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Abstract: This report documents the conceptual design of the Hot 
Conditioning System Equipment. The Hot Conditioning System will consist 
of two separate designs: the Hot Conditioning System Equipment; and the 
Hot Conditioning System Annex. 
Design includes the equipment such as ovens, vacuum pumps, inert gas 
delivery systems, etc. necessary to condition spent nuclear fuel 
currently in storage in the K Basins of the Hanford Site. The Hot 
Conditioning System Annex consists of the facility to house the Hot 
conditioning System. 
annex to the Canister Storage Building. 
will consist o f  pits in the floor which contain ovens in which the spent 
nuclear will be conditioned prior to interim storage. 

The Hot Conditioning System Equipment 

The Hot Conditioning System will be housed in an 
The Hot Conditioning System 
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DEFINITIONS 

DEFINITIONS 

Annular Space Cover 

A ring (that now will be Mn thick to provide shielding) with a bellows to seal the top 
of the annular space between the Oven and the MCO. When not is use, the 
Annular Space Cover can be stored in the Process Enclosure or in a room next to 
the solid waste storage room. Since the cover will not normally become 
contaminated, it can be transferred in and out of the Process Enclosure by a heavy 
duty tray that slides goes in and out of the Process Enclosure. A fork lift can put it 
on the tray and the manipulator can place it on the MCO. This will require a larger 
manipulator with more lifting capability. 

Cold Trap (a.k.a. 'Csll Trap') 

A water cooled unit that will be located in the Trench and that will be used to 
remove Iodine, Cesium and particulate from the gases being circulated through or 
removed from the MCO. The water cooling will be accomplished by wrapping a 
tube around the Cold Trap body such that a double leak would be required for water 
to contact the process gases (;.e.. the tubing would have to leak and the Cold Trap 
body would also have to leak.) The Cold Trap will be changed when the Process 
Enclosure is positioned over the Process Pit (and thus also over the Trench Cover). 
The Trench Cover will be raised and the manipulator will be used to disconnect the 
spent Cold Trap, blank the Cold Trap end connections, place the spent Cold Trap 
in a shielded waste drum, and install a new Cold Trap. 

Connection Valves 

The valves that will be used to conned the equipment on the Process Module to the 
interior of the MCO. There are two such valves on each MCO, one that is 
connected to a dip tube that extends to the bottom of the MCO and one that is 
connected to a sintered metal filter that is located at the top (interior) of the MCO. 
The exact configuration of the Connection Valves is TED. 

Insulation Cover (a.k.a. "Insulated MCO Top Cover") 

The cover that is placed on top of the MCO after all of the connections are made. 
Its purpose is to limit the heat loss from the top of the MCO during the heating 
cycle. The cover will be handled in the same manner as the Annular Space Cover 
except that it will be lighter in weight. 

Page ix 
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DEFINITIONS 

MCO Process Heater 

The electrically heated unit that will be used to heat the air that is circulated around 
the MCO when it is in the Oven. This unit is currently conceived as an in-duct type 
heater that will be located in the Process Module. 

Oven (a.k.a. "furnace" and "dewar") 

The vacuum insulation around the Oven is also referred to as the Oven Jacket. 
The current concept of the Oven is a vacuum insulated sleeve in which the MCO 
is placed. The annular space between the sleeve (Oven) and the MCO is 
connected by vacuum insulated piping to the MCO Process Heater. During the 
heating cycle, air is circulated between the Process Heater and the Oven to heat 
the MCO. Collection rings are located at the top and bottom of the Oven to 
distribute and collect the heating gases. 

Port Covers 

The avers that are on the MCO to protect the Valve Connections when the MCO 
arrives at the Process Pit. 

Process Enclosure (a.k.a. 'Cell" and 'Hole Portable Operations Cell") 

A shielded enclosure that is equipped with a manipulator, HEPA filtration, operator 
work station, personnel entry door, waste drum bagport, welder, CCTV, lighting, 
shelves, hangers, air monitor and radiation monitors. The Process Enclosure will 
be moved from Process Pit to Process Pit by a cable that is manually attached to 
the Enclosure. It will have limited, manual, steering capability so that it can be 
positioned over a Process Pit. Potentially outlines of the Process Enclosure could 
be painted on the floor to allow sufficiently accurate placement. Its height will be 
less than 10 feet so the MHM top rail can pass over it without interference. If it is 
necessary to move it out of the center line of the Process Pits when the MHM is 
present, then a floor level transfer tray can be provided for this purpose. The 
Process Enclosure would be parked on the transfer tray and then the tray would 
transport it to the South and out of the path of the MHM. 

Process Module (a.k.a. "Process Bay Skid") 

This is skid where the bulk of the hot vacuum conditioning process equipment is 
located. There will be one Process Module per Process Pit. The Process Module 
would contain the vacuum pumps, heat exchangers, valving, instrumentation, and 
other hot conditioning process equipment that does not have to be located in the 
Process Pit or the Trench. 

Page x 
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DEFINITIONS 

Process Pit (a.k.a. 'furnace pit" "vault') 

This is a hole in the CSB Annex floor that will be approximately 4-ft diameter and 
204 deep. The oven will be located in the Process pit. It is anticipated that six 
Process Pits will be required with a space provided for a seventh to allow welding 
or active neutron interrogation of the MCO to determine residual water content. 

Process Pit Cover (a.k.a. 'Oven Top" and "6-in Thick Steel Covers') 

A two piece unit consisting of the Process Pit Cover and the Shield Plug. The 
Process Pit Cover is hinged on one end and will be pivoted out of the way to allow 
access to the top of the MCO after the Process Enclosure has been positioned over 
the Process Pit. As currently envisioned, the Process Pit Cover will include a HEPA 
filter that is capable of allowing 150 cfm of air to be drawn from the CSB Annex 
operating space to the Process Pit. 

Shield Plug 

A unit that is centered in the Process Pit Cover and that is removed by the MHM 
when a MCO is placed in the Process Pit. This unit is intended to look like a 
storage position plug to the MHM and thus be handled by it in an identical manner. 
The plug will probably have to be mechanically locked to the Process Pit Cover so 
that it will not fall out of the cover then the Process Pit Cover is raised. The details 
of this mechanical interlock are TBD. 

Trench (a.k.a. "Process Trench') 

A rectangular cross-section space that is located below floor level and that 
connects the Process Pit with the Process Module. The piping that connects the 
MCO and Oven with equipment that is located in the Process Module is located in 
the Trench. 

Trench Cover 

A removable shield that will be located over the Trench to provide shielding should 
radioactive constituents from the SNF plate out in the piping or be trapped in the 
Cold Trap. 

Vent Cover 

The wver that will be placed over the HEPA filtered MCO vent port. That port must 
be plugged during the hot conditioning process. 
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1.0 INTRODUCTION 

The K Basins Spent Nuclear Fuel Removal project has been undertaken for the purposes 
of decommissioning K Basins, stabilizing the SNF, and placing the SNF into dry storage. 
The project will retrieve Spent Nuclear Fuel (SNF) elements from their storage canisters 
in the basins, package the SNF into vessels called Multi-Canister Overpacks (MCOs), 
drain and vacuum dry the MCO contents, condition (degas) the MCO contents at high 
temperature, and place sealed MCOs into dry storage. This Conceptual Design Report 
addresses the processes and equipment systems required to perform the hot conditioning. 

The mission of the Hot Conditioning System Equipment (HCSE) project is to degas and 
passivate the SNF that has been dried by the Cold Vacuum Drying System (CVDS), and 
that has been stored temporarily in the Canister Storage Building (CSB) awaiting 
availability of a hot conditioning process station. The hot conditioning will assure that the 
hydrogen production arising from uranium - water vapor reaction, water radiolysis, and 
uranium hydride breakdown during storage will be less than the design threshold so that 
the MCOs can be permanently sealed. The degassing is to be accomplished by baking 
the SNF at a temperature of 300% and evacuating the MCO. This recipe will release 
chemically bound water (waters of hydration) and also the readily releasable fraction of the 
hydrogen that is contained in uranium hydride. The passivation of exposed uranium will 
be accomplished by oxidizing with a low concentration oxygenlinert gas blend. 
Performance requirements for the HCSE that contain the process parameters are found 
in Performance Specifications for the Spent Nuclear Fuel Hot Vacuum Conditioning 
Equipment (WHC-S-0460, Rev 0). The hot conditioning sequence of operations and the 
process system design are found in Chapter 2 below. 

The hot conditioning equipment is to be installed in an annex to the CSB. The 
construction of the annex, Hot Conditioning System Annex (HCSA) is being provided by 
the CSB project. This arrangement will allow the MCO Handling Machine (MHM) to 
perform MCO interchange between the hot treatment process stations and the CSB 
storage vaults. The CSB storage vaults are vertically oriented, below grade, tubes that 
protect the SNF from external threats such as tornadoes, earthquakes, and industrial 
accidents that might be initiators for an SNF release and that also provide concrete and 
earthen radiation shielding. The MHM is designed to lifl the MCO from a below grade tube 
and to place the MCO into a below grade tube. Therefore, the ovens used to heat the 
MCO in the HCSE must be located in below grade tubes to that they emulate a storage 
tube to the MHM. The design requirements that define the interfaces between the HCSE 
and the annex conceptually are given in Chapter 3. 

The hazards associated with Hot Conditioning will be described in a Preliminary Hazards 
Analysis (PHA). The initial conclusion of the PH are that there are both process upset and 
natural phenomena hazards that could cause the primary confinement to fail resulting in 
significant radiological consequences. Therefore, the Hot Conditioning process will be 
designated as a Hazard Category 2 (HC2) system per the guidance of DOE STD 1027. 
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1.0 INTRODUCTION 

The CSB building structure was not designed to act as an accidental nuclear material 
release confinement barrier. It does not have a nuclear grade ventilation system that will 
maintain a negative pressure and collect released material in HEPA filters, nor does it 
have "safety class' features that might be needed to mitigate a release from the HCSE. 
The HCSA will not provide any secondary confinement capability to support the HCSE 
since it is an extension of the CSB structure. The responsibility of providing secondary 
confinement and of creating the safety structures, systems, and components (SSCs) that 
mitigate the postulated accidental release from the Hot Conditioning process is assigned 
to the HCSE project. This means that HCSE will include structures to provide a secondary 
barrier at all steps of the process that is resistant to the action of Design Basis Accidents 
(DBAs) including natural phenomenon events, and that traps releases. The HCSE will 
also include a ventilation system with HEPA filters and stack to hold the secondary 
confinement volume at a negative pressure. Localized "hardening' will be included in the 
HCSE design to provide the protection required to assure that the secondary confinement 
functions during and afler a DBA as required by DOE 6430.1A. 

The project has agreed to a policy of 'Nuclear Regulatory Commission (NRC) Equivalency' 
in addition to satisfying the DOE criteria. For the most part the DOE criteria are more 
restrictive than the equivalent NRC criteria. The major impact on the HCSE project is that 
the NRC requires that the DBAs include a tornado that is not deemed credible in the DOE 
criteria for the Hanford Site. 

Radiation exposure management is a key issue in the HCSE design as well as it is 
throughout all phase of the K Basins SNF Removal project. Because the MCO is not 
contained in a shield cask, the radiation exposure would be quite large in the HCSE unless 
special design features are implemented. The design incorporates a combination of 
shielding, remote operations, and automation to absorb radiation, to provide distance 
between the source and operator, and to minimize operator exposure time. These actions 
are taken in accordance with the requirements of an ALARA Plan included in the Appendix 
B. The radiation exposure in the HCSE has been calculated using the CDR sequence of 
operations (see Chapter 2) and geometry, and radiation exposure maps for the bare MCO 
design provided by WHC analysts. The resulting dose estimates are reported in Appendix 
C of this CDR. 

The designs and supporting analysis presented in the CDR have been selected using the 
following reasonableness judgments which the designers believe does lead to a design 
that will support the specific acceptance criteria whenever they become available. 

1. The geometry of the CSB, HCSA, and MHM supports a row of HCSE process 
stations spaced according to the requirement to avoid interference with the MHM. 
Seven HCSE stations can fit reasonably in this space. 
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The majority of the times in the process sequence can be reasonably estimated 
including the heat-up and cooldown times. Although the heat-up and cooldown 
times are quite model dependent (flows are complex), the conservative results can 
be selected to assure that the design is robust enough. 

The evacuation time is unpredictable. However, the vacuum pump selected for the 
CVDS where off gas rates (water evaporation) are high is a reasonable choice for 
the HCSE. The time estimates for the CVDS evaaration (which are highly uncertain 
because of unknown sludge content) have been assumed to be reasonable for the 
HCSE since the amount of off gas mass remOVed in the CVDS will certainly exceed 
the amount of gas drawn off by the CVDS. 

The worst credible accidental release scenario will be limited by the amount of SNF 
powder that a burst of gas can carry out ofthe MCO. This amount is dependent on 
the mass of gas in the release and is not affected by excess powder in the MCO. 
Therefore the HCSE safety systems designs are not affected by the amount of 
powder in the MCO. 

Six (6) HCSE stations were selected because process time is expected to be similar 
to the CVDS processing time. 

The design has been selected to be a robust design that fits within the constraints of the 
MHM access area. If the process times turn out to be shorter than anticipated then the Hot 
Conditioning of the SNF will be completed early. Conversely, if the time is longer than 
anticipated then the Hot Conditioning will take longer than specified. 

A cost estimate has been developed for the HCSE. The details of the estimate are 
presented in Appendix F. 
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2.1 HCSE MODEL OPERATING SEQUENCE 

A model operating sequence has been developed and depicted in an Overall Block 
Flow Diagram (BFD) (See Drawing SK-2-300411). Rough time estimates have 
been assigned to each block in the sequence for the purposes of estimating 
equipment quantities, equipment utilization, and radiation exposure estimates. The 
sequence assumes the following general description of the HCSE configuration: 

Treatment will take place in ovens that are located in process pits below the facility 
floor. An oven will essentially be a thermos bottle placed within the process pit. The 
MCO will be placed inside the oven. A cover ring will be placed so that hot air 
blown through the annular space between the MCO and the oven interior wall is not 
lost into the process pit. Heating will be accomplished by blowing hot air through 
the oven. An insulation cover will be placed over the MCO top. The process pit and 
oven assembly is shown in Drawing SK-2400417. 

There will be six (6) ovens in the HCSE. The number of oven stations has been 
determined by calculating the process duration for a single oven using the 
conceptual sequence of operations as a basis, and by imposing a total annual 
process demand of 200 MCOs. 

Transactions where an MCO is either inserted into, or pulled from, an oven will be 
accomplished by the MCO Handling Machine (MHM) which is part of the Canister 
Storage Building (CSB). The HCSE will be housed in an annex of the CSB that is 
accessible to the MHM and that is referred to as the HCSA. 

The process pits will have top covers that serve as secondary confinement and 
radiation shields. These covers will be different from the storage hole plugs in the 
CSB because the oven will have a larger diameter than the storage holes. The 
design incorporates a two part cover ( plug within a cover) so that the plug will have 
the same diameter as the CSB storage hole plugs. This will allow the MHM to make 
the transactions while maintaining the double confinement of the SNF using the 
same procedure already planned in the MHM and CSB designs. 

There will be a process equipment module associatedowith each oven. This module 
will contain a heater and fan that will supply hot (300 C) air to the oven. The MCO 
will be heated externally by this air. The process module will contain a vacuum 
pumping system and an inert gas purge system to handle the gas within the MCO. 
The oven insulation will be a vacuum jacket that is supported by a vacuum pump 
in one of the process modules. A service module will contain an exhaust fan and 
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air cleaning equipment for the air in the process pits and trenches. The exhausts 
will pass through air cleaning equipment before being discharged from the facility 
through a stack. 

Process lines that connect the process module and the oven will run below floor 
level in a trench. The hot air lines will be insulated. The trench cover will be thick 
steel plate to shield radiation arising from condensation of volatile radioactive 
materials in the lines. The lines have a 'cold trap" or 'adsorber trap" contained 
within the trench. 

The radiation exposure associated with making and breaking the MCO connections 
manually and with changing the trap is anticipated to be unacceptable. 
Furthermore, the connections will be made a few feet below the floor level where 
manual reach will be awkward. A portable process enclosure will be provided. This 
enclosure will be parked above the oven when needed. It will offer some shielding 
and it will contain a hoist and tele-operated manipulator. The hoist will be used to 
handle the process pit cover and the manipulators will be used to make and break 
the MCO connections. It has been assumed that the MCO has been designed to 
support remotely manipulated connections and valves. The enclosure will be 
ventilated so that it provides secondary confinement while the MCO top is exposed 
and while the MCO ports are manipulated. 

The final closure of the MCO will be made by welding a cover piece on the MCO 
while the MCO is in the oven after the hot conditioning has been completed. This 
scheme has not been defined by the MCO design project. It is assumed that the 
weld will be similar to the multiple pass weld that holds the MCO top plug to the 
body and that the procedure for the two welds will be approximately the same (root 
pass, root pass LPT, 5 cover passes, LPT last pass). The new cover will be 
designed to mate with the MHM. 

Given these assumptions the overall sequence is given on Drawing SK- 2-30041 1. 
The sequence description is: 

2 - 2  



WESTINGHOUSE HANFORD COMPANY 
Hd conditionin(l svrtrm Quipnat 
ContnctxMwgswvJ101116, TnkX17 

MERRICK a COMPANY 
~ T . b n o l o w s . d o r  

P W  No. 3X12318 

WHC-SD-SNF-CDR-007. Revision 0 

2.0 PROCESS 

2-3 



WESTINGHOUSE HANFORD COMPANY MERRICK a COMPANY 
Ho(cmdihm@SydmEquipnnl AdWlCdT&WWbgySr(a 
c m b . c t ~ W V 3 1 0 4 1 6 .  T..kX17 PKqd No. soolPl8 

WHC-SD-SNF-CDR-007, Revision 0 

22.0 

23.0 

2.0 PROCESS 

Install Insulation 
Cover 

Close Process pit 

Use the manipulator to get the insulation 
cover from its storage location in the 
enclosure and place it on top of the MCO. 
Actuate the process pit cover operating 
mechanism. 

Perform Heatup 
Cycle 

Hot air flows through the oven. The air 
temperature versus time profile will be 
controlled by the system PLC. The helium 
atmosphere will be circulated and analyzed 
continuously. A pressure actuated valve will 
relieve gas as the pressure builds due to 
heating. Periodic evacuation and helium refill 
will be triggered by buildup of water or 
hvdronen content. 
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en the conditioning temperature has been 
reached the MCO will undergo a sequence of 
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46.0 
47.0 

12q-Xskr Enclosure 

Weld Root Pass 
Visual Inspect 

I 41.0 I Open Process Pit 

49.0 
50.0 

51 .O 
52.0 

53.0 

54.0 

42.0 Remove Insul. Cover I I  

Repair Is weld repair required? 
Grind 

Repair Weld 
Apply Dye 

Soak 

Remove Dye 

Grind out the defect area using a small grinder 
(dremel tool) held by the manipulator. 
Use the welder to reweld the ground out area. 
Apply liquid penetrant dye using a specially 
designed applicator held by the manipulator. 
Wait the prescribed time for the dye to seep 
into weld defects. 
Using a specially designed applicator apply 
the cleaning fluid and wash off the dye. Finish 
with a cleaning fluid soaked rotary buffing pad 
driven bv the manipulator held drill motor. 

I 43.0 1 Close MCO Valves 1 44.0 1 Place Weld-On 
Cover 

Clean Weld I 48’0 I 

Description 
Make the electrical and instrumentation 
connections that operate the process 
enclosure equipment. 
Actuate the process pit cover opening 
mechanism and expose the oven. 
Use the manipulator to grab the insulation 
cover and return it to its storage location in the 
process enclosure. 
Use the manipulator and drill motor driven 
sockets to close the valves. 
Use the manipulator to get the weld-on cover 
from its storage location in the process 
enclosure. Place it over the MCO. 
Use the hoist and manipulator to get the 
automatic welder from its storage location in 
the process enclosure. Install the welder on 
the top of the MCO. 
Turn on the welder. Make the root pass. 
Inspect the weld using a television camera on 
the manipulator arm. 
Clean the weld using a rotary stainless steel 
wire brush and the manipulator held drill 
matar 
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Name 
Clean 

