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BASELINE DESIGN COMPLIANCE MATRIX FOR THE ROTARY 
MODE CORE SAMPLING SYSTEM 

1.0 BACKGROUND 

The rotary mode core sampling (RMCS) system i s  designed to collect radioactive waste samples 
from single-shell tanks (SST) that contain a hard waste form that cannot be collected by push mode core 
sampling. The RMCS system consists o f  fifteen inajor subsystems; . Rotary Mode Core Sample Trucks, 

Exhausters System, 
Universal Samplers, 
Diesel Generators, 
Distribution Trailers, 
X-Ray Cart System, 
Breathing A i r  Compressor, 
Nitrogen Supply Trailers, 
Service Trailers, 
Casksicask Trucks, 
Core Sampling Riser Equipment, 
Core Sampling Support Trucks, 
Foot Clamp, 
Ramps and Platforms and 
Purged Camera System. 

Figure I shows the arrangement o f  equipment for sainpliiig in tlie rotary mode. 

SSTs that are not actively ventilated require the use o f  the RMCS exhauster during RMCS 
operations to prevent tank pressurization and to control emissions. During tlie course o f  calibrating tlie 
RMCS exhauster in 1996, an off-normal occurrence report was issued, resulting in a review of the design 
process within Characterization Engineering. The reviewers made several recommendations, including 
t l ie development o f  a design compliance matrix (DCM). I n  response to this recommendation, a desk 
instruction for implementing the use o f a  D C M  was issued (LMHC 1997~)  to support all engineering 
design and design-related activities performed 011 behalf o f  the Characterization Project. 

This revision o f  tlie D C M  includes the addition o f  new equipment as well as additions to existing 
equipment. Background documentation for existing equipment was retrieved from the date o f  the 
equipment origination through February 2000. AI1 documentation was in the form o f  Drawings, 
Engineering Change Notices, Engineering Task Plans and/or Supporting Documents. 

2.0 PURPOSE 

The purpose o f  t l ie D C M  i s  to provide a single-source document o f  all design requirements 
associated with the fifteen subsystems that make up the RMCS system. It i s  intended to be tlie baseline 
requirement document for tlie RMCS system and to be used in governing all future design and design 
verification activities associated with it. 

Page 1 
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3.0 SCOPE 

This document is the DCM for the RMCS system used 011 Hanford single-shell radioactive waste 
storage tanks. This includes the Exhauster System, Rotary Mode Core Sample Trucks, Universal 
Sampling System, Diesel Generator System, Distribution Trailer, X-Ray Cart System, Breathing Air 
Compressor, Nitrogen Supply Trailer, Casks and Cask Truck, Service Trailer, Core Sampling Riser 
Equipment, Core Sampling Support Trucks, Foot Clamp, Ramps and Platforms and Purged Camera 
System. Excluded items are tools such as light plants and light stands. Other items such as the breather 
inlet filter are covered by a different design baseline. I n  this case, the inlet breather filter is covered by 
the Tank Farins Design Compliance Matrix. 
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The design requirements for the breather inlet filter are contained in the Tank Farins 
Design Baseline. 
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4.0 DEFINITION 

The baseline D C M  i s  a single-source compilation o f  validated, traceable, cohesive, consistent, 
and current design requirements for the RMCS system. It consists o f  three sections: I) design 
requirements, 2) design solution, and 3) design verification. The baseline D C M  presented herein 
completes the first two sections. 

5.0 RESPONSIBILITIES 

The assigned RMCS Design Authority i s  responsible for proper preparation and maintenance o f  
the D C M  and exercises ownership of it on behalf of Characterization Equipment Engineering and 
Characterization Project Operations management. 

The baseline DCM, and any portion thereof, i s  considered a baseline requirements document. 
Changes to the D C M  that affect the safety and environmental requirements w i l l  require Safety, Quality 
Assurance, and Environmental approval in addition to that o f  the assigned Design Authority, cognizant 
engineer, and cognizant engineer's manager. 

6.0 DESIGN REQUIREMENTS 

Design requirements within the D C M  are divided into two logical parts: functional characteristics 
and constraints. The functional characteristics describe the purpose o f  the equipment in terms o f  i ts 
required functions and external interfaces. The constraints put limits on how the design w i l l  attain its 
functional characteristics. The design i s  in compliance with the requirements if it performs the required 
functions within the constraints o f  the safety requirements, environmental regulations, design codes, and 
operational requirements imposed on, or selected by, the project. In addition, the design must be 
compatible with the tank waste and outdoor environmental conditions (Appendix A, Table 1). The 
RMCS system may be operated over the ful l  range o f  outdoor temperatures, but the exhauster, the RMCS 
truck, the X-Ray cart, and the Core Sample Support Trucks were not designed to operate at the lower 
temperatures, and their performance w i l l  suffer at low temperatures. Therefore, operating procedures are 
used to place administrative controls on operation o f  these subsystems outside o f  their design temperature 
range. 

The design requirements contained herein are gleaned from existing functional design criteria, 
purchase specifications, and authorization basis documents. Some of the criteria are in issued documents, 
some are in draft documents, and some are prescribed by the design engineer. From all the design 
requirements (so obtained) a group o f  engineers eliminated obsolete criteria and criteria not essential to 
the design. 'The final product ofthat effort is the D C M  (Appendix B, Table 2 that l i s t s  all the RMCS 
requirements by subsystem. The requirements for each subsystem are grouped by the requirement type, 
of which there are six: performance, external interface, safety, environmental, design code, and other. 
Table 2 also l i s t s  how the existing equipment satisfies the design requirement. 

To provide some perspective on the origin o f  the design requirements, the major requirements 
and their sources are discussed in the following sections for each o f  the fifteen RMCS subsystems. The 
discussion of each subsystem is divided into two main parts-functional characteristics and constraints. 
The complete list o f  requirements i s  in Table 2. 

Page 3 
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6.1 EXHAUSTER SYSTEM 

There are two exhauster systems, numbered 296-P33 (Exhauster B) and 296-P34 (Exhauster C). 
Design configuration of tliese exhausters is maintained by drawings, including assembly drawing 
H-2-82 1455. Vendor information is filed under vendor information number 22660. 

