste m 

Figure la.  Case 0: Maximum Pressure in AWlO5-WTP Encasement Pipe Due to Primary Pipe Break 
(Between AW105 05A and AWA) within Encasement Section of Length L,Starting at Lo Relative to 

O O  50 100 150 200 250 300 

Transfer Pump for Supernate Waste Transfer at Temperature Of 60 OC. 

FK=O Low point drain 
2 = 22.9ft t c  = 60 O C  p = 1.3 p(p.tC) = 1.197cP D L D ~ ~ = O ~ ~  liter Dm = 1.61 in 

~ & = 9 f t  ~ p = ~ m i l  L D ( D ~ , . F K ) = ~ ~ ~  
P I  

H = -22.lft Lo = Oft Ls  = 348 ft Lp = 5905 ft 

UZg=-lf t  %=Oft  HS =0.85ft FD3 = 1 L. = 9 4 ft  ES =5mil ~ ~ = 5 m i l  
JFK 

350 

AW105-to-WTP Transfe 
break between Awl05 ,A and AWA 

SY-101 New T- (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

~ + ) 6  Low Point Open 
Location (ft) of Primary Pipe Break Down Stream of Pump 

L, = l o in  

W, = 0.1 in 

= 1 mil 

Maximum 
Pressure 
(lbilin2) 

40 

AWIOS-WTPNTP c1-10 
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I I of 22 
EVALUATION ANALYSIS Revision: 4 

Paee No. 
Client: CH2M Hill Hanford Grouo. Inc. WONob No. 
Subject: %onda rv Encasement Pipe Pressu re Due to 

Break in Waste Tank Cross-Site Transfer Pioine Svste 
Location: 200 Area - Hanford Site. R ichland. Washineton Revised: By: 

Supernate Transfer 
Case 1 break between AWA and A w l  02 02A 

Lo :=LAW105.05A-AWA 

b :=ZAWA - ZAW105.05A 

Ls := LAWA-AW i o 2 . m ~  

Hs :=ZAWI@2.02A -ZAW105.05A & = o f t  

L, = 348ft start distance from pump of secondary encasement section under consideration 

~0 = 0.85 ft change in elevation of primary pipe from pump to point Lo 

L~ = 329ft length of secondary encasement section under consideration between drains 

change in elevation of primary pipe from pump to point Lo + L, 

Subcase X11 (low and high point drain, F,, = 1 and F,, = lr, 
X10 (high point drain, FD6 = 1 and FD9 = Or, 
XO1 (low point drain, FD6 = 0 and FD9 = 1) h j  = 1.61 in 

use Existing 
guide/anchor 

ft v1 = 11.718-low velocities ml auesses IXO 1) Q:=270.gpm VI:=- Q 
AP SeC 

FK=O F D ~  = 1 F D ~  := 0 F D ~  := 1 Low point drain open 

H~~ := H p ( ~  pump head H p ~ l  = 334ft 

v5 := p2 := 18s . psi primary pipe pressure just up stream of break 

p3 := 185 . psi primary pipe pressure just down stream of break 

p5 := 67 . psi secondary pipe pressure just up stream of break 

p6 := 47 . psi secondary pipe pressure at drain up stream of break 

p8 := 67 . psi secondary pipe pressure just down stream of break 

p9 := 37 . psi secondary pipe pressure at drain down stream of break 

50 
= 2.607 AS6(FK) AS6(FK) 

Af(DDi) 
AS6( FK) 

vg  := 2.7 A d h i )  

AP v 6  := v5 . 