Repair 
Grind 

Repair Weld 
Remove Trap 

Install New Trap 

Connect Waste 
Drum 

Remove Top Shield 

Dispose Hot Trap 

Insert Top Shield 

103.0 Tie Ba 
Close Drum 

105.0 Undo Annulus Cover I 7 Cover 

107.0 Close Process Pit I 

~~~ ~ ~ ~ ~ _ _ _ _ _ _ _ _  

Description 
Using a specially designed applicator apply 
the cleaning fluid and wash off the developer. 
Finish with a cleaning fluid soaked rotary 
buffing pad driven by the manipulator held dril 
motor 
Is weld repair required? 
Grind out the defect area using a small grinde 
(dremel tool) held by the manipulator. 
Use the welder to reweld the ground out area. 
Use the manipulator to disconnect the trap 
and set it aside. 
Use the manipulator to get the new trap from 
its storage location in the enclosure. Make the 
new trap connections using the manipulator. 
Use a cart to place a shielded waste drum 
below the process enclosure bag port. 
Connect the drum and port. 
Open the bagport door. Lower a hoist into the 
drum and pull the top of the shield into the 
enclosure. Set it out of the way. 
Use the manipulator to place the trap into the 
drum 
Use the hoist to replace the shield to in the 
drum 
Tie off and cut the bag. 
Place the top on the drum and attach it. Move 
the drum cart to the waste management area. 
Use the manipulator and drill motor driven 
socket to release the annulus cover bolts. 
Use the manipulator to remove the annulus 
cover and place it into its storage location in 
the enclosure. 
Actuate the process pit cover mechanism to 
close the cover. 
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- 
110.0 

111.0 

112.0 

- 
- 

- 
113.0 

114.0 
- 

- 

Enclosure 
Remove Process 

Enclosure 
Move-in MHM 

Lower MCO 

Remove MHM 

Prepare For Next 
MCO 

s e rv i ce s . 
Return the enclosure to its parking place. 

Position the MHM over the chosen process 
pit. 
The MHM executes a sequence where it pulls 
the center piece from the process pit cover, 
lowers the MCO into the oven, and replaces 
the process pit cover piece. 
The MHM is undocked and moved out of the 
area. 
Perform activities such as supplies 
preparation to prepare for the system for its 
next use. 

This sequence was used to model the HCSE throughput using an industrial 
modeling program (WITNESS Release 7.0). This model uses a random number 
generator to simulate real events (such as which branch paths are followed at 
decision points in the sequence). The calculation details are given in Appendix G. 
A run of 10 MCOs indicated that the average process time for an MCO is 101 hrs. 
This suggests that 505 oven hours are required in average week to produce the 
necessary average of 5 MCOs per week. Assuming a 7 day, 3 shift, operating 
schedule each week an average of 3.0 ovens will be occupied 100% of the time. 
Reasonable allowance for statistical fluctuations, maintenance, and so forth 
suggests that six stations is appropriate for processing 400 MCOs in two years. 
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2.2 MAIN PROCESS SYSTEMS 

The hot conditioning process is schematically depicted by the Process Flow 
Diagram (SK-2-300412), which has the Material & Energy Balance on sheet 2 and 
the Piping and Instrument Diagrams (SK-2300413) of which there are 5 sheets. 
The hot condition process is comprised of the Vacuum and Gas Pumping System, 
the MCO Heating System, and the MCO Cooling system. 

2.2.1 Vacuum 8 Gas Pumping Systems 

2.2.1 .I System Function 

The vacuum system function is to evacuate the MCO and connected process piping 
in order to remove: 

A. Chemically bound water; 

B. Hydrogen when the hydrides of uranium are decomposed, and 

C. Oxygen following the hot conditioning sequence prior to cooldown of the 
MCO. 

The gas pumping system provides for circulation of the helium heat transfer gas 
during steps in the process where the MCO and its contents are being either heated 
or cooled. 

2.2.1.2 System Design Requirements 

The vacuum system must be able to remove gaseous fission products during the 
treatment of the SNF as well as support the conditions necessary for optimum heat 
transfer during heating and cooling of the MCO. Operation at 13 psia helium 
pressure is the base case for this conceptual design. However the process is 
capable of operation at elevated pressure up to 24.7 psia should that be required 
to achieve the desired heat transfer rate. 

2.2.1.2.1 Vacuum Operations 

The system, shall be capable of evacuation of the MCO during the following three 
steps in the HVCS operation: 

A. The initial evacuation of the MCO, as received from cold conditioning, prior 
to system filling with fresh helium to the prescribed pressure, 
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B. Evacuation at elevated temperature for removal of the decomposition 
products of uranium hydrides and chemically bound water, and 

C. The evacuation of residual oxygen and gaseous fission products following 
the hot conditioning process. 

The vacuum system provides a means of system evacuation in preparation for filling 
with helium prior to heat transfer operations. A pressure of approximately 10 torr 
is sought prior to the introduction of a helium gas charge. This provides removal 
of over 98 percent of the constituents of the previous MCO atmosphere. 

The system also provides an MCO vacuum of 5 torr which is conducive to the 
disassociation of chemically bound water and uranium hydrides at temperatures of 
3OOOC and above (see Figure 2.2-1 for the Van7 Hoff curve for the uranium- 
hydrogen system). The Van’t Hoff curve shows that the vapor pressure of hydrogen 
over uranium hydride is about 28 Torr at 3oooC. The vacuum system is held at this 
condition for approximately 48 hours, sufficient time to allow for water release, 
hydride decomposition and for hydrogen diffusion to the gas space of the MCO. 

During the lower temperature partial oxidation phase of the hot conditioning 
process, low concentrations of oxygen are introduced into the MCO in an inert 
carrier gas stream. This low concentration of oxygen consumes highly reactive 
sites on the fuel inside the MCO, reducing the chemical reactivity of the damaged 
fuel matrix that may be present in the MCO. Not the reactive sites consumed by 
this partial oxidation may include small fuel fragments, high surface area uranium 
hydride particles, and high surface area uranium metal particles created by the 
thermal decomposition of uranium hydride. During oxide formation, gaseous fission 
products diffuse through the oxide and are released to the gas phase. These 
fission products, which are radioactive, are removed in a product purifier by either 
sorption, reaction, or condensation. Equipment for gas purification is part of the 
vacuum system. 

During vacuum operations as well as during operations with gas circulation, fission 
products are removed from the gas phase. 

2.2.1.2.2 Gas Circulation 

Helium gas is charged to the MCO void space to promote heat transfer from the 
MCO wall to the fuel elements. The rate of this heat transfer may be the limiting 
factor which determines the time for MCO heating and cooling. To increase the 
likelihood of heat transfer operations taking place at a rate which is conducive to 
achieving a faster throughput, forced convective heat transfer from the MCO wall 
to the fuel will be used. The characterization of this heat transfer operation is quite 
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definitive design, advanced thermal analysis using finite element techniques will be 
use to predict the composite internal heat transfer coefficient for MCO to fuel heat 
transfer. This conceptual design provides a vacuum system that is capable of 
heating the MCO and SNF with recirculating helium at pressures ranging from 13 
psia to 24.7 psia. The baseline pressure for the CDR is 13 psia. 

Helium circulation is employed in all heat transfer operations, so that heat can be 
added or removed from by transfer in external heat exchangers. Fission products 
are removed in a cold trap during gas circulation. 

Table 2.2-1 provides key design parameters for the Vacuum System. 

~ ~~ 

Table 2.2-1 Vacuum & Gas Pumping System Design Specifications 
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Figure 2.2-1 

Van't-Hoff Curve 
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The vacuum and gas pumping system will interface with the following other 
process systems: 

A. the MCO heating system 

B. the MCO cooling system 

C. the process gas system 

D. the process module system 

E. the combined ventilation system 

F. the HVCS control system 

2.2.1.3 

Equipment required for the HCSE is identified on the Piping and Instrument 
Diagrams (SK-2300413). The following major equipment components comprise the 
MCO vacuum pumping system on each of the six process modules or in each of the 
six MCO trenches: 

A. 

8. 

Equipment Arrangement and Response to Design Requirements 

VPS-VAC-1104, the scroll-type vacuum pump. 

VPS-BLO-1106, the Rotron recirculation blower. 

C. VPS-PFR-1101, the purifier/cooler/filter containing copper gauze and 
activated charcoal. 

D. VPS-CLR-1103, the cooler, a plate-type heat exchanger. 

E. VPS-HCL-1105, the electrical heater. 

F. VPS-F-1102, VPS-F-1107 HEPA filters. 

2.2.1.3.1 Gas pumps 

Two gas pumps are used in the vacuum system, one a vacuum pump and the other 
a circulating blower. Vacuum pump VPS-VAC-1104 is a scroll-type pump, capable 
of pumping 500 liters per minute at inlet pressures above 1 torr with reduced 
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pumping rates at higher vacuum levels. When properly installed and operated, this 
pump has an expected life of 6,000 hours before minor maintenance is required for 
shaft bearing replacement and of 12,000 hours before requiring major maintenance. 
with an MCO total process cycle time of 150 hours and an expectation of up to 66 
MCO process events per bay over the life of the campaign, the vacuum pump will 
have to be either idled during portions of cycle, operated to an estimated 10,000 
hours without performing the minor maintenance suggested by the manufacturer, 
or replaced once during the life of the MCO hot vacuum conditioning program. 
Because the level of vacuum required of VPS-VAG1 104 is moderate in comparison 
to its capability, it is likely that the pump will be operated without minor maintenance 
for the required period without serious impact to ongoing operations. Once a 
vacuum pump is taken out of service, it will be discarded as radioactive waste. 

Helium circulation blower VPS-BLO-1106 is a magnetically coupled regenerative 
unit capable of operating under vacuum or at pressure up to 10 psig. The unit is 
constructed for intrinsically safe operation. The magnetic drive provides freedom 
from seal leakage worries. 

2.2.1.3.2 Heat Exchangers 

Proper operation of VPS-VAC-1104 requires precooling during the 46-hour vacuum 
phase of chemically bound water and hydride removal which takes place at or 
above 30OOC. To accomplish this, two stages of cooling are provided. The first 
stage is the cold trap which serves as the vent purifier VPS-PFR-1101. This unit 
reduces temperature from a nominal inlet temperature of 300% to 100OC. Further 
cooling is provided by a plate-type heat exchanger VPS-CLR-1103 which achieves 
an intended outlet temperature of 38OC. Both exchangers are cooled with streams 
of exhaust air from the ventilation the MCO pit before it is passed to the central 
process ventilation system for HEPA filtration and discharge through the stack. 

The exchangers ofthe vacuum system are designed to accommodate heat transfer 
operations with helium atmospheres from 13 to 24.7 psia. 

2.2.1.3.3 Cold Trap & Gas Purification Equipment 

Cold trap VPS-PFR-1101 contains copper gauze to react with iodine fission 
product, chilling to capture cesium fission product and activated carbon for both 
cesium and iodine secondary capture. The cold trap may become contaminated 
with high level fission products and thus is installed in the MCO trench where it will 
be serviced by the process enclosure. It is anticipated that this unit may have to be 
changed for each MCO which is processed. Included in the purifier is a HEPA filter. 

2-16  



WESTINGHOUSE HANFORD COMPANY 
Hd Cxr&hkg Sy.tm EqUpnenl 
CmInd#WA'&SW410416, TaskX17 

MERRICK a COMPANY 
AdnnadT.chnolowM 

Proi&( No. JQolPl8 

WHC-SD-SNF-CDR-007, Revision 0 

2.0 PROCESS 

2.2.1.3.4 Instrumentation and Control Requirements 

The module control configuration and logic are shown on the P&IDs and are 
discussed in the Operating Sequence Section. Programmable Logic Controllers, 
one at each process module, are used to assure proper operation and reliability. 
Each communicates with each instrument element via local connection and with the 
control center via one line on which signals are multiplexed. Several interlocks are 
provided to assure the proper sequence is followed. While direct operator 
intervention for many operating steps is available to override control logic, the 
areas where serious safety implications are involved cannot be overridden without 
the approval from a second authority. Data logging as well as process control is 
available. 

2.2.2 MCO Heating System 

2.2.2.1 System Function 

The MCO heating system heats the MCO and its fuel contents to a processing 
temperature of above 3 W C  within the required cycle time. Heating is indirect, via 
hot air circulation around the MCO and circulation of the helium contained in the 
MCO through an external electric heater. The system must be able to heat the 
MCO at a rate which does not exceed WCihr. It must also function through a wide 
range of internal helium pressures. Heating is to be electrically powered. 

The system shall be designed so that it has little if any impact upon the air balance 
in the HCSA. 

2.2.2.2 System Design Requirements 

There are several restrictions on the heating of the MCO as specified by WHC-S- 
0460, revision A and summarized in Table 2.2-2. 
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Duration for MCO heatin 

Table 2.2-2 MCO Heating System Design Specifications 

2.2.2.3 Equipment Arrangement 

It was originally conceived that the MCO would be heated with clamping band-type 
electrical resistance heaters. Upon further consideration of this method it became 
apparent that it would be difficult to assure even heating and the ability to stay 
within the 5O0Clhr limitation. Also, the mechanical complexity of direct contact 
conductive heat transfer was significantly greater than alternative options using 
convective transfer. On this basis the determination was made to proceed with 
forced convection for heating of the outer shell with supplemental heating of the 
circulating helium stream via circulation through an electrical resistance heating 
element. 

2.2.2.3.1 Heating of the MCO Shell 

Heating the MCO with forced hot air is a two stage process. The shell is heated 
and the hot shell transfers its heat to the internal SNF. Transfer from the shell to 
the SNF occurs principally through convection of the internal gas. Helium is chosen 
for the heat transfer fluid because, next to hydrogen it has the highest thermal 
conductivity and unlike hydrogen it is safe to handle, at all concentrations. 

Primary heating of the MCO was chosen to be via forced air convective heat 
transfer. Air is circulated and heat is applied at each pass with an electrically 
powered unit called the MCO Process Heater. The clearance between the oven 
wall and the outer surface of the MCO is one inch. The air flow rate is 750 acfm 
which is sufficient to produce turbulence in the annular space. 
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Calculation of the MCO outside and inside heat transfer coefficients indicated that 
heat transfer from the shell to the fuel would be the limiting factor with sub- 
atmospheric internal helium pressure. Heat transfer coefficients are shown in the 
following equation: 

Q = U * A * ( T 1  -T2) 
where: Q = heating rate in Btulhour 

U = heat transfer coefficient in Btulhour sq. ft. OF 
A = area of heat transfer in sq. ft. 
(TI - T2) = temperature difference between the heat 
source and the heat sink in O F  

The outside coefficient was calculated, using the Colburn j factor, and found to 
be 5. The inside coefficient was calculated from a modified Nusselt number for 
convection in annular spaces and found to be 1.77 which was discounted to 1 .O 
due to the complex internal geometry. These two transfer coefficients were used 
in calculating both heating and cooling temperature profiles. At subatmospheric 
pressure there is less than a 10 percent contribution to heating from the heat 
applied to the circulating helium. This contribution would increase if a pressure 
of 24.7 psia were used for the circulating helium. 

The temperature profile for a MCO helium pressure of 13 psia is shown as 
Figure 2.2-2. It does not account for the minor contribution by heating of the 
circulating helium, but does allow for internal heating due to nuclear decay. It 
shows that heating to above 300% may be accomplished in under 14 hours from 
a starting temperature of 4OOC. The actual starting temperature is expected to be 
about 140% since the precooling step that was initially thought to be required is 
not necessary. Thus the heat up time will be about 10 hours. When the SNF 
removal project was originally conceived it was though that connections to the 
MCO would be made manually so the MCO would have to be cooled from its 
equilibrium storage temperature to 40%. All remote operations from the 
Process Enclosure are now planned so the connections can be made at 140%. 

As shown on the heating temperature profile, incrementally changing the 
temperature of the heating air is necessary to assure that the MCO heating rate 
does not exceed the 50% per hour specification. The control is accomplished 
via a programmed ramping function. Feedback to the controller is obtained by 
monitoring the temperature of the circulating helium gas. The ramping rate can 
be revised based on experience with the first MCOs that are processed. 
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2.2.3 MCO Cooling System 

2.2.3.1 

2.2.3.1 .I System Function 

The MCO cooling system is to cool the MCO from 300% to 1500C within an 
approximately 12 hour period, while not exceeding the dodegree per hour 
specification. 

MCO Cooling System Design Description 

2.2.3.1.2 System Design Requirements 

The design requirements are presented in the table below: 

Parameter Units S ecified Ratin 

Maximum temperature 
&an eoverMCO 
Duration for MCO wolin 

Table 2.2-3 MCO Cooling System Design Specifications 
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Figure 2.2-2 

Heating Temperature Profile 

h(out)=5 / h(in)=l / 750 ACFM air rate 

1 --c Hot Air in + MCO Wall ++- MCO Rate -E- Fuel Rods I 
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2.2.3.1.3 Equipment Arrangement 

2.2.3.1.3.1 MCO Shell Cooling 

Air that circulates through the oven is cooled by exchanger MCS-CLR-1153. The 
cooled air is recirculated back to the MCO. MCS-CLR-1153 may be supplied with 
chilled water coolant from either or both of the central chillers CHW-CH-2023 and 
CHW-CH-2024. The temperature of the air exiting the cooling system is 
programmed to allow MCO cooling without exceeding the 50°C per hour 
temperature change specification. 

The largest influence on MCO cooling will be the interior film coefficient. The base 
case design assumes an interior film coefficient o m e n  the internal helium 
atmosphere is 13 psia. 

Cooling air is circulated to the MCO shell at a minimum temperature of 40%. 
Should a lower temperature be desired, it is easily achieved. 

The cooling temperature profile is shown as Figure 2.2-3 on the following page. 

2.2.3.1.3.2 Helium Circulation Cooling 

Cooling ofthe circulating helium stream takes place in two stages. The cooling is 
primarily used to allow low temperature operation of the vacuum pump and 
circulating blower. The first stage cold trap, VPS-PFR-1101, provides a degree of 
purification as well as provides cooling to 100°C or lower so that VPS-BLO-1106 
may safely operate within its temperature limit. 

The second stage of cooling allows the scroll vacuum pump, VPS-VAC-1104 to 
operate below its maximum inlet temperature of 40°C. Chilled water cools the 
circulating helium to 25OC before its introduction to the vacuum pump. 

During the MCO heating cycle, the cooled helium is electrically reheated by VPS- 
HCL-1105 prior to its introduction back into the MCO, however in the cooling cycle 
it is introduced at the temperature at which it discharges from VPS-BLO-1106. The 
temperature rise through this blower is nominally 2OC. 
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Figure 2.2-3 

Cooling Temperature Profile 

h(out)=5 / h(in)=l / 750 ACFM air rate 

Hours 

I -c- Hot Air in --e MCO Wall ++ MCO Rate -E- Fuel Rods I 
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2.2.3.1.3.3 Instrumentation and Control Requirements 

Ramped temperature control is also used for MCO cooling for staying within the 
rate of temperature change specifcation. This is pre-programmed in the units PLC. 
Suggested ramping temperatures are shown on the temperature profile of the 
following page. 

Control interlocks assure that heater PHSHCL-1152 remains off during the cooling 
cycle. 

2.2.4 Sequence of Operation 

The sequence of operation for the HCSE is as follows. Please refer to P&ID 
drawing SK-2-300413 sheet 2, Appendix A to follow these steps. 

A. 

B. 

C. 

D. 

MCO vault ventilation air flow is initiated by selecting and starting either 
Process Vent Blower (PV-BLO-2043 or PV-BLO-2046), if not already 
running, and drawing air through the MCO vault and the vault trench, and 
checking that the flow is about 1000 dm on FI-1174; 

The MCO is placed into the oven by the MHM and the process enclosure is 
positioned over the oven. 

The block valve for the Oven (PHS-OVEN-1154) is opened if not already 
open, holding a vacuum of less than 1 O4 torr measured on PIC-1 181. The 
HCS Oven Vacuum System, VAC-VAC-3041,3042, should be functional; 

The MCO is connected to process gas piping by swinging the connection 
valves and quick disconnects into place over the valve ports and fastening 
remotely. Anytime the MCO valves and quick disconnects are being 
manipulated, vacuum should be applied by running the MCO Vacuum Pump 
(VPS-VAC-1104), closing GOV-1112,1120 and opening GOV-1105,1121. 
Once the quick disconnect is secured, the valves are opened followed by 
immediate evacuation using MCO Vacuum Pump. The MCO Vault Cover is 
re-seated. During the evacuation, the MCO Vacuum Pump is exhausted 
through PV-1109, GOV-1112,1120,1121 are closed, GOV-1105 is opened 
and GOV-1136 is opened to allow a small process gas (He or N2) purge. 
Once a vacuum of 10 torr (PI-1 102) is achieved, PV-1109 is closed, GOV- 
1105 is closed, MCO Vacuum Pump stopped, GOV-1120 is opened, GOV- 
11 33 is opened and process gas is added through FIC-1 134 at 280 Ipm 
until PIC-1 115 reaches - -0.1 psig; 
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E. 

F. 

G. 

H. 

1. 

The MCO process heating system is changed from "STARTUP" to 
"HEATING" mode by closing GOV-1155. maintaining about a 750 d m  
Process Heating Loop flowate with FIC-1153 and the Process Heating Loop 
Blower (PHS-BLO-1151) operating. TIC-1154. which now controls the MCO 
Process Heater, (PHS-HCL-l152), is setting FIC-1122 to 'AUTO" (process 
gas added only for pressure control and water hydrogen dilution) with a 
setpoint determined by a prescribed temperature rise profile; 

Circulating helium is heated using the MCO Circulating Heater 
(PG-HCL-1105). Temperature exiting the heater is controlled by TIC-1 119 
according to a prescribed temperature rise profile. The MCO exit gas is 
passed through a Cold Trap (VPS-PFR-1 lOl), where the gas is cooled to 
-1WC to protect downstream equipment and to adsorb volatile components 
such as H20, iodine, cesium, etc.; 

Pressure and composition control of the MCO process gas loop is 
accomplished during heat-up by maintaining PI-1 115 at about -0.1 psig by 
bleeding MCO gas through SOV-1118, and by adding purge helium through 
either FI-1136 (preset to -0.9 Ipm) or through FIC-1134 at higher rates. 
Helium purge may be needed to control H20, 0 2  or H2 levels as measured 
by AI-1 117 residual gas analyzer; 

Once the MCO core has reached approximately 3OO0C, as indicated by the 
temperature of the MCO exit gas, TI-1 101, and the patterned heat transfer 
calculations, the helium is evacuated from the system to a pressure of -5 
torr using the MCO Vacuum Pump with GOV-1112,1120,1121 closed and 
GOV-1105 opened. FI-1136 is used to bleed helium in at a rate of 0.9 Ipm 
(10 acfm MCO internal gas rate). The MCO is maintained at -5 torr and 
300-350% for a period of 48 hours. H2 and H20 are monitored using 
AI-1117. When H2 and H2 generation ceases, it is assumed that all 
hydrides anc chemically bound water have been decomposed. 

During withdrawal of the water and hydrogen with the vacuum pump, several 
fission products may be extracted. These could include gaseous Cs137 and 
12129 and Kr85 as well as isotopes of magnesium and cobalt which are in 
particulate form. Cs137 and 12129 are adsorbed in the Cold Trap. The p 5  
passes through to the stadc via the HEPA filters. Particulate Mg and Co are 
captured in the HEPA filter IVPS-F-1102l 
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J. 

K. 

L. 

M. 

N. 

0. 

P. 

The MCO heating and cooling system is changed to "COOLING" mode with 
a TIC-1 154 setpoint of 300% and GOV-1155 opened. A prescribed cool 
down rate is followed until the MCO core temperature is reduced to 150% 
(TI-1 101). The MCO process gas loop is returned to loop flow during this 
time, and the process system pressure adjusted to -0.1 psig, PIC-1 115, 
using purge helium as above. The MCO Process Heater, is disabled during 
the cool down period; 

Oxygen sufficient to bring the composition of the MCO process gas to -2 % 
is through an open GOV-1142 and FQIC-1141. The oxygen totalizer will 
close when the calculated amount of oxygen has been added, or the 
analyzer, AI-1 117, indicates >2.5% 02 or the system pressure, PIC-1 115, 
has risen to a greater gas pressure that calculations permit. Once the 
oxygen has been introduced, the process gas loop is circulated at 150% 
until the oxygen level drops belowO.5% (the system pressure should record 
a calculated pressure drop in rough agreement). The process is repeated 
until the oxygen level fails to decrease appreciably below 2%. At this point 
the system is held for an additional 12 hours with the oxygen concentration 
continuously monitored; 

Following the 12 hour passivation period, the oxygen is displaced by helium 
by purging as above and evacuating the MCO to a pressure 4 0  torr, and 
refilling with helium. Once 02 levels have been verified to below 0.1%, 
process is complete. 

The MCO vault cover is removed. The MCO valves and quick disconnects 
are disconnected. 

The MCO ports are covered and seal-welded according to procedures; 

The welds are inspected. 

The top of the MCO is surveyed and decontaminated as necessary prior to 
transfer to a storage position in the CSB; 

The cold trap will need to be periodically replaced according to procedures 
between MCO runs. The replacement schedule will depend upon the 
quantity of material that is collected in the trap as determined by radiation 
readings. 
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2.2.5 DESCRIPTION OF SAFETY SYSTEMS 

Overall, the PLC control system will provide a high degree of non-passive control 
and coordination. Interlocks will include these important loops: 

A. All operations will be structured to allow PLC computer control of 
sequencing, valve positioning and other important parameter setting. 
Operators will interact with the system by changing the sequencing mode to 
various allowed states such as "IDLE", 'STARTUP", 'HEATUP", 
'VACUUM-PURGE", 'COOLDOWN", "PASSIVATE", etc. Within each of 
these states, are allowed valve positions, controller states, process 
conditions, etc. If these conditions are not correct progress through the 
process is held. The control system will normally function without operator 
intervention. If operators wish, they can override most PLC functions. 
Exceptions are required interlocks. 

All operations will be tied into the utilities status. If utility systems including 
the oven vacuum, process vent, process gases and cooling water systems 
are malfunctioning, operation ofthe HCSE system will be limited to essential 
operations. 

Oxygen addition during passivation is set up with several layers of 
protection. The first is that the addition controller, FQIC-1131 is a totalizing 
controller which feeds only a precalculated amount of oxygen into known 
conditions, the second is the protection of the gas analyzer, AI-I 117, and the 
third is the secondary check of rising system gas pressure beyond the 
bounds of a 2% pressure rise. Any violation of these checks will cause the 
isolation valve, GOV-1142 to close and the output mode of the controller, 
FQIC-I131 to change to 'MANUAL" with an output of 0.0. 

To avoid excessive dust migration within the MCO, the flow rate of 
circulating gas is limited to 10 schn at ambient pressures and 10 acfm at low 
pressures. This is accomplished using FIC-1114 to control the flowrate 
(calculated flow internal to MCO). 

MCO gas composition control is accomplished by using analyzer, AI-1 117, 
to sense high levels of hydrogen or water. When these gas levels reach a 
threshold, purge gas is added using either FIC-1 134 or FI-1136. Excess, 
pressure is then bled off through SOV-1118. The MCO could also be 
evacuated and refilled at this point. 

B. 

C. 

D. 

E. 

2 - 27 



WESTINGHOUSE HANFORD COMPANY 
Hd svlt.m E W W  
Cartnd ~ ~ W V - 3 1 0 4 1 6 .  Task117 

MERRICK & COMPANY 
A d v u p * I T ~ -  

Pmjul No. 30012318 

WHC-SD-SNF-CDR-007. Revision 0 

2.0 PROCESS 

F. In the event of an electrical or instrument air failure, FI-1136 will purge the 
MCO system with process gas up to a pressure of 0.5 psig. This protects 
the situation when a full vacuum is being held on a hot MCO and the control 
systems fail. If a leak were to develop, air would begin leaking into the MCO 
leading to rapid oxidation reaction. This system prevents this by purging the 
MCO with inert gas. 

In the event that the internal MCO filter becomes plugged, a blowback 
system exists to clear the blockage. An accumulator holds sufficient gas 
inventory to supply a pulse of inert gas through GOVll32. In order to 
prevent gas bypassing or passage of dust into the draw tube, valves GOV- 
1105, 11 12, 1120, 1121 will be closed during blowback operations. 

FI-1136 is a rotameter set at 0.9 Ipm. This rate is equivalent to 10 acfm 
through the MCO at 5 torr and 3OO0C. 

The MCO heating system uses flow control, FIC-1153, in the circulation loop. 
This allows for a wider range of heating and cooling situations to be met. 
Additionally, the heating system used temperature control, TIC-1 154 to 
control the heater input while holding TV-1154 wide open. The cooling 
system uses TIC-1 154 to disable the heater while modulating cooling 
temperature with TV-1154. 

Pressure control of the heating system is by bleeding pressures over 0.1 
psig, PCV-1159, into the process vent system (usually during startup and 
during heating cycles) and by allowing air into the system through PCV-1156 
set at -0.1 psig. Air inlet will be required during cooling and when air 
leakage from between the MCOlOVEN annulus into the vault is excessive. 

G. 

H. 

1. 

J. 
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2.3 COMBINED VENTILATION SYSTEM (CVS) CONFIGURATION 

The conceptual design for the HCSE exhaust gas system consists of a HEPA filter 
intake, ducted manifold for up to six bays, isolation nuclear grade dampers, two 
stage testable HEPA filter plenum with pre-filter, variable speed drive exhaust fan, 
static pressure senors, and exhaust stack. 

2.3.1 Reference Standards 

ERDA 76-21 
ACGIH 
ASHRAE 
SMACNA 
NFPA 
ASME 
40CFR61 

2.3.2 System Design Parameters 

The CVS shall: 

Minimize particulate hold up by use of smooth duct transitions and maintaining a 
minimum duct velocity of 2000 fpm. 

Minimize contamination spread and prevent the backflow of gases and particulate. 

Provide a constant stack flow for proper stack discharge velocity and for stack 
monitoring. 

Provide sufficient volume for dilution of the process gas system to 25 % of the lower 
explosion limit for hydrogen. 

Limit particulate discharge through the use of a two stage HEPA filter plenum. 

2.3.3 Process Description 

The CVS is designed to exhaust six process pitltrench spaces and the process gas 
exhaust from six MCOs. Air is drawn through a HEPA filter into the process pit 
space at a nominal rate of 150 CFM per process pit. The HEPA filter serves as an 
isolation, backdraft and filtering device. The air moves through the process pit and 
trench space to the exhaust duct inlet manifold, through an isolation damper, pre- 
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filter and two stages of HEPA filters with isolation dampers, exhaust fan, and finally 
exits the HCSA through a dedicated stack. Twenty CFM of process exhaust gas 
from each of the six MCOs may enter the process exhaust stream at any time. 
Variable speed drives on the exhaust fan motors, with control based on pressure 
sensors will adjust air flow to keep the exhaust flow in the stack constant. 

Motorized dampers on the exhaust from each process pit will be modulated using 
pressure sensors with integral controllers to maintain a nominal 150 CFM flow rate. 

2.3.4 Equipment description 

2.3.4.1 Exhaust Fan 

Backwardly inclined, class 111 centrifugal fan, standard application for hot gases to 
200 degrees F, intrinsically safe construction, with belt drive and variable frequency 
motor controller. 

2.3.4.2 HEPA Filter Housing 

Type 304 stainless steel, bag idout type, transition on both ends, assembled in the 
direction of air flow as follows: prefilter section, test section, first stage HEPA filter 
section, test section, second stage HEPA filter section, and final test section. 

2.3.4.3 HEPA Filters 

24 x 24 x 11.5 inches thick, UL Class I, 99.97% efficiency per DOP test, and 
stainless steel frame. 

2.3.4.4 Prefilter 

24 x 24 x 6 inches thick, UL Class 1,65% efficiency per ASHRAE standard 52-76. 

2.3.4.5 Isolation Dampers 

ANSI class 150 butterfly valves with motorized actuators and will meet the 
requirements of ASME N 509-1989, leakage class I. 

2.3.4.6 Centrifugal Pumps 

Nominal 24 GPM each 
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2.4 PROCESS CONTROL 

2.4.1 Control System Design 

The System Monitoring and Control System (SMCS) design is based on integrated 
Programmable Logic Controllers (PLC's), Personal Computers (Pc's), and Man- 
Machine Interfaces (MMl's). The SMCS Architecture is based on Supervisory 
control and Data Acquisition (SCADA) type of control system. The SMCS will be 
capable of handling all process controls, data acquisition, reporting, and archiving. 
Process control, supervisory, and Management Data Communications will be 
handled via standard ethemet with Transmission Control Protocolllnternet Protocol 
(TCPIIP). TCP1IP is the standard communications protocol used by the lntemet and 
Hanford Local Area Networks (HIAN). 

The recommended hardware are IBM compatible Pc's with a 200 MHZ Pentium 
Pro, 64 MB ram, 2.5 GB of hard drive primary, 2.5 GB hard drive backup, 3.5' 
floppy drive, 6x CD-ROM drive, 21" SVGA monitor. A Laser Printer will be required 
for report printing. The operating system platform will be on the Windows NT. 
Each PC will have a dynamic graphical display of process parameters and other 
system variables. The MMI will animate the process variables to show process 
states such as an open valve or flow through a pipe. There will be a total of 3 Pc's, 
one Operator Interface Stations (OIS), one Process Enclosure (PE) Local Control 
Panel (LCP), Operator, and one Engineering Work Station (EWS). 

2.4.2 Programmable Logic Controllers 

The process control will be handled by the PLC processors which will be located 
in a panel that will be installed in the control room. Each Process Module and the 
Service Module will have remote I/O stations that communicate to the PLC. The 
control system provides redundant PLC controllers which will be located in a control 
room PLC panel. The primary processor maintains independent control of the 
process and monitoring. The hot standby processor maintains a mirror of the 
primary PLC program and a real time data image table via a fiber optic link. Should 
an upset occur within the primary processor, the hot standby will immediately take 
control within a few milliseconds. The availability of real time data and quick 
response time by the hot standby will allow for a bumpless transfer of control. Also 
provided are redundant communications cabling to the remote 110 racks in each 
bay1skid. 

All Local Process Modules and Service Module and skid 110 points will be field 
terminated at the respective remote 110 panels. The system HVAC, Chiller, Air 
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Monitor, and other system 110 will be field terminated at the control room PLC 110. 
The PE will have a remote 110 rack which will communicate to the PLC processor 
via radio modem. The radio modem will take advantage of Spread-Spectrum 
transmission technology. 

2.4.3 PLC Programming Interface 

Logic diagrams and PLC programming will be configured by graphical methods 
using AutoCAD with predesigned blocks having preenfigured attributes. 
Examples of logic and control blocks are, but not limited to; AND, OR, Analog 110, 
Sequential Step, PID, and Digital 110 Blocks. A commercially available software 
package will be used to compile the AutoCAD drawing into a function block which 
can be downloaded to the PLC. There will be no PLC relay ladder logic to program. 
As such, when the logic changes, the drawing follows suit and the program 
recompiled. The program will have a supporting 110 data base and program de- 
bugging tools. Run-Time simulations and PID Control Loop Tuning tools will be 
available. 

2.4.4 Man-Machine Interface 

The OIS will handle concurrent processing of the Modules. The OIS and the EWS 
will have the capability of handling full operation of all six Process Modules and all 
other system controls including, but not limited to, archiving, reporting and 
alarming. The EWS will normally show the System HVAC process and system 
alarming. Generating alarm, event, graphic, and analysis reports will normally be 
an EWS task. The EWS will be used by the Operations System Engineer to 
facilitate run-time and enhancement changes to the MMI and PLC. 

2.4.5 Communications 

Communications will be through an ethemet network using Microsoft (MS) TCPllP 
protocol. This ensures compatibility for communications to Hanford Local Area 
Network (HLAN). Communications from the PLC to the Pc's will be via a separate 
LAN to isolate the process communications from the management and HLAN 
system. Printing communications will be handled through the ethernet network. 

The PMC will communicate to the PLC using a spread spectrum radio modem. The 
interface to the control system network will be standard ethemet with TCPllP 
protocol. The radio modem communications design will facilitate control, 
interlocking, and alarming requirements from the PMC while maintaining mobility. 
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2.5 OVEN ASSEMBLY DESCRIPTION 

The MCOs will be heated in six(6) ovens which will be installed in process pits that 
will be located below the HCSA floor level. As indicated in the P&IDs (SK-2- 
300413), the MCO will be heated by forced hot air that is blown through the oven. 
The heater and blower will be located on the process module and the pipes that 
carry the circulating air will run from the process module through a below grade 
trench to the oven. The general arrangement of the oven in the pit, the trench, and 
the connecting piping is shown on SK-2300422. 

The oven will be an insulated stainless steel cylinder with an insulation jacket. The 
proposed insulation is vacuum. In other words, the oven will be constructed as a 
thennos bottle. The outer vessel will be stainless steel and super insulation will be 
attached to the inside surface of the outer vessel. The space between the inner and 
outer vessel will be constantly evacuated by a vacuum pump so that gas release 
promoted by the heating of the vessel will be drawn away. Two variations of the 
concept that are under consideration are given Drawings SK-2-300417 and SK-2- 
300418. The selection will be made once the MCO neck design has been settled. 

This basic design concept was selected for a number of reasons: 

A. The rate of temperature rise of the MCO is limited to 50°C per hour. The 
heat transfer from the MCO into the SNF is slow because the transfer is 
effected by a nearly static gas. Therefore the MCO wall is easily heated. 
Radiation from heaters could easily overwhelm the heating rate limitation, 
whereas heat transfer from forced air is easy to control. Furthermore, there 
would be no simple way to measure the MCO surface temperature if it was 
exposed to radiation from heaters. Measurement of the inlet and outlet air 
temperatures in the proposed design is simple and is a good measure of the 
MCO temperature because heat transfer is effected by convection and gas 
conduction. 

B. There are no heaters and no electrical distribution in the oven. This means 
that there is no opportunity to have a heater failure that would take the oven 
out of service or cause it to be pulled from the pit for repair. 

Vacuum insulation was chosen because it is effective. It makes the oven 
easily constructable as a single stainless steel assembly. It is the lightest 
insulation choice which will make the assembly easier to install. And, most 
importantly it has few contamination traps and smooth and hard surfaces 
that can be decontaminated. 

C. 

2 - 33 



WESTINGHOUSE HANFORD COMPANY MERRICK h COMPANY 
Hd cmditiming SyrCm EpUipmnt AdbmlcdTechdcgfsrtor 
contnctxMwgswvJ10418. T . s k l l 7  Royce No. 30012318 

WHC-SD-SNF-CDR-007, Revision 0 

2.0 PROCESS 

In both design alternatives, the hot air enters into a ring contained in the upper 
portion of the vacuum jacket. This ring distributes air to three downcomer pipes that 
carry the hot air to an insertion ring located in the bottom of the vacuum jacket. The 
distribution ring allows the air to enter into the oven uniformly around the base of 
the MCO through perforations into the oven interior. The downcomer pipes contain 
bellows expansion sections and are mounted to allow for vertical motion. 

The MCO concept *ere the vessel has straight walls from top to bottom is shown 
on Drawing SK-2-300417. The MCO rests on a ring which transfers the load to a 
ring between the inner and outer oven vessels. The oven outer vessel rests on an 
impad limiter that transfers the load to the pit foundation. The impact limiter, which 
is for the purposes of protecting the MCO in the event of an accidental drop, will be 
the same one used in the CSB storage vaults. Both the ring between the MCO and 
the oven and the one in the vacuum jacket will be perforated to allow for aimow. 
The air will flow upward through the annulus between the MCO and the oven. Heat 
transfer calculations (see Appendix G) indicate that a 1” annulus with an aimow of 
750 CFM will be appropriate. When the air reaches the top of the annulus it is 
blocked by an annulus cover piece that will be installed after the MCO is lowered 
into the oven. The cover side wall will be a bellows to allow for differential 
expansion between the MCO and the oven. The top plate of the cover will be 3” 
thick to create some shielding for the radiation stream coming up through the 
annulus. It will also provide enough weight to hold it against the MCO top as the 
oven grows faster than the MCO. The air will flow through perforations into a 
collection ring located in the top ofthe vacuum jacket. The collection ring feeds the 
return pipe to the process module. The air circulation pipes run within a vacuum 
jacket in the trench. The outer vessel of the oven will have a bellows to allow for 
thermal expansion of the oven. This bellows will have a restraint so that the oven 
can be lifted during installation. The top ring of the oven that holds the inner an 
outer vessels of the vacuum jacket will be thick stainless steel in order to shield the 
radiation stream rising from the MCO. 

Air flowing through the top of the oven pit and through the trench will be diverted 
from the MCO top by an insulation cover so that the MCO top temperature is not 
significantly cooler than the body. 

The oven concept shown on Drawing SK-2-300418 assumes an MCO design where 
the upper part of the MCO has a small flare. In this case, the MCO flare rests on a 
beveled flange on the top of the oven. There is no support at the bottom of the 
MCO. The weight is carried though the inner vessel of the oven to a ring in the 
vacuum jacket base and then to the impact limiter. There is no need for a special 
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annulus cover. Otherwise the design is the same. With this design the thermal 
growth of the MCO is accommodated by the space between the MCO bottom and 
the oven. 

The final closure of the MCO will be accomplished by welding a cover over the 
MCO top. This weld will be made while the MCO is in the HCSE oven after the hot 
conditioning process has been completed. The geometry of the cover, weld, and 
welding machine have not been defined at this time. This means that the relative 
vertical dimensions ofthe oven top and the MCO top cannot be defined at this time 
and assembly concept sketches cannot be developed for the welder/oven interface. 
Resolution of this interface will be required to complete the detailed design of the 
oven. 
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2.6 PROCESS MODULE 

2.6.1 Process Module Description 

The process module contains most of the equipment shown on the piping and 
instrument drawing sheet #l . With the exception of central and combined service 
equipment, the MCO, its oven and the cold trap, all equipment servicing an MCO 
is part of this module. 

Module equipment includes: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

1. 

Vacuum pump (VPS-VAC-I 104). 

Recirculation blower (VPS-BLO-1106). 

The vacuum system cooler (VPS-CLR-1103). 

The vacuum system heater (VPS-HCL-1105). 

The MCO cooling system cooler (MCS-CLR-1153). 

The MCO heating system heater (PHS-HCL-1152). 

The MCO heating system circulating blower (PHS-BLO-1151). 

The process vent HEPA filter (PV-F-1171). 

A control panel for the module which includes inputloutput interfaces to a 
central programmable logic controller. 

The module measures six feet by nine feet in the plan dimension and is eight feet 
high. Some equipment items are vertically installed to conserve space. Except for 
the module's vacuum pump, rotating mechanical equipment is mounted on one side 
for accessibility and ease of maintenance. The skid is placed in the CSB annex 
with ample accessibility to all its sides. It is located behind the service crane's area 
of influence so as not to be of concern. 
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Process piping to and from the module proceeds in the trench to the MCO. Service 
utilities are run to the module above grade. 

Structural elements for its fabrication are standard AlSC shapes. Deck plating 
covers the service area. It is intended that the process module be fabricated and 
assembled in a local shop and then shipped to the site where it is to be leveled and 
affixed to steel plates imbedded in the CSB annex floor. 

The module requires operator attention Only for maintenance. All controls are 
accessed from a remote central control station which is capable of monitoring and 
controlling each of the six process modules plus the central utilities. 

The operation of the process module equipment is described in Section 2.2. Cut 
sheets for the equipment are available in Appendix H. 

While each module, trench and vault unit have three HEPA filters, only one is 
installed on the process module. That filter provides suction air to its associated 
MCO. Installation at the MCO was considered but abandoned when it was 
apparent that the filter would have to be installed at grade elevation and would thus 