6.1.1 Functional Characteristics 

Tlie exhausters are part of the tank waste sampling equipment. Tlie equipment is moved from 
tank to tank to perform sampling operations and will be used year-round. Duriiig rotary inode core 
drilling, the drill string is purged with nitrogen at a rate of up to 100 cfin. To ensure that the added gas 
does not pressurize tlie tank and cause uncontrolled emissions of radioactive matter, tank vapors are 
witlidrawin by the exhauster at a rate of about 200 cfm. The tank pressure is monitored to ensure that the 
exhauster does not create an excessive vacuum iii tlie tank that might damage the tank. 

Tlne exhauster interfaces with the tank riser adapter, the rotary mode core sampling truck, the 
HEPA test equipment, and a portable generator. 

The RMCS system is exposed to tlie Hanford climate (FDNW 1997) natural phenomena 
(FDH 1997a), and tlie tank waste environmental conditions. The tank waste environmental conditions 
and the outdoor environmental conditions are listed in Table 1, Tlne system must operate under the waste 
conditions and be constructed of material that is compatible with tlie waste environment. Tlne system 
must also be designed to operate outdoors. Operation may be limited by administrative controls during 
extreme weather conditions. 

The electrical connectors for exhausters B and C that connect to the interfacing equipment 
(Rotary Mode Core Sample Truck, Distribution Trailer) must be compatible with tlie connectors installed 
on the interfacing equipment. I n  addition, the power connectors on the exhauster must be wired with tlie 
same phasing orientation as the distribution trailer. The mechanical connection for the HEPA Test 
Equipment must also remain compatible with the test equipment connector. Furthermore, Exhauster B 
must remain interchangeable with Exhauster C to facilitate continuous Rotary Mode Core Sampling. 

6.1.2 Constraints 

The constraints described liere were imposed on or by the project to ensure that the equipment 
designed to meet tlie functional requirements is also designed within the accepted safety envelope, is in 
compliance with environmental regulations and pertinent design codes, and meets tlie operability 
standards considered important by tlie project and the Design Authority. 

6.1.2.1 Safety Requirements 

Tlne safety requirements protect the tank from damage caused by pressure excursions. 
Compliance with tlie safety requirements ensures that the personnel, the public, and tlie environment are 
not exposed to unacceptable risks of radiation and contamination. The requirements related to sampling 
tanks containing flammable gases are described i n  Tank Waste Reniediation System Final Safety Analysis 
Report (FSAR) (CHG 1999) and i n  the Tank Wuste Remediution Sy,m?ni Technical Safety Requirements 
(TLSR) (CHG 1998~) .  The requirements related to toxicological exposure and other safety-related issues 
are described i i i  tlie Safety Assessment ofKolury-Mude Core Sampling in Flummahle-Gus Single-Shell 
Ttrnks: Hanfi)rd Site, Richland, Washington (LANI, 1997). 

Page 4 
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During sampling operations, the exhauster will accumulate radioactive particles in the high 
efficiency particulate air (HEPA) filters and on other exhauster components. 'To minimize operating 
personnel radiation exposure, the exhauster must be designed in accordance with the RPP As Low As 
Reasonably Achievable (ALARA) Program (CHC 1997b). 

Safety requirements i i i  Funclibnal Design criteria,for Core Sampling inflammable gas Wafch 
Lis1 Tanks and Funclionul Design C'rileria fur  the Rolury Mode Core Sampling Exhauster (WHC 1995a 
and LMHC 1997b respectively) that are consistent with the FSAR (CHG 1999) and the safety assessment 
are listed in  'Table 2. 

6.1.2.2 Environmental Regulations 

Waste tank sampling, including RMCS, was evaluated for tlie activity's impact on the 
environment (DOE 1994) in an environmental assessment as required by the National Environmental 
Policy Act. The environmental assessment was reviewed by the DOE, and tlie DOE determined that tlie 
activity did not constitute a major federal action significantly affecting the quality of the human 
environment. The environmental assessment states that the sampling would be conducted using standard 
operating procedures for sampling high-level waste tanks that reflect the potential presence of flammable 
or explosive material i n  tlie tank or waste. The environmental assessment also recognized tlie need for 
regulatory approval because of the potential for an increase i n  tlie toxic and radionuclide air emissions. 

The pertinent environmental regulations limit radioactive and toxic air emissions. The governing 
radioactive air emission standard is Chapter 246-247 of the Washington Administrative Code 
(WAC 1995) and the Hanford Site Environmental Procedure, "Air Quality - Radioactive Emissions." 
(CHG 1 9 9 9 ~ )  The governing toxic air pollutant standard is WAC 173-460 (WAC 1994). Permission to 
operate the exhauster must he obtained from three regulatory agencies. The State of Washington 
Department of Health (WDOH) and the Environmental Protection Agency (EPA) must approve the 
radioactive air emission control plan, and tlie State of Washington Department of Ecology (Ecology) must 
approve tlie toxic air emission control plan. These separate plans are submitted in the form o f a  notice of 
construction (NOC) by tlie U.S. Department of Energy, Richland Operations Office (RL) to tlie 
appropriate agency. The agency then can approve tlie plan, disapprove the plan, or approve the plan with 
conditions. 

The RL NOC for tlie control of toxic air emissions (DOE 1995) was approved by Ecology 
contingent on additional conditions (WDOE 1995). Likewise, the RL NOC for the control of radioactive 
air emissions (DOE 1997) was approved by the EPA (Frankel 1997) and approved, contingent on 
additional conditions, by the WDOH (WDOH 1997). Tlie DOE provided additional information to 
describe how the additional conditions would be satisfied (Rasmussen 1998a and Rasmussen 1998b). and 
tlie regulatory agencies approved the proposals (Conklin 1998 and Hensley 1998). 