= 9.46 VI F D ~  + AV 

AS6( FK) 

Af( h i )  
v9  := V8 . 

pc := 1.7. psi 

AS6(FK) v .- ' (v5 + vs) 
'- &rack(Lcs wc) 

ft 
' (V5 + Vg) V3 = 0.3- apply conservation of mass AS6(FK) v3  :=VI - 

(continuity) at break AP SeC 

ft 
Vc = 84.4 - 

SeC 

T 
VOI :=(VI v3 v5 v 6  v8  v9  vc)  

T 
POI :=(P2 P3 P5 P6 P8 P9 Pc) 

0 1  2 3 4 5 6  0 1 2  3 4 5 6  

AWIOS-WTPNTP c1-11 
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EVALUATION ANALYSIS Revision: 4 
Page No. 12 of 22 

Client: CH2M Hill Hanford Grouo. Inc. WO/Job No. 
Subject: Secondarv E n m a n m t  Pioe Pressu re l&&&mwv Pioe 

Break in Waste Tank Cross-Site Transfer Pioine Svstem 
Location: 200 Area - Hanford Site. Richland. Washineto n Revised: By: 

By: L. J. 
Che?::;: By: xs& 

4 hpol = 254 ft p(p , tc )  = 1.197cP Li = 9ft Lj = 9 x  10 ft 
FK FK 

-1  Pz = 100psi VI = 13.8ftsec Ap'  v1 = 317.5gpm 
@i = 1.61 in 

- 1  P3 = 101Apsi 

P5 = 36.6psi 

P6 25.7pSi FD6 ' V6 = OftSeC FD6. Af( DDi) ' v6 = 0 gPm 
Ps = 36.6psi 

P9 = 20.4psi 

F n i .  v i  = 5.lftsec 

v5 = Oftsec 

F D ~  . Ap , V3 = 1 17.5 gpm 

AS6( FK) ' v5 = 0 gPm 
-1  

-1  

- 1  
Vg = 3.3ftsec 

F D ~ .  V9 = 31.5ftSeC 
AS6( FK) ' VS = 200 gPm 

F D ~  , Af( DD~) . V9 = 200 gpm 

VI  . Ap 

-1  

Pcrack = 0.6psi = F D ~ .  Ap. V3 + As6(FK) V5 t AS~(FK) . V8 = 317.5 gpm 

- 1  (continuity check at  break, OK) 
Vcrack = 64.2ftSeC 

5 
R,(DH_crack(Lc.Wc),v,ack,P.CI(P,tC)) = lo 

Pz - P5 = 63.347 psi 

c1-12 AW 105-WTP NTP 
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EVALUATION ANALYSIS Revision: 4 
Page No. 13 of 22 

Client: CH2M Hill Hanford Grouu. Inc. WOIJob No. 
Subject: Secondary_EDl;ase ment Pioe Pressure D u W  Date: 

Checked 
Location: 200 Area - Hanford Site. Richland. Wash' ineton Revised: By: 

Break in Waste Tank Cross-Site Transfer Pioinz Svstem 

Figure lb. Care 1: Maximum Pressure in AWl05-WTP Encasement Pipe Due to Primary Pipe Break 
(Between AWA and Awl02 MA) within Encasement Section of Length bStarting at Lo Relative to 

Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 
L, = loin 

W,=O.lin 

E, = 1 mil 

Low point drain FK=O 

Z = 22.9ft tc = 60 OC p = 1.3 p(p,tC) = 1.197cP D L D ~  = O i n  hi = 1.61 in liter FK 
~ p = 2 m i 1  L ~ ( D ~ ~ , F ~ )  =7f t  Lk=9ft 

P I  
H = -22.1 ft Lo = 348 ft Ls = 329 ft Lp = 5905 ft 

AZD = -1 ft = 0.85 ft Hs = Oft F D ~  = 1 4 ES =5mil E ~ = 5 m i l  Lj = 9 x  10 ft 
FK 

A w l  05-to-WTP Transfe 
break between AWA an 4W102 02A 

r r (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

100 200 300 400 500 600 
X++X Low Point Open 

Location (ft) of Primary Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(lbl/ln2) 

37 

0 
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Calc. No. RPP-LJJ-005 - .  
EVALUATION ANALYSIS Revision: 4 

PageNo. 14of 22 
ford Grouo. Inc. WOIJob No. 