be subject to contamination from the adjacent floor area. Its installation on the 
process module allows longer life and ease in servicing the filter. The piping from 
the filter to the MCO vault is accommodated in the trench. 

HEPA filters VPS-F-1102 and VPS-F-1107 are the bagout type and are pressure 
rated to 100 psig. This rating increases the cost of these units considerably. It is 
made necessary because of the current uncertainty about heat transfer rates in the 
sub-atmospheric MCO. Should this issue become resolved prior to detailed design 
and pressure operation not be required, these filters can be simplified considerably 
with a commensurate reduction in module cost. At this time they are shown 
installed in the trench. 

2.6.2 Equipment Description 

2.6.2.1 Vacuum Pump Selection (VPS-VAC-1104) 

This section discusses the basis for selection of the scroll type vacuum pump for 
the HCS project. The starting point for this discussion is the alternatives study 
performed for the Cold Vacuum Drying System (CVDS) project. That study 
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evaluated eight alternatives involving different pump combinations. The rotary 
scroll pump was selected on the basis of operational simplicity , cleanliness and the 
wide pressure range covered by a single stage of pumping. A staged Roots blower 
was the second choice. The intent of the current study is to expand upon the 
earlier work by focusing on germane operating conditions in the CVDS and 
determining if changes in these conditions are required for the Hot Vacuum 
Conditioning System (HVCS) project are required and if so, are the changes 
detrimental to the pump. Germane operating conditions which could compromise 
the reliability of a rotary scroll pump are: 

Elevated Temperatures 
Presence of Particulates 
Water Vapor Condensing Within the Pump 
Materials Incompatibility 

During the CVDS development testing program, the scroll pump's ability to operate 
for long periods Wile pumping water vapor at temperatures in excess of 100 C will 
be demonstrated. The concern is that bearings within the pump may fail at the 
elevated temperature. Discussions with the manufaduds representative identied 
that the stated operating limit of the pump (40 C) is a limiting condition only when 
combined with high vacuum at the pump inlet. Under these conditions, cooling of 
the pump bearings relies mainly on conductive heat transfer to the pump body. 
When pumping at higher pressures the situation is relieved due to convective 
transfer on the bearings directly. As part of the CVDS, a pump will be tested to 
demonstrate long term pumping of water vapor at 100oC or above to verify that 
pump life is not compromised. If this demonstration is assumed to be successful, 
utilization of the pump for the HVCS process does not present any increase in 
severity as regards the operating temperature. 

Particulates are a concern for a rotary scroll pump because of the close tolerances 
within the interleaved scrolls which could bind if subjected to particulates in the gas 
stream. Filters will be installed upstream of the pump inlet to protect the pumping 
surfaces. Additionally, the scroll pump that was selected for the CVDS has Teflon 
tip seals that are more tolerant of particulate than an all metal design. If necessary, 
the pump can be repaired should damage due to particulate be incurred. Routine 
replacement of some pump parts is recommended at 6,000 and 12,000 hour 
intervals. The development testing program will demonstrate pump life under 
particulate conditions that are comparable to the actual pumping environment. 
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For the CVDS application, a heater was provided immediately upstream of the 
pump to ensure that the pump inlet temperature was high enough to preclude 
condensation of water vapor as the pressure increased within the pump housing, 
Since the pressure at the pump exhaust is atmospheric, condensation can be 
avoided by maintaining the pump inlet temperature above 100 C. As for the HVCS 
process, that concern is reversed. With cask temperatures of up to 350 C and very 
small quantities of residual water after cold vacuum drying, the possibility of water 
condensing within the pump is remote. The water which is pumped will mix with 
helium purge gas so that, after compression, the relative humidity is still low. 

The wetted surfaces of the scroll pump are hard coat anodized aluminum and a 
Teflon compound. The gases being pumped, helium, hydrogen, water vapor, and 
trace quantities of tritium, air and fission gases are all compatible with these 
materials. Bearings are housed in a separate chamber and are lubricated with 
inorganic PTFE. The gases being pumped during hot vacuum conditioning should 
have no detrimental effect on the pump. Radioactive gases and particulate that 
may be released by oxidation ofthe SNF during the HVCS process ( I, Cs, Mg) will 
be removed before they reach the pump. 

It is recommended that the rotary scroll pump that was selected for the CVDS 
process be used for the water HVCS process. No changes in operating conditions 
have been identied that would be deleterious to pump operation. If it is assumed 
that pump performance will be satisfactory during development testing for the CVDS 
project, then the transition to the HVCS process presents no risk relative to 
pumping performance. As in the CVDS, the fall back pump for HVCS is a 
multistage Roots pump. 

2.6.2.2 Recirculation Blower (VPS-BLO-1106) 

The recirculation blower is a magnetically coupled regenerative-type blower which 
circulates helium through the MCO and through external treatment in the trench and 
through heat exchange units on the process module. It has been specified to 
handle 13 to 25 psia of helium pressure. The blower has no seal and consequently 
no leakage. The pump can deliver 20 ACFM of helium against a 4-inch WC static 
head 
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2.6.2.3 Vacuum System Cooler (VPS-CLR-1103) 

The cooler is a plate-type unit. Its duty is highly dependent upon the pressure in 
the helium recirculation system; the duty increases with increasing pressure. 

The system is sized at a duty of 2,000 Btu per hour at pressure service. 

2.6.2.4 Vacuum System Heater (VPS-HCL-1105) 

As with the cooler, the duty of the heater increases significantly with increasing 
helium pressure. The heater is electrically powered and is sized at 3 kW. 

2.6.2.4 MCO System Cooler (MCS-CLR-1153) 

The cooler is an air to water heat exchanger. It is sized at 83,000 Btu per hour to 
remove the appropriate amount of heat during the MCO cooling cycle. 

2.6.2.5 MCO Heating System Heater (PHS-HCL-1152) 

The heater is an electrically powered 25 kW unit. It is normally operating at less 
than half of its capacity during the major portion of the MCO heat up process. 

2.6.2.6 MCO Heating System Circulating Blower (PHS-BLO-1151) 

The blower is designed to work at the high temperature (375 C) that will be 
encountered in heat up. It is powered by a 5-horsepower motor which draws its 
maximum load at ambient temperature during startup. 

2.6.2.7 Process Vent HEPA Filter (PV-F-1171) 

This filter draws air from the building in the area of the process module and after 
passing it through the HEPA, pipes it to the MCO vault. Installation of this filter on 
the process module avoids problems which are inherent in mounting this filter at the 
MCO at floor level. 
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2.7 SERVICE MODULE 

The service module contains all utility systems which are common to each of the 
process modules, with the exception of the chiller system, the process gas system 
and the vent stack, all of which are outside the CSB. These outside systems are 
described in Section 3.3 as auxiliary facilities. 

The service module is located at the mezzanine level in the southwest corner of the 
HCSA. It contains the following components: 

A. Chilled water pumps, expansion tank and heat exchanger; 

B. Cooling water pumps, expansion tank and heat exchanger; 

C. Combined ventilation system blowers and HEPA filter; 

D. MCO oven vacuum pumps; and 

E. Instrument air system 

The equipment, piping and instrumentation that are in the service module are 
identified on the P&IDs (SK-2-300413). 

2.7.1 Chilled Water Systems 

The chilled water system provides cooling for the MCO cool down cycle and for 
protection of gas circulation and vacuum pumps during other portions of the HCSE 
operation. 

In order to achieve adequate confinement from the radioactive systems which 
require cooling, a chiller system is used which provides three levels of isolation 
from the process heat load. The first level exchanges heat directly with the Freon@ 
loop of the package chillers and the atmosphere. Inside the HCSA the Freon@ loop 
exchanges heat with a chilled water loop that provides cooling for the water loop. 
The cooled water loop extends to each ofthe modules and exchanges heat directly 
with the process heat exchangers. This multiple level system provides multiple 
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barriers to prevent radioactive material from contaminating either the chilled water 
loop or the Freon@ loop. Redundant pumps piped in parallel will be provided on 
the water side of each heat exchanger in order to provide operating flexibility during 
maintenance periods. 

The chiller equipment is described as follows: 

ssor/Con-: Scroll compressor, air-woled condensing unit, 
single circuit with 2 steps of capacity. Nominal 25 ton capacity at 105OF. Supply 
with 25 ton evaporator chiller. 

Centrlfuoal: Nominal 24 GPM each. 

2.7.2 HCSE Process Vent System 

The process vent system discharges to the combined ventilation system as 
described in Section 2.3. Process exhaust gases include those vented from 
pressure relief valves and discharge from the vacuum pumps. the pressure relief 
valve vents and vacuum pump exhaust are located at the process modules. A 
collection manifold extends from the combined ventilation system on the service 
module to each of the process modules. All of the process ventilation gases pass 
through HEPA filters that are located in the Trench before they are vented to the 
final set of HEPA filters in the combined ventilation system. 

2.7.3 MCO Oven insulating Vacuum System 

Insulation for the MCO ovens is provided by a vacuum jacket that is designed into 
each oven. This vacuum jacket is evacuated by a central MCO Oven Insulating 
Vacuum system. The function of the MCO Oven Insulating Vacuum System is to 
maintain a vacuum of 1 d  tOK in the oven jackets and in the jackets of the process 
piping that is vacuum insulated. Two vacuum pumps, operating in series, serve all 
MCO ovens. The fore pump is the same scroll pump unit used on each process 
module. It is used to bring the vacuum to the operating range of the turbomolecular 
pump. The turbomolecular maintains the vacuum system at approximately l o 4  
torr. Installed spares are not provided for these vacuum pumps. The pumps 
discharge to the combined ventilation system. 
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2.7.4 lnsttument Air System 

The instrument air system consists of a 45 CFM compressor, an air receiver, and 
a molecular sieve dryer. The compressor is powered by a 10 horsepower electric 
motor and produces air to the 200 gallon ASME-stamped receiver at 100 psi. In- 
line between the receiver and the dryer is a deoiler. The air dryer has two 
molecular sieve columns, one which is on-line while the other is regenerating. 
Regeneration is accomplished on a timed cycle. 
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2.8 PROCESS ENCLOSURE DESCRIPTION 

Each HCSE oven will be imbedded in a process pit so that the top of an oven will 
be a few feet below the facility floor. It is necessary to access the top of the MCO 
to make and break connections, to assemble and disassemble oven top pieces, to 
change the Csll trap, and to weld the final cover over the MCO . This access 
requires that the process pit cover (shield) be opened and that a means of 
manipulating items inside the process pit be provided. 

A portable process enclosure is to be used while working in the open process pit. 
When not in use the enclosure will be parked out of the way. When access is 
required to an oven the enclosure will moved over the process and lowered so that 
it seals against the facility floor. An actuator located within the enclosure will be 
used to open the process pit cover. An operator using a teleoperated manipulator 
arm and a variety of tools and fixtures carried in the enclosure will perform a list of 
operations to either prepare for conditioning or to tear down after conditioning is 
complete as detailed in the HCSE Model Operating Sequence (see Section 2.1) 

The enclosure performs the following basic functions: 

A. Secondary Confinement: It acts as the secondary radioactive material 
confinement structure when the process pit cover is open. It will prevent 
accidental releases from the MCO during connectldisconnect operations 
from spreading into the HCSA. 

B. Radiation Exposure Management: It removes the operator a reasonable 
distance from the radiation area immediately above the process pit and it 
provides shielding in front of the operator. 

Remote Operations Tool Chest: It provides manipulation capability needed 
for a number of specific activities and it provides the structure required to 
mount the manipulators, hoists, and auxiliary tools and equipment. 

C. 
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Install Vent Cover 

Install Valves 

Open Valves 

Evacuate MCO 

The process steps to be performed with the process enclosure are: 

Enclosure 

7.0 I Open Process Pit 

8.0 1 Place Annulus Cover 

9.0 I Attach Annulus Cover 

10.0 1 Remove Port Covers 

15.0 I Fill MCO With He 

Description 
The process enclosure is moved from 

I its parking place into its operating 
position above the process pit. 
Make the electrical and 
instrumentation connections that 
operate the process enclosure 
equipment. 
Actuate the process pit cover opening 
mechanism and expose the oven. 
Get the annulus cover from its storage 
location in the enclosure and place it 
on the oven top using the manipulator. 
Use manipulator and drill motor driven 
socket to tighten the bolts. 
Use the manipulator and drill motor 
driven socket to loosen port cover 
bolts. Use manipulator and suction 
device to remove the covers. 
Use the manipulator to get a cover 
from its storage location in the 
enclosure and place it in the vent port. 
Use the manipulator and drill motor 
driven socket to tighten the bolts. 
Use the manipulator to pick the valves 
from their storage ports and plug them 
into the MCO ports. Use the 
manipulator and drill motor driven 
socket to tighten the bolts. 
Use the manipulator and drill motor 
driven sockets to drive the valve 
operator screws. 
Remove old gas from the MCO using 
the system vacuum pump. 
Fill the MCO with helium. 
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attachment bolts. Use the manipulator 

socket to tighten the bolts. Open the 
valve using the manipulator held drill 
motor and sockets. 
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Connect Process Cell 

Open Process Pit 

Remove Insul. Cover 

Close MCO Valves 

Place Weld-On Cover 
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47.0 

48.0 

49.0 
50.0 

51 .O 

39.0 I Move-in Process Cell 

Visual Inspect 

Clean Weld 

Repair 
Grind 

Repair Weld 

Install Welder 

Weld Root Pass 

The process enclosures moved from 
its parking place into its operating 
position above the process pit. 
Make the electrical and 
instrumentation connections that 
operate the process enclosure 
equipment. 
Actuate the process pit cover opening 
mechanism and expose the oven. 
Use the manipulator to grab the 
insulation cover and return it to its 
storage location in the process cell. 
Use the manipulator and drill motor 
driven sockets to close the valves. 
Use the manipulator to get the weld- 
on cover from its storage location in 
the process cell. Place it over the 
MCO. 
Use the hoist and manipulator to get 
the automatic welder from its storage 
location in the process cell. Install the 
welder on the top of the MCO. 
Turn on the welder. Make the root 
pass. 
Inspect the weld using a television 
camera on the manipulator arm. 
Clean the weld using a rotary 
stainless steel wire brush and the 
manipulator held drill motor. 
Is weld repair required? 
Grind out the defect area using a 
small grinder (dremel tool) held by the 
manipulator. 
Use the welder to reweld the ground 
out area. 
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Apply Dye 

Soak 

Remove Dye 
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1 55.0 1 Apply Developer 

Grind 

Repair Weld 

Weld Pass 1 

I 63.0 I Visual Inspect 

Grind 

Apply liquid penetrant Dye using a 
specially designed applicator held by 
the manipulator. 
Wait the prescribed time for the Dye 
to seep into weld defects. 
Using a specially designed applicator 
apply the cleaning fluid and wash off 
the Dye. Finish with a cleaning fluid 
soaked rotary buffing pad driven by 
the manipulator held drill motor. 
Apply the developer using a specially 

~ 

Wait the prescribed time for the Dye 
to 'blot out" of weld defects. 
Inspect the developer coated weld 
using the manipulator mounted 
camera. 
Using a specially designed applicator 
apply the cleaning fluid and wash off 
the developer. Finish with a cleaning 
fluid soaked rotary buffing pad driven 
by the manipulator held drill motor 
Is weld repair required? 
Grind out the defect area using a 
small grinder (dremel tool) held by the 
manipulator. 
Use the welder to reweld the ground 
out area. 
Turn on the welder. Make the weld 
pass. 
Inspect the weld using a television 
camera on the manipulator arm. 
Is weld repair required? 
Grind out the defect area using a 
small grinder (dremel tool) held by the 
manipulator. 
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Repair Weld 

Weld Pass 2 

Visual Inspect 

Use the welder to reweld the ground 
out area. 
Turn on the welder. Make the weld 
pass. 
Inspect the weld using a television 
camera on the manipulator arm. 

Grind out the defect area using a 
small grinder (dremel tool) held by the 
manipulator. 
Use the welder to reweld the ground 
out area. 
Turn on the welder. Make the weld 

Repair Is weld repair required? 
Grind 

Repair Weld 

Weld Pass 3 

small grinder (dremel tool) held by the 

small grinder (dremel tool) held by the 
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cribed time for the Dye 

per using a specially 

nipulator to disconnect the 
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98.0 

99.0 

100.0 

Install New Trap 

Connect Waste Drum 

Remove Top Shield 

Use the manipulator to get the new 
trap from its storage location in the 
cell. Make the new trap connections 
using the manipulator. 
Use a cart to place a shielded waste 
drum below the process enclosure 
bag port. Connect the drum and port. 
Open the bagport door. Lower a hoist 
into the drum and pull the top of the 
shield into the cell. Set it out of the 

101.0 

102.0 

103.0 
104.0 

105.0 

106.0 

107.0 

108.0 

109.0 

110.0 

way. 
Use the manipulator to place the trap 
into the drum. 
Use the hoist to replace the shield to 
in the drum. 
Tie off and cut the bag. 
Place the top on the drum and attach 
it. Move the drum cart to the waste 
management area. 
Use the manipulator and drill motor 
driven socket to release the annulus 
cover bolts. 

Remove Annulus Cover Use the manipulator to remove the 
annulus cover and place it into its 
storage location in the cell. 
Actuate the process pit cover 
mechanism to close the cover. 
Use the manipulators to swipe 
selected spots in the cell. Pass bottled 
swipes out of the enclosure for 
counting. 

Disconnect Process Cell Disconnect the electrical and 
instrumentation services. 

Remove Process Cell Return the enclosure to its parkina 

Dispose Hot Trap 

Insert Top Shield 

Tie Bag 
Close Drum 

Undo Annulus Cover 

Close Process Pit 

Survey Process Cell 

I I place. 
- 
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Affected Description 
Sequence 

Steps 
5,27,39,110 The enclosure must be movable with x, y 

axis motion. It must be able to move over 
each of the HCSE process pits and to a 
storage location where it does not interfere 
with the MHM. It may be either self 
motivated or towed. 
The enclosure must have vertical motion 
so that it can be lifted while traveling and 
lowered to rest on the floor when over a 
process pit. An elastomer seal is required 
between the enclosure base perimeter and 
the floor. 
The enclosure must contain a mechanism 
for opening and closing the process pit 
cover. The cover weight estimate is 5,000 
Ibs. 

8,9,105,106 The enclosure must have a position for 
storing one annulus space cover. 

10, l l  The enclosure must have positions for 
storing three port covers. 

8,9,10,11,12,13, The enclosure must have dextrous tele- 
16,18,19,20,21, operated hydraulic manipulator with force 
22,25,42,43,44, feedback controls. The manipulator must 
45,47,48,50,52, be able to reach the MCO top surface, the 
54,55,57,58,60, trap, the drum output port, and the various 

63,65,68,70, tool and accessory storage locations in the 
73,75.78,80,83, cell. The largest and heaviest item that it 
85,87,89,90,92, must be able to lift and place will be the 
93,95,97,98,101 annulus space cover. It must be able to 

,105,106,108 hold a wide variety of tools. 

6,26,40,109 

7,23,41,107 

In order to accomplish these Process Steps the enclosure must have the following 
functions and capabilities: 
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50,60,65,70,75, 
80,85,95 

47,48,50,51,52, 
54,55,57,58,60, 
61,63,65,66,68, 
70,71,73,75,76, 

78, 
80,81,83,85,86, 
87,89,90,92,93, 

9536 
7,23,41,107 

52,87 

55,90 

99,103 

18,19,21,43,105 

1 F9 I 20,48,258,89, 

48 I F1o I 

A drill motor and socket attachments are 
needed to drive various bolts. There must 
be a manipulator friendly system and there 
must be a storage rack in the enclosure for 
these items. 
A helium leak detector equipped for 
operating in the sniffing mode must be 
mounted to the cell. The manipulator must 
be able to direct the sniffer hose around 
the MCO port connections. 
A rotary buffing pad that can be attached to 
the drill motor is required in the tool 
storage rack. 
A rotary stainless steel wire brush that can 
be attached to the drill motor is required in 
the tool storage rack. 
A small grinder (dremel tool) that can be 
manipulator held is required in the tool 

A manipulator mounted television camera 
is required to perform visual inspection of 
the weld and the liquid penetrant 
developer. A monitor is required at the 
operator station. 

A process pit cover actuator is required to 
open and close the process pit. 
A liquid penetrant dye applicator that can 
be remotely handled with a manipulator is 
required in the cell. 
A liquid penetrant developer applicator that 
can be remotely handled with a 
manipulator is required in the cell. 
A waste drum bag port connection is 
required. 
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A hoistto pull theshield from the waste 
drum is required. 
An automatic tube welder and fixture is 
required. The head and fixture must be 
stored in the enclosure and the 
manipulator must be able to place and 
attach it. the power supply should be 
mounted on the outside of the cell. 
Television cameras that can see the top of 
the MCO and into the waste drum are 
required. The operator station monitor must 
be able to display multiple cameras. 
The enclosure must be able to store an 
insulation cover. 
The enclosure must be able to store a new 

The enclosure must have a pass through 
door that allows the insulation cover, 
annulus cover, trap, and various 
miscellaneous supplies to be passed. 
The enclosure must have shielding built 
into the walls and ceiling as determined by 
the radiation exposure analysis. 
The enclosure must have an operator 
station with a shielded viewing window, TV 
monitor, manipulator control, motor control, 
valve control, welder control, and 
communication with the process control 

A process enclosure concept that incorporates these functions is shown on Drawing 
SK-2300420. The enclosure will be a floorless steel plate enclosure with a comer 
operator station and a recess for the drum bag port. The viewing station will have 
a leaded Lexan window. The enclosure will contain a hydraulic manipulator similar 
to the Schilling Titan VI1 depicted. The drum bagport system will be the Central 
Research system. The enclosure vertical motion can be accomplished with 
manually pumped hydraulic jacks. The enclosure rides on an open frame supported 
on four wheels. There is limited turning capability for positioning the cell. The 
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enclosure will be moved along the process pit centerline by towing with a hand 
operated electric tow motor. A battery charging station for the tow motor will be 
provided at the enclosure parking station. As indicated on the HCSE floor plan the 
parking space will be to the (Southeast) of the process modules. A shuttle table will 
move the enclosure from the process pit centerline to the parking location. 
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2.9 SOLID WASTE 

The solid waste handling system and requirements will be designed in accordance 
with the requirements outline in WAC 173-303, Dangerous Waste Regulations and 
WHC EP 0063, Waste Acceptance Criteria. This system shall provide the 
equipment and local storage necessary to prepare all solid waste produced by the 
Hot Conditioning Equipment System (HCSE) for transfer to the appropriate storage 
and or treatment facility. 

The sources of solid routine waste generated by the HCSE fall into two categories. 
The first is waste generated as a direct result of operating the conditioning 
equipment (Le. HEPA filters, iodine traps, and filters used by the radioactive 
monitoring equipment) and the second is from general cleaning and inspection (i.e. 
welding rods, kim wipes, swipe tests, etc.). If a accidental breach occurs additional 
solid waste would be generated from the decontamination operations such as 
absorbent materials, swipe test papers, kim wipes, etc. 

The amount of solid waste expected to contain potentially low levels of 
contamination has been estimated as follows: 

A. Contaminated HEPA Filters (adjacent to the exhaust stack) 
Changed on average ............................... 2 times yearly 

B. Contaminated HEPA Filters (inlet to the process trench) 
Changed on average ............................... 4 times yearly 

C. Getter and Charcoal Beds (HVAC), if required 
Changed on average ............................... 2 times yearly 

D. Filters Incorporated in the Radiation Monitors 
Changed on average ............................... Monthly 

E. Filters Used by the RAS Monitors 
Changed on average ............................... Weekly 
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F. 

G. 

H. 

I. 

J. 

K. 

L. 

Process Filters VPS-PFR-1101 and VPS-F-1107 
Changed on average ............................... Monthly 

Vacuum Pump Filters 
Changed on average ............................... Monthly 

Spent Welding Rods 
Approximately .......................................... !A Ibs per MCO 

Kim Wipes for General Cleaning 
Approximately .......................................... 15 per MCO 

Swipe Papers 
Approximately .......................................... 10 per MCO 

Soiled Protective Clothing 
Approximately .......................................... 1 per Operator per month 

Dye Penetrant Testing Materials 
Approximately ........................... 1/4 Ibs per MCO 

The amount of solid waste expected to contain potentially moderate to high levels 
of contamination has been estimated as follows: 

A. IodinelCesium Traps 
Approximately .......................................... 1 per MCO 

Failed equipment can potentially fall into both low and high levels of contamination. 
The process equipment that is used to pump the gases and moisture from the MCO 
(vacuum pumps and blowers), the piping used to convey these gases, and the 
valves and fittings in this portion of the system have the potential to become 
moderately contaminated if the MCO internal filter fails. Other equipment such as 
radiation monitors, gas supply system components, and heating elements do not 
have a potential to become moderately or highly contaminated. An analysis of the 
average expected lifetime of the process equipment will be performed as part of the 
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detailed design effort to estimate the frequency of equipment failure and thus the 
amount of waste generated as a result of the failure. 

The Hot Conditioning System Annex will be provided with appropriate storage 
containers for both low IeveLwaste and moderately contaminated wastes. Failed 
equipment will be disposed of appropriately based on a radiation survey. The 
waste storage area will also provide functions for characterizing the waste materials 
before shipment to storage (Le., burial ground, WRAP, etc.). 
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3.1 HCSE LAYOUT 

3.1.1 Functions and Requirements 

The function of the HCSE layout is to configure the process equipment and other 
components to best support maintenance and operation of the system. This 
includes providing; sufficient access to each component, optimizing the flow of 
process materials, and matching the requirements for interfacing with the MHM. A 
secondary requirement is to configure the system to be compatible with future SNF 
storage in a vault that could be constructed on the south end of the Annex. 

3.1.2 HCSE Layout Description 

The HCSA will be located on the south end of the CSB. The layout of the process 
pits, trenches, process modules, service module and solid waste storage area are 
shown on Drawing No. SK-2-300421. 

The six process pits and the spare are aligned in a row to facilitate access by the 
process enclosure. The pits must also be accessed by the MHM so they are 
located between the MHM rails. Clearance distances for the MHM are maintained 
from the MHM rails and between the centerline of the pits and the edge of the 
process modules. The distance between pits is mainly driven by the access area 
required around the process modules. This distance is larger than the distance 
between CSB storage holes so it is compatible with the MHM space requirements. 

The trenches join the process pits with the process modules where the bulk of the 
process equipment is located. The trenches are required because a flat floor is 
required for all areas serviced by the MHM. It is anticipated that the trenches will 
be 24-in wide and 51-in deep. The length is dictated by the MHM clearance 
requirements. 

The process modules will be 6-ft wide by 9 4  long by 84 .  high. They are laid out 
with a 4 4  wide aisle all around to provide access for maintenance. A module is not 
shown for the spare process pit but space is provided for it. The process modules 
are located as close to the process pits as allowed by the MHM to minimize the size 
of the HCSA. 

The service module will be in the southeast corner of the CSB annex at floor level. 
An aisle way is provided all around the service module to allow access for 
maintenance. 
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The bottom surface of the MHM bridge will be 9 feet off the floor. This will allow the 
bridge to dear the process enclosure. The process enclosure will be parked over 
an MCO pit when it is not in use. 

All of the HCSE components that will be located outside of the HCSA are classified 
as auxiliary facilities. These include the ventilation stack, the refrigerant condenser 
for the chilled water system, the gas bottles, and the tube trailers. 
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proximity to modules as shown on HCSE 

Two grounding systems, one for power 
and one for sensitive instruments. Acces HCSE d-n team to connect to 

QrOUnding systems from process I points to be provided in proximity to 
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INTERFACE I HCSE I HCSA 
iNot reauired. water not allowed in I I 
storage vauk and combustibles not 
present in HCSE. If water b used in 
closed loop cooling systems it will 
be trucked in. Spills will be 
contained bv HCSE and m o m d  

doors to HCSA. Door on west wall of 

Enclosure (SK-2300420) to pass 
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3.2 HCSWHCSA INTERFACES 

The HCSE project is being developed as a project separate from the HCSA of the 
CSB that will house it. This is because the HCSA interacts structurally with the CSB 
and services must be extended from the CSB, while the HCSE is a process 
equipment development activity that is not dependent on the detailed 
characteristics of the HCSA building. The HCSE will be stand-alone process 
systems designed to operate as independently from the HCSA as possible. The 
HCSA will be a building with properties that are similar to the CSB. It will be open 
to the CSB storage area to allow the MCO Handling Machine (MHM) to move MCOs 
between the storage vaults and the HCSE. Therefore, the criteria for the CSB 
regarding design features such as structure, ventilation, radiation monitoring, and 
so forth that define the nuclear facility characteristics of the building apply to the 
HCSA. The existing CSB design and partially complete construction assume 
criteria that do not require the building envelope to a d  as a nuclear material release 
confinement structure. In principle, the HCSE will be a miniature nuclear system 
with confinement and safety class S S C s  housed within the HCSA shell. Generally 
the HCSA will be a minimal building shell and the HCSE will provide its own 
amenities after the HCSA is completed. This approach allows the HCSA to catch 
up with the CSB so that it can be built as part of completing the CSB construction 
while the HCSE progresses through its design and safety analysis activities without 
impacting the construction of the CSB. The HCSA must provide a number of 
services that are to be connected to the HCSE. In addition, the HCSE will generate 
loads such as heat and weight on the HCSA. The HCSE also requires service by 
the MHM in order to make MCO inputloutput transactions. This discussion 
describes the basic interfaces. 

The HCSElHCSA interfaces and responsibilities are given in Table 3.2-1. 

3.2.1 General Arrangement 

The general arrangement of the HCSE is given by Drawing SK-2-300421 (Building 
Layout). The HCSA project will be responsible for providing the process pits 
(without covers), trenches (without coven), floor, mounting pads, and other features 
needed to obtain this arrangement. 

3.2.2 Process Station Arrangement 

A process station consists of the process pit, oven, and process trench. The 
process station plan and elevation views are given in Drawing SK-2-300422. The 
HCSA project will be responsible for providing the vaults (without covers), trenches 
(without coven), mounting pads, and other structural features required to attain this 
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arrangement. The HCSA projed will perform the structural design, such as concrete 
specrfication, while presewing the critical dimensions called out on the Drawings. 

3.2.3 Oven Interface 

The oven will be a jacketed vessel with a smooth stainless steel skin. The process 
pit in which it will reside shall have cast concrete walls and bottom. The interior 
dimensions shall be as given on Drawing SK-2-300422. The concrete surfaces shall 
be sealed with an epoxy paint. The oven outer skin temperature will not exceed 
50%. The empty oven weight will not exceed 5,000 Ibs. The weight of the loaded 
oven will not exceed 25,000 Ibs. The estimated weight of the vault cover is 5,000 
Ibs. The foundation shall support these loads. The 20,000 Ib MCO may be 
accidentally dropped onto the bottom of the oven from a height of 14 ft. The hole 
assembly will contain the same shock absorber utilized in the CSB overpack 
storage holes. The HCSE project shall provide these shock absorbers. The 
foundation design shall be able to absorb the drop load without sustaining structural 
failure. 

The HCSE will provide and install the oven, process pit cover, process trench 
cover, other items contained within the process pit and process trench, the process 
enclosure, and the process module. 

3.2.4 Process Piping Interface 

The HCSA project shall provide a trench with interior dimensions as given on 
Drawing SK-2-300430. The trench floor and sides shall be cast concrete sealed 
with epoxy paint. The exterior temperature ofthe pipes in the trench will not exceed 
WC.  Mounting hardware for the pipes and conduit will be attached using concrete 
anchors to be located at the time of installation by the HCSE project. The estimated 
weight of the piping is 75 Ibs per foot. The trench design shall support a cover that 
will weigh approximately 500 Ibs per foot. 

The HCSE project shall supply all piping, conduit, supports, and trench covers. 

3.2.5 HVAC Interface 

The HCSA is not required to provide any nuclear material confinement capability. 
Nuclear material confinement will be provided within the HCSE. 

The HCSE will contain its own exhaust fans, ducts, and nuclear grade filtration 
systems. Intake air will be drawn from the HCSA volume, through HEPA filters 
(provided by the HCSE) into potentially contaminated pit space, through the 
potentially contaminated vault and process trench, through an HCSE provided 
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HEPA filter, through an HCSE provided fan, and out a stack provided by the HCSE. 
This scheme assures a negative pressure in the potentially contaminated pit and 
process trench. Hardening of the HVAC system to protect it from adverse effects 
arising from Design Basis Accidents (DBAs) and its safety features will be the 
responsibility of the HCSE project. 

The HCSE will design and construct its own exhaust stack for the potentially 
contaminated exhaust generated by the HCSE process. Penetration in the pre- 
existing HCSA structure for the stack, stack, pipe, stack foundation, stack support, 
stack feed ducting, and so forth will be part of the HCSE scope. The air volume 
drawn from the HCSA will range from 1000 to 1500 CFM. 

The estimated heat load of the HCSE equipment that will be discharged to the 
HCSA will be (TBD) BTU. This heat will be from the process modules where motors 
and heat exchangers will be located. 

The HCSE will provide safety interlock signals, such as HVAC flow loss, to be used 
in the CSB control room when monitoring the facility. 

3.2.6 Electrical lntelface 

3.2.6.1 Normal Power 

The HCA shall provide 480 VAC three phase power for use by the HCSE. The 
power shall be provided to eight (8) disconnect switches (one for each process 
module, including the spare and one for service module). The HCSA provided 
power will terminate in these eight boxes to be located on the HCSA wall near each 
of the process modules. The HCSE will be responsible for transformation and 
distribution of power within the HCSE systems. 

The power requirements are: 

A. Process Module Supply: Average Demand = (TBD) Amps, Peak Demand 
= (TBD) Amps 

Central Service Supply: Average Demand = (TBD) Amps, Peak Demand = 
(TBD) Amps 

B. 

3.2.6.2 Grounding 

Two grounding systems shall be provided. An isolated ground that is not connected 
to power circuits shall be provided for use by sensitive instruments. The HCSA shall 
provide ground and isolated ground connections near each process module. 
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3.2.7 Process Gas Interface 

The HCSE will require a source of Helium and Inert Gadoxygen Blend. These are 
to be provided from tube trailers parked immediately outside the HCSA. The HCSA 
project shall provide aprons for truck access. The HCSE will be responsible for 
penetrating the HCSA wall and for distribution of the gases within the facility. 

3.2.8 l&C interface 

Each skid will contain its own PLC and data collection capability. The HCSA will 
provide cabling only to support Ethernet connection of the HCSE processors 
(located on the process modules) and the process monitoring station to be located 
in the CSB control room. All computing equipment, control logic, sensors, etc. are 
the responsibility of the HCSE. 

Safety signals, such as stack monitor signals, fire detectors, and radiation monitors, 
will be hard wired to the CSB control room. The HCSA shall provide 50 conductors 
for these signals that will be collected on the central services skid. The patterns, 
"rules of thumb", and instrument models selected in the CSB design shall be 
followed by the HCSE project. CSB data collection and facility monitoring 
equipment will accept the safety system detector signals. 

The HCSE will provide all radiation monitoring. The HCSE will provide the stack 
monitoring system. 

The HCSA will provide security systems components such as TV cameras. The 
HCSA shall provide cabling between a collection box located in the HCSA and the 
CSB control room. The HCSA shall coordinate provision of TV monitors and 
security alarm monitoring equipment in the CSB control room. 

3.2.9 MHM Interface 

The HCSE will design the process pit cover so that it simulates the top of a storage 
hole in the CSB. The MHM will not have to take any special actions when loading 
or unloading the HCSE ovens. 

The MHM collision avoidance system must allow the MHM to load or unload an 
oven when the process enclosure is located over another oven. The box beam of 
the MHM will be located at 9 4  above the floor to allow this. 
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3.2.10 Water 

No process water connection will be required by the HCSE. The chilled water 
system will be filled from a portable water tank. 

No fire water will be required in the HCSE. 

3.2.11 Occupancy 

Occupancy will be 4 additional people per shift to the CSB operating staff working 
three shfis per day and 7 days per week CSB facilities such as change rooms and 
bathrooms must be able to accommodate this staff in addition to CSB operations 
staff. 

3.2.12 Equipment Installation Interface 

The HCSA shall provide an equipment access door with an opening large enough 
for the process enclosure to pass through. The maximum estimated module weight 
is (TBD)) Ibs. Equipment movement and placement will be accomplished using 
forklifts. No overhead crane will be required in the HCSA. The process skids will be 
mounted to imbedded steel floor plates. Attachment will be made by welding the 
equipment skid steel to the floor plates. The floor plates are located on Drawing SK- 
2-300430. The HCSE will be responsible for installing the equipment. 

3.2.13 HCA Structural Requirements 

The HCSA will be a structure designed to meet the same load, earthquake, wind, 
missile, criteria as the CSB to which it is attached. The HCSE shall provide local 
secondary confinement that shall meet the necessary safety classlsafety significant 
criteria. 

3.3 AUXILIARY FACILITIES 

Auxiliary facilities are defined as those that are located outside of the HCSA 
building. These include the tube trailers and gas bottles for the process gas 
system, the stack for the combined ventilation system and the refrigerant to air 
portion of the chilled water system. 
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3.3.1 Process Gas System 

3.3.1 .l Function and Requirements 

The process gas system includes items necessary for the storage, pressure 
reduction and manifolding of all process gasses for the HCSE. The system should 
function on demand from each of the individual process modules. 

3.3.1.2 Process Gas System Description 

The equipment and instrumentation used in the process gas system is identified on 
the P&IDs, SK-2-300413. The following major equipment components comprise the 
process gas system: 

The process gas system is installed on a pad located outside of the HCSA. The 
system consists of the following gases: 

A. Helium 

B. Nitrogen 

C. Oxygedinert gas blend 

Nitrogen and helium are supplied by tube trailers while oxygen is supplied at 
premixed concentrations in cylinders. Oxygen and an inert gas wili be preblended 
to an oxygen concentration of 2 percent for fuel oxidation. Pressure from each 
station is reduced to 5 psi above the internal pressure of the MCO prior to 
introduction to the process area. 

3.3.2 Stack 

3.3.2.1 Functions and Requirements 

The function of the ventilation stack is to exhaust the HEPA filtered effluent from the 
combined ventilation system to the atmosphere. The stack is to be provided with 
an isokinitic sampling system as described in Section 2.3 and shall be I-% times 
the HCSA height. Effluent from the stack is to have a minimum exit velocity of 3000 
Wmin. 
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3.3.2.2 Stack Description 

The stack is anticipated to be 9o-ft high with an internal diameter of 8-inches. It will 
be construction of steel and will be located on concrete pad. Guy wires will be 
attached as appropriate to stabilize it such that it will withstand the postulated 
DBAs. 

3.3.3 Water Chiller 

3.3.3.1 Functions and Requirements 

The function of the water chiller system is to provide cooling to the process 
equipment. The requirements for the system are shown in Section 2.7 since parts 
ofthe system are located in the service module. The system is also discussed as 
part of the auxiliary facilities because the refrigerant condenser will be located on 
a pad outside of the HCSA to allow air cooling. 

3.3.3.2 Water Chiller Description 

The refrigerant condenser will be a 25-ton unit designed for exterior air cooling. A 
concrete pad will be provided for mounting of the condenser. Electrical power for 
the condenser will be supplied from the HCSE and refrigerant piping will connect 
the condenser with the service module. 
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4.0 INTERFACES 

4.1 HCSE INTERFACES 

The HCSE will interact primarily with three subprojects. These are the HCSA, 
the MHM, and the MCO. The HCSA interfaces are required to define the facility 
and services that must be provided to house the HCSE. They are described in 
the Section 3.2 of the facility chapter. The MHM interface is required because 
the MHM will perform the MCO input / output transactions with the HCSE. The 
MCO interfaces are defined by the physical mating of the MCO and the oven 
assembly, by the need to have a scheme for connecting the HCSE to the MCO, 
by the need to make the final closure of the MCO in the HCSE ovens, and by 
the operating temperature and pressure design limitations of the MCO. The 
interfaces are given Table 4.0-1 below. 

design is selected the top 
surface must allow the 
annulus cover to sit 
without interference. 
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Name Interface 
Number 
MC05 

Description 

MC06 

MC07 

Draw Tube 
and Head 

Space 
Connections 

Final Closure 
Design 

The connectors allow 
the HCSE process lines 
to be connected to the 
MCO. 

The final closure of the 
MCO will be a cover 
welded in the HCSE. 

operating temperature, 
rate of temperature rise, 
and point to point 

Requirement 

Connectors must be 
remotely (manipulator and 
tools) operable. 
Connectors should have a 
flow cross sectional area 
as close to 0.8 sq. in. as 
possible. Connector seals 
must be capable of 
operating at 350°C. 
Connector must be helium 
leak tight. Connector must 
be tolerant to dirt (SNF 
corrosion dust). The 
connector must be helium 
leak tight measured with a 
helium sniffer (max leak 
rate 10E-06 std. cclsec at 
1 OOPSI). 
Weld must be 
circumferential so that it 
can be accomplished with 
the same welding head/ 
fixture as used in the 
CVDS. Weld procedure 
using ultra-sonic inspection 
is preferable to LPT 
because remote execution 
is easier. The cover must 
include features to allow 
the MHM to lift the MCO 
out of the oven. 
The limits are 325°C. 50°C 
between any two points, 
and 50°C per hour. 

4 - 2  



WESTINGHOUSE HANFORD COMPANY 
HVCE Cmapapl OaiOn 
contnct lMwgswvjl0416. Task X17 

WHCSDSNF-CDR-007. Revision 0 

MERRICK h COMPANY 
A&anmdT.chmlows.dor 

Prgd No. 30012318 

4.0 INTERFACES 

p e r f a c e  
Number 
MC07 

Name I Description 

Operating 
Pressure 

The MCO pressure is 