As a result of the interactions with the regulators, several design changes were made. Tlie HEPA 
filter housing was improved to allow tlie two HEPA filters to be tested individually, and additional 
emission monitoring was installed to allow continuous inonitoring (a record sampler) to monitor, collect, 
and measure radionuclides as required by 40 CFR 61, Subpart H, (CFR 1996). 111 addition, a continuous 
inonitor was added to measure gross radiation activity iii the filtered air stream as required by the Iianford 
Site Environmental Procedure (CHG 1999~).  Tlie emission monitoring was added because tlie WDOH 
determined that the exhauster's potential-to-emit exceeded 0. I mremiyear effective dose equivalent. 

Tlie environmental design requirements are listed i n  Table 2.  

Page 5 
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6.1.2.3 Major Design Codes 

The design codes of particular interest to exhauster design are component design (ASME 1989b, 
ASME 1989c, and ASME 1994) and electrical design (NFPA 1996). Component design compliance is 
accomplished according to the NOCs, functional design criteria, and supplemental letters between RL and 
tlie WDOH (where exceptions to ASME 1989h requirements are discussed), 

6.1.2.4 Other Requirements 

Design features that the Design Authority considers to be important to the exhauster are listed in 
Table 2 under the ‘Other Requirements’ heading. These requirements typically ensure that the exhauster 
w i l l  be reliable and more easily maintained and operated. 

6.1.3 Permit Changes 

Changes to the exhauster components must meet all the requirements for the original system, as a 
minimum. These requirements are listed iii the DCM. In addition to meeting the listed design 
requirements, design changes that affect the air emissions or system as described in the NOC must be 
approved by the regulatory authority. Changes that wi l l  require approval include f low rate increase, 
prefilter efficiency decrease, and sampling equipment that does not meet CFR 1996. 

ROTARY MODE CORE SAMPLING TRUCKS 6.2 

There are two rotary mode core sampling truck systems, designated HO-68K-4600 (Truck #3) 
and HO-68K-4647 (Truck #4). Design configuration o f  these trucks is maintained on drawings, including 
assembly drawing H-2-690000. 

6.2.1 Functional Characteristics 

The RMCS trucks perform all the sampling operations and are the central feature o f  the tank 
waste sampling equipment. The other subsystems, sucli as the exhausters and the nitrogen supply trailers, 
support the truck operations. The truck and the support equipment is moved from tank to tank to perform 
sampling operations and w i l l  be used year round. The truck delivers a sample collection unit (universal 
sampler) to the waste, drills into the waste to collect the sample, retrieves the sample unit to grade level, 
delivers the sampler to tlie X-Ray subsystem, and then loads the sampler into a cask for shipment to the 
waste laboratory for analysis. Pressurized nitrogen i s  supplied to the truck during dril l ing to cool the drill 
bit, clear cutting debris, and purge flammable gases from the dril l  assembly. 

To perform these operations, the truck is equipped with a shielded receiver assembly to deliver 
and retrieve tlie sampler, a dri l l  r ig to insert and turn t l ie dri l l  string, and a grapple hoist to hold the 
vertical position o f  the sampler piston while the drill penetrates the waste. A l l  th is equipment i s  located 
on the truck‘s platform that rotates as needed to align the equipment with the tank riser and the support 
systems. 

The truck interfaces with the tank riser, the universal sampler, the exhauster, the nitrogen supply 
trailer, casks, distribution trailer, X-Ray cart, breathing air compressor, and a portable generator. 

The RMCS system i s  exposed to the Hanford climate (FDNW 1997), natural phenomena 
(CHG I997a), and the tank waste environmental conditions. The tank waste environmental conditions 
and the outdoor environmental conditions are listed in Table 1. The system must operate under the waste 
conditions and be constructed of material that is compatible with the waste environment. The systetn 
inust also he designed to operate outdoors. Operation may be limited by administrative controls during 
extreme weather conditions. 
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The electrical connectors for RMCSTs 3 and 4 that connect to the interfacing equipment 
(Exhauster, Distribution Trailer, X-Ray Cart, and tlie Breathing Air Compressor) must he compatible with 
tlie connectors installed on the interfacing equipment. I n  addition, the Trucks must remain mechanically 
compatible with tlie liose fitting for the nitrogen supply trailer. Furthermore, RMCST 3 must remain 
interchangeable with RMCST 4 to facilitate continuous Rotary Mode Core Sampling. 

6.2.2 Constraints 

Tlie constraints described here were imposed on or by the project to ensure that the equipment 
designed to ineet the functional requirements i s  also designed within the accepted safety envelope, i s  in 
compliance with environmental regulations and pertinent design codes, and meets tlie operability 
standards considered important by tlie project and the Design Authority. 

6.2.2.1 Safety Requirements 

Tlie safety requirements protect the tank from damage caused by pressure excursions and waste 
f ires. Compliance with tlie safety requirements ensures that tlie personnel, t l ie public, and the 
environment are not exposed to unacceptable risks o f  radiation and contamination. Pressure excursions 
caused by ignition of flammable gases are addressed in one set o f  safety documentation and pressure 
excursions caused by waste fires are addressed in a second set o f  safety documentation. The requirements 
related to sampling tanks containing flammable gases are described in Tank Waste Remediation System 
Final Safety Analysis Report (FSAR) (CHG 1999) and in the teclinical safety requirements (TSR) (CHG 
1998~). The requirements related to toxicological exposure and other safety-related issues are described 
in the RMCS safety assessment (LANL 1997). 

During sampling operations, there are actions that expose the workers to radiation and 
contamination. For example, tlie radioactive waste samples wi l l  he brought to the surface through the 
dri l l  string, and the drill string w i l l  he separated to allow removal o f  tlie sampler. Also, to add sections to 
tlie dri l l  string, the string must be separated, increasing the potential for contamination to spread. To 
minimize personnel exposure, the truck must he designed in accordance with tlie RPP A L A R A  Program 
(CHG 1997b). 

6.2.2.2 Environmental Regulations 

There are 110 environmental regulations for tlie RMCS trucks that are unique to tlie RMCS 
activity and none that liave a significant impact on the truck design. 

6.2.2.3 Major Design Codes 

The parts o f  the  system potentially exposed to waste are purged with pressurized nitrogen. These 
parts and tlie purge gas piping itself must meet tlie applicable sections o f  tlie American Society o f  
Mechanical Engineers Boiler and Pressure Vessel Code (ASME 1989a). Pressure vessels in the system 
are to liave an ASME code stamp. Electrical design i s  to he in accordance with t l ie National Electric 
Code (NFPA 1996). 