'marv Pine Date: 
Client: CH2M Hill Han 
Subject: Seco ndarv Encasement Pioe Pressure Due to Pn 

Break in Waste Tank Cross-Site Transfer Pioine Svstem Checked: 9 
Location: 200 Area - Hanford Site. Richland. Washineton Revised By: 

Supernate Transfer 

Case 2 break between Awl02 02A and AP plt 
L, := L ~ 1 0 g , 0 5 ~ - ~ ~ 1 0 2 , ~ ~ ~  

H,, := Z ~ ~ 1 0 2 . 0 2 ~  - ZAW105,05A H,, = 0 ft 

LS :=LAWIOZ.OZA-APpit 

HS :=ZAPpit - ZAW105.0SA 

Lo = 677 ft stalt distance from pump of secondary encasement section under consideration 

change in elevation of primary pipe from pump to point Lo 

Ls = 966ft length of secondary encasement section under consideration between drains 

H~ = -7.89ft iange in elevation of primary pipe from pump to point Lo + Ls 

use Existing 
guide/anchor 

Subcase X11 (low and high point drain, FD6 = 1 and F,, = lr, 
X10 (high point drain, FD6 = 1 and FD9 = Or, 
XO1 (low point drain, FD6 = 0 and FD9 = 1) 

V1 := - 
DD~ = 1.61 in 

ft vl = 13.323 -low velocities 
sec 

Q 
AP 

Jnitial auesses XO1) Q := 307 . gpm 

FK=O F D ~  = I F D ~  := 0 F D ~  := 1 Low point drain open 

Hpol:= Hp(Q pump head Hpol = 273ft 

p2 := 94 . psi 
V I .  F D ~  + Av 

v 5  := primary pipe pressure just up stream of break 3 

= 2.607 AS6(FK) AS6(FK) 

Af ( DDi) 
VI F D ~  + AV AS6(FK) 

V8 := 4.2 Af(DDi) 

'9 := '8 ' 

p3 := 94 . psi 

p5 := 36.  psi 

p6 := 25 . psi 

p8 := 36.  psi 

p9 := 18 . psi 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

AP v6 := v 5  , 

= 9.46 

4 6 ( F K )  

Af ( DDi) 

pc := 3.8. psi ft apply conservation of mass AS6(FK) 
(continuity) at break AP sec ' (Vg t Vg) V3 =4.91- v 3  :=VI - 

ft 
sec 

Vc = 62.2 - 
T 

vOl :=(VI v3 VS v6 v 8  v 9  vc) 
T 

POI :=(PZ P3 P5 P6 P8 P9 Pc) 
0 1  2 3 4 5 6  0 1 2  3 4 5 6  

C1-14 
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Page No. 15 of 22 
EVALUATION ANALYSIS Revision: 9 

WO/Job No. 
Date: 9/12/2001 By: L. J. Julvk 

Client: CH2M Hill Hanford GrouD. Inc. 
Subject: m d a r v  Encase ment PiDe Pressure Due to Primarv Pioe 

By: Break in Waste Tank Cross-Site Transfer Pioine System 
Location: 200 Area - Hanford Site. R ichland. Washineton Revised: By: 

... Checked: -9h.3 /o/ 

=Po1 

V I  

v3 

v5 

v6 

V8 

v9 

Vcrack 

= VOI 

AWIOS-WTP NI" C1-15 
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CH2MHILL Hanford Group, Inc. 

EVALUATION ANALYSIS 
Calc. No. RPP-LJJ-005 

Revision: 4 
PaeeNo. 16of 22 - 

CH2M Hi1 WO/Job No. 
2001 

Client: I Hanford Group. Inc. 
Subject: M a r y  Encasement P ioe Pressure DuetoPrima rv P ioe Date: 91124 By: L. J. Julvk e 

Break in Waste Tank Cross-Site Transfer Pioine Svstem Checked: 9 / ~ ~ / 4 /  BY:- 
~~ 

B;: - -, 7 
. - .  