limited by its design 
pressure and its rupture 
disk. 

Requirement 

The HCSE desires to have 
the ability to  operate at 25 
psia at 300°C so that it has 
the flexibility to improve 
the heat transfer rate if it 
proves to be necessary to 
meet processing time 

I 

MC08 

MHM1 

Head Space 
Vent Filter 

MCO 
Alignment 

Plug Docking 

MHM - 
Process 

Enclosure 
Collision 

Avoidance 

Dust entrained in the 
helium flow must be 
filtered inside the MCO. 
The angular position of 
the port pattern on the 
top of the MCO cannot 
vary form MCO to MCO 
because the HCSE 
process connections 
have a limited range of 
motion. 
The MHM will locate 
above the process pit 
center plug. Its grapple 
will lock onto the plug 
and pull it. After the 
sequence is completed 
it will replace the plug. 
The MHM may require 
access to one oven 
while the process 
enclosure is over the 
other. The MHM bridge 
and enclosure cannot 

Micron type filter. Capable 
of operating at 300°C. 

No more than + /- 15 
degrees. 

Plug top must be a replica 
of the CSB storage vault 
covers that the MHM is 
capable of handling. 

Can be administratively 
controlled. 

L MHM 
Lockout 

The MHM should not be 
able to access a hot 
oven by error. 

~~ 

HCSE to providean 
actuator that indicates 
visually to MHM operator 
that the oven is active. 
HCSE to provide actuator 
that prevents MHM grapple 
from attaching to plug. 
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5.0 COST AND SCHEDULE 

5.1 METHOD OF ACCOMPLISHMENT 

The HCSE project will be a joint effort between the DOE as the owner, WHC as the 
operator, Merrick as the architect-engineer, and a yet to be determined prime 
construction contractor. The responsibilities of each organization are as follows. - 
DOE will furnish overall project coordination, review all conceptual design and 
definitive design documents and based on their review authorize the definitive 
design, construction and operation of the HCSE. DOE administers the WHC prime 
contract to operate the Hanford facilities. 

use Haford C- 

W C  will provide design criteria and engineering management services during the 
conceptual design, definitive design and construction project phases. WHC will 
review all design documents and based on this review recommend to DOE that the 
definitive design, construction and operafon of the HCSE be authorized. WHC will 
award and administer the architect-engineer and prime construction contracts. If 
it is determined that government furnished equipment is required, WHC will be 
responsible for procuring this equipment and providing it to the prime construction 
contractor. Following construction of the HCSE, WHC will be responsible for HCSE 
operations. 

Merrick is under contract to WHC to perform all conceptual engineering services. 
Engineering required to develop the definitive design packages and construction 
support engineering are options under this contract. Merrick will be responsible for 
identifying and recommending to WHC items that should be classified as 
government furnished equipment. Merrick administers the subcontracts of the 
speciality design firms that support the architectengineering work. 

Prime C o n s t W n  Contradnc 

A p'me construction contractor will be selected and placed under contract to WHC 
to construct the HCSE. This contractor will be responsible for procuring materials 
and supplies and constructing the HCSE in accordance with the definitive design 
packages. The contractor will also be responsible for installing any government 
furnished equipment and administering the subcontracts of the speciality firms that 
will support the construction activities. 
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5.0 COST AND SCHEDULE 

5.2 SCHEDULE 

The key milestones in the HCSE design and construction schedule are as follows. 

Conceptual Design Complete July 31, 1993 

Authorization to Proceed with Definitive Design August 1, 1996 

Definitive Design Complete March 25,1997 

Authorization to Proceed with Construction October 2,1997 

Construction Complete June 30,1998 

Beneficial Occupancy September 30, 1998 

5.3 SUMMARY COST ESTIMATE 

The project cost estimate has been developed by the individual designers and 
utilizes a factored approach where the installed cost is based upon the cost of the 
equipment. The costs for the process modules and the central service module have 
been developed with the following criteria: 

A. The cost estimate is developed for the pressure system, operating at an 
internal helium pressure of 25 psia. This was done because this option is 
the more expensive of the two cases. For an atmospheric system, deduct 
$60,000 from the overall cost. 

All installed costs are factored to equipment cost. All equipment cost is 
obtained from a vendor unless otherwise noted on the equipment list. 

Cost factors are taken from the method of Miller (Perry, Table 25-51) for 
battery-limit installations. As skids will be factory assembled, the lower 
range offactors is normally used. In the event of significant complexity, the 
factor is adjusted to the higher end of the range. When extraordinary costs 
are involved for support equipment, as in the case of specific 
instrumentation, these items will be costed separately. 

The structural estimate is applied once for each skid assembly. 

Installed cost assumes FOB Richland, WA. A local skid fabricator is 
assumed. 

B. 

C. 

D. 

E. 
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5.0 COST AND SCHEDULE 

Contingency, Engineering, Project Management, Insurance, etc. are factored to 
Construction Cost Estimate. 

The auxiliary area estimate was developed from Means Construction Cost 
/Estimator. The cost estimate for the Process Enclosure was developed from the 
experience of Paul Smith on like projects. Engineering cost and contingency are 
factored to the constructed cost of the equipment. 

Backup information used to develop the estimate is found in the Appendix F. 

The summary of the construction cost estimate is shown in Table 5.3 below 

Table 5.3 
Project Cost Estimate 
(all costs in thousand $) 

Construction Costs 
Process Module 
Service Module 
Process Enclosure 
Auxiliary Facilities 
Process Pit Compnts 

Subtotal Const. Cost 

Project Management 
(8%) 
Eng. Design 8 Insp. 
(22%) 
Bond 8 Insurance (2%) 
Contingency (30%) 

TOTAL PROJECT 
COST 

Item No. Total 
Cost Items cost 

300 6 2,318 
150 1 328 
550 1 620 
130 1 622 

5,523 

442 

210 6 l B 5  

1,215 

110 
LGZ 
8,947 
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APPENDIX B - ALARA IMPLEMENTATION PLAN 

ALARA IMPLEMENTATION PLAN 
for the 

HOT CONDITIONING SYSTEM EQUIPMENT 
of the 

K-BASIN SPENT NUCLEAR FUEL STORAGE PROJECT 

1.0 INTRODUCTION 

Approximately 2100 tons of SNF are stored in the K-Basins. The DOE has 
agreed to an accelerated schedule to move this material from the basins into 
interim dry storage. The project requires the construction of a process facility, 
called the Cold Vacuum Drying Module (CVDM), to dewater and dry the fuel 
outside of the basin buildings, before shipment to a distant storage facility. The 
SNF elements will be placed within a container called the Multiple Canister 
Overpack (MCO) in the basin. The MCO, which will be full of basin water as well 
as fuel, will be placed in a shielded shipping cask on a transport trailer at the 
basin. This assembly will be transported to the CVDM where it will be drained 
and dried by a vacuum process. When processing is complete in the CVDM, the 
MCO and cask are transported to the Canister Storage Building (CSB) where the 
MCO is placed in interim storage to await further drying by the Hot Conditioning 
System Equipment (HCSE). The HCSE is located in an annex to the CSB and is 
served by the CSB MCO Handling Machine (MHM). 

There are two important radiation sources associated with the hot vacuum drying 
process. The principle source will be the MCO filled with spent nuclear fuel. 
The shielding integral to the MHM and oven will reduce the dose to relatively low 
levels in the area that the workers will occupy during the hot vacuum drying 
process. The second source will be the process equipment. Fission products 
from leaking fuel and activation products will accumulate in the process 
equipment, creating a source. Controls will be required to protect staff from 
inhaling or spreading releasable contamination that could be released when 
MCO connections are made or broken during the hot vacuum drying process. 

The federal law governing design objectives for radiation exposure for this type 
of work is 10 CFR 835, Occupational Radiation Protection. This is the code that 
establishes radiation protection standards for the conduct of Department of 
Energy activities. The annual limit for total effective dose equivalent (TEDE) is 5 
rems. Administrative limits are imposed by DOE Notice 441 .l, Radiological 
Protection for DOE Activities. A guide to useful practices for achieving the 
objective of the ALARA process is DOE publication PNL-6577, "Health Physics 
Manual of Good Practices for Reducing Radiation Exposure to Levels that are 
As Low As Reasonably Achievable (ALARA)". The purpose of this plan is to 
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APPENDIX B - ALARA IMPLEMENTATION PLAN 

provide the framework for a design and operations planning program which 
assures that the AURA requirements will be met. 

This AURA Implementation plan provides guidance during the design phase for 
estimating the expected radiation doses and for selecting appropriate remote or 
automated operations and shielding features for the Hot Conditioning System 
Equipment. It also provides input for decision making while writing operational 
procedures. 

2.0 ALARA PRINCIPLES 

The following documents serve as references for ALARA considerations: 

10 CFR 835 
ASME NQA-1 

DOE Notice 441.1 
DOE Order 6430.1A 
PNL-6577 

WHC-IP-1043 
WHC-CM-4-29 
WHC-CM-4-46 
WHC-CM-7-5 
WHC-SD-GN-30011 

HSRCM-1 
DOEIEH-0256T 

Occupational Radiation Protection 
Quality Assurance Program Requirements for Nuclear 
Facilities 
Radiological Protection for DOE Activities 
General Design Criteria 
Health Physics Manual of Good Practices for Reducing 
Radiation'Exposure to Levels that are As Low As 
Reasonably Achievable (ALARA) 
WHC Occupational ALARA Program 
Nuclear Criticality Safety 
Nonreactor Facility Safety Analysis Manual 
Environmental Compliance 
Radiological Design Guide 
DOE Radiological Control Manual 
Hanford Site Radiological Control Manual 

In combination, the DOE Orders and Guidelines generally require the following 
radiological design criteria: 

A. Individual worker dose shall be ALARA and should be less than 500 
mrem per year. 

Control of contamination should be achieved by containment of 
radioactive material. 

Efficiency of maintenance, decontamination, operations, and 
decommissioning shall be maximized. 

8. 

C. 

The basic principles that are to be adhered to in the design of the Hot Vacuum 
Conditioning Equipment are to: 1) determine the major contributors to the dose 
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and examine methods for making the process more efficient, 2) provide shielding 
to reduce the dose, 3) examine the cost-effectiveness of using robotics, and 4) 
examine the cost-effectiveness of using remote controls where possible. These 
determinations should include assessment of normal operations exposure and 
maintenancehepair exposure. 

3.0 HOT VACUUM DRYING EQUIPMENT MODULE DESCRIPTION 

A. Process Description 

The purpose of the Hot Treatment Process is to dry the SNF by driving off 
water vapor trapped in pores that may remain after Cold Vacuum Drying 
has been completed and releasing chemically bound water (water of 
hydration). In addition to completing the drying, the process will break 
down uranium hydride and release the hydrogen. After drying has been 
completed the exposed uranium surfaces will be oxidized by a controlled 
reaction. These processes are designed to remove hydrogen, eliminate 
further hydrogen production during storage, and reduce the reactivity of 
the uranium surfaces prior to storage. 

The process involves heating the SNF to 300 "C with a Helium 
atmosphere, then evacuating the vessel to a pressure of 5 torr. The SNF 
is then cooled somewhat and a Helium I Oxygen mixture is added to 
oxidize the exposed uranium. When the process is completed a cover is 
placed over the MCO ports. The cover is welded in place. 

The hot treatment process will be executed in an extension of the 
Canister Storage Building. This building covers an array of 
subterranean holes into which the Multiple Canister Overpacks 
(MCOs) are placed for storage. Removal of the MCO from the 
shipping cask that it arrives in and input I output transactions with 
the storage holes is effected with a special remotely operated 
machine (within a shield cask) called the MCO Handling Machine 
(MHM). The Hot Treatment Process ovens will be located in 
subterranean holes similar to the storage holes. The MHM will get 
an MCO from storage, insert it into an oven for treatment. and 
return it to storage after hot treatment is completed. 

The key elements of a Hot Treatment Process station will be: 

1. An oven will be located below the facility floor level in a hole. The 
oven will hold an MCO. Hot air circulated between the oven vessel 
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wall and the MCO outer surface will heat the MCO to 300 "C. The 
bottom of the oven will be approximately 16 fl below grade. The top 
of the MCO will be about 30' below grade. The hole will be covered 
by a thick steel plate which will be selected to control radiation 
exposure rate above the oven. 

A process skid containing the hot air source, the vacuum pump and 
miscellaneous items will be located on the floor a few feet distant 
from the oven. 

Hot air and process lines running between the furnace and the 
process equipment skid will be in a trench below floor level. The 
trench will be covered with steel to provide shielding from 
radioactivity which may be caught in in-line traps and filters built 
into the MCO exhaust line. These devices will be located in the 
trench. Their purpose is to prevent contamination of the process 
equipment. 

The space above the oven within the hole will be ventilated 
through the trench. Thus the covers for the hole and trench will 
form the secondary confinement barrier for the process. 

A portable process enclosure will be provided. This enclosure will 
be stationed over the oven after the MHM has departed in order to 
prepare for the Hot Treatment Process and will also be stationed 
over the oven to remove process connections after the process is 
completed. The process enclosure will also be used to change and 
package hot traps that are in the trench. The process enclosure will 
contain tele-operated manipulators so that the operator using 
C C N  guidance can reach down into the oven hole to place 
fixtures, make MCO valve connections, and place insulation cover 
pieces. The enclosure will contain the hoist required to lift the 
oven hole lid and place it out of the way. The enclosure will also 
include equipment such as a helium leak detector, a welder, drum- 
out port, etc. needed to complete the process. The thickness of the 
cell walls and the selection of window materials and thickness will 
be determined by radiation exposure analysis. An important 
function of the enclosure is to provide secondary confinement for 
the process when the oven hole top is off. The air drawn through 
the trench will create a negative pressure and airflow in the 
enclosure when it is parked over the oven. 

2. 

3. 

4. 

5. 
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It is expected that six (6) of the HTP stations will be required to meet the 
throughput requirements. 

The overall sequence of operations is given in block flow diagram fotm 
on drawing SK-2-300411. A summary of the sequence is : 

I. The MHM moves in, opens the hole, places the MCO into the oven, 
closes the hole, and leaves. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

The process enclosure is moved in and parked over the hole. 

The hole cover is pulled and the manipulator is used to install the 
top of oven parts and the MCO process connections. 

The hole cover is replaced and the process enclosure is moved 
away. 

The treatment process is run and controlled from the CSB control 
room via computer. 

The process enclosure is returned after the process is complete. 

The hole is opened, the process connections and oven parts are 
removed, the cover is placed and welded, the traps are replaced if 
necessary and packaged for waste shipment, and the hole cover is 
replaced. 

The process enclosure is removed. 

The MHM moves in, pulls the MCO, and places it in storage. 

B. Hot Vacuum Drying Equipment Radiation Hazards 

There are two important radiation sources associated with the hot vacuum 
drying process. The principle source will be the MCO filled with spent 
nuclear fuel. The shielding integral to the MHM and oven will reduce the 
dose to relatively low levels in the area that the workers will occupy during 
the hot vacuum drying process. The second source will be the process 
equipment. Fission products from leaking fuel and activation products will 
accumulate in the process equipment, creating a source. This is 
anticipated to be significantly below the radiation levels at the top of the 
MCO during the connectldisconnect operations. 
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4.0 RADIATION SAFETY DESIGN 

DOE Order 5480.1 1 paragraph 9.j addresses Design and Control. The means 
for maintaining exposures ALARA are to be through physical controls - 
confinement, ventilation, remote handling and shielding. Administrative and 
procedural controls provide supplemental means of controlling exposure and 
maintaining exposures ALARA. 

In the design phase, the following objectives shall be applied: 

A. Optimization. Optimization principles, as discussed in ICRP Publication 
37, shall be utilized in developing and justifying design and physical 
controls. 

6. 

C. 

External Exposure should not exceed 2.5 mremlhr on the average. 

Internal Exposure should be limited to zero under normal operating 
conditions. 

D. Maintenance. Ease of maintenance, decontamination and 
decommissioning shall be considered in the facility design and selection 
of materials. 

Radiation Exposure shall be monitored, recorded and controlled in accordance 
with the Hanford Site Radiological Control Manual, HSRCM-1. 

1. Normal Operations Design 

Each process step will be analyzed as part of the analysis. Each 
step will be characterized by: 

+ 

b 

b 

The position of the operator(s) 
The dose rate contribution from the MCO 
The dose rate contribution from the process equipment 
The amount of operator time anticipated 
The total operator dose attributable to performing the step 
A description of potential ingestion paths 
A description of mitigating features incorporated in the design 
or recommended 

The total dose for the process will be estimated by summing the 
expected dose calculated for each step of the process. 
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The dose rates at various distances from the MCO as well as dose 
rates for spots of lesser shielding (MCO nozzle locations) have 
been previously calculated. If the dose rate for any specific 
location has not been determined by the provided calculations, 
these will need to be calculated using a conservative model for the 
source. 

The dose to any given worker by the HCSE will be determined by 
the staff size, the extent of cross training allowing for rotation of 
tasks, and the rotation among shifts. An operating staff plan will be 
developed during detailed design. Radiation exposure 
considerations may be used in developing the plan in order to 
determine how tasks will be grouped for training and assignment. 
Local and temporary shielding features will be planned and 
implemented so that the staff is not increased (beyond the amount 
that would be planned if there were no radiation exposure 
limitation) for the purposes of spreading the dose. 

Airborne release may occur when MCO connections are made or 
broken. The process enclosure and ventilation design features will 
be used to capture any releases that may occur. 

2. Maintenance Design 

The process flow diagrams and equipment design will be reviewed 
on a component by component basis during the definitive design to 
assess likely modes of failure and the implied maintenancehepair 
activities. Routine maintenance activities will be addressed as 
well. Each of the anticipated activities will be described, exposure 
rates will be estimated, and activity durations will be estimated. 
The combination of these estimates will yield a maintenance 
exposure estimate for the most likely occurrences. Design features 
such as temporary shielding, decontamination, or mechanical 
assistance/ special tools incorporated in the design to reduce the 
activity time will be described. Control of airborne and releasable 
contamination will be planned for the maintenance activities. Local 
or temporary ventilation may be incorporated in the design. 

3. Radiation Monitoring Instrumentation 

Radiation monitoring and alarm instrumentation will be located at 
key locations around the process. The design will include source 
specific radiation detectors to monitor build-up of material in the 
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system (such as on the filters). These will be used to determine 
when system cleaning or filter changes are required. The design 
will include ionization detectors in the area where staff is working 
to monitor the radiation field and to warn of unacceptable dose 
rate. The design will include Continuous Air Monitors (CAMS) 
capable of detecting airborne particles that emit alpha or beta 
radiation. These will be located at strategic points near potential 
release points. 

5.0 LESSONS LEARNED PROGRAM 

One of the greatest potentials for reducing dose is the application of lessons 
learned from operational experience. The lessons learned from Duke Power 
Company's Oconee Nuclear Station during the process of loading and storing 
casks of spent nuclear fuel into the Independent Spent Fuel Storage Installation 
(ISFSI) on-site at the station will be considered. Other commercial nuclear 
facilities such as Arkansas Nuclear One, Palisades, and Suny that may have 
lessons learned will be investigated in the design phase of this project. The 
experience at these plants is likely to show system modification and 
optimization actions that have reduced radiation exposure. The crews 
performing the operation for the first casks will be debriefed immediately after 
the operation to determine what may be done to improve the efficiency of the 
process. The ideas from these crews will provide the information necessary to 
modify equipment and procedures to improve efficiency and thus reduce dose. 
A video tape of the process will be made. It will be reviewed for additional 
improvements by others not directly involved in the actual process. Video taping 
later cold vacuum drying processes after modifications have been implemented 
will also aid in training additional workers. 
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SHIELDING AND RADIATION EXPOSURE ANALYSIS 
for the 

HOT CONDITIONING SYSTEM EQUIPMENT 
of the 

KBASIN SPENT NUCLEAR FUEL STORAGE PROJECT 

1.0 INTRODUCTION 

The purpose of this analysis is to evaluate the radiation exposure received by 
workers during each step of the hot vacuum drying process, and to determine 
the total cumulative exposure (person-rem) for the process. The results of this 
analysis will be used during the detailed design phase of the Hot Conditioning 
System Equipment (HCSE) to reduce exposure where appropriate, in keeping 
with the AURA (As Low As Reasonably Achievable) principle. 

The radiological design of the HCSE will incorporate the criteria specified in the 
applicable orders, regulations, and publications listed in the Performance 
Specification for the Spent Nuclear Fuel Hot Vacuum Conditioning Equipment, 
WHC-S-0460, Rev. A. Also, the facility will be designed in accordance with the 
following documents: HSRCM-1, Hanford Site Radiological Control Manual; 
WHC-SC-GN30011, Radiological Design Guide; lOCFR835, Occupational 
Radiation Protection; DOE Order 6430.1A, General Design Criteria; and the 
ALARA Implementation Plan for the K-Basin Spent Fuel Storage Project. 

This analysis will be updated during the detailed design of the HCSE to ensure 
that the radiological design criteria for the facility are met. 

2.0 SUMMARY 

The total exposure received from processing one MCO in the HCSE is 
approximately 80 person-mrem (0.080 person-rem). This number is based on 
the average shielding source term and assumes one inch of steel shielding 
integral to the hot cell enclosure. 

3.0 DISCUSSION 

3.1 Methodology 

All activities to be performed are listed in Table 1. These activities are 
from the Hot Conditioning System Equipment Block Flow Diagram, SK-2- 
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300-41 1, Reference 1. Each activity was evaluated to determine if the 
location at which the activity is to be performed would result in any 
radiation exposure to the personnel performing that specific activity. If it 
was determined that there would be exposure from that activity, the 
location and dose rate associated with that location was listed in Table 1 
for that activity. The estimated dose rate for each location was calculated 
from source term information from Reference 2. The workforce and time 
required to perform each exposure activity was estimated and the 
frequency of each activity was determined from the Block Flow Diagram. 
These values are listed in Table 2. The exposure (person-mrem) for each 
activity was then calculated and those were summed to determine the 
total exposure from processing one cask. 

3.2 Assumptions 

It is conservatively assumed that 100% of the duration for each activity is 
spent in the radiation field. 

One inch of steel shielding is assumed to be incorporated in the process 
enclosure design. 

Tasks performed over the top of the Multi-Canister Overpack (MCO) are 
performed with manipulators inside the process enclosure. This is 
required because the streaming dose rate directly over the annular space 
between the cask and MCO is estimated to be on the order of 1500 
mrem/hr. 

3.3 Results 

The exposures for each process task are given in Tables 1 and 2. 

The total exposure received from processing one MCO in the HCSE is 
approximately 80 person-mrem (0.080 person-rem). This number is based 
on the average shielding source term and assumes one inch of steel 
shielding integral to the hot cell enclosure. 

The dose budget for the HCSE is 49.0 person-rem (Reference 3). The 
total dose budget for welding in the K-Basins Spent Nuclear Fuel Project 
is 30.0 person-rem (Reference 3). Assuming the welding budget can be 
split between the Cold and Hot Conditioning Projects, the total available 
dose budget for HCSE is 64.0 person-rem. Assuming a total of 400 
MCOs, the total exposure for HCSE is approximately 32.0 person-rem. 
While this is well within the dose budget, it does not include exposure 
from airborne activity in the CSB. This exposure issue must be evaluated 
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and included in the exposure analysis during the definitive design phase 
of the HCSE. 

While the calculated total exposure is within the dose budget, it is likely 
now as low as reasonably achievable (ALARA) when considering that the 
oven shielding design is not optimized due to the unresolved interface 
details with the MCO design. Also, the current analysis indicates that the 
0.25 mremlhr general area dose rate criteria for the floor area is not met. 
Additional shielding will be incorporated into the oven design and the 
process enclosure design during the definitive design to ensure that dose 
rate criteria are met and that exposures are ALARA. 

4.0 REFERENCES 

1) Drawing SK-2-30041 I. 

2) 

3) 

3/14/96 Memo from R.A. Schwarz to J.S. Lan regarding Neutron and 
Photon Source for Safeguards. 

4/30/96 Memo from J.A. Swenson, Manager, Project Integration regarding 
Individual Design Project Target Cumulative Dose Values for the Spent 
Nuclear Fuel Project. 
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OPERATIONS AND MAINTENANCE PHILOSOPHY 
for the 

HOT CONDITIONING SYSTEM EQUIPMENT 
of the 

K-BASIN SPENT NUCLEAR FUEL STORAGE PROJECT 

1.0 INTRODUCTION 

The purpose of this document is to set forth operating and maintenance 
philosophies to guide the Hot Conditioning System Equipment (HCSE) design 
and operations planning process. In the modem DOE nuclear facility project 
environment, the transition from the engineeringlconstruction phase of the 
project to operations is critical to project success. It is essential that this 
transition be planned, that safety documentation including a SAR and TSRs are 
complete when needed, that operations testing procedures be written, that staff 
is hired and trained before while construction is ongoing so that they are ready 
to take the reigns when the facility is ready, and that an appropriate Operations 
Readiness verification process as required by DOE 5480.31 and guided by DOE 
STD-3011 is completed smoothly. This philosophy document is a first step in 
the process of planning for operations. 

The operations and maintenance philosophy for the HCSE should reflect the 
following facts about the facility: 

A. 

B. 

C. 

The HCSE is located in the Canister Storage Building (CSB). The facility 
is a nuclear facility. It must be operated with the rigor and controls 
normally associated with a nuclear facility. Only qualified, trained 
radiation workers shall be allowed into the facility. Workers will wear 
protective clothing when required (routine operational activities will not 
require protective clothing). There will be personnel radiation monitoring 
programs. Areas of potential contamination or radiation fields will be 
specially controlled, etc. 

The radiation dose of a given worker will be administratively controlled 
per HSRCM-1. 

The active processing life of the equipment is scheduled to be 2 years 
with a 10 year design life for the equipment and a 75 year design life for 
the HCSE annex to the CSB. 
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D. The project is schedule driven. Payment is determined by meeting work- 
off milestones. Lost time for responding to abnormal drying conditions or 
results, and for repairing essential components must be minimized. The 
design team needs to attempt to plan for the most likely upsets and 
incorporate "work arounds" into the design process. 

2.0 INDEPENDENCE OF OPERATIONS IN THE HCSE 

The HCSE will be designed to have independent process ovens that will allow 
for the drying of more than one MCO simultaneously. Each oven will have its 
own ventilation system, its own drying system, and its own control station in the 
CSB control room. Redundancy of key components should be a design strategy 
where a central service feeds all ovens (chilled water for example) so that its 
failure could potentially take the entire facility out of service for a duration 
greater than a single shift. The decision driver during design of the facility 
regarding provision of redundant components should be consideration of lost 
process time. 

3.0 EQUIPMENT SELECTION AND DEVELOPMENT 

The drying process equipment will be a collection of common commercial 
components arranged on a skid, connected by pipes and conduits. The 
equipment should be selected for operations in a radiation field and a 
contaminated environment. Typical features of equipment suitable for this type of 
service are: 

A. Minimize the use of rubbers, plastics, and polymers that degrade as a 
result of radiation damage. 

Sealed equipment, with secondary seals, where contaminated leakage 
may occur. 

Avoid equipment that requires oil changes or greasing. 

Smooth, impervious surfaces that allow for decontamination. 

Easy replacement ( as opposed to repair in place) - flange or union 
connections, clamp holddowns, electrical and signal cable plugs, etc. 

Sealed bagging schemes should be utilized where regular change-outs 
will be required - MCO connectors, filters. 

B. 

C. 

D. 

E. 

F. 
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G. A high degree of reliability should be required. Mean time between failure 
data should be requested from potential component vendors. The goal 
will be to assure that all components have at least a 90% likelihood of 
operating for the design life without a failure. 

H. Components potentially requiring maintenance or replacement in the oven 
should be designed for remote manipulator replacement, if possible. 
Contact maintenance of this equipment would only be possible after 
removal of the MCO and shielding or removal of accumulated dose 
contributors such as contaminated process lines, cold traps, and filters. 

The equipment arrangement on the skids should allow for easy accesses to 
components. Clearances should be checked during the detail design to assure 
that reasonable paths for component access and removal exist, that allowance 
has been made for bags and tents that may be used to limit the spread of 
contamination when a component is being used, and that lifting aids can access 
the maintenance activity when a component may be too heavy to be lifted 
manually. Items requiring frequent access, such as filters should be located 
conveniently near an outer edge of the skid. Shielding that may surround some 
components (filters for example) should be modular and should be easily moved 
or swung out of the way (hinged). 

Equipment should be selected to minimize manual operation or verification. A 
primary design goal is to minimize the presence of staff in the processing area 
where they may be exposed to radiation. The operation and status monitoring of 
the drying system and components should be accomplished from a remote 
control room. Sensor failure and repair is a potential negative impact that must 
be considered as the design is developed. 

The process equipment system should contain radiation monitors for points in 
the system where radioactive material may accumulate, such as filters. These 
monitors should be used to determine when filters are to be changed. 

An important goal is to limit the spread of radioactive contamination to the 
maximum extent possible. Ideally all contamination would be trapped in the MCO 
or within the first few feet of process line immediately above the MCO. Filters are 
to be installed to accomplish this goal. Contamination may be released and 
spread when MCO connections are made and broken. A connection design that 
incorporates an operations within a bag technique are to be implemented to 
contain potential releases. The process enclosure will contain any contaminated 
air that may be present in the area. 
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Ventilation system HEPA filters that may become contaminated shall include a 
bag-idbagout filter changing system that will allow filter changes without 
release of contamination and without shutting down the ventilation system. 
HEPA filters will be equipped with DOP test capability so that their efficiency can 
be certified while in operation. 

4.0 RADIATION SAFETY AND EXPOSURE CONTROL 

The administrative radiation exposure limitation for the HCSE will be per 
HSRCM-1. Preliminary exposure estimates suggest that this can be achieved 
through a combination of shielding near the MCO integral to the oven assembly, 
and shielding provided by the process pit covers and the process enclosure. 
Detailed operations recipes need to be written for each activity to assess 
whether it is reasonable to reduce exposure estimates. The operations staff 
must be thoroughly cross trained so that they can be rotated among all the jobs 
in the facility. Also, the operations scheduling must distribute the steps where 
doses are received among all shifts and days uniformly (in other words an MCO 
received on Friday evening may be held until Saturday afternoon so that the 
dose loading of all staff is uniform). 

In order to promote cross training of staff so that they can perform several 
functions, the design should attempt to minimize actions requiring decisions or 
actions by the staff. The use of Process Logic Controller software and 
simplified user friendly control screens are techniques to be used to reduce 
dependence on specialized training. The implementation of a human factors 
engineering program in the detailed design (as required by DOE 6430.1A) can 
also contribute to increasing operator flexibility. 

The following radiation safety features will be provided in the HCSE to aid in 
operating the facility: 

4.1 Emergency Respiratory Protection 

The facility shall be capable of providing as emergency devices only 
respiratory protection equipment that has been specifically certified or 
had certification extended for emergency use by NIOSHIMSHA. 
10 CFR 20.170% 

4.2 Radiological Alarm System 

Radiological alarm systems shall be provided in accessible work areas as 
appropriate to warn operating personnel of radiation and airborne 
radioactive material concentrations above a given set point and of 
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concentrations of radioactive material in effluent above control limits. 
10 CFR 72.126(b) 

Radiation alarm systems shall be designed with provisions for calibration 
and testing their operability. 
10 CFR 72.126(a), (b) 

4.3 

4.4 

4.5 

Set points shall be established to ensure that exposures are kept below 
the allowable limits. 
10 CFR 72.126(a), (b) 

Direct Radiation Monitoring 

Areas containing radioactive materials shall be provided with systems for 
measuring the direct radiation levels in and around these areas. 
10 CFR 72.126(~)(2) 

The facility shall provide capability to monitor the external surfaces of a 
package known to contain radioactive material for radioactive 
contamination and radiation levels if the package is labeled as containing 
radioactive material; or has evidence of potential contamination, such as 
packages that are crushed, wet, or damaged. 
10 CFR 20.1906(b) 

Effluent Monitoring 

The facility shall monitor the amount of radionuclides in effluents during 
normal and &-normal conditions. 
10 CFR 72.126(~)(1) 

Systems designed to monitor the release of radioactive materials shall 
have means to calibrate and test their operability. 
10 CFR 72.126(d) 

Airborne Radioactive Material Control 

The design of the facility shall use, to the extent practicable, process or 
other engineering controls (e.g., containment or ventilation) to control the 
concentrations of radioactive material in air. 
10 CFR 20.1701 

When it is not practical to apply process or other engineering controls to 
control the concentrations of radioactive material in the air to values 
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below those that define an airborne radioactivity area, the design of the 
facility shall, consistent with maintaining the total effective dose 
equivalent ALARA, have the capability to increase monitoring and limit 
intakes by: control of access, limitation of exposure times, use of 
respiratory protection equipment, or other controls. 
10 CFR 20.1702 

4.6 Personnel Dosimeters 

The facility shall provide capability for processing and evaluating all 
personnel dosimeters that require processing to determine the radiation 
dose, and that are used by the facility to comply with 10 CFR 20.1201 or 
with conditions specified in the facility license. this capability does not 
apply to direct and indirect reading pocket ionization chambers and those 
dosimeters used to measure the dose to the extremities. 
10 CFR20.1501(~)(1), (2) 

4.7 Shielding and Protective Clothing 

Normally Occupied Areas. The shielding design basis shall limit the 
maximum exposure to an individual worker to one-fifth of the annual 
occupational external exposure limits. Within this design basis, personnel 
exposures must be maintained ALARA. Specifically, the shielding must 
be designed with the objective of limiting the total EDE (Effective Dose 
Equivalent) to less than one rem per year to workers, based on their 
predicted exposure time in the normally occupied area. The EDE is the 
sum of all contributing external penetrating radiation (gamma and 
neutron). In addition, appropriate shielding must be installed, if 
necessary, to minimize non penetrating external radiation exposures to 
the skin and lens of the eye of the worker. In most cases, the 
confinement barrier or process equipment provides this shielding. 
DOE Order 6430.1 1300-6.2 

Intermittently Occupied Areas. Shielding and other radiation protection 
measures shall be provided for areas requiring intermittent access, such 
as for preventive maintenance, component changes, adjustment of 
systems and equipment, and so forth, so that the projected dose rates 
based on occupancy, time, and frequency of exposure do not exceed one 
rem per year. 
DOE Order 6430.1 1300-6.2 
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Concrete radiation shielding design shall comply with ANS 6.4 and ACI 
349 where it provides a critical confinement or structural function. 
ANSllANS 6.4 Sec. 1 
ACI 349 Pt. 1 Sec. 1.1 
DOE Order 6430.1 13006.2 

Concrete radiation shielding design shall consider the material 
specifications of ANS 6.4.2 where it provides a critical confinement or 
structural function. 
ANSVANS6.4.2 Sac. 1 
DOE Order 6430.1 13008.2 

ACI 318 shall be considered for radiation shields, used for other than 
critical confinement or structural function, since ACI 318 is appropriate 
and provides adequate strength for design earthquake (DE) loads. 
ANSI/AC1318 Pt. 1 Sec. 1.1.1 
DOE Order 6430.1 13006.2 

4.8 

4.9 

Penetrations. Straight line penetration of shield walls shall be avoided to 
prevent radiation streaming. 
DOE Order 6430.1 13004.2 

Remote Shield Operation 

Remote shielded operation (Le., with remote handling equipment such as 
remote manipulators) shall be considered where it is anticipated that 
exposures to hands and forearms would otherwise approach the dose 
guidance in Section 3.2.2 or where contaminated puncture wounds could 
occur. 
DOE Order 6430.1 13006.3 

Posting 

The facility shall be posted with radiation area, contamination area, and 
airborne contamination area signs in accordance with federal law. 
10 CFR 20.1902(a), (b), (c), (d) 

5.0 MAINTENANCE PHILOSOPHY 

Generally, and to the maximum extent possible, equipment should be selected 
that will not require routine maintenance during the processing lifetime of the 
HCSE. Equipment with a high degree of reliability should be chosen to reduce 
the likelihood of breakage. Policy such as requesting warranties and reviewing 
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failure data should be instituted when selecting equipment in order to improve 
reliability. When repair is needed it should be accomplished by replacement of 
defective components (ie, pump) instead of repair in place procedures (ie. Pump 
bearing rebuild). Equipment system designers should recommend a spare 
components list to be kept on site and should attempt to select components that 
can be obtained from manufacturers in 24 hours should an emergency arise 

Maintenance or repair of contaminated items is a particularly hazardous activity 
because it is not a routine operation that can be included in the training program 
and because it involves opening a path between the contaminated equipment 
interior cavity and inhabited space. Provision must be made in the design 
anticipating the use of bags and tents for contamination control. Provision 
should also be made for temporary shielding and for lifting assistance. 

6.0 OPERATIONS READINESS VERIFICATION 

DOE 5480.31 requires that a new nuclear facility undergo an Operations 
Readiness verification process (either an ORR or ORA depending on the nature 
of the facility and its associated hazards). The extent of the verification process 
is to be determined by the nuclear safety issues associated with the facility. The 
facility will be considered an HC-2 facility with low potential for severe accidents. 
There are three operations program activities that must be accomplished prior to 
initiating the verification process. First, an Operations Readiness plan must be 
written and approved by whatever review agency (DOE - HQ, DOE - RL, WHC) 
is required to certify readiness. Second, test procedures must be prepared so 
that the verification can be conducted. Third, staff must be trained so that they 
can demonstrate readiness. 

The engineering team should support this process as follows: 

A. Write System Design Descriptions (SDDs) with thorough operating 
recipes included. 

Write the Operations Readiness Plan draft. B. 

C. Write the test procedures. 

Writing these documents in conjunction with the design developmenffconstruction 
will help to assure that the design has the appropriate features to support the 
facility operations. 
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7.0 OPERATIONS SUPPORT 

The HCSE will share operations support functions with the CSB. 
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UNDERSTANDING OF K-BASIN SPENT NUCLEAR FUEL 
HOT VACUUM CONDITIONING EQUIPMENT 
PERFORMANCE SPECIFICATIONS REPORT 

1.0 INTRODUCTION 

The objectives of the Department of Energy (DOE) at Hanford include cleanup of 
the site, protecting the health and safety of workers and the public, and protecting 
the environment. The cleanup will be accomplished in accordance with the Hanford 
Federal Facility Agreement and Consent Order (the Tri Party Agreement), and in 
compliance with applicable Federal, State, local laws, and American Indian Treaty 
Rights. The Hanford cleanup must also comply with DOE policies and directives. 

The Hot Vawum Conditioning Equipment (HVCE) Subproject is an important step 
in the cleanup of Spent Nuclear Fuel (SNF). In order for the HVCE to safely and 
efficiently accomplish its functions, the equipment designer must have a complete 
understanding of the functions and performance requirements of the equipment. 

-, WHCS-0460 Rev. A, March 1 1, 1996, states the intended 
The Nuclear for the SDent Fuel Hot V a w  

functional design and performance specifications for the HVCE. These 
specifications provide the basis for the design, operation, and monitoring of the 
process and equipment. The ' ' also identifies federal, 
state, and local regulations that may be applicable to the design basis for the 
HVCE. 

The scope of this evaluation is to: (a) demonstrate Merrick's understanding of the 
performance specifications for the HVCE that must be reflected in the equipment 
design and (b) demonstrate Merrick's understanding of regulations that impact 
design of the HVCE. 

. .  
.. . 

2.0 IDENTIFICATION OF FUNCTIONS AND PERFORMANCE SPECIFICATIONS 

Hot vacuum conditioning of SNF is the last of several processes to be performed 
to package the spent fuel for transportation, interim dry storage, and eventual final 
disposition. The HVCE provides the system to remove chemically bound water (by 
heat and vacuum) from SNF, to condition the fuel (decompose uranium hydrides), 
and to passivate metal fuel (oxidize exposed uranium metal surfaces). The HVCE, 
as conceived, is multiple modular structures located in the Canister Storage 
Building. The HVCE consists of a Process Station (heating coils, shielding thermal 
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insulation), a cooling system, measurement and control instrumentation, a Process 
Module (vacuum pumps, HEPAs, fans, instrumentation), a Combined Ventilation 
System for process off-gas management, and a Solid Waste Handling System. In 
the following paragraphs, each conceptual operating phase is described, on the 
bases of phase duration, process steps, required subsystems, functions of each 
subsystem, and design points to be controlled. 

Receiot. The first operating phase consists of receiving Multi-Canister Overpacks 
(MCO) from the staging area and placing an MCO into a Process Station (PS). The 
duration of the receipt operating phase is 8 hours. The system components 
involved in this operating phase are: a) the multi-canister overpack, which provides 
primary containment of radionuclides. Allowable external contamination levels for 
the MCO are not defined in the ' ' . b)TheMCOHandling 