6.2.2.4 Other Requirements 

Design features that tlie Design Authority considers being important to the RMCS trucks are 
listed in ‘Table 2 tinder tlie heading ‘Other Requirements’. These requirements typically ensure tliat tlie 
trucks w i l l  be reliable and more easily maintaincd and operated. 
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6.3 UNIVERSAL SAMPLER SYSTEM 

The samplers are disposable devices. New samplers are used to collect each segment of waste. 
Sampler design configuration is maintained by drawing H-2-690140. 

6.3.1 Functional Characteristics 

The universal sampler is the vessel used to reliably collect and retain up to a 19-inch-long waste 
sample. The sampler is installed through the dril l  string and, once in position, i s  designed to prevent tank 
waste and tank gases from entering the dril l  string. The shielded receiver assembly installs and retrieves 
the sampler. 

The remote latch unit secures and releases the universal sampler in the core barrel. The 
hydrostatic head balancing system maintains a positive pressure in the drill string to prevent tank waste 
and tank gases from entering the drill string when the sampler i s  not locked in the sampling position. 

The sampler interfaces with the sampler hoist assembly, the drill string, the grapple, the grapple 
hoist assembly, a remote latching mechanism, the shielded receiver tube, the X-Ray cart, the shipping 
cask, and the waste analysis laboratory. 

The RMCS system i s  exposed to the Hanford climate (FDNW 1997). natural phenomena 
(CHC 1997a), and the tank waste environmental conditions. 'The tank waste environmental conditions 
and the outdoor environmentnl conditions are listed in Table 1. The system must operate under the waste 
conditions and be constructed of material that i s  compatible with the waste environment. The system 
must also be designed to operate outdoors. Operation may he limited by administrative controls during 
extreme weather conditions. 

Use o f  the rotary mode sampler with the push mode core sample hit during rotary mode core 
sampling is prohibited and w i l l  shut down the core sample truck. However, use o f  the use o f  the push 
mode sampler with the rotary mode core sample hit during rotary inode core sampling is permitted and 
w i l l  not shut down the core sample truck. 

6.3.2 Constraints 

The constraints described here were imposed on or by the project to ensure that the equipment 
designed to meet the functional requirements is  also designed within the accepted safety envelope, is in 
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the project and the Design Authority. 

6.3.2.1 Safety Requirements 

The safety requirements associated with the univcrsal sampler protect the tank from damage 
caused by pressure excursions. Compliance with the safety requirements ensures that the personnel, the 
public, and the eiiviroiiment are not exposed to unacceptable risks o f  radiation and contamination. 
Prcssure excursions caused by ignition of flammable gases are addressed i n  the FSAR (CHC 1999) and in  
the TSR (CI-IC; 1998~). 

During sampling operations there are actions that expose the workers to radiation and 
contamination. For example, the radioactive waste samples w i l l  be brought to the surface through the 
drill string and the drill string w i l l  be separated to allow removal of the sampler. To minimize personnel 
exposure, the sampler must be designed in accordance with the RPP ALARA Program (CHC 1997b). 
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6.3.2.2 Environmental Regulations 

The materials of construction for the universal sampler must conform to the EPA water sampling 
requirements (EPA 1986). 

6.3.2.3 Major Design Codes 

There are 110 major desigii codes applicable to tlie universal sampler. 

6.3.2.4 Other Requirements 

Design features that the Design Authority considers to be importmnt to the Universal Sampler 
System are listed in Table 2 under tlie ‘Other Requirements’ heading. These requirements typically 
ensure that the system wi l l  he reliable and more easily maintained and operated. 

6.4 DIESEL GENERATOR SYSTEM 

There are five diesel generator systems. Their trailer numbers are HO-74-4761, HO-74-4793, 
t1O-74-4984, HO-74-4985, and 140-74-6033. Design configuration of the electrical connections i s  
maintained on drawings H-2-827188, H-2-827189,11-2-827192, and H-2-827193. 

6.4.1 Functional Characteristics 

The generators are portable and diesel powered and supply all the electrical power required by the 
RMCS System. Tlie system inust also he designed to operate outdoors. Operation may be limited by 
administrative controls during extreme weather conditions. 

The generators interface with tlie service trailer, distribution trailer, breathing air compressor, 
and nitrogen supply trailer. 

Tlie electrical connectors for Generators A, B, C, and E that connect to the interfacing equipment 
(Distribution Trailer, Service Trailer, and Breathing A i r  Compressor) iiiust be compatible with the 
connectors installed on the interfacing equipment. Furthermore, the phase rotation o f  the wiring at the 
power connectors to the distribution trailer and Breathing A i r  Compressor must be in the correct 
direction. I n  addition, all four diesel generators inust remain interchangeable to facilitate continuous 
Rotary Mode Core Sampling. 

6.4.2 Constraints 

Tlie constraints described here were imposed on or by the project to ensure that tlie equipment 
designed to ineet the functional requirements i s  also designed within tlie accepted safety envelope, is in 
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the project and tlie Design Authority. 

6.4.2.1 Safety Requirements 

There are no safety requirements for tlie Diesel Generator System that are unique to the RMCS 
activity and that affect the Diesel Generator System design other than those contained in the desigii codes. 

6.4.2.2 Environmental Regulations 

There are no environmental statutes applicable to the Diesel Generator System that are unique to 
the RMCS activity. 
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6.4.2.3 Major Design Codes 

The design code of particular interest to the diesel generator design is the National Electric Code 
(NFPA 1996). 

6.4.2.4 Other  Requirements 

Design features that the Design Authority considers to be important to the diesel generators are 
listed i i i  Table 2 under the ‘Other Requirements’ heading. These requirements typically ensure that the 
generators will be reliable and more easily maintained and operated. 

6.5 DISTRIBUTION TRAILER 

There are three distribution trailers. Their trailer numbers are HO-64-3532, HO-64-3533, 
and HO-64-3540. Design configuration of the trailers is maintained by drawings, including assembly 
drawing H-2-85350. 