Location: -200 Area - Hanford Site. Richland. Washington Revised: 

Figure IC. Case 2: Maximum Pressure in AWlOS-WTP Encasement Pipe Due to Prlmary Pipe Break 
(Between Awl02 02A and AP Pit) within Encasement Section of Length L. Starting at Lo Relative to 

Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 

L, = lo in  

W, = 0.1 in 

E~ = I mil 

Low point drain FK=O 

Z = 22.9ft tc = 60 OC p = 1.3 p(p,tC) = 1.197cP 

H = -22.1 ft Lo = 611 ft Ls = 966 ft Lp = 5905ft 

4 i  = 1.61 in 
DLDoF~ = in 

liter 
L i ~ y = 9 f t  ~ p = 2 m i 1  L D ( ~ , , F K )  = 7 f t  

P I  
t n  

Hs = -7.89ft F D ~  = 1 4 ~ ~ = 5 m i l  E ~ = 5 m i l  AZD=-lft  & = o f t  
Lj = 9 x  IO ft 
FK 

AW1 05-to-WTP Transfer 
break between Awl02 02L. dnd AP 

SY-101 New (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

0 
0 200 400 600 800 loo0 1200 1400 1600 I 
K)o(. Low Point Open 

Location (It) of Primary Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(Ibfnn2) 

34 
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Page No. 17 of 22 

By:&?&f#&& 

EVALUATION ANALYSIS Revision: 4 

Client: CH2M Hill Hanford Grouo. Inc. WO/Joh No. 
imarv Pioe Subject: W n d a r v  Encasem ent Pipe Pressure Due to Pr 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

Date: 9/122 I By: L. J. Julvk . .  Break in Waste Tank Cross-Site Transfer Pi0 ine Svste m Checked: 

Supernate Transfer 
Case 3 break between AP pit and AP A pit 
Lo :=LW105.05A-AFpit L, = 1643ft 

% := ZAPpit - ZAW105.05A ~0 = -7.89ft 

LS := LAPpit-APApil L~ = 655 ft 

HS :=ZAPApit - ZAW105.05A H~ = -10.5ft 

start distance from pump of secondary encasement section under consideration 

change in elevation of primary pipe from pump to point Lo 

length of secondary encasement section under consideration between drains 

change in elevation of primary pipe from pump to point Lo + Ls 

use W314 ~~ 

guide/anchor Subcase X11 (low and high point drain, FDB = 1 and FD9 = 1 r, 
X10 (high point drain, FD6 = 1 and FD9 = O)', 
XO1 (low point drain, FD6 = 0 and FDQ = 1) 4 i  = 1.61 in 

ft vl = I 1.761 --low velocities initial auesses ( XO1) Q := 271 . gpm VI := - Q 
AP seCm F D ~  = 1 FD6:=0 F ~ 9 : = 1  High point drain open 

Hpol :=Hp(Q) pump head H p ~ l  = 332ft 

p2 := 71 . psi 

p3 := 72. psi 

p5 := 30. psi 

p6 := 21 . psi 

p8 := 30.  psi 

p9 := 13 . psi 

V I .  F D ~  + Av 
v5 := 

Vg:=v5.  AP 

vg := 

v 9  := vg . 

primary pipe pressure just up stream of break 3.7 
= 2.607 AS6( FK) AS6( FK) 

Af(DDi) 
VI . F D ~  + AV AS6(FK) 

primary pipe pressure just down stream of break 

secondary pipe pressure just up stream of break 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

A f ( 4 i )  = 9'46 4.4 
AS6( FK) 

Af( DDi) 

pc := 6 . psi 

&6(FK) v '- . ( v 5  + v8) "- &rack(Lcpwc) 

ft 
' (V5 + Vg) V3 = 4.66 - apply conservation of mass AS6(FK) v 3 : = v ,  - 

(continuity) at break AP SeC 

fl 
Vc = 52.5 - 

SeC 

POI :=(P2 P3 P5 P6 P8 P9 Pc) T vO1 :=(VI v 3  v5  v 6  vg v 9  V C ) ~  
0 1  2 3 4 5 6  0 1 2 3 4 5 6  