Machine (MHM), which provides secondary containment of radionuclides and 
shielding of direct radiation. Allowable external contamination levels for the MHM 
are not defined in the perfo- ' ' ; shielding performance must 
result in general room p/v doses < 0.5 mrem/hr and contact p/y doses <10 mremlhr. 
The MHM also provides the capability to move and manipulate the MCO; however, 
this capability is not within the scope ofthis task; c) The MHM Process Station (PS) 
holds the MCO during processing and provides the support structure for the heating 
coils and thermal insulation, discussed in the Heafup operating phase; and d) The 
Process Control System (PCS), which has four design points for the operating 
phase - MCO temperature 440'C as staged or ~ 7 5 %  at receipt, initial H, 
concentration 4 0 0  volume Om, initial 0, concentration < 5 volume W ,  MCO internal 
pressure approximately 14.7 psia (vented) or 4 5 0  psia (as received). 

-. The second operating phase consists of cooling each 
received MCO sufficiently to permit initial connection of process piping to the MCO. 
The duration ofthis operating phase is 8 hours. The system components involved 
in this operating phase are: a) The MCO Cooling System (MCS), which draws 
ambient HEPA-filtered air from the CSB across the outside of the MCO. The initial 
MCO temperature is i140"C and the design point for the final MCO temperature 
is 40°C (measured at the MCO head, which is the point of greatest thermal mass). 
The MCS nominal design cooling rate is approximately lO"C/hour, with a maximum 
cooling rate of <50°C/hour, and a maximum temperature difference between the 
MCO head and sidewall of 100°C; b) The Combined Ventilation System (CVS), 
which receives, filters (redundant HEPAs) and discharges the MCS air flows. 

bh&@ and P m .  This operating phase consists of connecting the inert and 
oxidizing gas supplies, connecting the conditioning off gas lines, connecting the 
vacuum lines, and preparing the Process Heating System. The total phase duration 
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is 8 hours. The system components involved in this phase are: a)Process Gas 
System, supplying inert and oxygen gases; and b) The Vacuum Pumping System. 

MUD. The next operating phase is heat up of the SNF in an MCO. The duration 
ofthis operating phase is 12 hours. The system components involved in this phase 
are: a) The Process Heating System (PHS), which heats, controls and maintains the 
temperature of the MCO. The final fuel temperature is 300°C within a range of 
+50°C, -0%. The fuel heating rate is 20" Chour (nominal), 5O"Clhour (maximum). 
The maximum temperature difference between separate points on the MCO is 
100°C; b) The Process Gas System (PGS), supplying an inert gas purge at up to 
10 SCFM, maintaining a maximum hydrogen concentration of 2 volume %, a 
nominal oxygen concentration of zero, and a maximum oxygen concentration of 5 
volume %; and c) the Vacuum Pumping System (VPS), which maintains an MCO 
internal pressure of approximately 13 PSlA during this phase. 

and UH. &amjmka. This operating phase holds the fuel at a high 
temperature and low pressure for an extended time, thus removing water, 
decomposing uranium hydrides, and removing the resultant hydrogen. The 
duration of this phase is 48 hours. The system components involved in this phase 
are: a) The PHS, which maintains an MCO set point of 350"C, an MCO maximum 
of 379'2, and a fuel temperature of 300+50,-0'C; b) The PGS, which maintains a 
purge gas flow rate of up to 10 ACFM, a maximum hydrogen concentration of 2 
volume %, a nominal oxygen concentration of zero, and a maximum oxygen 
concentration of 5 volume %; and c) The VPS, which maintains a final pressure of 
0.1 PSlA and a final hydrogen partial pressure of 0.05 PSI. 

. This operating phase accomplishes a partial 
cooldown and partial repressurization of the MCO, to prepare for the next operating 
phase of Partial Oxidation. The duration of this phase is 12 hours. The system 
components necessary for this phase are: a) The MCS, which cools the MCO from 
300°C to 150°C at a maximum cooling rate of 5O"Chour. The maximum 
temperature difference allowable between any two points on the MCO is 100'C; 
b) The PGS, with a purge rate of up to 10 ACFM, to maintain a maximum hydrogen 
concentration of2 volume % (nominal zero) and a maximum oxygen concentration 
of 5 volume % (nominal zero); and c) The VPS, which achieves and maintains a 
final MCO internal pressure of approximately 13 PSlA (the rate of pressure change 
from 0.1 to 13 PSlA is not specified). 

Cool Down Priorto Pa&UWMm . . .  

. .  -. This operating phase passivates exposed surfaces of uranium 
metal by formation of oxides. The duration of this phase is 12 hours. The system 
components involved are: a) The MCS, only if required to prevent the final fuel 
temperature from exceeding 250"C, as the oxidation reaction heats the fuel; b) The 
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PGS, with a gas flow rate of u to 10 SCFM, to maintain a maximum hydrogen 
concentration of 2 volume % and to achieve a final oxygen concentration of up to 
approximately 20 volume %; and c) The VPS, to maintain an MCO internal pressure 
of approximately 13 PSIA. 

Final Cool Down. This operating phase cools the MCO containing conditioned and 
passivated SNF to near ambient temperatures, which allow the final processing 
phase, Bacffill, Disconnect, Seal, to be safely accomplished. The duration of this 
phase is 10 hours. The involved system components are: a)The MCS, which cools 
the MCO from ~250°C to 40"C, at a cooling rate of 1O"Chour nominal (50"Chour 
maximum, with a maximum MCO temperature delta of 100°C; and b) the PGS. 
which provides purge gas to achieve final oxygen concentration c 5 volume % and 
final hydrogen ancentration of e2 volume %. 

-. This is the last operating phase of the SNF Hot Vacuum 
Conditioning and Passivation process. The functions of this step are to bacMll the 
MCO void volume with an inert gas (helium at 99.995 volume % purity) , to 
disconnect the MCO from process connections, and to weld all MCO openings 
closed. The estimated duration of this phase is 24 hours. The system component 
involved in this phase is the PGS, which supplies the backfill helium. 

3.0 IDENTIFICATION OF REGULATORY REQUIREMENTS 

The Performance Specification outlines the HVCE functions and traces the 
relationship to the Spent Nuclear Fuel Project (SNFP) through the Work Breakdown 
Structure (WBS) and organizational block diagrams. The technical requirements 
and descriptions are organized by WBS number and the associated requirement 
references are listed. 

The requirements listed include Federal, State, and local laws and regulations as 
well as Westinghouse Hanford Company (WHC) rules and regulations. The 
functions and requirements in the Performance Specification report implement the 
requirements set forth in the Spent Nuclear Fuel Program Project Management 
Plan, which requires management, development, and maintenance of baseline 
documentation. 

The requirements listed in the Performance Specification report mainly consist of 
the Code of Federal Regulations (CFRs), DOE Orders, Washington State 
Administrative Codes (WACS) including Revised Codes of Washington (RCW), 
WHC control manuals (WHC-CM), and other miscellaneous documents. 
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The Code of Federal Regulations is a codification of applicable regulations 
promulgated by an issuing Federal Agency and published in the Federal Register. 
The Code is divided into 50 titles which represent broad areas subject to Federal 
Regulations. Each title is divided into chapters which usually bear the name of the 
issuing agency. Each chapter is further subdivided into several parts to address 
specitic regulations. Historically, CFRs have applied to commercial nuclear reactor 
facilities but not to Government Owned Contractor Operated (GOCO) sites such as 
Hanford. The Federal Government desires to provide adequate protection of the 
public from radioactive material releases associated with normal operations and 
accidentlnatural phenomena. To this end, the Congress has legislated that this is 
generally the responsibility of the DOE where DOE facilities are involved and 
generally the responsibility of the NRC where commercial facilities are involved. 
The Congress has further established the DNFSB as the watch dog over the DOE. 
10 CFR 30.12 indicates that prime contractors of the DOE are exempt from the 
regulations to the extent that the contractor working under his prime contract 
manufactures, produces, transfers, receives, acquires, owns, possesses, or uses 
byproduct material for the performance of work for the DOE at a GOCO site. The 
wording very speatlcally says prime contractors because such contractors operate 
DOE owned facilities on the DOE'S behalf. This exemption applies to the HVCE. 
The DOE established in the K-Basin Spent Nuclear Fuel Project - Regulatory 
Policy, dated August 4, 1995, the requirement for the SNFP facilities to achieve 
"nuclear safety equivalency" comparable to NRC licensed facilities. An evaluation 
was performed to identify any additional requirements that were needed to 
supplement the existing and applicable DOE requirements to establish nuclear 
safety equivalency with the NRC licensed facilities. The additional requirements 
were consolidated into 29 items. All items are to be implemented per the NRC 
regulations with the exception of the design earthquake which will be implemented 
in a manner that established equivalence in safety, as opposed to direct 
equivalence to the regulation. 

The DOE Orders establish policies, guidelines, and requirements for the safe 
operation and maintenance of DOE owned facilities. Historically, these orders have 
been considered to be the governing regulations, and not the CFRs, for the DOE 
GOCO sites. In addition to DOE orders, several supplemental guidance 
documents, which are specific to Hanford, are also listed in the Performance 
Specification report. 

The Washington Administrative Codes (WACS) and Revised Codes of Washington 
(RCWs) are compiled by the various agencies of the State of Washington. WACs 
and RCWs are normally considered to be additional requirements to Federal 
guidelines rather than as replacements. However, WACs promulgate similar 
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requirements as CFRs for many instances. Hence, compliance with either Federal 
or State regulations is normally considered adequate. Since 10 CFR 30.12 
exempts the HVCE from the CFRs, in this case it is the State regulations that apply. 

The goals of WHC are to make the Hanford site a model for environmental 
management, demonstrate and apply advanced and innovative technologies for 
cleanup, and restore the land for productive use. To accomplish these goals, WHC 
has mated several control manuals (CMs). The purpose of these control manuals 
is to establish various compliance requirements and guidelines in conjunction with 
applicable DOE Orders, and Federal, State, and local laws and regulations. 

4.0 CLASSIFICATION OF REQUIREMENTS 

DOE Order 6430.1A (General Design Criteria) gives the main requirements needed 
for the design. The quality assurance requirements are given in 10 CFR Part 
830.120. These and other applicable requirements are listed in Appendices A and 
B. Requirements that do not have any significant direct impact, but may affect the 
design process, are listed in Appendix C. These requirements are maintained for 
reference. Although these requirements may not have direct influence on the actual 
design of the Hot Vacuum Conditioning Equipment, each requirement may impact 
the design process. The extent of impact will be determined later. 

5.0 DESCRIPTION OF APPLICABLE REQUIREMENTS 

Five requirements listed in Appendix A are judged to be applicable for the Hot 
Vawum Conditioning Equipment design. Of these five, DOE 6430.1A and 10 CFR 
Part 830.120 are the two significant documents. Detailed descriptions of each of 
the five requirements are given below. 

A. 10 CFR Part 830.120, Quality Assurance 

The ten criteria of 10 CFR Part 830.120 prescribe a comprehensive 
management system for DOE work. The quality management program 
described in 10 CFR Part 830.120 provides a resultsoriented management 
system that focuses on the customer while providing a method for the 
organization to become more efficient through constant process 
improvement. The ten criteria are as follows: 
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1. m: The contractor shall develop and maintain a written Quality 
Assurance Plan (QAP). The QAP shall describe the organizational 
structure, functional responsibilities, levels of authority, and interfaces 
for those managing, performing, and assessing adequacy of work. 
The QAP shall describe the contractors management system, 
including planning, scheduling, and cost control considerations. 

2. Personnel Trainiw and Qualifications: Personnel shall be trained 
and qualified to ensure that they are capable of performing their 
assigned work. Personnel shall be provided continuing training to 
ensure that job proficiency is maintained. 

Qualltv: The contractor shall establish and implement 
processes to detect and prevent quality problems and to ensure 
quality improvement. Items and processes that do not meet 
established requirements shall be identified, controlled, and 
corrected. Correction shall include identifying the causes of problems 
and preventing recurrence. Item reliability, process implementation, 
and other quality-related information shall be reviewed and the data 
analyzed to identify items and processes needing improvement. 

-: Documents shall be prepared, reviewed, 
approved, issued, used, and revised to prescribe processes, specify 
requirements, or establish design. Records shall be specified, 
prepared, reviewed, approved, and maintained. 

5. Work Processes: Work shall be performed to establish technical 
standards and administrative controls. Work shall be performed 
under controlled conditions using approved instructions, procedures, 
or other appropriate means. Items shall be identified and controlled 
to ensure their proper use. Items shall be maintained to prevent their 
damage, loss, or deterioration. Equipment used for process 
monitoring or data collection shall be calibrated and maintained. 

6. m: Items and processes shall be designed using sound 
engineeringlscientific principles and appropriate standards. Design 
work, including changes, shall incorporate applicable requirements 
and design bases. Design interfaces shall be identified and 
controlled. The adequacy of design products shall be verified or 
validated by individuals or groups other than those who performed the 
work. Verification and validation work shall be completed before 
approval and implementation of the change. 

. .  

3. 

4. 

E - 7  



WESTINGHOUSE HANFORD COMPANY MERRICK a COMPANY 
AdvuY.dTd*Srta 

P* No. Joo12318 
HVCE Com@msl D.rion 
Conbrct IMWgSWVJlM16. T& 117 

WHCSDSNF-CDR-007, Revision 0 

APPENDIX E - PERFORMANCE SPECIFICATIONS REPORT 

7. Procurement: Procured items and services shall meet established 
requirements and perform as specified. Prospective suppliers shall 
be evaluated and selected on the basis of specified criteria. The 
contractor shall ensure that approved suppliers can continue to 
provide acceptable items and services. 

8. lllSpection and m t a n c e  Test iu: Inspection and acceptance 
testing of specified items and processes shall be conducted using 
established acceptance and performance criteria. Equipment used 
for inspections and tests shall be calibrated and maintained. 

9. Manaaement Ass-: Management at all levels shall 
periodically assess the integrated quality assurance program and its 
performance. Problems that hinder the organization from achieving 
its objectives shall be identified and corrected. 

10. -nt Asses-: Planned and periodic independent 
assessments shall be conducted to measure items’ quality and 
process effectiveness and to promote improvement. The organization 
performing independent assessments shall have sufficient authority 
and freedom from the line organization to cany out its responsibilities. 
Persons conducting independent assessments shall be technically 
qualified and knowledgeable in the areas assessed. 

Merrick will develop a QAP that is in accordance with these criteria and that 
shows how the criteria will be satisfied. A QA matrix will also be developed 
to provide a cross walk between the criteria and the Merrick quality 
assurance, administrative, and design procedures. 

DOE 6430.1A General Design Criteria 

This DOE Order provides General Design Criteria (GDC) for various 
engineering disciplines. This GDC is mandatory for all DOE related work 
and provides minimal acceptable design requirements for DOE Facilities. 
Although DOE facilities are not mandated to follow state, county, and other 
requirements, it is recommended to interface with the non-DOE authorities 
to accommodate their intent as much as possible. The GDC contains 16 
numerical divisions devoted to major building systems or design specialities. 
According to DOE instructions, GDC must be used in the planning, design, 
and development of specifications for facilities, including the development 
of site and equipment-specific designs. Provided the GDC is not adequate, 

6. 
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supplemental standards may be used. The ASME 831.3 Chemical Plant and 
Petroleum Refinery Piping standard and the Industrial Vacuum Practices are 
considered to be supplemental standards that will be used for the HVCE 
design. 

The following sections of the GDC are considered applicable for the Hot 
Vacuum Conditioning Equipment Design. The criteria evaluation document 
developed for the Hot Vacuum Conditioning Equipment goes into the 
applicability of the GDC in more extensive detail. 

on 1. G e n e r m  

Section 01 11-99.0.1, Non-Reactor Nuclear Facilities 
Paragraphs 1,4, 5, and 6 on Page 1-97, 
Paragraphs 2 and 3 on Page 1-96. 

Section 01 11-99.0.2, Tornado of Extreme Wind 
Portions of this section are applicable. 

Section 01 11-99.0.4, Earthquakes 
The entire section is applicable. 

Section 01 11 -99.0.7, Explosion, Internal Pressurization, Criticality, and 
Other DBA Causes. 

Section 0140 on Quality Assurance. 

son 13. SDecmEwlWs 
. . .  

Section 1300-1, Coverage and Objectives 

Section 1300-2, Safety Analysis 
Section 1300-3.2, Safety Class Items 

Many sub-sedions are applicable. 

Most of this section's contents are applicable. This section also 
proposes the use of ASME Boiler and Pressure Vessel Codes 
wherever they are applicable. 

Section 1300-3.3, Single Failure Criterion and Redundancy 
Section 1300-3.4, Equipment Environment Considerations 

Most of the requirements specified in the three subsections are 
applicable. 

Second paragraph of this section is especially applicable. 

Portions of first and second paragraphs are applicable. 

Section 1300-3.5, Maintenance 

Section 1300-3.6, Testing 

E - 9  
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Section 13004, Nuclear Criticality Safety 
This section describes the procedures to assess as early as possible 
if the potential for nuclear criticality exists. Several portions of this 
section may be applicable. 

Section 1320 Irradiated Fissile Material Storage Facilities 
This section describes irradiated fissile material storage facilities 
(ISMSF). Portion of subsections 1320-1, -2, and -3 are applicable. 

C. WHC-CM-4-2 Quality Assurance Manual 

This manual describes the requirements that apply to WHC Divisions and 
Departments which prescribe, perform, or verify activities affecting quality 
including operations, decommissioning and decontamination. and 
environmental activities. This manual emphasizes that quality assurance 
controls must be applied to any items and activities performed under WHC 
Management. The manual consists of 19 sections with each section 
dedicated to a certain aspect of quality control. 

This is a compulsory requirement for each operation involved in the SNF 
transfer from K-Basins. Requirements of this manual in conjunction with 10 
CFR Part 830.120 should provide more than adequate quality control. 

D. WHCCM-6-1 Standard Engineering Practices 

This manual establishes the engineering practices which ensure that uniform 
methods are in place for performing all tasks under WHC Control. These 
procedures provide methodologies for tasks such as design review, 
configuration management, change control, specification preparation, and 
review and approval requirements. The use of this document is strongly 
recommended on all engineering, development, and project tasks which 
culminate in a dowment design andlor deliverable hardware end items. 

Of several sections in this manual, Section 4 on Design Verification 
Requirements is the most applicable for Hot Vacuum Conditioning 
Equipment Design. This section provides methods and procedures 
governing design verification measures to verify the design adequacy. This 
requirement and DOE Order 6430.1A provide comprehensive guidelines for 
the design task. 

E- 10 
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E. NRC Regulations 

The DOE established in the K-Basin Spent Nuclear Fuel Project - Regulatory 
Policy, dated August 4, 1995, the requirement for the SNFP facilities to 
achieve "nuclear safety equivalency" comparable to NRC licensed facilities. 
An evaluation was performed to identify any additional requirements that 
were needed to supplement the existing and applicable DOE requirements 
to establish nuclear safety equivalency with the NRC licensed facilities. The 
additional requirements were consolidated into 29 items. All items are to be 
implemented per the NRC regulations with the exception of the design 
earthquake which will be implemented in a manner that established 
equivalence in safety, as opposed to direct equivalence to the regulation. 

6.0 DESCRIPTION OF REFERENCE REQUIREMENTS 

The requirements listed in Appendix C will be used as reference documents. These 
requirements have no direct impact on the design, but may affect the design 
methodologies. 

10 CFR 20 and 10 CFR 71 are promulgated by the Nuclear Regulatory Commission 
(NRC). It should be noted that DOE nuclear facilities are not required to comply 
with NRC regulations. DOE, however, use the NRC requirements as a source of 
guidance and good practice for the SNF transfer program. 

10 CFR 20, Standards for Protection Against Radiation, establishes standards for 
individual protection from ionizing radiation resulting from activities conducted 
under licenses issued by NRC. These regulations quantify the permissible 
radiation doses to various body parts of an individual. The prescribed dose limits 
do not apply to doses due to background radiation and radiation received as part 
of a medical therapy or due to voluntary participation in medical research programs. 

This regulation does not have direct impact on the Hot Vacuum Conditioning 
Equipment Design. However, this regulation will be maintained for reference as 
dose rates may have to be considered in the design process. 

10 CFR 71, Padaging and Transportation of Radioactive Material, is also an NRC 
Regulation which establishes requirements for packaging, preparation for shipment, 
and transportation of licensed material. This regulation also describes procedures 
and standards for NRC approval of packaging and shipping procedures for fissile 
material. The packaging and shipping aspects are also subject to other NRC 
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regulations and requirements of other agencies, such as the Department of 
Transportation. 

This regulation does not have direct bearing on the Hot Vacuum Conditioning 
Equipment Design. However, these regulations may have to be consulted to verify 
that the Hot Vacuum Conditioning Equipment Design poses no problems for 
packaging and transportation. 

A. 

B. 

DOE Regulations 

10 CFR 835, Occupational Radiation Protection, is a DOE Regulation which 
is very similar to 10 CFR 20. 10 CFR 835 promulgates radiation protection 
standards, limits, and program requirements for protecting individuals from 
ionizing radiation resulting from the conduct of DOE activities. Activities 
conducted under NRC license are not covered by this regulation. Like 10 
CFR 20, this requirement is also considered as a reference requirement. 

OSHA Requirements 

29 CFR 1910, Occupational Safety and Health Standard, is promulgated by 
the Occupational Safety and Health Administration of the Department of 
Labor. The intent of this directive is to carry out OSHA requirements which 
have been found to be National Consensus Standards or Established 
Standards. All routine industrial operations are covered under this 
requirement. From a simple administrative function such as maintaining 
worker's exposure and medical surveillance records to complex operations 
such as handling hazardous materials are covered by 29 CFR 1910. 
Minimum environmental controls required for a work area, provisions of 
proper personal protective equipment, fire protection requirements, noise 
control, and providing medical and first aid during emergencies are also 
covered under this requirement. These regulations may be exempt if it is 
determined that these standards do not improve health and safety for 
specially designated employees. 

These is no direct impact of these regulations on the Hot Vacuum 
Conditioning Equipment Design, but the design may have to be 
accomplished such that the Hot Vacuum Conditioning Equipment usage 
adheres to 29 CFR 1910. Hence, this regulation is maintained for reference. 
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C. DOE 1300.2A Department of Energy Technical Standards Programs 

This DOE Order sets forth policies and responsibilities for development and 
application of technical standards under DOE controlled programs. This 
order stipulates that any applicable Non-Government Standards (NGSs) 
must be used and the usage must be properly documented. This Order also 
states that all DOE facilities, programs, and projects will use NGSs in their 
design, construction, testing, modification, operation, decommissioning, 
decontamination, and remediation when such standards are adequate. If the 
existing Federal Standards is more conservative than NGSs, DOE 
requirements will be used. Uses of all standards in the design have to be 
properly documented. 

This DOE Order is a general guideline for using the Technical Standards. 
This document is kept on the reference list. 

D. DOE 1540.2 Hazardous Material Packaging for Transport - 
Administrative Procedures 

This Order establishes administrative procedures for the certification and 
use of packaging methods for radioactive and hazardous materials. The 
administrative procedures also summarize the actions associated with the 
review and approval of packaging for the transportation of radioactive and 
hazardous materials. This Order details the review and approval procedure 
that provides a basis for DOE to assure DOT, NRC, and other agencies that 
regulations are compiled with and the entire process is relevant to that of 
NRC. 

This DOE Order has no direct impact on the Hot Vacuum Conditioning 
Equipment Design. As the packaging process has very little effect on the 
Hot Vacuum Conditioning Equipment Design, it is unlikely that this Order will 
be used during the design process. However, DOE 1540-2 is retained for 
reference. 

W E  1540.3A Base Technology for Radioactive Material Transportation 
Packaging Systems 

DOE 15406 is a culmination of DOE Orders 1330.1 D, 1540.1A, 15402, and 
5480.3; 10 CFR 71 and 49 CFR 171 through 179; Atomic Energy Act; and 
the Department of Energy Organization Act of 1977. This Order establishes 
DOE policies and responsibilities for coordinating and planning base 

E. 
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technology for radioactive material, transportation packaging systems. 
Radioactive material is defined as any material having a specific activity 
greater than 0.002 microcuries per gram. 

This DOE Order is more of an administrative document than a design 
document. Consequently, this Order will have very little impact on either the 
Hot Vacuum Conditioning Equipment Design or the design process. 
However, this document is maintained for reference purposes. 

DOE 5480.4 Environmental Protection, Safety, and Health F. 

This DOE Order provides listing of requirements for the application of the 
mandatory Environmental Protection, Safety, and Health (ESLH) Standards 
applicable to all DOE Operations. This Order must be followed during 
design, construction, modification, and decommissioning. All permanent and 
temporary facilities must comply with this Order. The requirements listed in 
this DOE Order are divided into the following three categories: 

1. rds IStatrdprv R e a u t r w :  Those 
standards that are mandatory as a result of Non-DOE Federal or 
State Statutes are addressed in this category. None of these 
standards are applicable to Hot Vacuum Conditioning Equipment 
Design. 

2. 1: Standards that 
are mandatory because of DOE Policies are listed under this 
category. Subsection F which addresses Nuclear Safety may be 
used for guidance for Hot Vacuum Conditioning Equipment Design. 
However, these standards are mainly oriented for nuclear reactors. 

3. Reference FSLH Standards: Those standards that are not 
mandatory but are useful to refer to as good practice and for general 
ESLH purposes. None are directly applicable for Hot Vacuum 
Conditioning Equipment Design. 

This DOE Order does not appear to have any direct impact on the Hot 
Vacuum Conditioning Equipment Design. However, this document will be 
retained as reference. 
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G. Fiscal Year 1995, Hanford Mission Plan, Volume 1, Site Guidance, 
September 1994 

The Hanford Mission is to cleanup the site, develop new technologies, and 
to help the economic diversification of the region. The transfer of K-Basin 
fuel is a part of the cleanup mission. This document has no impact on either 
HVCE design or the design process. However, this dowment is the basic 
report in which all Hanford cleanup programs are described. This dowment 
is maintained on the reference list. 

H. WHCCM-2-14 Hazardous Material Packaging and Shipping 

This WHC Manual describes requirements and procedures for packaging 
and shipping hazardous wastes both on-site and off-site of Hanford. This 
manual has been prepared by WHC based on several CFRs, DOE Orders, 
WACS, and other pertinent documents including WHC-CMs. In addition to 
other requirements, instructions of this requirement have to be followed only 
when the SNF is categorized as hazardous material. 

This requirement has no direct impact on the Hot Vacuum Conditioning 
Equipment Design. This dowment is maintained for reference. 

WHCCM-3-5 Document Control and Records Management Manual 

This manual was developed to provide requirements and procedures for 
maintaining the information that is produced for any project. The information 
could be as paper, punched cards, magnetic tapes, computer disks, etc. 
The main objective of this program is to preserve records that may be useful 
and of future value in a proper manner. 

There is no impact of this requirement on the Hot Vacuum Conditioning 
Equipment Design. However, all the paper work and computer formatted 
data will be transferred to WHC for up keeping the records. This manual is 
retained for reference purposes only. 

1. 
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ADDENDUM 1 

APPLICABLE REQUIREMENTS FOR THE VACUUM DRYING MODULE 
SUBPROJECT DESIGN 

1. 

2. 

3. WHC-CM-4-2, Quality Assurance Manual 

4. WHC-CM4-1, Standard Engineering Practices 

5. 

10 CFR Part 830.120, Quality Assurance 

DOE 6430.1A. General Design Criteria 

WHC-SD-SNF-DB-003. Rev 1, Additional NRC Requirements 

Addendum 1 to Appendix E 
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ADDENDUM 2 

MISCELLANEOUS APPLICABLE DOCUMENTS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

DNFSB letter of May 26, 1994, to Secretary OLeary recommending expediting 
the SNF removal from K-Basins to an interim storage until an option is chosen 
for ultimate disposal. 

J. E. Lytle letter to T. P. Grumbly, Approval of Path Forward for N-Reactor Spent 
Fuel Interim Storage, DOE EM-36, 9 November 1994, regarding the expeditious 
transfer of N-Reactor SNF to interim storage, but still within the applicable 
regulatory requirements. 

SNF Project K-Basins Path Forward Acquisition Strategy (WHC-SP-1144, 
December 1994 draft) which describes the following four key interconnecting 
subsystems: 

Staging and Storage Facility (SSF) - Multi-canister Over packs (MCO) 
Transportation System 
Fuel Stabilization Facility (FSF) 

U. S. Department of Energy (DOE) October 1994, Spent Nuclear Fuel Program 
Requirements Dowment (SNF-RD-PM-001), Revision 1, describing the 
management approach to integrate, coordinate, and optimize activities 
necessary for conditioning, handling, and transporting SNF to interim storage 
and preparing SNF for final disposal. 

WHC-EP-009, WHC Reference Guide Acronyms and Abbreviations, Vol. 1, part 
1. 

WHC-IP-0117, Procedure Development Specification Manual. 

WHC-SP-0708, Westinghouse Hanford Company Conduct of Operation. 
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ADDENDUM 3 

REQUIREMENTS FOR REFERENCE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

10 CFR 20. Standards for Protection Against Radiation 

10 CFR 71, Packaging and Transportation of Radioactive Material 

10 CFR 835, Occupational Radiation Protection Standards 

20 CFR 1910, Occupational Safety and Health Act of 1976 

DOE 1300.2A, Department of Energy Technical Standards Program 

DOE 1540.2, Hazardous Material Packaging for Transportation 

DOE 1540.3A, Base Technology for Radioactive Material Transportation 
Packaging Systems 

DOE 5480.4, Environmental Protection, Safety, and Health Protection 

Fiscal Year 1995 Hanford Mission Plan, Volume 1, Site Guidance, September 
1994 

MRP 5.20, Packaging and Transportation of Hazardous Material 

DOE 5480.28, Natural Phenomena Hazards Mitigation 

Spent Nuclear Fuel Project, K-Basins Path Forward Acquisition Strategy, 
WHC-SP-1144, December 1994 (Draft) 

WHC-CM-2-14, Hazardous Material Packaging and Shipping 

WHC-CM-3-5, Dowment Control and Records Management Manual 
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HOTCL I'llC+41NGSYSlEM EOUIPMENT 

PROCeSS MODULE 

%VERHEAD LESS EQUIPMENT 18% S 232.169 
PROFIT (SUB-TOTAL h OVERHEAD) 10% $ 210.781 

PROCESS WDULE TOTAL $2,318,378 

7 

BLOWER - SINGLE STAGE 
BLOWER. SINGLE STAGE 
HEAT EXCHANGER -PLATE 
HEAT EXCHANGER. PLATE 
HEAT EXCHANGER -TRAP 
TANK. EXPANSION 
PUMP. SCROLL VACUUM 
HEATER - ELECTRICAL 
HEATER. ELECTRICAL 
FILTER - HEPA 
FILTER - HEPA 
FILTER - HEPA 
SPECRLTV INSTRUMENTS 

PHS-BLO-1x51 
VPS-BLO-1x08 
MCS-CLR-1x52 
VPSCLR-1x03 
VPSPFR-1x01 
PG-ACC-1x31 
VPS-VAC-1XM 
PHS-HCL-1x52 
VPSHCL-1x05 
PV.F-lX71 
VPS-F-1x02 
VPS-F-1x07 

WHC-SD-SNF-CDR-007, REV. 0 

EQUIPMENT DUCTlNGPlPlNG 
TY UNIT UNIT TOTAL FACTOR TOTAL 
- 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 

11.000 070 S 
24.068 070 S 
5,073 1 W S 
1,500 100 S 

10,000 080 s 
1.000 120 $ 
8,004 070 $ 
8.800 0.50 $ 
2.000 050 S 

- 
7.700 

16.848 
5,073 
1.500 
8.WO 
1.2w 
5.6W 
4 . m  
l.W 

INSULATION 
UCTOR TOTAL 

015 $ 1,650 
015 S 3,810 
020 S 1,015 
020 s 3w 
020 s 2,ow 

I -  
025 I 2 . W  
010 t 880 
010 $ 2w 
010 $ 1 w  
010 S 1,258 
010 S 1.258 

ELECTRICAL 
:ACTOR TOTAL 

010 I 1,100 
010 $ 2.407 

I -  
s -  
$ -  
s -  

010 s 8w 
015 $ 1.320 
015 $ 300 

I -  
$ .  
$ .  

006 $ 4.850 

7128186 
PreparedBy €&sbfsm 

0 2 5  $ 2.500 
I -  

O 30 $ 2,4W 
150 $ 13.200 
150 S 3.000 
050 $ 500 
050 $ 8.291 
050 $ 8.281 

$ 77.500 
I I I I I I 

PROCESS MODULE SUB-TOTAL $ 87.603 S 52.880 $ 117.883 

PROCESS MODULE SUB-TOTAL SUMMARY 

EQUIPMENT SUB-TOTAL 
DUCTlNGiPlPlNG SUB-TOTAL 
INSULATION SUBTOTAL 
ELECTRICAL SUB-TOTAL 
INSRVMENT SUB-TOTAL 

SKI0 ASSEMBLY COST 
SKID INSTALLATION COST 

S 87.803 
$ 52.890 
I 14,271 
S 10,577 
S 117,883 

$ 8.500 
S 12,850 
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HOT CLINDITIONING SYSTEM EQUIPMENT 

PROCESS PIT COMPONENTS 

DESCRIPTION 

PROCESS PIT COMPONENTS 
OVEN 
PROCESS PIT COVER 
TRENCH COVER 

Merrick Engineers and Architects 
Construction Cost Estimate 

EQUIPMENT DUCTlNGlPlPlNG INSULATION ELECTRICAL INSTRUMENT 
am UNIT UNIT TOTAL UNIT TOTAL UNIT TOTAL UNIT TOTAL UNIT TOTAL 

6 EA $140,000 $ 840,000 $30,000 $180,000 $2,000 $12,000 
7 EA $ 35,000 $ 245,000 
7 EA $ 25,000 $ 175,000 

WHC-SD-SNF-CDRM)7, REV. 0 

7/28/96 
Prepared By: C.Gustafsnn 

PROCESS PIT COMPONENTS SUB-TOTAL SUMMARY 

EQUIPMENT SUB-TOTAL 
DUCTlNGlPlPtNG SUB-TOTAL 
INSULATION SUB-TOTAL 
ELECTRICAL SUB-TOTAL 
INSTRUMENT SUB-TOTAL 

$1,260,000 
$ 180,000 
$ 12,000 
$ 
$ 

1 I - PROCESS PIT COMPONENTS SUB-TOTAL $1,452,000 

OVERHEAD LESS EQUIPMENT 18% $ 34,560 
PROFIT (SUB-TOTAL & OVERHEAD) 10% $ 148.656 

PROCESS PIT COMPONENTS TOTAL $1,635,216 
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HOT Cc..JITIONING SYSTEM EQUIPMENT 

SERVICE MODULE 

DESCRIPTION 

Menick Enginems and Architects 
Construction Cost Estimate 

EQUIPMENT DUCTlNGlPlPlNG INSULATION ELECTRICAL INSTRUMENT 
QTY UNIT UNIT TOTAL FACTOR TOTAL FACTOR TOTAL FACTOR TOTAL FACTOR TOTAL 

WHC-SD-SNF-CDR-007, REV. 0 

7/28/96 
Prepared By: C.GustafsMI 

SERVICE MODULE 

SPECIAL INSTRUMENTS $50,000 
I I I I I I I I I I I I 

SERVICE MODULE SUB-TOTAL 5 69,950 $61,650 $ 5,750 $18,120 $73.635 

SERVICE MODULE SUB-TOTAL SUMMARY 

EQUIPMENT SUB-TOTAL 
DUCTINGPIPING SUB-TOTAL 
INSULATION SUB-TOTAL 
ELECTRICAL SUB-TOTAL 
INSTRUMENT SUB-TOTAL 

SKID ASSEMBLY COST 
SKID INSTALIATION COS1 

$ 69,950 
$ 81.650 
$ 5,750 
$ 18,120 
$ 73,635 

$ 20,000 
$ 14,110 

1 J 
SERVICE MODULE SUB-TOTAL 5263,215 

OVERHEAD LESS EQUIPMENT 18% s 34.788 
PROFIT (SUB-TOTAL (L OVERHEAD) 10% $ 29,800 

SERVICE MODULE TOTAL $327,803 
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nor cc . IIONING SYSTEM EQUIPMENT 

AUXILIARY FACILITIES 

DESCRIPTION 

AUXILIARY FACILITIES 
CHILLER-SPLITSYSTEM 
TANK - EXPANSION 
PUMP-CHILLEDWATER 
PUMP-CHILLEDWATER 
TANK - EXPANSION 
HEATEXCHANGER-GLYCOL 
PUMP - COOLING WATER 
PUMP - COOLING WATER 
PROCESS STACK 
STACK MONITORING 

Merrlck Engln ... d and Archlbcts 
Constructlon Cost Eatlmate 

EQUIPMENT DUCTlNGPlPlNG INSUlATlDN ELECTRICAL INSTRUMENT 
QTY UNIT UNIT TOTAL FACTOR TOTAL FACTOR TOTAL FACTOR TOTAL FACTOR TOTAL 

CHW-CH-2026 1 EA $38,540 S 38540 100 $38,540 020 0 7.708 0 10 S 3.854 025 $ 9,635 
CHW-ACC-2021 1 EA S 1.629 S 1,629 120 S 1,955 o -  s -  s -  
CHW-P-2022 1 EA S 2,000 S 2,000 070 S 1,400 015 8 300 010 S 200 050 $ 1,000 
CHW-P-2023 1 EA S 2.000 S 2.000 070 S 1,400 0 15 0 300 0 10 S 200 050 S 1,000 
CW-ACC-2011 1 EA S 1,629 S 1,629 120 S 1,955 o -  s -  s -  
CW-HX-2014 1 EA S 3,103 S 3,103 1 MI S 3,103 020 $ 621 S - 025 S 776 
CW-P-2012 1 EA S 1.600 S 1.600 070 5 1,120 015 $ 240 010 S 160 013 S 208 
CW-P-2013 1 EA S 1,600 S 1.W 070 S 1.120 015 0 240 010 S 160 013  S 208 

025 $36.225 $144.900 
1 EA S 7,500 S 7,500 s -  $ -  s -  $ -  

WHC-SD-SNF-CDRM)7, REV. 0 

OVERHEAD LESS EQUIPMENT 18% S 77,135 
PROFIT (SUB-TOTAL EL OVERHEAD) 10% S 56,526 

AUXILIARY FACILITIES TOTAL S 621.789 

7/28/96 
Prepared By: Q&~&QLI 

AUXILIARY FACILITIES SUB-TOTAL SUMMARY 

EQUIPMENT SUB-TOTAL 
DUCTlNGPlPlNG SUB-TOTAL 
INSULATION SUB-TOTAL 
ELECTRICAL SUB-TOTAL 
INSTRUMENT SUBTOTAL 

SKID ASSEMBLY COST 
SKID INSTALLATION COST 

S 59,601 
S 50,593 
S 9,409 
S 40,799 
5 157,727 

s 20.000 
S 150.000 
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HOT CbmDITIONING SYSTEM EQUIPMENT Merrlck Engineers and Archltecta 
Construction Cost Estimate 

WHC-SD-SNF-CDR407, REV. 0 

PROCESS ENCLOSURE 

DRUM BAG STATION 

PROCESS ENCLOSURE SUB-TOTAL 

EQUIPMENT SUB-TOTAL 
DUCTlNGPlPlNG SUB-TOTAL 
INSULATION SUB-TOTAL 
ELECTRICAL SUB-TOTAL 
INSTRUMENT SUB-TOTAL 

ASSEMBLY COST 

$ 490,OM) 
I 
5 
s 2,500 
$ 10,ooo 

$ 50,000 

PROCESSENCLOSURESUB-TOTAL 0 552,500 

RHEAD LESS EQUIPMENT 18% $ 11,250 
FIT (SUB-TOTAL 8 OVERHEAD) 10% $ 58,375 

7/28/96 
PreparedBy C.Gustafson 

PROCESSENCLOSURETOTAL $ 620,125 
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7/29/96 
Equipment List WHC-SD-SNF-CDR-W’I, REV. 0 Prepared by c Gustafson 

Hot Conoitioning System Equipment Merrick Engineers and Aichitects 

TAG Y 

A 1000 

ITEM EQUIPMENT SPECIFICATIONS ELECTRICAL LOADlSERVlC 

115 VAC/60 Ha15 A BetaIGamma Particulate Monitor 
A 
A 
A 
A 
A 
A 
A 

CHW 
CHW 
CHW 
CHW 
cw 
cw 
cw 
cw 
MCS 
MCS 
MCS 
MCS 
MCS 
MCS 
PG 
PG 
PG 
PG 
PG 
PG 

PHS 
PHS 
PHS 
PHS 
PHS 
PHS 
PHS 
PHS 
PHS 
PHS 
DHS 
’HS 

2021 
2026 
2022 
2023 
2011 
2014 
2012 
2013 
1153 
1253 
1353 
1453 
1553 
1653 
1131 
1231 
1331 
1431 
1531 
1631 
1151 
1251 
1351 
1451 
1551 
1651 
1154 
1254 
1354 
1454 
1554 
1654 

2000 
3000 
3000 
4000 
4001 
5000 
6000 
ACC 
CH 
P 
P 

ACC 
HX 
P 
P 

CLR 
CLR 
CLR 
CLR 
CLR 
CLR 
ACC 
ACC 
ACC 
ACC 
ACC 
ACC 
BLO 
BLO 
BLO 
BLO 
BLO 
BLO 

OVEN 
OVEN 
OVEN 
OVEN 
OVEN 
OVEN 

BeaVGamma Particulate Monitor 
AlphalBeta Particulate Monitor 
Tritium Monitor 
Alpha/Beta Particulate Monitor 
Tritium. Monitor 
Record Air Sampler 
Record Air Sampler 
Expansion Tank 
Chiller 
Chilled Water Circ Pump 
Chilled Water Circ.Pump 
Expansion Tank 
GlycoWCW Exchr 
CWPump 
CWPump 
MCO Chiller Exchanger 
MCO Chiller Exchanger 
MCO Chiller Exchanger 
MCO Chiller Exchanger 
MCO Chiller Exchanger 
MCO Chiller Exchanger 
Filter Blowback Reservoir 
Filter Blowback Reservoir 
Filter Blowback Reservoir 
Filter Blowback Reservoir 
Filter Blowback Reservoir 
Filter Blowback Reservoir 
HeatlCool Blower 
HeaVCool Blower 
HeaVCool Blower 
HeaVCool Blower 
HeaVCool Blower 
HeaVCool Blower 
MCOOven 
MCOOven 
MCOOven 
~ C o O v e n  
MCOOven 
~ C o O v e n  

115VAC/GOHz/15A 
120/240 VAC / 50/60 Hz 
150/230 VAC / 50/60 Hz 
120/240 VAC / 50160 Hz 
150/230 VAC / 50160 Hz 
114 hp/l15V160Hz/5A 
114 hp/l15V/6OHz/5A 
None 
30 KW/440V/3 phase 
112 hp120 V/l  phase 
1/2 hp/20 V/1 phase 
None 
None 
3 hpI230 VI1 phase 
3 hpR30 V/1 phase ’ 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
5 HP/240 V11 phase 
5 HPR40 V/1 phase 
5 HP/240 V/1 phase 
5 HP/240 V/l  phase 
5 HP/240 V11 phase 
5 HP/240 V/1 phase 
None 
None 
None 
None 
None 

72 liter capacity 
25 ton 
15gpm Q 40 R TDH 
l5gpm @ 40 11 TDH 
72 liter capacity 
240.000 BTUlhr 
50 gpm Q 115 flTDH 
50gpmQ l l5 f lTDH 
94.000 BTUlhr 
94,000 BTUlhr 
94,000 BTU/hr 
94,000 BTU/hr 
94,000 BTU/hr 
94,000 BTU/hr 
10 liters 
10 liters 
10 liters 
10 liters 
10 liters 
10 liters 
750 ACFM@ 8 in sp - 375 deg C 
750 ACFM@ 8 in sp - 375 deg C 
750 ACFM@ 8 in sp - 375 deg. C 
750 ACFMQ 8 in sp - 375 deg. C 
750 ACFM@ 8 in sp - 375 deg C 
750 ACFMQ 8 in sp - 375 deg. C 

None 

iPUlPMENT COS; 

$54,700 
$54,700 
$5,000 
$6,000 
$5,000 
$6,000 
$1.250 

. $1,250 
$1,629 

$38.450 
$2.000 
$2,000 
$1.629 
$3,103 
$1.582 
$1,582 
$5,073 
$5,073 
$5.073 
$5,073 
$5,073 
$5.073 
$1.000 
$1.000 
$1,000 
$1,000 
$1,000 
$1.000 

$11.000 
$1 1,000 
$1 1.000 
$11,000 
$11,000 
$11.000 

$1 40,000 
$140.000 
$140,000 
$140,000 
$140,000 
$140,000 
$8,800 
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Hot Conuitioning System Equipment 

TAG # 

PHS HCL 1252 

 nick Engineers and Architects 
Equipment List WC-SD-SNF-CDR-007, REV. 0 

~ ~~ ~ ~~ 

ITEM EQUIPMENT SPECIFICATIONS ELECTRICAL LOADlSERVlCl 

MCO Heating Element 60 W/inA2 25 KW1240 VI1 Dhase 

7/29/96 
Prepared by: !XA&k?u 

1352 
1452 
1552 
1652 
11 71 
1271 
1371 
1471 
1571 
1671 
2043 
2046 
2041 
2042 
2044 
2045 
3041 
3042 
1106 
1206 
1306 
1406 
1506 
1- 
1103 
1203 
1303 
1403 
1503 
1603 
1102 
1202 
1302 
1402 
1502 
1602 
I107 
1207 

MCO Heatin; Element 
MCO Heating Element 
MCO Heating Element 
MCO Heating Element 
MCO Vault Filter 
MCO Vault Filter 
MCO Vault Filer 
MCO Vault Filer 
MCOVault Filter 
MCO Vaul Filter 
VentBlowsr 
Vent Blower 
Main Vent HEPA 
Main Vent HEPA 
Main Vent HEPA 
Main Vent HEPA 
Main Dewar Vac Pump 
Main Dewar Bwst Pump 
Ha Redrculatin Blower 
He Recirculation Blower 
He Recirculation Blauer 
He Recirculation Blower 
He Recirculation Blower 
He Recirculation Blower 
MCO Vent Cooler 
MCO Vent Cooler 
MCO Vent Cooler 
MCO Vent Cooler 
MCO Vent Cooler 
MCO Vent Cooler 
MCO Vent HEPA 
MCO Vent HEPA 
MCO Vent HEPA 
MCO Vent HEPA 
MCO Vent HEPA 
MCO Vent HEPA 
MCO Vent HEPA 
MCO Vent HEPA 

PHS 
PHS 
PHS 
PHS 
PV 
PV 
PV 
PV 
W 
PV 
PV 
PV 
PV 
W 
PV 
W 

VAC 
VAC 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 
VPS 

60 Wlin"2 
60 WlinT 
60 Wlin"2 
60 Wlin"2 
150 ACFM 
150 ACFM 
15OACFM 
15OACFM 
150 ACFM 
150 ACFM 
l000CFM@ 9 in sp 
1000 CFM @ 9 in sp 
1000 CFM 
1WO CFM 
1000 CFM 
1000 CFM 
Base pressure < 1x10' 
Ulimate total pressure 
20 ACFM 
20 ACFM 
20 ACFM 
20 ACFM 
20 ACFM 
20 ACFM 
560 BTUhr 
560 BTUihr 
560 BTUhr 
560 BTUhr 
560 BTUlhr 
560 BTUlhr 
20 ACFM 
20 ACFM 
20 ACFM 
20 ACFM 
20 ACFM 
20 ACFM 
20 ACFM 
20 ACFM 

HCL 
HCL 
HCL 
HCL 

F 
F 
F 
F 
F 
F 

BLO 
BLO 

F 
F 
F 
F 

VAC 
VAC 
BLO 
BLO 
BLO 
BLO 
BLO 
BLO 
CLR 
CLR 
CLR 
CLR 
CLR 
CLR 
F 
F 
F 
F 
F 
F 
F 
F 
F 

25 KW1240 VII phase 
25 KW1240 VI1 phase 
25 KWf240 VII phase 
25 KWf240 V11 phase 
None 
None 
None 
None 
None 
None 
3 HP/440v/3 phase 
3 HP1440vB phase 
None 
None 
None 
None 
600 Wf240Vll phase 
1HP1230 V11 phase 
114 hp / l l5V l I  phase 
114 hp l l l5  VI1 phase 
114 hp l l l5VI i  phase 
114 hpl l l5VI1 phase 
114 hpl115 VI1 phase 
114 hpll15 VI1 phase 
None 
None 
None 
None 
None 
None 
None 
None 
Nons 
None 
None 
None 
None 
None 

-10 torr 
<10"-2torr 

1307 MCO Vent HEPA 20 ACFM None 
.. ~ F 1407 MCOVentHEPA 20 ACFM Nane 

~ 

QUIPMENT COS1 

$8,800 
$8.800 
$8,800 
S8.800 
58,800 
51.000 
$1 .OM) 
51.w0 
51,000 
SI .wo 
51.000 

s1o.wo 
$10,000 
$8,875 
$8.875 
56.875 
$6.875 

$14,350 
58.1w 

$24.000 
524.w 
f 2 4 . W  
524.w 
$24,000 
$24,000 

SISW 
$1,500 
$1.500 
51.500 
$1,500 
S I  ,500 

$12.581 
$12.581 
$12.581 
$12.581 
$12.581 
512.581 
$12.581 
$12.581 
$12.581 
512.581 



Hot Conwoning System Equipment Menick Enginems and Archlects 7/29/96 

TAG I 

VPS F 1507 
VPS F 1607 
VPS HCL 1105 
VPS HCL 1205 
VPS HCL 1305 
VPS HCL 1405 
VPS HCL 1505 
VPS HCL 1605 
VPS PFR 1101 
VPS PFR 1201 
VPS PFR 1301 
VPS PFR 1401 
VPS PFR 1501 
VPS PFR 1601 
VPS VAC 1 104 
VPS VAC 1204 
VPS VAC 1304 
VPS VAC 1404 
VPS VAC 1504 
VPS VAC 1604 

Equipment List Prepared b y  GGWWSQU WHC-SD-SNF-CDR-007, REV. 0 

ITEM EQUIPMENT SPECIFICATIONS ELECTRICAL LOADlSERVlCE EQUIPMENT COS1 

MCOVentHEPA 20 ACFM None $12.581 
MCOVent HEPA ZOACFM None $12,581 
MCOVentHeater 50 Wfin"2 1 KWI120 V/t phase S 2 . m  
MCOVentHeater 50 W W 2  1 KWl IMVl l  phase s 2 , m  
MCOVentHeater 50 W/inA2 1 KwI120VI1 phase f2.WO 
MCOVentHeater 50 Wfin"2 1 KW/tZOV/t phase s 2 . m  
MCOVentHeater 50 WlinA2 1 KWI120 VI1 phase s 2 . m  
MCOVentHeater 50 Wfin"2 1 KW/120VIl phase s 2 . m  
MCOVent Purikr 1500 BTUhrlcopper gaure/active C None s 1 o . m  
MCOVent Purifier 1500 BTU/hr/copper gauzehctive C None s1o.m 
MCOVentPurifier 1500 BTUlhrIcopper gauelactive C None s10,m 
MCOVentPuriiier 1500 BTUlhrIcopper gauzeladive C None s1o.m 
MCOVentPurifier 1500 BTUhrIcopper gauzeladive C None ~10,WO 
MCOVent Pulifier 1500 BNhrIcopper gauzeIadive C Nom, s 1 o . m  
MCO Vent VadCiffi Pump t8.m 
MCO Vent VadClrc Pump s8.m 
MCO Vent VadCirc Pump term 
MCO Vent VadCirc Pump s8.m 
MCO Vent VadCirc Pump s8.m 
MCO Vent VadCirc Pump s8.m 
Skid I/O Interface s1o.m 
Skd VO Interface s1o.m 
Skid 110 Interface s1o.m 
Skd IIO Interface s1o.m 
Ska IIO Interface s1o.m 
Ska IIO Interface s1o.m 
Misc Instrument (L Control Central System S50.m 

Ultimate total pressure < lo" -2 torr 
Ultimate total pressure c lo" -2 torr 
Ultimate total pressure < 1 W -2 ton 
UHimate total pressure < 1W -2 ton 
Ultimate total pressure < to" -2 ton 
Ultimate total preasure < 1DL -2 ton 

1 HP/230 V/1 phase 
1 HP1230 V/1 phase 
1 HP1230 VI1 phasa 
1 HP1230 VI1 phase 
1 HP1230 V/1 phase 
1 HP1230 VH phase 

PLC; Oprator Console. Panel 15 KVA to 1 phase lighting pane 

F-9 



WESTINGHOUSE HANFORD COMPANY 
Hd Condilminp S y l l m  Equipnat 
cmb.ct xMWB-SWV-31W16, Task I 1  7 

MERRICK & COMPANY 
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WHC-SD-SNF-CDR-007, Revision 0 

APPENDICES 

APPENDIX G 

CALCULATIONS 

G- i 



- 
WHCSDSNFCDR407, REV. 0 

Appendix G 
CALCULATIONS 

CALCULATION LOG 
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WHC-SD-SNF-CDRM)'I. REV. 0 

GmeralCammentsReletingtotht 