6.5.1 Functional Characteristics 

The distribution trailer is portable and contains the electrical equipment and cables required to 
distribute power to the RMCS equipment. The system must also be designed to operate outdoors. 
Operation may be limited by administrative controls during extreme weather conditions. 

The trailer interfaces with the diesel generator, the drill rig instruments, the auxiliary air 
compressor, the exhauster, the X-Ray cart, the coiivenieiice power box, and the core sampler support 
trucks. The electrical connectors for Distribution Trailers B, C, and D that connect to the interfacing 
equipment (Exhauster, Air Compressor, Support Truck, X-Ray Cart, Propane Heater, and Portable 
Generator) must be compatible with the connectors installed on the interfacing equipment. I n  addition, 
the trucks must remain mechanically compatible with the hose fitting for the nitrogen supply trailer. 
Furthermorc. the phase rotation associated with the power wiring to the exhausters must be in the proper 
direction. Finally, all three distribution trailers must remain interchangeable to facilitate continuous 
Rotary Mode Core Sampling. 

6.5.2 Constraints 

The constraints described here were imposed on or by the project to ensure that the equipment 
designed to meet the functional requirements is also designed within the accepted safety envelope, is in 
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the prqject and the Design Authority. 

6.5.2.1 Safety Requirements 

There are no special safety requirements for the distribution trailer other than those contained in 
the design codes. 

6.5.2.2 Environmental Regulations 

There are no environmental statutes that regulate the design of the distribution trailer that are 
unique to the RMCS activity. 

6.5.2.3 Major Design Codes 

The design code of particular interest to the distribution trailer is the National Electric Code 
(NFPA 1996). 
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6.5.2.4 Other  Requirements 

Design features that the Design Authority considers to be important to the distribution trailer are 
listed i n  Table 2 under the ‘Other Requirements’ heading. These requirements typically ensure that the 
trailer will be reliable and more easily maintained and operated. 

6.6 X-RAY CART SYSTEM 

There are four X-Ray Cart Systems. Their trailer numbers are HO-64-5979, HO-64-6042, 
HO-64-6043, and HO-64-6044. Design documentation is maintained in vendor index tile number 22772. 

6.6.1 Functional Characteristics 

‘The X-Ray Cart System is portable and provides real time radiography of core samples. 

The X-Ray Cart System interfaces with the shielded receiver of the RMCS truck and the 
distribution trailer. 

Tlie system must be capable of operation between exterior temperatures of 32 and 105 degrees 
Fahrenheit. This operating temperature range is more limiting tliaii any specified operating temperature 
limit for the other RMCS subsystems. 

The X-Ray Cart inust be mechanically compatible with the shielded receiver and electrically 
compatible with tlie Distribution Trailers. All three of tlie operating X-Ray Carts must be interchangeable 
to facilitate Rotary Mode Core Sampling 

6.6.2 Constraints 

The constraints described here were imposed on or by the project to ensure that the equipment 
designed to meet the functional requirements is also designed within the accepted safety envelope, is i n  
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the project and tlie Design Authority. 

6.6.2.1 Safety Requirements 

Although precautions are taken to clean the samplers, they still retain some external 
contamination. Tlie repeated insertion and removal of samples i n  the X-Ray chamber will lead to an 
accumulation of contamination. To minimize personnel exposure. tlie design must be in accordance with 
the RPP ALARA program (CHG 1997b). Safety requirements are also specified in the design codes. 

6.6.2.2 Environmental Regulations 

There are no environmental statutes that significantly affect the design of the X-Ray Cart System 
that are unique to the RMCS activity. 

6.6.2.3 Major Design Codes 

X-Ray systems inust meet tlie shielding and safety requirements specified in the Code of Federal 
Regulations (CFR 1997a), Washington Administrative Code (WAC 1997), and national standards 
(ANSI 1993b). 
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6.6.2.4 Other Requirements 

Design features that the Design Authority considers to be important to the X-Ray Cart System arc 
listed in Table 2 under the ‘Other Requirements’ heading. These requirements typically ensure that the 
system wi l l  be reliable and more easily maintained and operated. 

6.7 BREATHING AIR COMPRESSOR 

There i s  one breathing air compressor. I t s  trailer number i s  HO-64-4963. Design configuration is 
maintained on drawings, including assembly drawing H-2-85287. 

6.7.1 Functional Characteristics 

The breathing air compressor i s  a portable, electric-motor-driven unit that supplies Grade D 
breathing air for tip to 12 people. The system must be designed to operate outdoors. Operation may be 
limited by administrative controls during extreme weather conditions. 

The compressor interfaces with the diesel generators, the personnel breathing apparatus, and the 
RMCS truck. 

The electrical connectors on the Breathing Air Compressor must be compatible with those on the 
portable generator. The phase orientation of the breathing air compressor wiring must be matched to the 
phase orientation o f  the diesel generator. The Breathing Air Compressor must be compatible with the 
personnel breathing apparatus. If addition Breathing Air  Compressors arc procured, they must be 
interchangeable with the existing Breathing Air  Compressor to facilitate continuous Rotary Mode Core 
Sampling. 

6.7.2 Constraints 

The constraints described here were imposed on or by the project to ensure that the equipment 
designed to ineet the functional requirements is also designed within the accepted safety envelope, is in 
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the project and the Design Authority. 

6.7.2.1 Safety Requirements 

The compressor must provide air that meets the breathing air quality standards per 29 CFR 1910 
Subpart I (CFR 1997b). 

6.7.2.2 Environmental Regulations 

There are no environmental statutes that regulate the design o f  the breathing air compressor that 
are unique to the RMCS activity. 

6.7.2.3 Major Design Codes 

The major design codes of particular interest to the breathing air compressor design arc the 
ASME Boiler and Pressure Vessel Code (ASME 1989a) and the National Electric Code (NFPA 1996) 
The pressurized tanks require an ASME code stamp. The trailer must meet the Department of 
Transportation (DOT) requirements (CFR 1995). 
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6.7.2.4 Other  Requirements 

Design features that the Design Authority considers to be important to the breathing air 
compressor design are listed in Table 2 under the ‘Other Requirements’ heading. These requirements 
typically ensure that the nitrogen supply will be reliable and more easily maintained and operated. 