AWIOS-WTPNTP C1-17 
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Page No. 18 of 22 
Client: CH2M Hill Hanford GrouD. Inc. WO/Job No. 
Subject: SecondxyJhmement PiDe Pressure Due to Primary Pipe Date: 9/12/2001 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 
Break in Waste Tank Cross -Site Transfer Pbine Svste m Checked 9 /  2 5-k/ 

:=Po1 POI = 

64.987 
65.919 

26.619 
18.639 

26.56 
12.173 
4.723 

psi VOI = 

1 1.249 
4.486 

0 
30.185 

2.595 
24.56 

50 
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5 

RPP-8778 REV 0 

AW105-to-WTP Transfer 

SY-101 New (RPP-5,,7 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

I bredk between AP pk and AP A pit 

- .  
EVALUATION ANALYSIS 

o b  200 400 600 800 I000 1200 1400 1600 1800 Zoo0 2200 

Calc. No. RPP-LJI-OQS 
Revision: 0 

2400 

- 
Page No. 19 of 22 

Client: CH2M Hill Hanford Grouo. Inc. WOIJob No. 
Subject: p s s u  n re Due to Pr imam Pioe Chg:* By: By:*& L. . I  k 

Location: 200 Are a - Hanford Site. R ichland. Washineton Revised: By: 
Break in Waste Tank Cross-Site Transfer Pioinr! Svstem 

Figure Id. 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 LStarting at Lo Relative to 

Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 

L, = loin Low point drain F K = ~  

Z=22.9ft t c  =60 'c p = 1.3 liter p(p,tC) =1.197cP D ~ ~ o p ~ = o i n  D D ~  = 1.61 in W,=O.lin 

EC=lmi l  
FK 

P I  
H=-22.lft  Lo=  1643ft L ~ = 6 5 5 f t  Lp=5905ft Li = 9 f t  ~ p = 2 m i i  LD(DD~,FK) = 7 f t  

.. 
ES = 5 mil ED = 5 mil U D  = -1 ft & = -7.89ft Hs = -10.5 ft F D ~  = 1 Lj = 135ft 

FK Maximum 
Pressure 
(Ibtlin2) 

27 
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EVALUATION ANALYSlS Revision: 9 
Page No. 20 of 22 

Client: CH2M Hill Hanford Group. Inc. WO/Joh No. 
Subject: M d a r v  Encasement Pipe Pressure Due to Primarv P ipe 

Break in Waste Tank Cross-Site Transfer P ioine Svste m 
Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

Date: 
Checked 

Supernate Transfer 

Case 4 break between AP A pit and WTP interface 
Lo := LW105.05A-APApit 

% := ZAPApit - ZAW 105.05A 

LS := LAPApit-WTF'interface 

H~ := zWTPinterface - ZAW105,05A 

L, = 2298ft 

~0 = -10.5 ft 

L~ = 2723ft 

H~ = -22.1 ft 

start distance from pump of secondary encasement section under considerat 

change in elevation of primary pipe from pump to point Lo 

length of secondary encasement section under consideration between drains 

change in elevation of primary pipe from pump to point Lo + Ls 

use W314 
Subcase X11 (low and high point drain, F,, = 1 and F,, = 1 )', 

X10 (hiah Doint drain. FD6 = 1 and FD9 = OY,  
guide/anchor 

. - .  
XO1 (low point drain,.FD6 = 0 and FD9 = 1)' D D ~  = 1.61 in 

ft vl = 10,824-low velocities 
see 

Q := 249.4. gpm VI := - Q 
AP FK = 3 F ~ 3 = 1  F ~ 6 : = 0  F ~ 9 : = 1  Low point drain open 