Heating of Nuclear Fuel in the MCO 



WHC-SD-SNF-CDR-007, REV. 0 

Calculation of Heat Transfer cotffiamts 
forlhatmg and cooIiog the MCO with& 

Glcuhtcd by. 



WHCSD-Sf4F-CRR-OO7, REV. 0 

Calculation of Interior Heat Transfer Coefficient 
for MCO to Fuel Heating 

m e  relationships used here are taken from Perry, pages 10-13 and 10-14. as well as the sections 
dealing with convection appearing in the other referenced texts on heat transfer. Because the area 
of the fuel is so much greater than the area of the interior surface of the MCO, the rate of transfer 
from the MCO to the helium controls: not the rate of heat transfer from the helium to the fuel. 

Try forced convection with 10 SCFM purge rate: 

MCO Volume Empty = 272 gal 
MCOVolumeLoaded = m g a l  
Void Volume = 138gal 

For heat transfer calcs, assume this is annular volume: 

134 gal. 
1.48 gal 

Cross section rods = - A' /160/12ft  = 1.34ft2 

nr2=1.34ftZ r=0 .65f t  D,= 1.31ft D = 24.5-1 

= 23.51 12 
= 1.96ft 

0: - D: 
P D, 1.3 1 

1.962 - 1.31* 
0, =-= = 1.62 Ft. 

Deq J P  N,, = - 

at 170' C mean temp 
21% 170 

V =  10 SCM x (7) = 16.2 ACFM 

Natural convection calculations: 

300 - 40 
Propetties at mean temp.: = - + 40 

(Kern, p. 105) 

L 

= 170" C 

= 338" F 



WHC-SD-SNFCDRM)7, REV. 0 

D = 2 f t  

g=32.17x36OO2 = f t / h r 2  
492 

p =- 4# x -=0.0069 
359 ft3 798 

-0.0013 1 p = - (ideal gas) = ~- 
T 460 + 338 

At- = 375 - 40 = 335'C = 603' F (max) 

Atmjn =375-300=75'C=135'F (min) 

p 33SF = 0.025 eN = 2.42 x 0.25 = 0.0605 Ib I ft -hr (McCabe and Smith) 

( 2 ) ' ~  32.17 x 36002x(0.0069)'x 0 . 0 0 1 3 ~  603 
NGR = (0.0605)' 

N ,  =34x106 
N p, = 0.761 

1 7 0 . c  

443" 

kH,@170"C= 1 9 . 3 ~ 1 0 - ~  watts/meter " K  

(Perry,p. 3 - 247) 

watt 3.413 Btu 1 meter 'K 
meter " K  watt hr 3.281 A 1.8" F 

k, @I 70' C = 0.1 93 - x-x- X- 

(Perry, p. 3 -247) 

=0.112 Btu/hrft'F 

= 1.67 ft2 



WHCSD-SNF-CDR-007, REV. 0 
4 h  

16.2 ft3 lmin 1 
Vel = p x ~ x~ = 0.16 ft I sec 

min 60sec 1.67 ft 
p =0.0069 #/ft3(from p. 1) 

1 hr. 
p =0.0605 #/ft hrx-= 1.68x10-' #/ft./sec 

3600 sec. 
0.16ft 00069# 

lXi2 - sec. ft" 
1.68 xlO-' #/ft.-sec. 

= 106.4 NRa = 

for heat transfer of laminar flow in annuli (Perry, p. 10 - 15) 

N, = 0.761 N, = 106.4 N, = 34x106 

D2 1.96 
D, 1.31 

- - 1.50 

N, = 1.02 (0.761)' (106.4)a45 (0.12)a4 (1.50)a8 ( 3 4 ~ 1 0 ~ ) ~ ' ~ ~  

= 10.25 
h.L 
k 

N,=- k=0.112 B t u / h r f t " F  

L = distance across annulus = D2 - D, = 1.96 - 1.3 1 
= 0.65 ft. 

(N,)k 10.25~0.112 Btu h. =-= 
' L 0.65ft. h r l f t ' F  
= 1.77 Btu I ft2 ht. O F  

Because the interior of the MCO is complex and the helium must travel through fuel holding 
baskets, then through more than one layer of fuel rods, and because the flow (10 SCFM) upon 
which the calculation is based on is on the high side, the calculated coefficient of 1.77 is being 
discounted to 1 .O Btu/ftz hr "F. miis value will be used in all subsequently derived heating and 
cooling temperature profiles for the MCO. 
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Calculation of Outside Film Coefficient 
for Forced Circulation 

It will be assumed that heat will be transferred via cross-flow convection in the annulus. These 
segmented baffles will be used to reverse flow and force cross flow. 

The first iteration will calculate the outside film coefficient (h,) at an air flow of 250 ACFM. 

Assume spacing between the outer wall of the MCO and the inner wall of the heat-transfer 
plenum of 1 inch 

where 

(Kem Fig 28, p. 838) 

D: - D: 262 - 24= D = 4 x hydraulic radius = - = ~ 4 24 7 
properties 
for average of inlet and outlet temp. 

C, 
k 
p 

= for air at 300°C (572°F) 5.26 Btu/# “F 
= 0.0228 Btu - Ft/Ft2 Hr OF 
= 0.028 e,x 2.42 = 0.068 16/Ft.-hr 

Cpb- 026 x 0.68 
- ,775 

k 0.0228 
h, x 0.33 

J ,  =- (0.775)-”’ J ,  = 15.8 h, 
0.0228 

N ,  =- 0. G, 
P 

29 
2 5 0 ~ -  273 x-x 60= 699.35 #/hr 

G, = 200+273 359 

= 1282 #/A2 
0.33 x 1282 

0.068 
N ,  =-- - 6221 

J ,  =44 h, = 44/15.8 = 2.8 

Suggest trebling the air rate rather than reducing the annular space 



G, = 3,846 #/hr ft2 (750 ACFM) 

0.33 x 3846 - 19,000 N --- 
,0668 Re - 

J H =  80 
ha= 80p5.8 = 5 B T U / "  Fhrft, 

By reducing the annular area a factor of 3@250CFM the same h, may he achieved: 

fx2y rr - lrr = 0.55ft2 

A, = 0.5% = 0.18 

z1-1 = 0.18 + In rz = 1.03 = 0.34 

Or 36'' annular space 

This is too small. Use 750 ACFM with 1-inch annular spacing. 

Note temperature profiles attached showing the effect of each condition 
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CALCULATION METHODOLOGY FOR DETERMINING MCO HEATING TEMPERATUN, PROFIL E 

he heating profile consists of a series of heat balances on six minute increments which are integrated over time to describe 
the temperature profiles of interest. The calculation allows for heat from the oven and heat from the nuclear activih of the 
fuel 

At MCO operating pressures near atmospheric the heat input from external heating of circulating helium is m h m l  a d  is 
not considered in this calculation. As the internal pressure is increased, heat added to the circulating stream 
significant and this calculation would underestimate the rise in temperature for the following reasom' 

be 

1 the internal heat transfer coefficient would increase significantly, 
2 conduction through the helium would be significant and would add to heat transfer from forced convection, and 
3. the mass flow of the helium through an external heat source would provide a significant boost to fuel heating. 

The calculations forming the temperature profile are made as follows. All English units are converted to metric in a table 
which is the basis for the graphical information. Spreadsheet formulas are shown in bold. 

Hot air in PF) 
This value IS manually set at each hourly increment 

End time (hours) 
Time is stepped off in 0 1 hour increments from 0 to 20 hours 

Delta temDerature air to MCO ( O F 1  

This is the difference between the average hot air temperature and the wall temperature of the MCO 
(hot air temp in + hot air temp out)l2 - MCO wall temp 

L.let heat into MCO (Btuhr) 
This is the heat into the MCO from the oven less the heat from the MCO to the fuel 
external heat transfer coeflicient x external surface area of MCO x delta temperature air to MCO - heat from MCO 

Hot air temperature out (OF1 
This is the hot air into the oven less the temperature resulting from heat transferred to the MCO 
IF(air temp in -(net heat into MCO + net heat from MCO - nuclear heat) I heat capacity of air x mass flow rate of 
air) c MCO wall temperature THEN MCO wall temperature ELSE (net heat in + heat from MCO - nuclear heat) / 
heat capacity of air x mass flow rate of air) 

MCO wall temperature ( O F 1  
net heat in x (end time this period - end time previous period) I (mass MCO x specific heat MCO) + previous wall 
temperature 

Tenmerature of fuel rods (OF) 
previous temperature of fuel rods + (heat from MCO x (end time this period - end time previous period) I (mass of 
fuel + specific heat of fuel) 

Heat from MCO (Btuhr) 
Thls is the heat from the MCO to the fuel plus the heat generatedfrom the nuclear actrwry of thefuel 
(MCO wall temperature - fuel rod temperature) +nuclear energy from rods 

Aculations by Lauren h i e s  on HANHEAT3.WQI 58/96 
reviewed by David Munger 
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HANHEAT3.WQl of 5/7/96 -- FOR CALCULATION OF HEATING TEMP PROFILE 
Santa Fe Engineering, Ltd. - LBA 

I I I I I I I 

I 3 9 2  1 1 .8  1 78 ' 2 6 , 2 2 7  1 2 2 5  I 2 3 1  1 133 1 11,011 I 
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H o t  a i r  
i n  

( T l )  

H o t  
E n d  D e l t a  N e t  H e a t  a i r  MCO Fuel H e a t  

T i m e  t e m p .  i n t o  MCO out  w a l l  rods f r o m  MCO 
( h r s )  a i r / M C O  ( B t u / h r )  ( T 2 )  ( t l )  ( t 2 )  ( B t u / h r )  
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, I 

Hot air1 End1 DeltatNet Heat1 air1 MCOl Fuel1 Heat 
in1 Time1 temp. I into MCOl out] wall1 

(Ti) I (hrs) lair/MCOI (Btu/hr) I (T2) I (tl) I 
I I I I I I 
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CALCULATION METHODOLOGY FOR DETERMININC hlC0 COOLIIN'G TEMPERATURE F'ROFILE 

The cooling profile consists of a series of heat balance:. cn six miinute iricrements which are inlegrated 
over time to describe the temperature profiles of interest. The calculation allows for heat transfer to the 
oven from the heat capacity of the MCO and its contents ,and heat from the nuclear activity of the fuel. 
The model is the same as for MCO heating except that negative heating rates indicate a reverse direction 
of heat flow from the MCO system to the cooler air from the oven. 

At MCO operating pressures near atmospheric the heat removal from external cooling of circulating helium 
is minimal and is not considered in this calculation. As the internal pwssure is increased, heat removed by 
the circulating stream can be significant and this calculation would untderestimate the rise in temperature 
for the folloking reasons: 

1. the internal heat transfer coefficient would increase significantly, 
2.  conduction through the helium would be significant and would add to heat transfer from forced 

convection, and 
3. the mass flow of the helium through an external heat source would provide a significant boost 

to fuel cooling. 

The calculations forming the temperature profile are made as follows. All English units are converted to 
metric in a table which is the basis for the graphical information. Spreadsheet formulas are shown in bold. 

Cool air in (OF)  

This value is manually set at each hourly increment. 

End time (hours) 
Time is stepped off in 0.1 hour increments from 0 to 20 hours. 

Delta temperature air to MCO (OF) 

This is the difference between the average cool air temperature and the wall temperature of the MCO. 
(cool air temp in + cool air temp 0ut) l t  - MCO wall temp 

Net heat to MCO (Btu/hr) 
This is the heat to the MCO to the oven less the heat from the MCO from the fuel. It is a negative value. 
external heat transfer coefficient x external surface area o f  MCO x delta temDerature air to  MCO - 
heat from MCO 

Cool air temperature out (OF) 

This is the cool air into the oven less the temperature resulting from heat transferred from the MCO 
//=(air temp in - (net heat to  MCO + net heat from MCO - nuclear heat) I heat capacity of air x mass 
flow rate of air) < MCO wall temperature THEN (net heat in + heat from MCO - nuclear heat) I heat 
capacity of air x mass flow rate of air) ELSE MCO wall temperature 

MCO wall temperature (OF) 

net heat in x (end time this period -end  time previous period) I (mass MCO x specific heat MCO) + 
previous wall temperature 

Temperature of fuel rods (OF) 
previous temperature of fuel rods + (heat from MCO x (end time this period - end time previous 
period) I (mass of fuel + specific heat of fuel) 

Heat from MCO (Btu/hrl 
This is the heat from the MCO to the fuel plus the heat generated from the nuclear activity ofthe fuel M I S  
a negabve value 
(MCO wall temperature - fue l  rod temperature) + nuclear energy from rods 

calculations by Lauren Ames on HANHEAT4 WQI 5l3196reviewed by David Munger 
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I I 
hl (Btu/lb*ftZ*F*hr) 

to MCO 0 1  5 1  
A1 (ft2) Of1 92 1 

I I 

HANHEAT4.WQl of 5/7/96 -- FOR CALCULATION OF COOLING TEMP PROFILE 
Santa Fe Engineering, Ltd. - LBA 

I I I I I I I 
I I I I 

AIR TEMP DATA ENTRY TAKES PLACE 
IN COLUMN N 

I I I I 

Cp air (in 
ml*cl (MCO 
m2*c2 (fuel 

I , 
h2 (Btu/lb*ft2*F*hr) 

A2 (ft2) Of1 83 I 
thru MCO/ 1 1  

I I 
I I 

562 [assumes 750 ACFM] 
471.6 
451 

I I 
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C o l d  a i r  
i n  

(TI) 

I LUIU 
End D e l t a  H e a t  a i r  MCO Fue l  H e a t  

T i m e  temp. from MCO o u t  w a l l  rods from Fu-ey 
( h r s )  a i r / M C O  ( B t u / h r )  ( T 2 )  ( t l )  ( t 2 )  ( B t u / h r )  
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Material Balance Calculations 

The following pages contain printout from the MS Excel spreadsheet used to prepare the material balance. The 
cell columns and rows are labeled so that they may be referenced to the calculations shown in the following notes 
section. Some manual calculations on vacuum pumping speed follow the Excel output. 

prepared by L.B. Ames 6/12/96 
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MATBAU.XLS 

45 
46 
47 
48 

WHC-SD-SNF-CDR407, REV. 0 

@la) I 
Specific heal of helium (CaVgC) 1 

1 alrn (1003OOC) 
5 alm (1 W-3OOC) I 

M I I I I I I I I I 

I I I I I I I I I 
I I I I I I I I I 

I 
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A 
2 Operating Cycle 

3 Stream Description 
4 SlreamNo. 

B Y l  I ~ I A 6 , A C I & L l I A E I A F  
Vacuum condition Cooling of 

Ineri gas purge during Helium added fw Cmc 
MW1 Vacuumdraw vacuum Cooling air d m n  

10 I 11 12 I 13 
I I I 

6 1Temp.C (F) I i m i m i  20 i 68 i 80 / 1 7 6 /  X) i 68 
I I In.' , I I 

Page 4 
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Cell: C6 
Note: Range of allowaMe heating and cooling temperature 

Cell: G6 
Note: Assumes receipt at 40 degrees C 

Cell: 16 
Note: Assumes ambient temperature at Start of filling 

Cell: K6 
Note: set at the maximum permissaMe lemperature for Me MCO shell. This tempetalure is programmed to ramp up to b i s  niue. see MCO 

 eating Temperature Prorile for suggesting temperature vs. time fw this stream. 

Cell: M 6  
Note: Set based upon blower inlet temperature specifications plus 2 degrees rise for heat of mmpressm 

Cell: W6 
Note: Sel by inlet temperature reslrictm to circulation blower 

Cell: Y6 
Note: per specification 

Cell: C8 
Note: Vacuum for effective thermal resistance 

Cell: GB 
Note: Set per WHC-S0460 rev. A of 3 1  1196 

Cell: I8 
Note: Fills to thts pressure for manmum internal heat transfer 

Cell: M8 
Note: Fills to this pressure fw maximum internal heat transfer 

Cell: P8 
Note: Assumes 0.5 psi drop acrms helium heater 

Cell: Y8 
Note: per specification 

Cell: E9 
Note: Equwaknt to 150 ACFM 

=150’(459.7+32)/((459.7+68)”0.0353) 

Cell: G9 
Note: =G9’(1 O/i’60)’(273/(273+40))’(1/60) 

Cell: 19 
Note: Based upon flow set at 280 ldertlmin at 1x1 psia 

=$Ct41’($CS42/14.7)’(273/(15+273))/60 

Cell: K9 
Note: =750’(273/(273+K5))’26.3/60 

Cell: M9 
Note: =08 

Cell: N9 
Note: Manmum internal helium flow based upon Performance Specification WHC-S0460. rev A 

Cell: P9 
Note: Maximum Internal helium flow based upon Performance Specibtlon WHC-S-MW. rev A 

=$C1148’(07/i’M))’(273/(273+05)) 

Page 7 
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Cell: 0 9  
Note: =(SRS41 JRS42)’22.4/(a20.3600) 

Cell: S9 
Note: =(SRS42+SR$43)’22.4/(S2o’36W) 

Cell: U9 
Note: =(a8-am+s8’sm)/uX) 

Cell: W9 
Note: =M8 

Cell: Y9 
Note: Set based upon the capacity of the vacuum pump at openling conditions. 

Cell: AA9 
Note: = A A l Z * l W ( 2 2 . 4 B l Z F  

Cell: AE9 
Note: Based upon flow set at 280 lilers/mm a1 120 p i a  

Cell: AH9 
Note: Maximum internal helium flow based upon Performance Specification WHC-S-0460. m A 

=SCW(AG7!7W)’(273(273+AG5)) 

Cell: A19 
Note: =AG8 

Cell: AJ9 
Note: Maumum internal helium (low based upon Performance Specifcalm WHC-S-0460. rev A 

Cell: AU9 
Note: Based upon (low set at 280 liters/rnin at 120 p i a  

=AM8’(98/2) 

Cell: AM9 
Note: =(AM1 lT5.6)’22.4/$B$ll 

Cell: AP9 
Note: =SCW(AP7/14 7)’(460/(460+AP5)) 

Cell: A09 
Note: =Aa9’(lonW)’(27W(273+40))’(1160) 

Cell: AS9 
Note: =22.4‘(SASS7’(SCS41 +SCs42~(SC~(SASS5+27J)))/(ASX)’M)) 

Cell: Y11 
Note: Five volume percent of nitrogen purge per Run 23 

=Y8’0.05’3600/22.4)’2/1 OOO 

Cell: AM12 
Note: Based upon 37 kg of U02 formed over a 12 hour pwiod 

Cell: Y13 
Note: =(1 8’6WZ2.4)’SB112/1000 

Cell: AA13 
Note: =Y12 

Cell: AK13 
Note: Based upon belng a 9 8 % ~  dlluent for enough o w n  to produce 37 kg U02 over 12 hour prlod 

Page 8 
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Cell: 114 
Note: =(4/22.4)'18'3MxlllMx) 

Cell: S14 
Note: =S8'36o(rO.M)4m 4 

Cell: U14 
Note: =(013*02J+Sl3'SM)/U20 

Cell: AE14 
Note: =(AE8'3600M.4)'0.001'813 

Cell: AG14 
Note: =AG8'3.68'(BlYz2.4) 

Cell: A114 
Note: =AG13 

Cell: AS14 
Note: =0.004'(SASS77'(SC$41 +SCS42)/(SCS45'(~SS5+273)))/(ASMm0) 

Cell: L19 
Note: This IS taken from the temperature profile on spreadsheet HANHEAT3.WQl 

Cell: 019 
Note: =013'C48 

Cell: S19 
Note: =S13'C48 

Cell: AC19 
Note: Taken from Cooling Temperature Profile spreadsheet HANHEAT4.WQI 

Cell: G21 
Note: cornpuled from pumping sped IMmUla fmI Perry page 5-34 mth d c s  enclosed in appendix 

Cell: 121 
Note: =(((SCS39+SCW)'(11 Yl4.7)'(273/(15+273)))/l8)/60 

Cell: 021 
Note: Taken from MCO Temperature Profile fw heating Assumes starting heat up at 4oC 

Cell: 521 
Note: Taken from MCO Temperature Profile for heal up 

Cell: Y21 
Note: time for vacuum evacuation only 

Cell: AAZl 
Note: per specifcation 

Cell: AE21 
Note: =((C41 +C42)/(AE8*((273+Y5)73))'(14 7/C46))/60 

Cell: AQ21 
Note: from pumping speed formula of Perry 

Celt: AS21 
Note: =22 4'(SASS7'(SCS41 +SCS42)/(SCf45'(SASS+273)))ISCVU 
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cell: 523 
Note: Assumes all hydrate Water charged wdh fuel is raMved dunng heat up between xx)C and Jwc The interface listing give no more than 4 

Ibs of thts tvp of Water 

Page 10 
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HVC-6 
LBA 

7/26/96 

CALCULATIONS TO DEMONSTRATE THE TEMPERATURE 
DIFFERENCE ON THE MCO DURING COOL-DOWN 

Since issuing the 90 percent CDR, we have received calculations from Q-Metrics which 
indicate a temperature difference of approximately 150°C across the MCO when taking 
approximately 24 hours to heat the fuel to a bulk temperature of 300°C. This calculation 
was performed using finite element analysis. It supersedes the calculation submitted 
with the 90% CDR. 

It should be kept in mind that the MCO can be operated within its 100°C temperature 
difference specification by changing the temperature profile, taking longer to either heat 
or cool. We will constrain the profile with both the 5OoC rate spec and the 100°C 
gradient spec in the final MCO temperature patterned profile and intend to coordinate 
these changes with Q-Matrix through WHC. 
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GP Deliver To: Curt M Iska/ WHC 

Fax Phone: 1509 1 376-3252 Voice #: 376-7 103 
Project: SDent Fuel Thermal S IJDDO~~ Project #:E01 4N-KBasin 

Mess- 
The attached figure illustrates the estimrted wall temperatures along the MCO length 
during the heat up and cool down cycles of the hot conditioning procers. The analysis is 
based on the following assumptions: 

1) Manick's proposed approach of using 750 efm of air in a 1-inch annulus around 
the MCO. Flow procaads from bottom to top. 

2 )  Five layers of Mark IV fuel baskets with maximum decay heat. No chemical 
reaction heatlng is assumed for this analysis. 

3) MCO design wkh  the welded head. No special herd region heaters employed. 

The curves presented on the figure are deflned e$ follows: 
TPLUG - average temperature of MCO closure plug 
T3 - inlet air temperature 
TA270 - temperature of MCO aldewall at bottom 
fB7Q - 
fC70 - 
TD70 - 
TE70 - 
TF70 - " 
T d 7 0  - 
TG74 - ** 

" ' approximately 17 Inches above the bottom 
45 *a 

7 3  - 
101 " 

129 'I 

132  " 
145 

" .I 

" *  
I, I 

. I )  

09 " 

As seen from the figure, the MCO wall temperature gradient Is expected to be relativaly 
low except in the head region. Without some ron of supplemental hearlng or cooling. rhe 
closure plug will lag the average MCO wall temperature by up to  1 OOOC during heat UD end 
75°C during cool down. 

Let  me know if you have any questions. 

Attachment: Trenrient plot 
From: 
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FAX W W r n A L  B M m d E  % M r n  

Date/Tirne: 7/2/96 No. of Pages (lncludlng cover): -2- 

j. Fax Phone: 1 509 I 376-3252 

Subject: MCO Wall TemDe rature Trans ient For H e u C  ool Down 

The atrached figure illustrates the estimated wall temperatures along the MCO length 
during the heat up end cool down cycles of the hot conditioning process. The anelysis is 
based on the following assumptions: 

1) Marrick's proposed approach of using 750 cfm of air in 8 1-inch annulus around 
the MCO. Flow proceeds from bottom to  top. 

2) Five layers of Mark IV fuel baskets with maximum decay heat. No chemical 
reaction heating Is assumed for this analysis. 

31 MCO design wlrh the welded head. No special head region heaters employed. 

The curves presented on the figure are deflned as follows: 
TPLUO - average temperature of MCO closure plug 
T3 - inlet air temprrarure 
TA270 - tempera:ure of MCO sldewall at bottom ' approximately 17 Inches above the bottom 

,I 45 'I 

101 
129 '' 
132 " 
145 * 

I 9, 

" "  

f570 - " 
TC70 - 
TD70 - * 
TE70 - *' 
TF70 - " 
TG70 - 

,I 

73 ",, 

I* c TG74 - 'I 

AD seen from the figure, the MCO wall temperature cradient Is expecred to be relatively 
low except in t h r  head region. Without some sort of supplemental heating or cooling. the 
closure plug will lag the average MCO wall temperature by up to  1OPC during heat up end 
76°C during cool down. 

Let me know if you have any quertians. 

Attachment: Transient plot 6 - +3 
From: 



Deliver To: Curt Miskal WHC 

Fax Phone: 1509 1 376 
nt Fuel T-rt Project #:FO14N-KBasin 

The attached figure Illustrates the estimated average CTSNF), maximum (TFMAX). and 
minimum (TFMIN) fuel element temperatures during the heat up and cool down cycles of 
the hot condltloning process. The plot is a companion to the plot faxed to  you on 7/2. In 
addition to  the analyslr asrumptionn described in that tax, the following pertinent facts 
need KO be added: 

1) no crcdlt is taken for heating and coollng via the feed gases. 
2) OnIy 'cleun" Mark IV fuel Is assumed. A thermal model wkh sludge coated fuel 

and the latest fuel basket design Is being created and checked out. 

Let me know if you have any qoesfions. 

Atischrnem. Transient plor 
From: 



MCO HeatufdCobCdom Transieent 
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QI 

Vacuum Pumping System Coders 

C, Air @ Ambient Conditions = 0.0181 BTU/Ft3 

Qi 

MCO 

Mass Flow H, 

1 0 ~ t '  68 460 0.0103# 
X-- = 0.0527 #/Min H e  

Min 572460 Ft3 

H, Heat Load Q, 
0.0527#/He 60Min 1.25BTU (212-572)" F 

X- X =- 1423BTU / Hr 
Min Hr #OF 

H, Heat Load Q, 

0.0527#lH, 60Min 1.25BTU (100-212)" F 
X-X- X - 443 BTU / Hr 

Min Hr # O F  

20 SCFM each for Air Cool in 

0.0181 BTU 20Ft3 60Min 
Ft3 " F  Mm Hr 

X-X-- -21.72 BTU I Hr " F  

Q, Load -X-- -69"FTemp Rise 
1423BTU Hr'F 

Hr 2172BTU 
443 BTU Hr " F  

Q2 Load -X-- -20.4"FTemp. Rise 
Hr 2172BTU 

20 SCFM 
70' F 



MCO Cooling System cool& 
MCS-CLR-1153 

Assume 82.000 Btuhr max duty which is the rate of heat transfer for an MCO temperature 
change of 50" C per hour. 

CASE # I :  High Temu Case 572" F Air @ 750 ACFM 

750 Ft3 (68 x 460) 0.075 ' 60 m 
= 1726 #/Hr -- 

m (572 + 460) Ft3 Hr 

82,000Btu Hr # "F ~ - -  = 197" F 
Hr 1,726 # .241 Btu 

\ IO GPM Cooling H,O 10 GPM 
/ 

@SO' F ) -+@?66.4'F 

606.8 ACFM 82,000 BNfi 750ACFM & 

375'F 572' F 
\ 

82,000BTU # " F  GPM ATH,O = X- X- = 16.4" F Hr IBTU IOGPM 5 O O # R I r  
375 i 460 
572 + 460 

750 ACFM ___ = 606 8 ACFM@375" F 



CASE #2. Low Temp Case 300' F AirQ750 ACFM 

@SO" F ' 
606.9 ACFM 

@155" F 

750 Ft3 68+460 0.075' 60 m 
= 2.345 #/Hr - ~ - _ _  

m 300+400 Ft' Hr 

w+ @66 C F 

82,000 Btu/Hr 750ACFM & 
\ 

300' F 

82,000Btu Hr # "F ~ - _ _ _  - - 145" F 
Hr 2.345' 0.241 Btu 

75OFt' 155+460 
n 300+460 

= 606ACFMa155" F -___ 
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INTRODUCTION: 

The following report summarizes results taken from a simulated run of a model created 
in WITNESS Release 7.0. WITNESS can simulate real events through random number 
generation and will create reports documenting inputs into the model as well as results 
from the actual run. The following statistics report details the activity of each block 
during the simulated run. The following summary report describes the characteristics of 
each block and thus how they behaved in the model. Any questions regarding report 
interpretation should be directed at Memck. 

PURPOSE: 

The purpose of this model is to calculate the approximate process time for 10 casks 
through a hot condiiioning process. 

ASSUMPTIONS: 

1. All information for the model, except for shift times, was supplied by the block 
flow diagram, Figure 2.1-1, Hot Conditioning Model Operating Sequence. 
This included identification of each process, order of processes, process 
times, decision blocks, and percentages on yeslno decisions. 

2. Decision blocks that did not indicate a penantage were assigned a 50/50 
chance yes or no. 

3. Only one item could be processed for each cycle. 
4. Shift times were input to the model. It was assumed seven days on, no days 

off. Each day on consisted of three 8 hour shifts. 
5. No statistical or deterministic breakdowns were included in the model. 
6. The model had an infinite amount of labor available, i.e. tasks were not 

resource constrained. 
7. Ten (10) complete operations would be modeled. 
8. An allowance of 24 hours was placed in the model between cycle completion 

and restart to allow for any clean up or preparatory activities, 

CONCLUSION: 

The model determined it would take approximately 115.52 hours to process each cask 
through the entire process. To process ten casks consecutively, approximately 
1,410.30 hours would be required: this is roughly 59 days, or 8.5 weeks. Of course, 
these results are largely based on the above assumptions. Consideration should be 
given that these assumptions are valid. 



STATISTICS REPORT: 

Time: 1410.30 

PART STATISTICS REPORTED BY ON-SHIFT TIME 

Name Entered Shipped Scrapped Assembled Rejected W.1.P W.1.P Time 
Number Number Numbr Number Number Av. Av. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
puck 21 0 0 20 0 1 1.44 96.48 

BUFFER STATISTICS REPORTED BY ON-SHIFT TIME 
Total Total Average Av. after Delay 

Name in out Now in Max Min Size Time NO. Time 

holdpuck 10 10 0 1 0 0.00 0.00 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

MACHINE STATISTICS 
Number 

Name of ops. 

sel-oven lo 
. . . . . . . . . . . . . . . . . . . . .  

move-MHM 

lowr-MCO 

mov-cell 

con-cell 

opn-valt 

plac-cvr 

att-covr 

rem-cvr 

inst-cvr 

inst-val 

opn-valv 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

99.88 Busy : 0.12 

99.88 Busy : 0.12 

99.88 Busy : 0.12 

99.82 Busy : 0.18 

99.94 Busy : 0.06 

99.88 Busy : 0.12 

99.88 Busy : 0.12 

99.88 Busy : 0.12 

99.82 Busy : 0.18 

99.94 Busy : 0.06 

99.88 Busy : 0.12 

99.82 Busy : 0.18 

REPORTED BY ON-SHIFT TIME 

*Stopped %Waiting 

Blocked : 0.00 Setup : 0.00 
setup : 0.00 cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
setup : 0.00 cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 
Down . : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
setup : 0.00 Cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 
Down : 0.00 Repair : 0.00 
Blocked : 0.00 Setup : 0.00 
Setup : 0.00 Cycle : 0.00 

__-- -____--_____________________ 



evac-MCO 

f i 11-MCO 

leak-chk 

passleak 

cls-valv 

disc-vlv 

clngort 

Inst-vlV 

insl-cvr 

cls-valt 

het-cycl 

sun-cel 

discproc 

remvproc 

purg-vac 

pcrftest 

accept 

addgurg 

coolpass 

10 99.76 Busy : 0.24 

10 99.94 Busy : 0.06 

12 99.79 Busy : 0.21 

12 99.99 Busy : 0.01 

2 99.99 Busy : 0.01 

2 99.99 Busy : 0.01 

2 99.99 Busy : 0.01 

2 99.99 Busy : 0.01 

10 99.94 Busy : 0.06 

10 99.94 Busy : 0.06 

10 91.49 Busy : 8.51 

10 99.65 Busy : 0.35 

10 99.94 Busy : 0.06 

10 99.82 Busy : 0.18 

10 65.96 Busy : 34.04 

11 98.44 Busy : 1.56 

11 99.99 Busy : 0.01 

1 98.30 Busy : 1.70 

10 91.49 Busy : 8.51 

Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
DOvn : 0.00 
Blocked : 0.00 

D ~ w n  : 0.00 
Setup : 0.00 

Blocked : 0.00 
setup : 0 . 0 0  
Down : 0.00 
Blocked : 0.00 

Down : 0.00 
Setup : 0.00 

Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 

Blocked : 0.00 

Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 

Blocked : 0.00 
setup : 0.00 

Down : 0.00 

setup : 0.00 

Down : 0.00 

Repair : 
setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
setup : 
Cycle : 

Repair : 
setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 

Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 

Repair : 
setup : 
Cycle : 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0 . 0 0  
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Name _ _ _ _ _ _ _ _  ~ 

evacMCO 

passgas 

passger 

cooldown 

evacMCO2 

fill_& 

move-in 

corm-cel 

openvalt 

remvcovr 

ClOS~MCO 

weldcovr 

instweld 

weldroot 

vis-insp 

clenweld 

accept2 

grind 

rep-weld 

Number 
of 9 s .  %Idle %Cycle 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

10 99.76 Busy : 

10 99.94 Busy : 

10 91.49 Busy : 

10 92.91 Busy : 

10 99.76 Busy : 

10 99.94 Busy : 

10 99.82 Busy : 

10 99.94 Busy : 

10 99.88 Busy : 

10 99.94 Busy : 

10 99.82 Busy : 

10 99.88 Busy : 

10 99.76 Busy : 

10 99.65 Busy : 

14 99.83 Busy : 

14 99.83 Busy : 

14 99.98 Busy : 

4 99.93 Busy : 

4 99.93 Busy : 

0 . 0 6  

8.51 

7.09 

0.24 

0.06 

0.18 

0.06 

0.12 

0.06 

0.18 

0.12 

0.24 

0.35 

0.17 

0.17 

0.02 

0.07 

0.07 

%Stopped %Waiting 

Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0 . 0 0  
Down : 0.00 
Blocked : 0.00 
setup : 0 . 0 0  
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0 . 0 0  
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0 . 0 0  
Blocked : 0.00 
setup : 0 . 0 0  

Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 

Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0 .oo 
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Number 

Name of 9 s .  %Idle %Cycle %Stopped %Waiting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

soak 

aply-die 

remv-die 

aply-dev 

bleed 

inspect 

cleen 

accept3 

grind2 

reprweld 

rnakecovr 

visinsp2 

accept4 

covrpass 

grind3 

repveld 

vismsp3 

accept5 

grind4 

15 99.82 

15 99.82 

15 99.73 

15 99.82 

15 99.82 

15 99.91 

15 99.82 

15 99.98 

5 99.91 

5 99.91 

10 99.65 

10 99.88 

10 99.99 

10 99.65 

0 100.00 

0 100.00 

11 99.87 

11 99.99 

1 99.98 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

0.18 

0.18 

0.27 

0.18 

0.18 

0.09 

0.18 

0.02 

0.09 

0.09 

0.35 

0.12 

0.01 

0.35 

0.00 

0.00 

0.13 

0.01 

0.02 

Down :. 
Blocked : 

Down : 
Blocked : 

Down : 
Blocked : 
setup : 
Down : 
Blocked : 
setup : 
Down : 
Blocked : 
Setup : 
Down : 
Blocked : 

Down : 
Blocked : 

Down : 
Blocked : 

Down : 
Blocked : 

Down : 
Blocked : 
Setup : 
Down : 
Blocked : 

Down : 
Blocked : 

Down : 
Blocked : 

Down : 
Blocked : 

Down : 
Blocked : 

Dovn : 
Blocked : 
setup : 
Down : 
Blocked : 

Down : 
Blocked : 
setup : 
Down : 
Blocked : 
Setup : 

setup : 

setup : 

setup : 

setup : 

setup : 

setup : 

setup : 

setup : 

setup : 

setup : 

setup : 

setup : 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0 .oo 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  

Repair : 
setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 

setup : 
Cycle : 
Repair : 
setup : 
Cycle : 

setup : 
Cycle : 

Repair : 

Repair : 

Repair : 
Setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 

Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
Setup : 

Repair : 
Cycle : 

setup : 
Cycle : 

0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0 .oo 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
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repaweld 

corpass2 

visinsp‘l 

accept6 

grind5 

repawld 

cvrpass3 

vi 8 1nsp5 

accept7 

grind6 

repr-wd 

cvrpasarl 

visinsp6 

accept8 

grind7 

repr-wl d 

apply-dl 

soke 

remov-di 

1 99.98 

10 99.65 

10 99.88 

10 99.99 

0 100.00 

0 100.00 

10 99.65 

13 99.85 

13 99.98 

3 99.95 

3 99.95 

10 99.65 

10 99.88 

10 99.99 

0 100.00 

0 100.00 

12 99.86 

12 99.86 

12 99.79 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

0.02 

0.35 

0.12 

0.01 

0.00 

0.00 

0.35 

0.15 

0.02 

0.05 

0.05 

0.35 

0.12 

0.01 

0.00 

0.00 

0.14 

0.14 

0.21 

Down : 
Blocked : 
Setup : 
Down : 
Blocked : 

Down : 
Blocked : 
setup : 
Down : 
Blocked : 
Setup : 
Down : 
Blocked : 

Down : 
Blocked : 
setup : 
Down : 
Blocked : 
Setup : 

Blocked : 
setup : 
Don : 
Blocked : 
setup : 
D o n  : 
Blocked : 

Down : 
Blocked : 

Down : 
Blocked : 
Setup : 
Down : 
Blocked : 
Setup : 
Down : 
Blocked : 
Setup : 
Down : 
Blocked : 
setup : 
Down : 
Blocked : 
setup : 
D o n  : 
Blocked : 
Setup : 
D m  : 
Blocked : 
setup : 
D o n  : 
Blocked : 
Setup : 

setup : 

setup : 

Down : 

setup : 

Setup : 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

Repair : 0.00 
setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
Setup : 0.00 

Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
setup : 0.00 
Cycle : 0.00 

Cycle : 0.00 

Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
Repair : 0.00 
Setup : 0.00 
Cycle : 0.00 
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Numbcr 
of Dps. %Idle _ _ _ _ _ _ _ _ - - - - _ - _ - - - -  

12 99.06 

12 99.06 

Waiting %Stopped - - - - _ _ _ - _ _ _ _ _ _ _ _ _  
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0 . 0 0  
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 

Down : 0.00 
Blocked : 0.00 

Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
Setup : 0.00 
Down : 0.00 
Blocked : 0.00 

setup : 0.00 

setup : 0.00 

setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 
Down : 0.00 
Blocked : 0.00 
setup : 0.00 

- _ _ _ -  
0 .oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Repair : 

setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
Setup : 
cycle : 
Repair : 
setup : 
Cycle : 

setup : 
cycle : 

setup : 
cycle : 

Repair : 

Repair : 

Repair : 
Setup : 

Repair : 
Cycle : 

setup : 
Cycle : 

setup : 
Cycle : 

Cycle : 

Repair : 

Repair : 
Setup : 

Repair : 
Setup : 
Cycle : 

Busy : 

bleed2 Busy : 0.14 

0.07 inspect2 

cleen2 

12 99.93 Busy : 

12 99.06 

12 99.99 

Busy : 

Busy : 

0.14 

0.01 

0.04 

0.04 

0.71 

0.71 

0.35 

accept9 

2 99.96 Busy : grind0 

repr-we1 

remvtrap 

2 99.96 Busy : 

10 99.29 

10 99.29 

Busy : 

Busy : new-trap 

10 99.65 wastdrum Busy : 

remvshed 

hot-t rap 

topshiel 

tie-bag 

closdrum 

10 99.00 

10 99.00 

10 99.00 

10 99.02 

10 99.00 

Busy : 

Busy : 

Busy : 

Busy : 

Busy : 

0.12 

0 . 1 2  

0.12 

0.10 

0.12 

undocovr 

rem-covr 

closvalt 

survcell 

10 99.00 

10 99.94 

10 99.94 

10 99.65 

Busy : 

Busy : 

Busy : 

Busy : 

0.12 

0.06 

0.06 

0 . 3 5  



Name _ _ _ _ _ _ _ _ _ -  
disccell 

remvcell 

movinMHM 

pull-MCO 

removMHM 

next-MCO 

regroup 

Number 
of Ops. %Idle, %Cycle %Stopped 
___________________-____________________-- - - - -  

Down : 0.00 
10 99.94 Busy : 0.06 Blocked : 0.00 

Setup : 0.00 
Down : 0.00 

10 99.82 Busy : 0.18 Blocked : 0.00 
Setup : 0.00 
Down : 0.00 

10 99.88 Busy : 0.12 Blocked : 0.00 
Setup : 0.00 
Down : 0.00 

10 99.88 Busy : 0.12 Blocked : 0.00 

Down : 0.00 
10 99.88 Busy : 0.12 Blocked : 0.00 

setup : 0.00 
D m  : 0.00 

10 97.87 BUSY : 2.13 Blocked : 0.00 

Down : 0.00 
9 84.68 Busy : 15.32 Blocked : 0.00 

Down : 0.00 

setup : 0.00 

setup : 0.00 

Setup : 0.00 

VARIABLE STATISTICS 

%Waiting 

Repair : 
Setup : 
Cycle : 
Repair : 
setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 
Setup : 
Cycle : 
Repair : 

_ - _  _ _ _ _ _  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

REPORTED BY ON-SHIFT TIME 

'-----.--------- value(s) - - - - - - - - - - - - - - - - - >  Name Indices 

counter lo 
_________________--_____________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

SHIFT STATISTICS REPORTED BY ON-SHIFT TIME 

Name On-Shift Off-Shift Completed Shifts 

worktime 100.00 0.00 8 

SUMMARY REPORT: 

HCSE-1 Report 

PART SUMMARY 
Maximum Attribute Output Actions Part Contains 

Name arrivals type Group rule C L route fluids Rep 
________________________________________-----------------------------. 

puck 1 Variable 1 Push N N No No Yes 

BUFFER SUMMRRY 
Output <-Actions-> 

Name Qty Delay Capacity Input Dim. Rule I 0 Min Max Rep 

holdpuck 1 None 1000 Rear Front First N N N N I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



MACHINE SUMMRRY 
Lab Input Output Actions Fluid rules 

Name Qty Type R C Down rule rule S F B R F E Rep 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
sel-oven 
move-MHM 
lowr-MCO 
remv-MHM 
mov-cel 1 
con-cell 
opn-Val t 
plac-cvr 
at t-COVr 
rem-cvr 
inst-cvr 
ins t-Val 
opn-valv 
evac-MCO 
fill-MCO 
leak-chk 
passleak 
c 1 s-valv 
disc-vlv 
clngort 
inst-vlv 
insl-cvr 
cls-valt 
her-cycl 
surv-cel 
discproc 
remvproc 
purg-vac 
perf test 
accept 
addgurg 
coolpass 
evacMCO 
pass-gas 
passqer 
cooldom 
evacMCO2 
f i 11-He 
move-in 

openval t 
rcmvcovr 
clos-MCO 
weldcovr 
instweld 
weldroot 
vis-insp 
clenweld 
accept2 
grind 
rep-weld 
soak 
aply-die 
rem-die 
aply-dev 
bleed 

COM-CCl 

1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Production 
1 Single 
1 Single 
1 Single 
1 Single 
1 Assembly 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 
1 Single 

N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 
N N  N 

Pull 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
wait 
Wait 
Wai t 
Wait 
Wait 
wait 
Wait 
Wait 
wait 
Wait 
Wait 
wait 
Wait 
Wait 
Wait 
Wait 
Wait 
wait 
wait 
Wait 
Wait 
Wait 
wait 
Wait 
wait 
Wait 
Wait 
wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 
Wait 

Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Percent 
Push 
Push 
Push 
Push 
Push 
Sequence 
Push 
Push 
Push 
Push 
Push 
Push 
Percent 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Push 
Percent 
Push 
Push 
Push 
Push 
Push 
Push 
Push 

N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 
N N N N  N N I 

6 - 6 0  
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Lab Input Output Actions Fluid 
Name Qty Type R C Down rule 

inspect 1 Single N N N Wait 
cleen 1 Single N N N Walt 
accept3 1 Single N N N Wait 
grind2 1 Single N N N Wait 
repweld 1 Single N N N Wait 
makecovr 1 Single N N N Wait 
vrsmsp2 1 Single N N N Wait 
accept4 1 Single N N N Wait 
covrpass 1 Single N N N Wait 
grind3 1 Single N N N Wait 
repveld 1 Single N N N Wait 
visinsp3 1 Single N N N Wait 
accept5 1 Single N N N Wait 
grind4 1 Single N N N Wait 
repaveld 1 Single N N N Wait 
corpass2 1 Single N N N Wait 
visinsp4 1 Single N N N Wait 
accept6 1 Single N N N Wait 
grind5 1 Single N N N Wait 
repawld 1 Single N N N Wait 
cvrpass3 1 Single N N N Wait 
visinsp5 1 Single N N N Wait 
accept7 I Single N N N Wait 
grind6 1 Single N N N Wait 
repr-wd 1 Single N N N Wait 
cvrpass4 1 Single N N N Wait 
visinsp6 1 Single N N N Wait 
accept8 1 Single N N N Wait 
grind7 1 Single N N N Wait 
repr-wld 1 Single N IT N Wait 
apply-di 1 Single N N N Wait 
eoke 1 Single N N N Wait 
remov-di 1 Single N N N Wait 
aplydevl 1 Single N N N Wait 
bleed2 1 Single N N N Wait 
1nspect2 1 Single N N N Wait 
cleen2 1 Single N N N Wait 
accept9 1 Single N N N Wait 
grind8 1 Single N N N Wait 
repr-vel 1 Single N N N Wait 
remvtrap 1 Production N N N Wait 
new-trap 1 Single N N N Wait 
wastdrum 1 Single N N N Wait 
remvshed 1 Single N N N Wait 
hot-trap 1 Single N N N Wait 
topshiel 1 Single N N N Wait 
tie-bag 1 Single N N N Wait 
closdrum 1 Single N N N Wait 
undocovr 1 Assembly N N N Wait 
rem-covr 1 Single N N N Wait 
closvalt 1 Single N N N Wait 
survcell 1 Single N N N Wait 
disccell 1 Single N N N Wait 
remvcell 1 Single N N N Wait 
movinMHM 1 Single N N N Wait 
pull-MCO 1 Single N N N Wait 
removMHM 1 Single N N N Wait 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
rules - 
rule S F 8 R F E Rep 

Push N N N N  N N I 
Push N N N N  N N I 
Percent N N N N N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Percent N N N N N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Percent N N N N N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Percent N N N N N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Percent N N N N N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Percent N N N N N N I 
Push N N N N  N N 1 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Percent N N N N N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Sequence N N N N N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
Push N N N N  N N I 
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Lab Input Output Actions Fluid n l e s  - 
Name Qty Type R C D o n  rule rule S F B R F E Rep 

next-MCO 1 Single N N N Wait Push Y Y N N N N I 
regroup 1 Single N N N Walt Push N N N N N N I 

________________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

VARIABLE SUMMARY 

Name Quantity Type 

counter 1 Integer 
_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  

SHIFT SUMMARY 
Actions 

Name Type Periods Total work Time Overtime S E Rep 

worktlme Main 7 168.00 168.00 0.00 N N Yes 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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APPENDIX H -VENDOR CUT SHEETS 

1 .o 

2.0 

3.0 

4.0 

5.0 

6.0 

STACK MONITORING 

A-1 000 
A-2000 
A-3000 
A-3001 
A4000 
A4001 

A-6000 
A-5000 

BetalGamma Particulate Monitor (1) 
BetalGamma Particulate Monitor (1) 
AlphalBeta Particulate Monitor (1) 
Tritium Monitor (1) 
AlphalBeta Particulate Monitor (1) 
Tritium Monitor (1) 
Record Air Sampler (1) 
Record Air Sampler (1) 

CHILLED WATER SYSTEM 

CH W-AC C-202 1 
CHW-CH-2026 Chiller (1) 
CHW-P-2022 
CHW-P-2023 

COOLING WATER SYSTEM 

CW-ACC-2011 Expansion Tank (1 ) 
CW-HX-2014 GlycollCooling Water Exchanger (1) 
cw-P-2012 Cooling Water Pump (1) 
cw-P-2013 Cooling Water Pump (1) 

MCO COOLING SYSTEM 

MCS-CLR-1x53 MCO Chiller Exchanger (6) 

PROCESS ENCLOSURE 

Remote Manipulator (1) 
Weld Head (1) 

PROCESS HEATING SYSTEM 

PHS-BLO-1 X51 HeatlCool Blower (6) 
PHS-HCL-1x52 MCO Heating Element (6) 

Expansion Tank (1) 

Chilled Water Circulation Pump (1) 
Chilled Water Circulation Pump (1) 

..- c 

H - i i  
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APPENDIX H -VENDOR CUT SHEETS 

7.0 PROCESS VENT 

PV-BLO-2043 
PV-BLO-2046 
PV-F-1 X71 
PV-F-2041 
PV-F-2042 
PV-F-2044 
PV-F-2045 

8.0 VACUUM SYSTEM 

Vent Blower (1) 
Vent Blower (1) 
MCO Vault Filter (6) 
Main Vent HEPA - First Stage (1) 
Main Vent HEPA - Second Stage (1) 
Main Vent HEPA - First Stage (1) 
Main Vent HEPA - Second Stage (1) 

VAC-VAC-3041 
VAC-VAC-3042 

Main Dewar Vacuum Pump (1) 
Main Dewar Boost Pump (1 ) 

9.0 VACUUM PUMPING SYSTEM 

VPS-BLO-1XOG 
VPS-CLR-1 X03 
VPS-F-1x02 
VPS-F-1x07 
VPS-HCL-1 X05 
VPS-VAC-1x04 

He Recirculation Blower (6) 
MCO Vent Cooler (6) 
MCO Vent HEPA (6) 
MCO Vent HEPA (6) 
MCO Vent Heater (6) 
MCO Vent VacuumKirculation Pump (6) 

H - iii 
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SELF-CONTAINED MICROCOMPUTER-BASED 
UNIT FOR MONITORING STACK EFFLUENTS 
AND WORK AREAS 

FEATURES INCLUDE: DIGITAL DISPLAYS, 

CURACY AND SENSITIVITY, SIMPLE TO 
OPERATE AND MAINTAIN 

BACKGROUND SUBTRACTION, HIGH AC- 

854,WO ey A D I V I S I O N  O F  - Thermo 
Eberline E Electron PING.: 

COR P OR AT1 0 N 
MuL 22 tl-l 



WH-CSD-SNF-CDR~7. REV. C - 
? .  

Model PING-3B 
Particulate, Iodine and Noble Gas Air Monitoring System 

GENERAL DESCRIPTION 
The Model PING-3B Is a mlcrocomputer- 
based, cart-mounted monitor designed to 
measure the alrborne concentration or stack 
emission rates of radioactive particulates, 
iodine. and noble gas. The PINGJB is simple 
to operate and maintain, contalnlng all of the 
necessary hardware and programming (sofl- 
ware) to be a complete, stand-alone system. A 
simple, easy-tc-understand keyboard allows 
the operator to Input Operating parameters 
and request current or historical data for hard- 

SPECIFICATIONS 

MICROCOMPUTER 
The microcomputer handles eight channels: 
one each for particulate and Iodine, two for 
noble gas, and four for background subtrac- 
tion. 
It accumulates count data from each detec- 
tor, then computes count rates and subtracts 
user specified background factors. 
It determines, annunciates and logs Status 
changes to the printer for each channel and 
controls the alarm lights and check sources. 
The microcomputer computes and retains the 
average net count rate in history files for each 
channel. The PING-38 automatically prints 
(logs) the one-hour history files for any or all 
channels at a user-specified time each day 
and can optionally log the ten-minute files 
every four hours. Files are maintained for the 
past 24 one-minute, ten-minute, one-hour and 
one-day averages. 
History file information can be averaged, in- 
tegrated or differentiated. In addition, the 
microcomputer can calculate the average 
release rate for a history file based on 
discharge rate when the PING9B is used as a 
stack or duct monitor. 
Battery-backed random access memory 
enables the PlNGlB to retain channel 
parameter files In the event of a complete 
loss of power to the system. 
Continuous flow and pressure inputs from a 
new solid-state flow sensor combined with 
new programming enables the PINGSB to 
perform derived concentration calculations on 
fixed filter channels resultlng In readouts In 
unlts of &I/cm*. Absolute Dressurn 

12-84 

copy output. The microcomputer monitors the 
operation of the detectors and Dumpinp 
system, does all of the calculations. and com- 
municates wlth the keyboard. printer, digital 
dlaplays and alarm system. Eberline's data 
acquisition methods and background subtrac- 
tion features yield the lowest possible 
mlnlmum detectable concentration from a 
given detector configuration. The PING-3B Is 
ideal for backflttlng at existing nuclear power 
plants that have analog systems. 

measurementa made by the flow sensor allow 
the microcomputer to correct the noble gas 
madlngs for variations In chamber pressures. 

SECURITY 
Two key-locked switches provide security 
against unauthorized operation or modifica- 
tion of channel parameter flies. The first key 
Is necessary to allow operator commands 
such as "pump on" and "check source". The 
second, and highest priority key, is necessary 
to alter data base parameters such as alarm 
setpoints. 

DISPLAY 
The Eberline Display 111 Is a LED (light emlt- 
ting diode) dlsplay module used to display 
current channel readings. The format of the 
data dlsplay Is three significant mantissa 
diglts wlth a l 'hdlglt  exponent (lo+'' max- 
imum). An array of SIX lights display the cur- 
rent status of the selected channel. The chan- 
nel to be dlsplayed Is selected by a thumb- 
wheel switch located on the display panel. 

PRINTER 
The printer assembly consists of a new and 
highly reliable 40 column, 7 x 7 dot matrix 
printer. This printer has been used worldwide 
in retail. financial and industrial terminals, 
and has a mean printhead life expectancy of 
1.5 x 1V characters. The new printer is one of 
the most significant improvements incor- 
porated into the PING-38. As part of 
Eberline's continuing effort to support current 
PING-3 users, the new printer Is now available 
in a PING-3 printer upgrade kit. 



KEYBOARD 
The keyboard is the communication point 
from man to machine and has two subgroups. 
One group is the instruction pad, and the se. 
cond group is the data pad. All commands 
begin with a single entry via the instruction 
pad, followed by an entry or entries via the 
data pad, and are terminated with the ENTER 
key. Numerical data (calibration constants, 
etc.) are entered in fixed decimal point scien 
tific notation. The instruction and data pads 
are color-keyed according to function. 

SAMPLER AND DETECTOR SUBSYSTEM 
An Eberline Model SA-13 sampler assembly 
contains sample chambers for particulate, 
iodine, and noble gas in one compact, 4 r  
lead-shielded assembly (3 inches of lead 
shielding with 1 inch of lead between detec- 
tors). 

PARTICULATE 
Fixed Filter: 47-mm-diameter, Millipore SM is 
recommended. (Part No. FIFPlIS) 
Detector. Eberline Model RDA-3A, beta scin- 
tillation detector with the Model RDS.1 solid- 
state alpha detector for radon background 
subtraction. 
Nominal Sonsltivlty (at flow rates of 60 Umin): 
"7Cs = 5 cpmlh for 1 x lo-" pCllcm'. 
W S r - T  = 8.8 cpmlh for 1 x lo-" pCllcms, 
V c  = 3.8 cpmlh for 1 x lo-" pCllcms. 
Range: Approximately 10 -" to 10 -* pCllcma. 
Background Approximately 25 cpm (depen- 
ding on geographic location) plus 10 cpm per 
mWh of external la7Cs field. Both fixed and 
"live" background sources may be specified 
for background subtraction. A solid-state 
alpha detector provides a means of subtrac- 
ting out the build-up of radon daughters on 
the filter, and the area monitor provides a 
means of subtracting gamma background. 