6.8 NITROGEN SUPPLY TRAILERS 

There are three nitrogen supply trailers. Their trailer numbers are HO-64-4966, HO-64-4968, 
and HO-64-5 170. Trailer design configuration is maintained on drawing H-9-000174. 

6.8.1 Functional Characteristics 

The nitrogen supply trailers provide the purge gas and hydrostatic head gas at tlie proper 
temperature, pressure, and rate of flow. Tlie system must be designed to operate outdoors. Operation 
may be limited by administrative controls during extreme weather conditions. 

The Nitrogen Supply Trailers interface with tlie nitrogen gas system on tlie RMCST via a hose 
fitting that must be compatible with the RMCST hose connector. Nitrogen Trailers A, B, and C must all 
be interchangeable to facilitate continuous Rotary Mode Core Sampling. 

6.8.2 Constraints 

Tlie constraints described here were imposed 011 or by the project to ensure that tlie equipment 
designed to meet the functional requirements is also designed within tlie accepted safety envelope, is i i i  

compliance with environmental regulations and pertinent design codes, atid meets the operability 
standards considered important by the prqject and tlie Design Authority. 

6.8.2.1 Safety Requirements 

There are 110 special safety requirements that significantly affect the design of the nitrogen supply 
trailer and are unique to the RMCS activity. 

6.8.2.2 Environmental Regulations 

There are no cnvironmental statutes that regulate tlie designs of the nitrogen supply trailer that are 
unique to the RMCS activity. 

6.8.2.3 Major Design Codes 

Tlie trailer inust comply with DOT requirements for the traiisport of nitrogen, the National 
Electric Code (NFPA 1996) and the ASME Boiler and Pressure Vessel Code (ASME 1989a). Trailers 
using propane and a water heater loop must comply with the DOT requirements for the traiisport of 
propane. 

6.8.2.4 Other  Requirements 

Design features that the Design Authority considers to be important to the nitrogen supply 
trailer are listed in Table 2 under the ‘Other Requirements’ heading. These requirements typically 
ensure that the nitrogen supply will be reliable and more easily maintained and operated. 
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6.9 CASKS AND CASK TRUCKS 

There are four cask trucks. Their numbers are HO-IC-0254, HO-IC-0255, HO-IC-2247, and 
HO-IC-2248. Design configuration o f  the trucks i s  maintained by drawings H-2-83320 and H-2-83324. 
There arc 126 on-site transfer casks, each built to drawing H-2-38079. 

6.9.1 Functional Characteristics 

The casks contain t l ie samplers wit11 captured waste samples and provide shielding. The cask 
truck loads and transports up to three casks at a time to the characterization laboratories. The system 
must be designed to operate outdoors. Operation may be limited by administrative controls during 
extreme weather conditions. 

The casks interface with the uiiiversal sampler, the shielded receiver assembly, and the waste 
laboratory receiving system. 

6.9.2 Constraints 

The constraints described here were imposed on or by the project to ensure that the equipment 
designed to meet t l ie functional requirements i s  also designed within tlie accepted safety envelope, i s  in 
compliance with environmental regulations and pertinent design codes, and meets tlie operability 
standards considered important by the project and t l ie Design Authority. 

6.9.2.1 Safety Requirements 

The casks must withstand normal and accident loads as described in Sajefy Analysis Report,for 
Packaging (Onsite) Onsife Transfer Cusk(WMFS 1998) and protect the worker from exposure to 
excessive radiation and high cask surface temperature (WMFS 1998). The contents o f  the cask for 
samples from flammable gas storage tanks is limited to 500 cc o f  waste. 

6.9.2.2 Environmental Regulations 

There are no environmental statutes that regulate tlie design o f  the casks and cask trucks that are 
unique to the RMCS activity. 

6.9.2.3 Major Design Codes 

The design is specified in the safety analysis report for packaging (WMFS 1998) and must be in 
accordance with applicable sections of the ASME Boiler and Pressure Vessel Code (ASME 1996a) and 
federal regulations for transport o f  radioactive materials (CFR 1988 and CFR 1995). 

6.9.2.4 Other Requirements 

Design features that tlie Design Authority considers to be important to the casks and cask trucks 
are listed in Table 2 under tlie ‘Other Requirements’ heading. These requirements typically ensure that 
t l ie casks and cask trucks w i l l  be reliable, and more easily maintained and operated. 

6.10 SERVICE TRAILER 

There arc two service trailers. Their trailer numbers arc HO-64-3523 and HO-64-3524. Design 
configuration o f  the trailers is maintained by drawings, including assembly drawing H-2-79842. 

6.10.1 Functional Characteristics 

The service trailer i s  portable and provides enclosed equipment storage and personnel area. 
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The Service Trailer interfaces with the portable distribution trailer. The electrical connector on 
the Service Trailer must be able to interface with the connector on the portable generator. Service 
Trailers A and B must be interchangeable to facilitate continuous Rotary Mode Core Sampling. 

6.10.2 Constraints 

The constraints described here were imposed on or by the project to ensure that the equipment 
designed to meet the functional requirements is also designed within the accepted safety envelope, is in  
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the project and the Design Authority, 

6.10.2.1 Safety Requirements 

There are no special safety requirements for the service trailer other than those contained i n  the 
design codes. 

6.10.2.2 Environmental Regulations 

There are no environmental statutes that regulate the design of the service trailer that are unique 
to the RMCS activity. 

6.10.2.3 Major Design Codes 

The trailer must meet DOT requirements (CFR 1995) and the National Electric Code 
(NFPA 1996). 

6.10.2.4 Other Requirements 

Design features that the Design Authority considers to be important to the service trailer are listed 
i n  Table 2 under the ’Other Requirements’ heading. These requirements typically ensure that the trailers 
will be reliable and more easily maintained and operated. 