Hpol:= H p ( Q  pump head Hpol = 364ft 

p2 := 67. psi 

p3 := 67. psi 

VI . F D ~  + hV 

50 
vg := primary pipe pressure just up stream of break 

primary pipe pressure just down stream of break = 2.607 AS6( FK) AS6(FK) 

VI Fm + AV AS6(FK) 

AP v 6  := v 5 .  
p5 := 37. psi secondary pipe pressure just up stream of break Af(DDi) 

A f ( 4 i )  = 9'46 
p6 := 26. psi 

p8 := 37. psi 

p9 := 9 . psi 

secondary pipe pressure at drain up stream of break 

secondary pipe pressure just down stream of break 

secondary pipe pressure at drain down stream of break 

vg := 

v 9  := vg . 

4.8 
AS6(FK) 

Af(DDi) 

pc := 20. psi 

&6(FK) v .- ' (v5 + vs) "- &rack(Lc,wc) 

apply consewation of mass 
(continuity) at break AD SeC 

AS6( FK) .(Vg+Vg) V3=4.89- ft v3 :=VI - 

ft v, = 43.9 - 
SeC 

VOI :=(VI v 3  v5  v 6  vs v 9  T 
POI :=(PZ P3 P5 P6 P8 P9 Pc) 

0 1  2 3 4 5 6  0 1 2  3 4 5 6  
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EVALUATION ANALYSIS Revision: 2 

WO/Job No. 
By: L. J. Jul e Client: CH2M Hill Hanford Group. Inc. 

sB?~a~d~nwWEa~%nk C r o ! ~ - ! % % ~ t n % % ~ ~  Cheykzi By:& 
ment Pi 

Location: 200 Area - Hanford Site. Richland. Washineton Revised: By: 

Case 4 rX01) 
Input========================================== 
Lo = 2298ft H=-22ft e p = 2 m i l  (Canned Motor Westinghouse Pump Model 2A-513-Al) 

SY-101 New T ransfe r P u w  (RPP-5667 Rev. OB) 

kg Z = 22.9ft ES = 5 mil FK = 3 p = 1.3- 
Lp = 5905 ft liter FD3 = I ED=5mil Lc = loin 

W, = 0.1 in 

F D ~  := 0 F D ~  := 1 J(FK,L,,XB) = o N(FK,L,,LS.XB) = 20 = 1 mil 

D D ~  = 1.61 in AZD = - I  ft LD(DD~,FK) = 7.025ft I x g d  t c = 6 0  'c 

I(FK,L,,xB) = 0 M(FK,L,,Ls,xB) = 283 

p3 

P5 
p2 1 
p6 

P8 

p9 

pcrack 

:= Po1 POI = 

59.362 

60.108 
32.024 

22.452 psi VOI = 

31.981 
8.573 

16.346, 

10.303 

4.58 

0 

33.059 
2.196 
20.782 

42.308 

p(p,tC) = 1.197cP 

AWIOS-WTPNTP c1-21 
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PageNo. 220f 22 
WO/Job No. 

Subject: Seco ndarv Encasement P ipe Presswe Due to Primary P ipe Date: By: 
Client: CHZM Hill Hanford GIOUD. Inc. 

Break in Waste Tank Cross-Site Transfer Pioine Svstem Checked: By: 
Location: -Arealand. I WashiaetrJn Revised: By: ' ' 

Flgure le .  Case 4 Maximum Pressure In AWlOS-WTP Encasement Pipe Due to Primary Pipe Break 
(Between AP A pit and WTP Interface) within Encasement Sactlon of Length LStarting at Lo Relative 

to Transfer Pump for Supernate Waste Transfer at Temperature of 60 OC. 

L, = l o in  Low point drain 

=Oin D D ~  = 1.61 in 

F K = ~  

Z=22.9ft tC=60 'c p(p,tC) = 1.197cP W,=O.Iin 

H = -22.1 ft Lo = 2298ft Ls = 2723ft Lp = 5905ft FK E, = I mil L -9 f t  Ep=2mil LD(DD,,FK) = 7 f t  
CK - .. 