The noble gas effect can be subtracted via a 
portion of the low-range gas channel data. 

IODINE 
CJrtridge: 2-inch-diameter x %-inch-thick 
metal-cased cartridge containing TEDA im- 
pregnated charcoal (Pan No. FIFCIl4). Silver 
zeolite cartridges are available upon request. 
Detector: Eberline Model RDA-2A 2-inch- 
diameter x 2-inch-thick Nal(TI) crystal with a 
'.'Am seed embedded for automatic gain 
stabilization for drift-free pulse-height 
analysis. 

Nominal Senrltlvlty "'1 = 3.5 cpmlh for 1 x 
10-l'pCllcma at a flow rate of 60 Umin. 
Range: Approximately lo-"  to lo-' pCi/cma. 
Background: Approximately 45 cprn (depen- 
ding on geographic location) plus 15 cpm per 
mR/h of external gamma which is sub. 
tracted via the adjacent energy window. 

NOBLE GAS (LOW RANGE) 
Volume: 2.65 inches in diameter x 3 inches 
deep (270 erns volume). Approximately 35 cm' 
of the volume is taken up by the noble gas 
detector. 
Detector. Eberline Model RDA-JA beta scin- 
tillation detector, 2-Inchdiameter x 0.010- 
inch-thick plastic with 1.6 mglcm' aluminized 
Mylar" window. 
Nomlnd Sonaltlvfv. 
'=Xe = 28 cpm for 1 x lo-*  &l/cma 

at 14.7 psia; 
'Kr = 41 cpm for 1 x lo-* FCIlcm' 

Range: Approximately lo-' to lo-' &l/cm' 
lUXe equivalent. 
Background Approximately 25 cpm (depen- 
ding on geographic location) plus 10 cpm per 
mWh of external 
determined fraction of the background chan- 
nel is subtracted to correct for gamma 
background. 

at 14.7 psia. 

field. An empirically 

NOBLE GAS (INTERMEDIATE RANGE) 
Volume: 2.65 inches in diameter x 3 inches 
deep (270 cm' volume). This is the same 
volume viewed by the low range noble gas 
detector. (Approximately 35 crn' of the volume 
is taken up by the noble gas detector.) 
Detector. Eberline energy-compensated 
Geiger-Mueller (G-M) tube. 
Nomlnd Sensltlvl~. 
'"Xe = 0.41 cpm for 1 yBq MeVlcm' 

(5.99 x lo-' pCllcml) at 14.7 psia, 
YKr = 0.61 cpm for 1 YBq MeVlcma 

(0.01 pCllcml) at 14.7 psia. 
Range: Approximately lo-' to lff pCi/cm* 

equivalent (1 to 10' YBq MeV/cm.). 
BJCkgrofJnd Approximately 0.5 cpm (dopen. 
ding on geographic location) plus 1 cpm per 
mRlh of external "co field. An empirically 
determined fraction of the background chan- 
nel (Identical detector in the lead shield) is 
subtracted tor background compensation. 



AREA MONITOR 
A gamma-detecting area radiation monitor 
which has a range of 0.01 to 100 mRlh is 
included. 

MISCELLANEOUS SPECIFICATIONS 
Electronics: Eberline Interface Boxes. Models 
18.2 IB-3C and IWA,  which contain the 
detector high voltage. signal amplifier and 
line driver, and provide the function of inter- 
facing the detectors to the microcomputer. 
Battery Backup: The PING96 contains a bat- 
tery which powers the electronics for 8 hours 
in the event of a loss of external power. This 
insures against information being lost from 
the microcomputer's memory. 
Check Source: There is a motor-driven check 
source assembly for each of the monitoring 
channels, except the intermediate range no- 
ble gas. Installed sources include a 30 NCi 
jnCs for particulate and low range noble gas, 
a 0.5 NCi '%a for iodine, and a 0.3 FCi 
*Sr-"Y for area monitor (NRC license re- 
quired). The check source is completely 
shielded from the detector in a retracted posi- 
tion, and It is actuated either individually or 
as a group by keyboard request. 
Analog Signal Input: The acquisition of an 
analog signal may be desirable in the event 
the PING-3B is used as a stack monitor. A 
signal can be acquired which is represen- 
tative of the stack flow rate and used in com- 
putations of radioactive effluent release rates. 
Six channels of analog input are standard 
with the PING-38. Two of the channels are us- 
ed for input of absolute and differential 
pressure from the installed transducers with 
four channels of input available for other 
signals. 

PUMP AND FLOW INDICATION SYSTEM 
Pump: Eberline Model RAP4 with adjustable, 
regulated flow to a maximum flow of 
110 Umin. Recommended sample flow rate is 
60 Umln. 
Flow Indlcatw. The flow measurement system 
consists of absolute and differential pressure 
transducers which pass information to the 
microcomputer. This information is then used 
to calculate the mass flow rate of the 
monitored air stream. The current sample flow 
rate in liters per minute may be viewed at any 
time by selecting Channel 15 on the digltal 
display. Channel 14 displays the sample 
pressure. This solid-state flow transducer 
system is used to correct problems defined 
by NRC Notice 8249. 

MEC'HANICAL SPECIFICATIONS 
Size: 36.4 inches wide (44.5 inches wlth 
handles) x 31.75 inches deep x 50.1 inches 
high (0.92 m x 0.81 m x 1.27 m) wlth casters. 
Weight: Approximately 1500 pounds (682 kg). 
Opemtlng Tempentun: 32 *F to 122 'F (0 *C 

Power Requirements: 115 Vac, 60 Hz at 15 A 
maximum (typically 7 A running). (220 Vac, 
50 Hz optional.) 
Inlet and Outlet Connections: 1.inch-o.d. 
(2.54 cm) tube-compression fittings. 

to 50 'C). 

OPTIONS 
Hlgh Range Noble Qma Detector 
An Eberline Model SA-9 detector assembly 
providing 3 inches (7.6 cm) of lead shieldlng 
in a 4% configuratlon. 
Detector. Energycompensated G-M tube wlth 
0.7 &I ' 5 r  - 9 check source which views a 
portion of a 1-inch stainlesssteel plpe run- 
ning through the SA-9. 
Nomlnal Sonrltlvlty: 0.01 cpm per TBq 
MeVIcm' at 14.7 psia 
Range: 1 to 1 0  pCIIcm' *-Xe equivalent. 
Background Background compensatlon is ac- 
complished by automatically subtractlng a 
portion of the signal from the G-M detector 
Imbedded In the SA-13 lead block 

Analog Signal Output Option 
Occasionally It is desirable to output a signal 
which is representative of the radiation level 
sensed by a particular detector in the 
PING-3E. This is made possible by the analog 
output option which is a 4 to 20 mA current 
loop. Any or all of the measurement channels 
may have this option except Channel 2 (alpha 
particulate). 

Manual PurgeIGnb Sample Option 
This option provides the necessary valves and 
plumbing to ailow purging the PING-3B and to 
allow grab sampling. All valves included In 
this option are manually-operated. stainless- 
steel valves. 

A D I V I S I O N  O F  - Therm0 
Eberline E Electron 

f O R P O R A T I D N  
P.O. Box 2108 
Santa Fa. NEW MEXICO 87so4.2108 
(!?MI 471dZ32 T W X  9104954678 
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Model P I N G 3  
Particulate, Iodine, and Noble Gas Air Monitoring System 

n i  
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
16 
19 
20 
21 
22 

02-03 I(0RtlAL 
IWINE 
ChL .CONSTAwT 
BKGOl CHt 
BKWl FACTOR 
BKG#2 CHt 
B K G S  FACTOR 
FIX.BKG.SUB. 
H I  ALn SET 

LOGGEO? NO 
W. FLO . CH . 
F L W  tCC/ll) 
REL .FLO . CH. 
E L  .FLO.FAC. 

cpn 

~ L T  a n  SET 
TN iun wn) 

+ l.OOE+Uil 
+O.ODEtOO 
+O.OOE+OC 
*O.OOE+US 
+ l.OOE+Ce 

l.OuE+Ob 
+ l.OOE+Oo 

0 

0 

Iodine Channel Parameter File 
(shown k f o n  odlr) 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
16 
19 
20 
21 
22 

02-03 NoRML 
I W I N E  
UCI 
CAL.CONSTANT 
BKGCl CH: 
FXGCl FACTOR 
BKGtZ CHO 
BKGO2 FACTOR 
FIX.BKG.SUB. 

ALT AM SET 
L O W ?  No 
SM. FLO. CH. 
SAll.FL0 .FAC. 
REL.FL0. CH. 
REL.FL0.FAC. 

HI a n  SET 
TN ALn crm) 

lodine Channel hremrter FIIe 
(shown mfter edit) 

Visual Display 
ti - c 7  



.WHC-SDSNFCDR-OM, REV. 0 
7 -  

N I G f I G I U S f U I L t  mla 
r----------I 

PING98 FuncUonal Diagram 

PINOJB Rtnter and Keyboard 
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Alpha 
Particulate 

Sampler 
.Assembly Model SA-4A 

COLLECTS AND MEASURES AIRBORNE ALPHA 
PARTICULATE 
SOLID-STATE DETECTOR 
MAY BE USED TO MEASURE SPECIFIC ALPHA EMITTERS 
(for example 239Pu, Z3OTh, ZJbU, or 235U) WITH RADON 
DAUGHTER BACKGROUND SUBTRACTION 
MAY BE USED TO MEASURE RADON DAUGHTERS 
INDIVIDUALLY OR AS A GROSS MEASUREMENT 

SYSTEMS 
DESIGNED TO INTERFACE WITH DIGITAL OR ANALOG 

H - 7  
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Model SA-4A, Alpha-Particulate Sampler7bGembly 

GENERAL DESCRIPTION 
The Model SA-4A Sampler Assembly utilizes a par- 
ticulate filter for sample collection and a solid-state 
alpha detector for determination of the alpha activity 
on that filter. The detector is fOlloWed by an ampli- 
fier ana up to three pulse-height-analyzer (PHA) 
modules. The PHA modules provide the S A 4  with 
the capability of monitoring for specific alpha- 
emitting isotopes as well as performing the func- 

tions of signal processing and line driving for inter- 
facing the SA-4A to a digital or analog system. 

The filter is 47 mm in diameter and is easily acces- 
sible through the front door of the unit. A flowmeter 
(10 to 100 Llmin) is provided. The SA-4A IS also 
available with a wall-mounting bracket. 

SPECIFICATIONS 
Detector: Silicon-diffused junction type (cleanable) 
with 490 mm2 area. 
Filter: 47-mm-diameter: Millipore SM or equivalent 
recommended. 
Counting Efficiency: Approximately 20 percent of 
2~ from a plated 47-mm-diameter UoPu source in 
the filter holder. 
Ampllfler: Charge-sensitive input allowing very 
high input sensitivity with excellent noise rejeaion 
followed by a dc-coupled amplifier fed back for 
stability and control. Overall sensitivity is adjustable 
by an internal gain control. 
Pulse-Height Analysis (PHA): Normally supplied 
with two, but wlll accept three pulse-height analyzer 
modules. Each pulse-height analyzer contains ad- 
justable threshold and window levels. A window 
switch may be selected "out" for gross counting. 
Output process line signal drivers are capable of 
driving 2000 feet of twisted-pair cable. 

3-87 

Power Requirement: 12 Vdc at 150 mA (add 50 mA 
for each additional PHA card); mating power con- 
nector is Amphenol No. 165-14. 
Temperature: Operational from +2OoF to +13OoF 
(-7% to +55%): total change in system gain is 
less than *5 percent. 
S i x  6.2 inches wide x 10 inches deep x 8.1 inches 
high (15.6 cm x 25.4 cm x 20.6 cm). 
big&. 88 pounds (4 kg). 
The intake has a screen-protected cap with four 
ports for approximately 1 in2 total open area. The 
cap is easily remared for attachment of a b-inch- 
i.d. hose for remote sampling. The outlet has a 
hose barb for 5116-inch4.d. hose. 

Eberline 
A subsidiary of Therm0 Instrument Systems Inc. 

P.O. Box 2108 
Smtu Fe. N e w  Maxim 87504-2108 
1505) 471-3232 TLX: 66-0438 ElC SFE 

t-l- B 
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Alpha Air 
Monitor 1 ALPHA6 Product Family 

ALPHAGA-1 

ALPHA6-1 

! 
H CONTINUOUS AIRBORNE ALPHA MONITOR 

USER CONFIGURABLE FOR SPECIFIC ISOTOPE IDENTIFICATION 

H 256 CHANNEL ANALYZER FOR RADON-THORON DISCRIMINATION 

H TWO RS-232C COMMUNICATION PORTS FOR HARDCOPY PRINTOUT AND COMMUNICATION 
WITH PERIPHERAL DEVICES 

H A VARIETY OF CONFIGURATIONS INCLUDING STANDALONE, REMUE DETECTOR HEAD, 
INLINE DETECTOR HEAD, AND NETWORKED SYSTEMS. 

._  

t .  
ALPHA6 A subaidrorycd 

T J l u m O l p r b n r m t  
systems hc. 

Eberline 
W N C  26 

H-q 



GENERAL DESCRIPTION 
The ALPHA6 product family utilizes a solid-state 
detector and a 256 channel analyzer to measure 
alpha particles of specific energies while minimiz- 
ing interference from radon-thoron alpha emitters. 
This increases the sensitivity over conventional one 
or two channel pulse height analyzer techniques so 
that 4 DAC hours of 239Pu may be detected in a typi- 
cal radon-thoron background. 

terminal or other computer. Information and setup 
parameters may be transferred bi-directionally. 

A local keypad is included so that calibration 
parameters and alarm settings may be input at the 
unit. 

The instrument incorporates micro-computer tech- 
nology which greatly enhances the measurement 
and data storage capabilities. Multiple historical 
files are maintained so that the most information 
possible may be obtained from the data. 

A mass air flow measuring system provides flow 
and flowrate information which is used in comput- 
ing the concentration level. The combination of the 
mass flow system and the 256 channel analyzer 
ensures that the best measurement at the highest 
possible sensitivity can be made. 

Both visual and audible alarms are actuated when 
the user adjustable alarm setpoints are exceeded. 
Alarm relay contacts are located on the back panel 
of the instrument and the alarm status is transmit- 
ted over communication lines if a printer or other 
peripheral is connected. 

A failure warning is given if a major fault is 
detected, such as loss of the detector signal, loss of 
the air flow or failure of the real time clock. A local 
visual and audible alarm is activated and a nor- 
mally activated relay drops out to provide an exter- 
nal alarm. In addition the alarm condition is trans- 
mitted over the communication lines to a printer or 
other peripheral. 

Two RS-232C communication ports are provided so 
that data and information may be output to a printer 
for hardcopy data retention or so that a communica- 
tion link may be made between the ALPHA6 and a 

The instrument is designed to be used with either 
an external air pump, such as the Eberline Model 
RAP-1, or with a house vacuum system. 

CONFIGURATIONS 

The ALPHA6 family of alpha air monitors include a 
variety of configurations to help meet user specific 
system requirements. The ALPHA6 family includes: 

ACS-1 Alpha cam system features a central- 
ized electronics mounted in 19" instru- 
ment racks and utilizino remote detec- 

ALPHAG-1 

ALPHAM-1 

Alpha air monitor utilizing the tradi- 
tional top entry air intake stack iden- 
tical to the ALPHA-SA and AMs-34. 

Alpha air monitor utilizing the 
radial entry head. The radial entry 
head is designed to maximize par- 
ticulate collection efficiency, meet- 
ing the reauirements of DOE Order 
5480.11, 

. - _ _  _ _  
tor heads located in thework place. A 
central computer is used for all display 
and control functions. Each rack unlt 
will hold up to six alpha cam channels. 

ALPHAGA OPT1 Remote detector using the 
radial entry head. 

ALPHAGA OPT4 Remote detector using an 
inline configuration for stack and duct 
monitoring applications. 
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SPECIFICATIONS 
Detector: Diffused junction, solid state, 490 sq. mm 
(25 mm dia) active area. The gross efficiency is 
approximately25% (4%). The efficiency toz3aPu is 
approximately 17% (4%). 

Fllter: 47 mm Millipore SM or Fluoropore FS. Depo- 
sition area is restricted to center one inch diameter. 

Readout: The readout is a dot matrix liquid crystal 
display system. Various forms of information are pre- 
sented, including time and date, air flow rate, energy 
spectra, and the measured values (cpm. concentra- 
tion, etc.) and the alarm points. A strip chart recorder 
type of presentation is also available with selecta- 
ble time units of seconds, minutes, hours and days. 
The display provides prompts to guide the user 
through the menus and historical data files. 

Equation Specltication: Five user definable varia- 
bles are available for configuration of the ALPHA6 
to a specific application. Default equations are 
defined for measurement of ZSPu but may be 
changed by the user to configure the instrument for 
the measurement of different isotopes. 

Alarm Determindion: Up to six comparisons on 
the user variables may be made to determine 
alarms and/or failures. Default settings determine 
2JePu alarms but these settings may be changed to 
reflect changes in equation definitions. 

Clock A real time clock is provided so that all 
alarms and data can be time stamped. 

High Alarm: The computer in the ALPHA6 pro- 
vides optimum high alarm determinations. Slow, 
possibly statistical. count rate increases are exam- 
ined at Length while taster increases give an 
immediate alarm. 

Alarm Outputs: High alarm and failure alarm out- 
puts are available. Relay contacts rated for lA, 115 
Vac are supplied. The failure alarm is normally 
energized. Locally, a strobe light and bell are 
provided. 

Air Flow Alarm: Provides an alert if the flow rate 
deviates from the nominal range. 

Computer Output: Dual RS-232C communication 
PO* are provided so that the information may be 
transferred to a printer and so that communications 
may be established with other peripherals. ALPHA6 
OPT;! provides an RS-232lRS-485 converter for 
networking a group of alpha air monitors to a cen- 
tral computer. 

Historical Files: Included are files on energy 
regions, air flow volume, computed values of counts 
per minute, total computed counts, concentration, 
etc. Each file kept includes the most recent 64 
seconds, 64 minutes, 64 hours and 64 days. 

Battery Backup: Used to maintain the real time 
clock, operational configuration. and historical files 
in case of a power failure. 

Local Keyboard: For local entry of calibration and 
alarm parameten and for the selection of informa- 
tion to be displayed. A securrty code entry is 
required before operational parameters can be 
changed. 

Subtraction Function: Provides automatic back- 
ground subtraction. The amount of subtraction is 
determined by the percentage of the RaA and ThC 
peaks which scatters into the region of the isotope 
of interest. This percentage varies due to the 
changing amount of dust loading on the filter 
medium. The equation automatically corrects for 
this changing percentage of scatter. 

Air Flow System: The air flow system incorporates 
a mass flow measurement. Flow data is incorpo- 
rated in the concentration calculations, 

Sensitivity: 4 DAC-hours of nePu can be detected 
with an average radon-thoron background. 

Max. Count Rate: Approximately S00,OOO cpm 

M u .  Channel Counts: Greater than 4,000,000 
counts per channel 

Temperature: Operation from 32OF to 104OF (OOC to 

Power: 120 or 240 Vac. 50160 Hz. at 05  A. RFI filter 
incorporated for line noise rejection. 

Sin: ALPHAG-1 Approximately 13.75 inches 

400C) 

high x 125 inches deep x 15 
inches wide (35 cm x 32 cm 
x 38cm) 

105 inches high x 15 inches 
wide x 125 inches deep (27 
cm x 30 cm x 32 cm) 

ALPHAM-1 

Weight: 
ALPHAG-1 15.4 pounds (7 kg) 

ALPHA6A-1 148 pounds (6.6 kg) 

Soltware Options: Alternate programs are avail- 
able which default to measure uranium isotopes. 
thorium and radon daughter products. Contpct the 
factory for current list of alternate programs 
available. 
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CENTRAL COMPUTER SOFTWARE 
Central computer software is available for systems 
using either individual alpha cams such as the 
ALPHA6A-1 or the ACS-1 Alpha Cam System. This 
software provides the operator with centralized data 
acquisition and control over all alpha cams con- 
nected to the central PC. The central computer soft- 
ware utilizes a pull down menu system and pro- 
vides the following functions: 

Edit Allows the user to display and modify the 
configuration of all alpha cams in the sys- 
tem. The operator may m o d i  alarm set- 
points, variable equations and regions of 
interest. 

Readings Provides floor plans and group dts- 
playswhich are configured by the 
user. 

Data This menu item allows the operator to 
display historical and current data. 
History files are displayed in either 
tabular or graphical modes. A graph of 
the current alpha spectrum can also 
be displayed. 

Counter control provides stop, start 
and reset commands. A clock set 
function is also provided. 

Utilities 

TYPICAL SYSTEM CONFIGURATIONS 
Individual Alpha Air Monltom 

RS-485 Network 

7 -  

PC Based RS-232lRS-405 ALF r a w .  
Central Converter y AlphaAir:; 

Computer Monitor' *-  

I 

. AlphaAir . Detector; - 
Monitor--' 

ACS-1 Alpha Cam 

Graphics Printer 
for History File Graphs 
and Alpha Spectrums 

. 

I 
'Either Remote Detector Head Style May Be Used. 



r 
i 

E' 
I 
f 
I 
I 
1, 
: - 
I 
;:. 

REMOTE DETECTORS 

ALPHA6A OFT1 
Remote Radial Entry DetectorHead 

Head: Radial Entry Style 

Application: Workplace monitoring 

Temperature: Operational from 3PF to 1 P F  (0% 
to 5OoC) 

Humidity: 0-100% relative humidity 

Size: 83 inches high x 7.9 inches deep x 55 
inches wide (21 cm x 20 cm x 14 cm) 

I 
Weight 65 Ibs. (29 kg) 

Distance from Electronics: Up to 500 cable feet 
(152.4 m) 

%a(: Dust tight 

Head: lnline Entry Style 

Application: Duct and Stack Monitoring 

Temperaturn: Operational trom 3PF to 1 P F  (0% 
to 500C) 

Humidity: 0.100% relative humidity 

Size: 7.5 inches high x 4.4 inches deep x 10.25 
inches wide 

Weight: 11.25 Ibs. (5.1 kg) 

Distance from Electronics: Up to 500 cable feet 
(152.4 m) 

It - ,S?k Dust tight 



FIXED MONITORS 
300 AND 400 SERIES 

i 
--FEATURES 

OVERHDFF 
TECHNOLOG' 
CORPORaTlC 

f- - - -  -* Y 

FIXED, RACKMOUNT AND BENCHTOP MONITORS 
These are line povvered and conlinuously operating monitors They can be buiil wdh a large number 
of combinations of FEATURES and OPTIONS 10 sud the end users particular needs They are 
designed around three primary product FEATURES - RANGE OF MEASUREMENT 

IONIZATON CHAMBERS 
PANEL MtTRS 

Each lealure is designaled by an alpha/numerical code 
Fixed monflors are classilied inlo lour basic groups 
31X series - single range vvlth sinple iontzalion chamber 

41X series - rnuh range. vvlth single ionration chamber 
42Xseries - rnuili range, M h  dual ionration chamber 

-- ~~serles-singterange wlhdualionzationchamber @,POO 'V~I~IUM ~ o w l r o g "  

H -r l f  MwL 24 



FEATURES 
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RANGE OF MEASUREMENT 
bm.ments are amilable in both single and muni range versions 
The single range imuments are lower in cost and are recommended when a very wide range of 
measurements no! required 
Single Range (3M) 
Applicaiiw which require a limned range of meawrement can be me1 by a stngle range instrument 
designaled as 'Yhree hundred serles Range d measurement can exlend from lnree decades Io live 
or even SIX decades 
Mu111 Range (4XX) 
Muli range imruments are used for applications where a much wider range 01 measuremenl is 
required These innrumentr are designated as 'Ywr hundred" seres. ether aulmlically (ARl or 
manually (MR) ranged wersm The m m  c o m m  are instruments wlth llve ranges. howwer any 
range from three Io seen can be suppled For example. 10 W i n  a measurement span of eight 
decades. a lour hundred serles lrnium mondof equipped wlth a three dig( panel meler has lo be 
provlded vvlth IIW autmlically swrtched ranges 

PANEL METERS 
lmrumentr can be supplied WIV! enher digml or analog displays Either linear or logarithmic scales 
can be suppled lor analog meter laces 
Digital Panel Meters (DP) 
These meters are milable in 3% and 4% digt versions Single range monltors (300 series) can be 
equipped w h  e w r  type of melet depending upon the measurement range required Mulliranging 
monnors (400 series) are normally equipped Wm, 3% dg~I panel melers stnce the Overall 
measurement range is determined equally by the number of aulomalically Mched ranges as by Ihe 
dign range of the panel meter Self 
Analog Panel Meters (AP) 
Analog panel melers are available wth elther logarilhmic (LOG) or linear (LIN) scales A logarithmic 
Scale can c m r  up 10 six decades IM a 300 seres imrument. or up 10 nine M even ten decades lor 
the 400 series instruments 

IONIZATION CHAMBERS 
Monrors are amilable wth eilher single or dual chambers The chambers can be mounled inside the 
electronics cabinel (ICI) or they can be locatf?d rwnoiely (ICR) 
lonuation chambers are available in a large number of sues and conliguralions. each specifirally 
designed lor a paticular purpose A more general description 01 the nalure and design 01 imualicm 
chambers IS lound on a separate sheet 
Single Ionization Chamber (XlX) 
Dual Ionization Chamber (X2X) 
The middle number in lhe alphahumere code designation lor the description at the basic lealures d 
an instrument reler 10 the number 01 the ionization chambers lo form pan d the trflium mnor 
Monitors are generally suppled wlth ether stngle chambers. or wlth dual chambers. anhovgh there are 
occasiml appltcatiw where cluslers of three or m e  chambers can be used 
Mounting of lonizatlon Chambers 
Internal Ionization Chambers (ICI) 
Remote Ionization Chambers (ICR) 
Mounting of the muation chamber assembty can be internal to the main ektronics cabmet Ths 
meation chamber assembly can also be manted remotely al dmnces up to &al hundred feel 
lrwn the main elearonics cabinet 
Chamber mounting must be selec~ed at the tm of spec*% the instrument 
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TE c H N I C A L SPEC I F1 C AT10 N S 
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Jlation prrxnded here IS cd a general nature. and sems to prmde an m M e w  of some d the key 
b n c e  characteristics to be found in OVERHOFF TECHNOLOGY CORPORATION trltium 

mon- 
MEASUREMENT 
t d w m  w m - s  wth ionqtion chambers are capable of an extremely wide range ol measurement 

OKaltium mrmnors are capable of measuring actmles as low as 0 01 &~/m! other versions 
d* lmrments are designed for high 

RADON (ALPHA) PULSE SUPPRESSION (APSI 

measurements. approaching pure streams o! trdium 

trltiurn monltors can be suppled wlth popretary circuitry which suppresses response to naturally 
murrmg spurious background. thereby exlending low Wl t rmn  measurement y ~ l l  below 
enmionmental radon or cosmic ray background 

STABILITY AND NOISE 
The Ero srabi l~ of an instrument IS guaranteed to be equal or bener than the smallest required 
mcrement of measurement For those instruments which are furnished wtth a digml panel meter. the 
short term drfi or noise is equal to. or less than. the least signillcant dign of the meter 

DRIFT ENVIRONMENTAL (AZ) 
Lwrgrerm drh can be caused bytritium plate-out. as well as by changes in the electronics Aulozeroing 
cirwnry can be incorporated in order to eliminate all lonperm electronic drfi Special chamber 
configuration such as heated or gridded chambers are recommended for prevention 01 etfects from 
lrltium plate-out 

RESPONSE RATE 
measurement signal level and the rate (time constant) are inherently interrelated High 

kurement lwels demand fast response, whereas low measurement levels demand long time 
,,nstams in order to smooth out noise and to prmde a stable display To accmmodate this 
tontradiaory requirement three distinct time constants have been incorporated into the instruments 
2 second lor measurement above 100O&/m3 
5 to 10 second time constant for measurement of 80-1000pCi/m3 
20 seconds or more !or measurement below 80 pCi/m3 
Time constants usually swttch aulomatlcally although manual swrtchrng as well as drtlerenl break 
paints are available 

ALARM SYSTEM SIGNAL 
Dual independent alarms are standard Single triple and quadruple independent alarm systems can 
be provided 

SET POINT 
Setting the level at which the alarm is actwted IS accomplished with the use 01 front panel mounted 
potentiomelen Muiirranging models also include front panel mounted rotary RANGE selector 
swtches. thereby permrning set point adjustment Over the entire range of operatirm of the instrument 

MODE SELECT, CONFIGURATIONS 
Front panel M c h  for operator selection 01 several alarm modes 
Non-latching 
Alarm actwe above set point. ceases below set point 
Latching 
Alarm triggered above set wnt. remains actw until reset Can only be reset afier the measurement 

. receded below the set point value 

howledge 
~7 alarm which continues a n w  once tripped but which can be &actrated by means ol a push 
bmon at anytime. regardless ol set point lwel status 
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INDICATORS AND ACTUATORS 
lncande~cenl or solid Sate lamps lor alarm M1us and ac power status PlerOeleRric acoustic 
signallers WrM steady or pulsating tones 
INTERFACE 
24 pn receptacle. located m the rear of !he cabinet lor interface connectm for remote dispky. 
control and alarms. pocess controls or for intermnection to digltal COmputer S + 5 m S  

ENVIRONMENTAL 
Temperature 
operating O'c to +SOY 
storage -4O'C to +7Wc 
Humidity 
0-95% RH 
Shock 
5 G. all directions 

Power 
1151230 V ac. 50160 Hz 
Enclosure 
19' rack mounting 
13' deep 
heights from 5.25' to 10 50' 
other cabinets available 
Weights 
cabinets-under 10 kg 
ioneation chambers 10 to 50 kg depending on number, sue and shlelding 

PHYSICAL 



Environmenta 
Air Sample 
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- A-Goo0 
A-6000 

Model R A W  

WEATHERPROOF HOUSING 
OPTIONAL IODINE CARTRIDGE HOLDER 
FLOWMETER AND VACUUM GAUGE 
47-mm FILTER HOLDER 

A O I V I S I O N  O F  - Thermo Eberline E ~ l e c t r o n  
C O ~ P O R A T I O N  

H- IY 



Model RAS-2, Environmental Air Sampler 

GENERAL DESCRIPTION 
The Model RAS-2 is a weatherproof air par- 
ticulate sampler containing an oil-free 
vacuum pump, motor, airflow regulator, 
flowmeter, vacuum gauge, and filter holder. 
The system is mounted in a weatherproof 
enclosure (WPH-1) permitting exterior use. 
The pump and motor provide enough heat to 
prevent winter freeze-up, and an exhaust fan 
provides summer cooling. 

The Eberline airflow regulator is designed to 
maintain a constant pressure drop across an 
in-line orifice by controlling a variable bypass 
valve into the pump. The orifice is adjustable, 
permitting flow rate adjustment from near 
zero up to the maximum pump flow capacity. 

This flow control system permlts the pump to 
operate at a minimum pressure drop at ail 
times, which provides cooler pump operation 
to extend the lifetime. 

It should be noted that when pressure varies, 
the flow through an orifice with a constant 
pressure drop will vary as the square root of 
the ratio of the absolute pressure. Therefore, 
if filter loading creates a pressure drop of 
50 percent of the original pressure, the flow 
referenced to atmosphere will decrease by 
30 percent. 

SPECIFICATIONS AVAILABLE ACCESSORIES 
Pump Type: Oil-free, carbon vane 
Motor: Vi HP, 115 V, 60 Hz. 5 A 
(220 V, 50 Hz optional) 

lodlne Cartridge Holder: Model ICH-1 

lodlne Cartridpe: Part No. IC-1 
Vacuum: 26 inches Hg at sea level 
Flow Rates: See figure 
Filter Holder: Model FH-1, 47-mm 
Flowmeter: 0 to 100 Umin (0 !o 3.5 ftYmin) 
Vacuum Gauge: 0 to 30 inches Hg 
(0 to 760 mm Hg) 

Callbratlon Adapter: Model ZP10758009 
(Mates FH-1 to 1-inch NPT) 

Fllter Papor: Part No. FIFP8,47-mm 

Callbratlon 

FLOW 
Ift'lmin) 

12-84 

CALIBRATION ADAPTER (Shown wlth mass 
flowmeter attached) mass flowmeters are not 
sold by Eberllne. 

. OI"I.ION 0' 

-- x5 30 
VACUUM AT INTAKE (INCHES OF nr) m 



ACS-1 ALPHA CAM SYSTEM 

ACS-1 Alpha Cam System 
The Alpha Cam System (ACS-1) is based on the 
Eberline Model Alpha6 Alpha Air Monitor, with 
appropriate design changes to create the most effi- 
cient system configuration. The most significant 
difference is the use of rack mounted electronics 
modules. Up to six Alpha6 electronics modules can 
be placed in one 19" rack. The electronics module 
is the heart of the Alpha6 monitor and includes the 
pulse processing electronics, MCA (multi channel 
analyzer) and the microprocessor based computer 
system used to analyze the spectral data and con- 
trol the monitor. In order to COnSerVe valuable floor 
space, improve the man-machine interface and cut 
the costs of multiple individual displays, a PC 
based system controller for readout and control of 
the monitoring system is used. The individual dis- 
plays, typical on the individual Alpha6 cams, have 
been removed and the PC will provide this function 
for the whole system. The PC also provides data 
archivinglreport generation capability. The elec- 
tronics modules perform the monitoring and alarm 
functions independent of the central computer. 
Therefore, a loss of the central computer does not 
compromise the safety function of the ACS-1. 

The ACS-1 is comprised of two modules: the elec- 
tronics module and the remote detector head 
assembly. These modules are connected by a sin- 
gle multi-conductor cable. The detector head 
assembly may be located up to 500 f l  away from the 
electronics module. Either the radial entry or inline 
versions of the remote detector head can be used. 

Electronics Module 
The electronics modules are contained within the 
19" rack mount enclosure which is capable of hold- 
ing up to six electronics modules. The electronics 
module is the standard computer board used in the 
Alpha6 Alpha Air Monitor. In this configuration the 
liquid crystal display and keypad typical to each 
monitor are removed in favor of a single PC based 
displaylcontrol system for all monitors. The display 
and keypad is not necessary on each monitor when 
all the monitors and the displaylcontrol computer 
system are all located together. The displaylcontrol 
computer system provides an enhanced operator 
interface by displaying the current status and read- 
ing of all monitors in the system on one display. 

Contained within the electronics modules are the 
power supply, the multi-channel analyzer and elec- 
tronic subsystems to support the flowmeter, com- 
munications and various alarms. Each electronics 
module has an RS-232lRS-485 converter for com- 
munications to the system displaylcontrol com- 
puter. Two relay outputs are provided for each mod- 
ule. One relay is provided for alarm and a second 
relay for failure conditions. Each relay has a set of 
DPDT contacts. 

The rack unit has indicating LEDs for each chan- 
nel. The LEDs provide indication of normal, alarm 
and failure status for each channel. Each channel 
also includes a connector for a portable terminal 
accessible just behind the hinged front of the panel. 
The portable terminal allows the operator to take a 
given channel out of the system for periodic main- 
tenance and calibration. 

Eberline 
A rUb.idrruy d Thema Instrument System hc.  

PO. Bow2108 
Santo Fe, New Mexico 87554-2108 
(505' 471 -3232 FM: (505) 473-9221 

2-92 
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EIVG IN E E R I N G  
A N  D D II M E N S  IC) N S 

The contiactor shall furnish (and 
instal l  in location as m o w n  on the 
pian) an Aurora Type 132' horizon 
ta l i  1323 f lange mounradl 1324A 
horizontal) Centr i fugal Pump size 

(bronze f i t ted) (al '  bronze) 
(al l  iron1 construction Each pump 
shal l  have a capacity of  
G P M  at f t  total head and 

specific gravity The pumo 
is to be furnished wi th  case wearing 
r ing and a mechanicai seal wi th  a , l  
metal parts to be 31 6 stainless steel 

Buna-N bel lows Ni resist seat 
and carbon washer 
FLEXIBLE COUPLED 
PUMPS - MODEL 324A 
The pump shaft is to be stainless 
steei w i th  (grease lubricated] (oi l  Iu-  
bricated) ba l l  bearings The pump is 
to be flexible coupled to a standard 
horizontal NEMA motor of 
H P  phase Hertz, 

voltage. R P M (drip 
proof) (total ly enclosed) (explosion 
proof) enclosure She pump shall be 
mounted on a (fabrtcated steel drip 
r im)  (steel) base plate Pump and 
motor al ignment must be checked 
according to  the Standards of Hy- 
draulic Inst i tute after the pump has 
been installed 

+CLOSE-COUPLED PUMPS - 
MODEL 321 - 3 2 3  
The pump is to be close-coupled to a 
NEMA motor o f .  . YL. H.P.. ~INLLS 
phase,. .W.  . Hertz.. . l a p .  voltage, 

I 7 5  0 R.P.M.. (drip proof) (totally 
enclosed) enclosure. wi th  stainless 
steel mofor shaft. The motor shall be 
designed to Aurora Pump speci- 
fications as to vibration limits 

NOTES 
1 D m c o i ~ o n s  ana lrrtgnii are apOrO.,mme 
2 1 1 1  0lme"slO"s arc 1" Incar, a m  ma" "a," ~ 

3 i r i m c  sm:m C & I G  ' olmCnslon ana mDlor 
".'0"' ,I, IC. OD." 0.80 OIDOf m0,o.r on,* 
2 CO"O"8. DO. I s n o r n  . n  ,0D'1.,'d,* _ C J , . . O P  
Ol".n,lon. .re no, IOCCI11.d .I ,"*" "a," ",,? * a m  
notor rn.nu,.ctu.er 
5 1.x DUmD 0.3. a m  mmo, ""q", .D, ," . I  "L'S"! 

, 

9% I 7  

I:. 1 

85 

SI 
- 4%. - 

1 %  l',. I 17 I Y'*. 

I 

11 
- S I  2% 

¶a 5 1%. 

.%. 

2' I 
- 
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I1 

. .  
j : 

Diameter at Seal 314 
Slarn?!er Between Bearlngs 1-318 

=I giarnc'er at Coupling End 718 
1.3/8 Lg. 

Couoiing Keyway -7n7 nn 
2- - 

DESCRIPTION DIM 

Var PI onnections- 
1- I N P S F  

act3 ion-Facing Suction CCW 
Ira - w r  at Impeller 19/32 

- 
- __ 

Max Deflection at Seal Face 002 
Bearing llnDoard Radial1 206K 

~ Bearing loutboard Thrust1 206 KG 
Bearing Centers s i i n 6  

2- <= 
Ball Bearing Type 

Mln B,, Bearing Life 
Under Max Rec Load 

MATERIAL OF CONST. 
IUMP lnoun ut 
* U T  FlTltD lMDl SrrNl,t* 

LI M ITATI 0 N S 
MAX. BASED ON STO MATTL'S &WATER 

Speed - rprn 35m 

Horsepower 7-112 

Close 225 

Frame 225 

Hydrostatic Test- P S.1 220 

Case Working Press - f' s 1. 75 

Suction Press - P S I 

Coupled 

Mounted 

Temperature--OF 

175 
J 

4 
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PENTAD ASSOCIATES, INC. 

MTE: 

To: 

A m :  

?Ax 0: 

m: 
RE: 

June 1 4 .  1996 

Santa Fa Engineering 

Dave Munger 

505-983-5608 

Pam Standley 

Heat Exchanger e - 013 
Plate 6 Prame / Hawchanger Sizings 

Total pages (inoluding oo1Ter): 6 

MEsSAtx: 

Daw, please f ind the following sizings, par our conversation. 
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lIot Sib. 
tfmu 
63.0000 
15,7600 
1.0000 
0.9995 
0.1374 

51.6000 
50.0000 
0.0661 
60.0000 

t . m s  

cola lid. 
Boa m? GLY 
44.0000 ow 
11.2500 
0.OltO 
1. OISO 
0.12b5 
13.6068 
40.0ODO 

2.2821 
60.0OOa 

51. OMS 

PI 
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ON PUMP &-SUPPLY W e -  

OUOTATION FROM LW - P - 201 2 
cw-P-2013 

r.0 mx JIM - UYR warn 

1 

9 
S O  amur(  

! 

-PER. WYOMING &2W2 
ROCK SPRINGS. WYOMING a2902 
OENVER. COLORADO 
WIWSTON. NORTH DAKOTA -1 

2-26-96 

Quotation No. 411796 

- 
Hf 

Gouldo ICs l x l k - 5 .  3 *e. 3450 Ben, s i n g l e  phase. TEFC c l o s e  
coupled c e n t r i f u g a l  pump 

T o t a l  Unit Price 

Goulds ICs lnlk-5, 3 IIP. 3450 RPH. 3 phase, TEpC c l o s e  
coupled centrifugal pmp 

Total  Unit P r i c e  

Conditions: 50 CPM @ 115' TnB 
Pumpage: D e m i n e r a l i z e d  water 

$1646.00 

$ I : * :  96. 9 2  034 



FEATURES 

Superior Materials of 
Construction: Precision invest- 
ment casting lor liquid-end compo- 
nents are all type 31 6 stainless 
steel. 
Compact Design: Closecoupled. 
save space and simpliis 
maintenance and imtallaiion. 
High Efficiency bnpdkr: 316 cast 
stainless impeller of open design 
lor efficient operation and last 
clean-up. 
Casing Futures: Stainless steel 
construction with NPT threadad 
connections, optional dram and 
vent mth stainless steel plugs. 
Mechanical SUI: Standard John 
Crane Type 21 with carbon versus 
ceramic taces, Viton elastomen. 
and 31 6 S.S. metal parts. 
Optional high temperature and 
mild abrasives zeak available. 
Motor: NEMA standard open 
dnp-pmol or totally enclosed fan 
caolod enclosures. Ruggad b a ~  
bearing design lor continuous duty. 

ICs 
APPLICATIONS 

SPEClFlCATlONS 

capcities to: 
56 GPM (13Ir?h) at 1750 RPM 
103 GPM (24Ir?h) at 3500 APM 
Headsto: 
33feet (lorn) at 1750 RPM 
129 feet (Porn) at 3500 RPM 
working prutures 10: 
175 PSlG (12ban) 

Maximum Tmponture to: 
21 2°F (100.C) with standard seal 

temperature veruon. 
or 250°F (1 21 C) with OpImMI hig 

Rotation clockwise when viewed 
trom motor end. 

MOTORS 
NEMA standard design: 
1750 RPM % HP or 3500 RPM 
%through 3 HP ratings. 56.l frame. 
Open drip-proof M totaUy cnciosed 
fan-axlcd entlowres. Ball beanng 
design stainless steel shaft. 
Single phase voltage 1 15/230 ODP 
and TEFC. (3HP model 230 mlt 
only) Built in overload with autorese 
pmvided. 
Thne phase voltage 208-230/460 
ODP and TEFC. Starter and 
heaters must be omred separately 

t I 7 : * 1  96 .  9 2  834 
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Phone:: (314) 677-7731 ext. 38 

page I of& 
4 6 call back immediatsly N yeu rh not receive all pages 6 + 

REFERENCE: 

MESSAGE: 

Chris Lohrnann 
Coil Sales 

v -  r 3  



June 34, 1996 

Subject: Santa ?e Engineering 
llarlo Q t  96230370 

Dear Xr. Uunger, 

Marlo is pleased to provide budget pricing per your roquest: 

m u  - Dmrcription 
N e t  Extended 
Each Net 

(1) Airt ight  %ou#ing w/ Transitions 8nd 
(l)ew8-~2-sGllr-l-K-.5-R-W 55 ,073  $5,079 

All pricing is F.O.B. High Ridge, UO, freight collect. 

Materlals of construction: 

? h a  ; .OlO" thk. SO4 stainless steel 
Tuber : .049" wall, .625" O.D. 304 stainless steel 
Headers : BchhlO 304 stainless steel pipe 
Connections: 
Casing: min. 16 ga. 304 stainhss steel 
Insulation: TBD 

1" Class 150 304 stainless ateel pipe flanges 

Aaaubly oonrista of a= airtight coil assarnblT with u~mtroam and 
dovastream transitions from square coil face to round pipe flanges. 
Entire arsombly will be covered with lnrulatlon. 

coil connectionr will be 6-e end. 

If you have arry questions, please call me at (314)677-7731 ert.38. 

Thank YOU for the opportunity. 

Beat Regards, 

C h r i s  Lohmaan 
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'EPRESENTED BY 
*orlo (314) e77-e6OO 
P.O. Box 171 
High Ridge, Missouri 03049-0171 

ENTRY DATE = 08-14-1996 
CUSTOMER I D  = SANTA FE ENQIMERINQ 

DESCRIPTION RATING 

A i r  f l o w  A C W  r 50 
E n t .  air 00 / WB (F) 302.D / 0.0 
Lvg.  atr  D9 / WB ( F )  194.9 / 0 . 0  
Tot81 cxpaci t y  (ETUH) 93,838 
Sons. c a p r c i t y  (BTUH) 83.898 
Ent  1 Lvg water (F) 90.0 / ?3.4 
Water f low (CUL/MIN) 8.0 
Water v e l o c i  ty(FT/B€C) 2.7 
ffater pres .  UrOP (FT)  4 .2  
Face v s l o c i t y ( F T / Y I N )  127.3 
Std. a i r  P.D. (1H .M)  0.61 
A1 ti tude  (FEET) 440 
I I l ~ I l i l l C I I I I I I ~ I I l l l l l l l l I I I ~ ~ I I ~ I ~ I I I I I I I I U I .  

COIL DESCRIPTION 

FIM HEIQHT = 1 2 . 3 7 s  
FINNED LENGTH = 12.000 
FACE AREA = 1 . 0  
TUBE MATERIAL = 58304 
TUBE THICKNESS = ,049 
FIN MATERIAL = 88 
F I N  THICKNESS = -01 
TURBULATORS = n 
INSIDE WLIMCi = 0 
OUTSIDE mutim = o 
FLUID TYPE = WATER 
QLY tBNCENTRATION 0 Y 

1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 ~ ~ I I I ~ I I ~ ~ ~ ~ ~  

ARLO WDEL1:  BW 8- 12 .0 -69 l lF -  1.031/V-0.6O-R/L B/W 

COIL RATED I N  ACCdROANCE WITH CURRENT EDITION OF ARX STANDARD 410. 
# DENOTES VARIABLE(8) OUTSIDE THE CERTrFICATIOM RANQE. 



MARLO ( A ) .  P.O. BOX 171. HIM RIWE. MO. eso4s-oi7i 

-EPRESENTED BY 
Aarlo (314) 677-6600 
P.O. Box 1?1 
High R i d g e ,  Missour1 83049-0171 

ENTRY DATE = 06-14-1996 
CUSTOMER I D  = SANTA FE EMQINERINQ 
TAQ NUUBERZ 
PROORAM ID = WATER COIL FIATINQ / VERSION 8.8 
APPLICATION = COOLIMO __-__-___-___----- ----------------------------------------- 
DESCRIPTION RATING COIL DESCRIPTION 

A i r  f low ( A C W  7 90 FIN HEIQHT = 12.375 
Lvg. a i r  DB / MI f F )  182.0 / 0.0 FACE AREA = 1.0 

FINNMIEO LENQTW = 72.000 E n t .  a i r  DB / WB (F)  0 572.0 1 0.0 

Total carraclty ( 8 M )  1 0 1 . 9 7 2  TUBE MATERIAL = 55304 

Ent / Lvg watsr (F) 50.0 / 90.3 F3W WATERIAL = 8s 
Water f low (OAL/MIN) 8.0 FIN THICKNESS = .01 
WatW VSlOCl tY(FT/SEC) 5.7  TURBULATORS = N 
Water pres. drop (FT) 4.2 INSIDE FOULING = 0 
F8CO vetocity(FT/MINl 727.3 CUTSIDE W L I N O  = 0 
S t d .  r t r  P.D.  (1H .M)  0.37 FLUID TYPE = WATER 
h1 t i  tudm (FEET) 440 QLY MNCENTRATION 0 % 

Sens. capaol t y  (BTUH) +e*  ,s*2 TUBE THICKNESS = .049 

= = = = = = = = = = = = ~ = = = E = 9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 ~ ~ 9 = = ~ ~ ~ 9 ~ ~ ~ ~ ~ ~ E ~ = ~ M ~ U * ~ ~ ~ ~ 9 ~ ~ ~ = ~ ~ ~ ~ ~ g ~ = ~ g ~ ~ ~ ~ = =  

&ARLO MODEL*: Bw 8- 12.0-SlllF- 1.03)/V-0.60-R/L B/W 

COIL RATED IN ACCORDANCE WITH CURRENT EDITIOl OF ARI STANDARD 410. 
# DENOTES VARIABLE(S) OUTSIDE THE CERTIFICATION RANQE. 



The TITAN Ill is a dexterous 
and powerful telerobotic 
manipulator system that is 
available in a variety of 
configurations for use in 
extreme environments. 

V TITAN 111 5 
Ideally suited for applications 
using remotely operated 
vehicles and manned 
submersibles at depths to 
21,000 fsw (6,500 m). 

V TITAN 111 T 
Designed for nuclear 
inspection and maintenance, 
environmental restoration, 
sorting and characterization, 
disassembly and 
dismantlement, and explosive 
ordnance disposal. 

'I TITAN 111 VME 
For customers developing 
applications in the VME 
environment, this system 
provides a shared memory 
interface to the user's VME 
control system. 

v 
G E C  A L S T H O M  

SCHILLING ROBOTIC SYSTEMS 

To meet the criiical demands of remote manipulation in hostile 
environments. Schilling Robotic Systems, Inc. (SRS) offers the 
TITAN 111. a dcverous. servo-hydraulic, telerobotic manipulator 
system with six degrees of freedom. The TITAN, noa in its third 
genemion. has a proven track record of relinhility and unequaled 
performance in some of the must demanding environments in the 
world. SRS's si.c-deerez-of-frcsdom miniature replica master arm 
ensures comfortable and intuitive manipulator uperiirion. 
Construc!ed primarily of 6-1 titanium, the TITAN 111 is capable of 
lifting 250 lb ( 1  i3 ,1  kg) at ik fu l l  reach of75.4 inches (191.5 cm). 

The variery ot  pubsiblz remote work tasks requires ihe manipulator 
to be highly reliable. field maintainable. and adaptable. SRS's 
experience in dehigning and iiianufacturing telcrobotic 
manipulators for eYtrenie environments has resulted 111 a range of 
standard configu~~,tions and oprions to meet D variery of 
requirements. 

SRS offers the T m n  111 S for nianipularive tasks thar require high 
dexterity and a large payload capacity, and that must be performed 
in hostile cubsex ~ ~ i v ~ r o n m e n t s  of up ro 21,000 fsw (6,500 m). The 
TITAN 111 5 IS ideally suited for use on remotel) operated vehicles 
(ROVSJ and ni,i!:iicd submersthlcs. It conies equipped with 
ever) thing necc>r.~r) I'ur inmllalioI1 011 hydraulically pcmcrcd 
vehicles. inciiidiiig d slave mi. compact master control!er with 

y- 57 
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Titan Ill 

I I. 1 
i ,~ d 

Top View 

-_- 
Side View 

TITAN Ill slave arm dimensions (inches) 

TITAN 111 compact master controller wich 
replica master arm 

replica master arm. control electronics, slave controller with 
submersible enclosure, electrical interface cables, and hydraulic 
compensator. Available options include software for robotic 
control and Cartesian control. 

The TITAN 111 T offers the same performance and dexterity as the 
TITAN III S, but is designed for land-based applications or 
shallow water applications up to a depth of 100 feet (30.5 m). 
Typical applications include commercial nuclear inspection and 
maintenance, environmental res:oration, hazardous material 
sorting and characterization. disassembly and dismantlement, and 
explosive ordnance disposal. With the addition of a user-supplied 
hydraulic power unit, the TIT&V 111 T is shipped ready for 
operation, with a slave arm, compact master controller with replica 
master arm, control electronics, slave controller with enclosure. 
and electrical interface cables. Available options include radiation 
hardening (for applications exceeding 1x10 rad gamma 
cumulative dosage), tool interchange, Cartesian control, and 
robotic control. 

For customers developing applications in the VME environment, 
SRS offers the TIT.4N III VME. which provides a VME interface 
to the user’s host control system. This configuration provides a 
shared memory interface to the user’s VME control environment. 
The system includes a slave arm. electrical interface cables, slave 
arm data acquisition electronics. and a VME interface card. 
Options include a force/torque sensor, tool interchange. and 
Magellan (a 3-D. graphics-based, integrated telerobotic controller 
that simplifies remote operation in both structured and 
unstructured environments). 

GENERAL DESCRIPTION 
Mode of operation . . . . . . .  Closed-loop position control 
input device .. . . . . . . . . . . . .  Six-degree-of-freedom replica master arm 

SIAVE ARM SPECIFICATIONS 
Maximum reach ....................................... 75.4 in. (191.5 cm) 
Weight in air ............................................. 223 Ib (101.2 kg) 
Weight In seawater .................................... 168 Ib (76.2 kg) 
Maximum lift capacity at full reach .. . . . . . . . . . . . . . . .  250 Ib (1 13.4 kg) 
Maximum grip opening (standard gripper) ........... 3.9 in. (10 cm) 
Maximum grip force ............................... 1,000 Ib (4,448 N) 
Maximum wrist torque ............................ 1,200 in-lb (135.5 N-m) 
Wrist rotate, slaved ...................................... 360 degrees 
Wrist rotate. continuous .............................................. 0-35 rpm 

MASTER COMROUER DIMENSIONS 
Lenglh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 1 in. (48.5 cm) 
Width ............................... .......................... 6.0 in. (15.25 cm) 
Height .................................................... 2.7 in (6.9 cm) 
Weight . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  9.5 Ib (4.3 kg) 

Degrees of freedom .............................. 

/+’- 5-23 
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SLAVE ARM FUNCTIONS 

Actuator Toque or Force Mechanical 
Fundan Me @ 3000 D d  Ran- 