6.1 1 

The core sampling riser equipment consists of the pipe wiper and drill rod washer. Other 

CORE SAMPLING RISER EQUIPMENT 

equipment inay be required to attach the listed equipment to the riser to be sampled. 

Drawings H-2-690 134, H-2-99346 and H-2-99347 depict the core sampling riser arrangement 

6.11.1 Functional Characteristics 

The drill rod washer is a ring of spray iiozzles used to remove radioactive waste from the drill 
string and is used i n  conjunction with the pipe wiper. The pipe wiper is a small rubber disk with a hole in 
the center sized to allow the drill string to pass through while maintaining a tight seal. These two items 
are used to minimize personnel as well as environmental exposure to radioactive material. For this 
reason, the drill string and pipe wiper must be designed in  accordance with the RPP ALARA Program 
(CHG i997b). 

6.11.2 Constraints 

The coiistraints described here were imposed on or by the project to ensure that the equipment 
designed to meet the functional requirements is also designed within the accepted safety envelope, is in 
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the project and the Design Authority. 
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6.11.2.1 Safety Requirements 

During sampling operations, there are actions that expose tlie workers to radiation and 
contamination. To minimize personnel exposure, tlie dri l l  string and pipe wiper must be designed in 
accordance with tlie RPP ALARA Program. 

6.1 1.2.2 Environmental Regulations 

There are no environmental statutes tliat regulate the design o f  core sampling riser equipment that 
are unique to tlie RMCS activity. 

6.11.2.3 Major Design Codes 

As currently designed, there are no major design codes that are applicable to the design o f  core 
sampling riser equipment. 

6.11.2.4 Other Requirements 

Design features that tlie Design Authority considers to be important to core sampling riser 
equipment are listed in Table 2 under the ‘Other Requirements’ heading. These requirements typically 
ensure that core sampling riser equipment wi l l  be reliable and inore easily maintained and operated. 

6.12 CORE SAMPLE SUPPORT TRUCKS 

There are two core sample support trucks, wliicli are designated HO-O1C-428 and HO-OIC-185. 
Design configuration of the spray wash trucks is maintained by drawings H-2-81853 and H-2-829939. 

6.12.1 ctional Characteristics 

The Core Sample Support Trucks must provide high-pressure two molar lithium bromide solution 
or water to tlie cable spray washer and tlie dri l l  string spray washer. The Core Sample Support Trucks 
also provide secure, lockable, control o f  dri l l  rod segments for specific cores. 

The Core Sample Support Trucks interfaces with the distribution trailer (Section 6.5). The 
electrical connector on the Core Sample Support Trucks must interface with the electrical connector on 
tlie distribution trailer. 

6.12.2 Constraints 

The constraints described here were imposed on or by the project to ensure that the equipment 
designed to meet the functional requirements i s  also designed within the accepted safety envelope, i s  in 
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the project and the Design Authority. 

6.12.2.1 Safety Requirements 

There are no special safety requirements for the Core Sample Support Trucks other than those 
contained in the design codes. 

6.12.2.2 Environmental Regulations 

There are no environmental statutes that regulate the design o f  the Core Sample Support Trucks 
that are unique to tlie RMCS activity. 
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6.12.2.3 Major Design Codes 

The Core Sample Support Trucks must meet DOT requirements (CFR 1995) and the National 
Electric Code (NFPA 1996). 

6.12.2.4 Other Requirements 

Design features that the Design Authority considers to he important to the service trailer are listed 
i o  Table 2 under the ‘Other Requirements’ heading. These requirements typically ensure that the Core 
Sample Support Trucks w i l l  he reliable and inore easily maintained and operated. 

6.13 RAMPS AND PLATFORMS 

There are four platforms and four sets o f  two ramps. Design configuration o f  the ramps and 
platforms i s  maintained by drawing H-2-85633. 

6.13.1 Functional Characteristics 
. Dimensionally the ramps and platform assemblies must provide for the driving o f  a core sample 

truck from ground level to the top o f  a platform, also, the ramps and platforms must support the weight o f  
a 35,000 Ib. core sample truck. 

6.13.2 Constraints 

The constraints described here were imposed on or by the project to ensure that the equipment 
designed to meet the functional requirements i s  also designed within the accepted safety envelope, is in 
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the project and the Design Authority. 

6.13.2.1 Safety Requirements 

There are no special safety requirements for the ramps and platforms other than those contained 
in the design codes. 

6.13.2.2 Environmental Regulations 

There are no environmental statutes that regulate the design o f  the ramps and p la t fo rm that are 
unique to the RMCS activity. 

6.13.2.3 Major Design Codes 

The ramps and platforms must meet the American Institute o f  Steel Construction requirements for 
structural steel design (AISC 1989). 

6.13.2.4 Other Requirements 

Design features that the Design Authority considers to he important to the ramps and platforms 
are listed in Table 2 under the ‘Other Requirements’ heading. These requirements typically ensure that 
the ramps and platforms w i l l  he reliable and inore easily maintained and operated. 

6.14 FOOT CLAMP 

The foot clamp is a pneumatically operated device used to hold the dri l l  string in a fixed vertical 
position while the dri l l  string i s  not supported by other means. Design configuration o f  the foot clamp is 
maintained by drawing H-2-690138. 
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6.14.1 Functional Characteristics 

The foot clamp shall hold the dri l l  string in a fixed vertical position when tlie dr i l l  string is not 
supported by other means and shall interface with the Core Sampling System. 

6.14.2 Constraints 

The constraints described here were imposed on or by the project to ensure that tlie equipment 
designed to meet the functional requirements is also designed within the accepted safety envelope, is  in 
compliance with environmental regulations and pertinent design codes, and meets the operability 
standards considered important by the project and tlie Design Authority. 

6.14.2.1 Safety Requirements 

The safety requirements protect the tank from damage caused by pressure excursions and waste 
tires. Compliance with the safety requirements ensures that the personnel, the public, and the 
environment are not exposed to unacceptable risks o f  radiation and contamination. Pressure excursions 
caused by ignition of flammable gases are addressed in one set o f  safety documentation and pressure 
excursioils caused by waste f ires are addressed in a second set o f  safety documentation. The requirements 
related to sampling tanks containing flammable gases are described in Tank Waste Remediation System 
Final Safety Analysis Report (FSAR) (CHG 1999) and in tlie technical safety requirements (TSR) (CHG 
1998~). ‘The rcquirements related to toxicological exposure and other safety-related issues are described 
iii the RMCS safety assessment (LANL 1997). 