ES = 5 mil E D  = 5 mil h z D  = -1 ft & = -1OSft Hs = -22.1 ft F D ~  = 1 Lj = 135ft 
FK 

A w l  05-to-WTP Transfer 
break between AP A pit and WTP interface 

SV-101 New T r m  (RPP-5667 Rev. OB) 
(Canned Motor Westinghouse Pump Model 2A-513-Al) 

x-wf Low Point Open Location (ft) of Primary Pipe Break Down Stream of Pump 

Maximum 
Pressure 
(lbilin2) 

32 
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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 af Applied Flow Technology in Woodland Park. Colorado. 
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Item 
Guide 
Anchor 

COMMENTARY 

Preliminary Final 
2.73 1.9 
10.85 17.7 

The independent analysis given herein showed excellent agreement with preliminary results of 
the Mathcad model provided for independent review, thus verifving the Mathcad model. 
However, in the final calculations given in RPP-8778, there were some changes to the input 
parameters. The major changes are: 

Changes to loss factors for the W-058 guides and anchors (RCSTS piping). Table 1 
comvares the preliminary loss factors for the guides and anchors with the final values 
used RPP-87j8. 

- 

e Changes to pump curve. The preliminary calculation used a performance curve scaled 
up to a maximum delivery head of 650 feet from the pet$ormance 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-AI) is utilized. 

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 afull tank (using SY tank farm elevations). This reduces the 
available pump delivery head by 16.9 feet. 

Addition of loss factor for oven ruvture 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. 

e 

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 

August 20,2001 

FLUOR 

FH-010433 
CONTRACT NO. DE-AC06-96RL13200 

Mr. Lany 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. J., “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. 

D-2 



Mr. L. J. Julyk 
August 20,2001 
Page 2 

FH-010433 
CONTRACT NO. DE-AC06-96RL13200 

The attached results indicate a maximum secondiuy 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-LJJ-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. 

F. J. Heard, Engineer I1 
Engineering &alysis 

CONCURRENCE 

- 
M. J. &niebe. Manaeer - Y Engineering Laboratory 

rw 
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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 (RF'P-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 (RF'P-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 nehvork 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 andor gravity feed systems 
Pumped systems, including multiple pumps in parallel andor in series 
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Systems with heat exchangers 

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 RF'P-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. 

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 heat transfer from external surfaces 
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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: 

Pump Head (AH) Flow (Q) 
(ft) (GPM) 

650.0 0 
650.0 40 
624.5 80 
599.0 120 
554.4 160 
535.3 180 
A71 6 77n 

2 

K = (  Aorifice ) 2 [ 0 . 7 0 7 ( 1 - A ~ ~ ~ + ( I - ~ ~ ~ ~ ) ]  (EQU4-1) 

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 (0.7s-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-5 13-A1) that determines the pressure (head) that is added 
to the system. The pump head (feet of water) versus volumetric flow ( g a h i n )  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 
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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 
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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 RF'P-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 
RF'P-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 

I NO. I Location 
of Break 

(ft) 

340.0 
902.5 

1466.0 
2029.5 
2593.0 
3156.6 
3720.0 
4283.5 
4847.0 

10 5410.5 
11 5973.0 

* Junction J12 closed, Junction J9 open 
** Junction J9 closed, Junction 512 open 
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TABLE 5-2. MAXIMUM SECONDARY ENCASEMENT PRESSURE VS. LOCATION 
OF BREAK WITHOUT PRIMARY FLOW 

~ 7 9 

10 
1 1  

Location 
of Break 

(ft) 

340.0 
902.5 

1466.0 
2029.5 
2593.0 
3156.6 
3720.0 
4283.5 
4847.0 
5410.5 
5973.0 

* Junction 512 closed, Junction J9 open 
** Junction J9 closed, Junction 512 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 fkom Tables 5-1 and 5-2 indicate that the maximum secondary encasement pressure 
is approximately 209 psig. A comparison of the results from RPP-LJJ-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 model 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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