During sampling operations, there are actions that expose the workers to radiation and 
contamination. 1‘0 minimize personnel exposure, the dril l  string and pipe wiper must be designed in  
accordance with tlie RPP ALARA Program (CHG 1997b). 

6.14.2.2 Environmental Regulations 

There are no environmental statutes that regulate the foot clamp that are unique to tlie RMCS 
activity. 

6.14.2.3 Major Design Codes 

Electroslatic ignition sources shall be controlled by providing bonding or grounding according to 
NFPA 1993. 

6.14.2.4 Other Requirements 

Design features that tlie Design Authority considers to be important to tlie foot clamp are listed in 
Table 2 under the ‘Other Requirements’ heading. These requirements typically ensure that the foot clamp 
will be reliable and more easily maintained and operated. 

6.15 PURGED CAMERA SYSTEM 

The baseline design requirements for tlie Purged Camera System are found in the Speczjkaication 
fur Purged (hmeru Sy8tern (LMHC 1999). The Purged Camera System is  not used exclusively by CPO, 
therefore. the baseline design requirements are maintained in the referenced document. 
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6.15.1 Functional Characteristics 

The purged camera system provides a means ofviewing and recording a radioactive waste tank 
vapor space. As a minimum, tlie camera system must f i t  i n  a 4 in. schedule 80 r iser wit11 a Class-I 50 
flange 011 top and he able to extend 50 feet through the riser into the tank vapor space. The camerailight 
module must he mounted on a pan and tilt head capable o f  350 deg. o f  pan and from "straight down" to 
60 deg. above the vertical. 

6.15.2 Constraints 

The constraints described here were imposed on or by the project to ensure that the 
equipment designed to meet the functional requirements i s  also designed within the accepted safety 
envelope, is in compliance with environmental regulations and pertinent design codes, and meets the 
operability standards considered important by tlie project and tlie Design Authority. 

Since tlie tank vapor space is not lighted and i t  i s  also considered a flammable gas environment, a 
means o f  lighting must be provided and i t  must be purge with nitrogen gas per NFPA 496, Type X.  I n  
order to prevent electrostatic ignition of flammable gas the purged camera system must be bonded or 
grounded per NFPA 77. Power to t l ie purged camera system wi l l  he a I20 VAC, 60 I-iZ, 15-amp Ground 
Fault Circuit Interrupt. 

7.0 DESIGN SOLUTION 

For eacli design requirement, Table 2 l ists the design attribute that satisfies tlie requirement. For 
requirements that apply to a specific component, the component i s  identified. With respect to safety, 
additional information 011 the safety function fulfilled and how it i s  fulfilled by a specific component may 
be found iii the safety equipment l i s t  (SEI,) (LMHC 1997a). 

8.0 DESIGN VERIFICATION 

The last two columns in the D C M  table o f  requirements, Table 2, are not completed as part o f  th is 
document hut are provided to assist in future design verification activities. The table provides a 
convenient checklist to verify that design changes comply with all the design requirements. The table 
inay also he used to support other activities such as readiness reviews. 
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Table 1 .  Tank Waste and Environmental Conditions 

Tiink Was~e Vapor 

Tank Waste (liquid and solids) 

Outdoor Equipment - Operating 
Environinenl Adniinistrative ('onlrol 
Ciriiits 

Outdoor Equipnienl - Sloragc 
Environment 

The vapor temperature is between 0" and 7 1 Y -  
(32' and 130°F). 

The relative humidity i s  between 15% and 100%. 

The waste suspended in  the air space has a pH 
factor that, generally, is between 12 and 14 but in some 
tanks inav be as low as 8 or 9. 

Toxic compounds in the vapor may include up to 
930 parts per inil l ioi i ( p h )  ammonia and I .5 pim nitric 

The vapor may contain flammable gases 

The waste temoerature is between 13' and 90°C 
(55'and 194°F). 

The pH factor is, generally, between 12 and 14 
but in some tanks inav be as low as 7 (WHC 1992). 

Debris i n  the waste mav include rocks and tools. 

Chemical compounds in the liquid, sludge and salt 
cake include sodium nitrate, sodium nitrite, organic 
compounds, fluorides, and chlorides. 

Radioactivity i s  1000 Whr or less at contact. 

Operation management approval is required to 
operate the system when the air temperature i s  below -7°C 
(20°F). 

Operation w i l l  be terminated when sustained wind 
speeds exceed 48 kmihr (30 milesihr) (CHG 1999a) 

The air temperature i s  between -23' and 43OC 
(-10 and 110'F). 

The wind speed i s  up to 129 kmihr (80 milesihr). 

The conditions include blowing dust, sand, rain, 
and snow. 
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Table 2. Baseline Design Compliance Matrix 

I 

I1 

111 

IV 

V 

VI 

VI1 

VI11 

IX 

X 

XI 

XI1 

XI11 

XIV 

EXHAUSTER SYSTEM 

ROTARY MODE CORE SAMPLE TRUCKS 

UNIVERSAL SAMPLER SYSTEM 

DIESEL GENERATOR SYSTEM 

DISIRIUUTION TRAILER 

X-RAY CART SYSTEM 

BREATHING AIR COMPRESSOR 

NITROGEN SUPPLY TRAILER 

CASKS AND CASK TRUCKS 

SERVICE TRAILERS 

CORE SAMPLE RISER EQUIPMENT 

CORE SAMPLE SUPPORT TRUCKS 

RAMPS AND PLATFORMS 

FOOT CLAMP 

When requirement sourcesibasis documents have been revised, superceded, or deleted, the latest revision 
or docuineiit i s  referenced if the criteridrequirement have not changed. I n  the event that a revision. 
supercedure, or deletion has modified the requirement, the original referenced document is  listed, or the 
new requirement is referenced i n  the matrix i f  compliance i s  required. 
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