~~~ 

Azimuth Rotary 18,000 in-lb (2,032 N-rn) 270' 
Shoulder pitch Linear 21,400 in-ib (2,416 N-m) 120' 

Elbow pitch Rotary 9,200 in-lb (1 ,OJB_N-m) 270' 
Wrist pitch Rotary 4,000 in-lb (451 6 N-m) 180' 

Wrisr vaw Rotarv 4.000 in-lb (451.6 N-m) 180' 

Wrist rotate Gerotor 1,200 in-lb (135.5 N-m) 360' 

Jaw Linear 1,000 lb (4,448 N) 3.9 in. 
7 

HYDRAULIC REQUIREMENTS 
Fluid type: Petroleum-based or waler/glycoCbased hydraulic fluid 

(non-cor rosive) 
Viscosity ..................................................................... 10-200 cSt 
Flow ......................................... 1.5-5.0 gpm (5.7-19.0 I/min) 
Pressure .................................................. 3,000 psi (200 bar) 

ELECTRICAL AND TELEMETW REQUIREMENTS 
100-240 VAC 50160 Hz slandard. Consult SRS for other power 
options. 
Standard with RS-422/485 half-duplex, optional RS-4221485 full- 
duplex or RS-232 communication protocol. 
Consult SRS for other telemetry options. 

OPTIONS 
ThnIII TinI I I  ThnIII 

s 1 VME 
~ 

Robotic software 'I v v* 

(UD to lxlo'rad aarnrna) v v 
~ ~~- 

Radiation hardening 

Tool interchanae v v 
Maaellan v 
Forceitorcue sensor v 
Extended depth rating to 
21,000 fsw (6,500 rn) v ** 

' The TITAN 111 VME "ses Magellan robo1.c software 
..The TITAN ! / I  S s'andard c e z 5  ra:irg .s GP :o 5,000 lsw (1,524 n') 

Magellan is a 3-D, graphics-based, integrated telerobotic controller. 
Magellan simplifies complex tasks by providing computer-aided 
teleoperation through modeling. motion planning. and manipulator 
control. With features such as simple and efficient trajectory 
specification, real-time graphical display, and collision-free path 
planning, iMagellan provides a cost-effective solution to complex 
remote manipulation problems. 

TITAN 111 T shown with interchangeable 
rotary power tool, 9 0  drill head 

TITAN Ill tool interchange coupling 

Examples of interchangeable electric 
and hydraulic tools 
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Titan 111 v* 
. - . 

L .. 
-.I - ..- 

Elevation View ( 1  square = 4 Inches) 

-. . .  - 
Plan View (! square = 4 ,Pches) 

TITAN 111 range of motlon finches) 

TITAN 111 FEATURES 

construction 
Corrosion-resistant titanium 

Miniature replica master arm 
Wide range of motion 
High payload-to-weight ratio 
Rugged and reliable 

v 
G E C  A L S T H O M  

SCHILLING ROBOTIC SYSTEMS 
1632 Da V i m  Court 

Davis. California 95616. USA 
Phone: (916) 753-6718 

Fax: (916) 753-8092 

ACCESSORIES 
Hydfa'JNic poi:er dnlt  (TiTAN I l l  TIVME only) 
1n:erchzngeaole !ocis (consul! SPS io: specifica!isrs; 
Hydre-itc nose kits 
Spares k i x  
Moun:'ng Dedestal 

FOR MORE INFORMATION 
Contac! SRS for configuration detail sheex ana Technical 
applicari?ti guides for :he TITAN 1 1 1  S ,  T and VblE. 

Deicnpl ion% and rpecificnlionr 3re whject  la  change uithmt ro:lce 
C m t n x  Schilling Robotic S) stems. Iac. for the laiesi intomation. 

1995 Schilling Rabotic Systcms. Inc 

Developed by Baltelle, the Remote Ordnance Neutralization 
System IRONS) is a stair-climbing, off-road vehicle with robotic 
control, fiber optic communication system, remote operator 
control system, and a TITAN telerobotic manipulator system 
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Model 'F' GTAW Weld Head 
PIN 282-1 100-1 03 

Specifications 
Travel Speed 
Jog Speed 

2o IPM -Process EK 
401PM 

Features 
Precision electromechanical servos for 
Travel, AVC, Wire Feed and Oscillator. 

Patented, zero backlash tract ion drive 
travel carriage. No expensive gear drive 
travel mechanisms. . Fast mount ing  t o  all Dimetrics circular and 
f lat  t rack  w i t h o u t  la tch roller change-out. 

Weld head mounted jog and sequence 
controls. 

configurations for  m o s t  any application. - 'A' single wire, one direct ion 
- 'C' dual wire, bi-direct ional 
- 'D' deep groove, bi-direct ional 

Optional remote  video viewing front-ends 
w i t h  mechanized torch tilt and wire 
manipulat ion. 

Optional f ront -endlwi re manipulator 

Model 'F' Weld Head pictured with 'C' Front-End 

Oscillation Travel: 2.00' 
Arc Voltage Control Stroke: 1 SO' * '  
Wire Size: 
Wire Spool WeighWSize: 
Wire Feed Rate: 
Wlre Positioning: Up/Down +/- 3/8" 

Welding Torch Rating: 
Axial Clearance: 17.75' (minimum) 
Radial Clearance: 4.75' (minimum) 

20 Ibs. (less cable) Head Weight: 
Cable LenglhMleight 35'. 40 Ibs. 

,030' to ,063" diameter 
2 Ibs.. 4' diameter std. 
0 - 99 IPM 

In/Our + I -  1 5 O  
300 AMPS, 100% duty cycle 

* I .OO' C r 0 s s - 5 . ~  with 1 .OO' Ostillation Stroke PI- 1 .W- Slid. Trawl 
* ' 2.25- VenisaI Slide A d , u n ~ m  

I 

Auaust 1993 

v-7 

IPSU 
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ROBINSON I N D U S T R I E S  I N C .  SPEEU: 1700 RPM DATE: 5-30-199' 
FAN: 33 X 0.5 RB1806-5 SWSI TEMP: 710 DEG. F 
FOR: MERRICK 6 COMPANY DENSITY: 0.0334 R/F T3 

OUOTE #: HE0346-1 

FAN 
STATIC 

PRESSURE 
(IN-H20) 

NOTE: l N L E T  
P = o  

VOLUME [CFM) 

I 

1 

3 

BHP 

2 

1 

0 

EF- I 
SE- 1 
TF- 1 
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'DATE: 05'/31/1996 

%C-SD-SNF-CDRa7J REV.? 
ROBINSON INDUSTRIES, INC. 

SOUND PROGRAM OUTPUT 
_____._____________- 

QUOTE # :H80346-1 DATE: FRI MAY 31 1996 

CUSTOMER :MERRICK L TO. 
DESIGN :RB1806-5 DIAMETER: 33.00000 INCH RPM: 1780.00 WIDTH: SWSI 
CFM : 750.00 PS-INCHES H20: 0.00000 BLADES: 18 

NEAR FIELD APPROXIWTELY 3 FEET 

SOUND POWER LEVEL RATINGS SHOWN ARE DECIBELS REFERRED TO 10-12 WATT AND 
OBTAINED IN ACCORDANCE WITH AMCA STANDARD 300. 
RELATED AIR PERFORMANCE RATINGS PER AMCA STANDARD 210. 
PWL FOR EACH BANb AND DBA ARE CALCVLATED PER AMCA STANDARD 301. 
LEVELS SHOWN DO NOT INCLUDE MOTOR OR OmER AUXILIARY EQUIPMENT. 

OPERATING CONDITIONS OTHER THRN THE ABOVE STATED VALUES CAN RESULT 
IN SIGNIFICANTLY DIFFERENT SOUND LEVELS. 

DATA IS FOR USE BY A SYSTEM ACOUSTICAL DESIGN ENQINEER FOR 
EVALUATION OF THE FAN SINGULARLY AND WITHIN A SYSTEM. 
BECAUSE OF THE INFINITE VARIATIONS IN SYSTEM ARRANGEMENTS 
AND THE FACTORS WHICH AFFECT SOUND PRESSZX(E LEVELS, 
IT IS THE DESIGNERS RESPONSIBILIn TO PROPERLY APPLY THIS DATA BASED 
ON HIS KNOWLEDGE OF THE SYSTEM. 
FOR ~wmll FIELD" COMPUTER DATA TO APPLY TO DUCTED INLET AND OUTLET 
INSTALLATIONS ANY OPENING IN THE DVCT\MUST BE A MINIMVM OF 100 FEET REMOTE OF THE FAN. 

TO THE SOUND POWER LEVEL. 
EXPANSION JOINTS. 
DENSITY MUST EQURL THAT OF THE FAN HOUSING TO ACHIEVE THE SOUND LEVELS NOTED. 

NEAR FIELD--& HEMISPHERICRG SPACE WHERE SOUND PRESSURE WAVES FROM ONE 
RADIATING SURFACE TEND TO INTERFERE WITH WAVES GENERATED BY OTHER SURFACES. 
NEAR FIELD BOUNDARY IS RELATED 
TO THE WAVELENGTH O h  THE LOWEST FREQUENCY AND OVERALL SIZE OF SOURCE. 

FREE FIELD--AREA BEYOND NEAR FIELD WTTH NO OBSTRUCTIONS WHERE SOUND 
PRESSURE LEVELS DECAY 6 DE FOR EACh DOUBLING OF DISTANCE'FROM NEAR FIELD. 

**tt***tt** LEVELS SHOWN DO NOT INCLUDE MOTOR OR OTHER A m  EQUIPMENT * * * * * * * * * * *  

BAND NO. 1 2  3 4 5 6 I B D B A  
MID FREQ 

SOUND POWER LEVELS AT ACOUSTIC CENTER OF FAN 
PWL+/-2dE 83 86 BY 80 19 76 71 6 8  85 

FOR DUCTED INLET AND OUTLET INSTALLATION 
ESTIMATED SOUND PRESSURE LEVEL FOR NEAR FIELD WITH 0.25000 INCH CASING LOSS 
SPL+/-2dB 70 68 68 57 52 47 3 8  32 61 

ESTIMATED S O W  PRESSURE LEVEL AT 
SPL+/-2dFl  70 68 6 8  5 7  5 2  47 3 8  32  61 

SOME: GUIDELINES FOR USE OF THIS DATA ARE: 

OPENINUS WITH~N THIS RANGE ARE ASSUMED TO EMIT A SOUND PRESSURE EQUAL 
THIS ALSO APPLIES TO UNTREATEa INLET & OUTLET 

NOTE THAT FOR DUCTED INLET/OUTLET THE DUCTWORK THICKNESS AND 

DISTANCE FROM RADIATING SURFACE, 

OCTAVE BAND LEVZLS 

63 125 250 SO0 1 0 0 0  2000 4000 8000 _ _ _  _ _ _  .__ --. __._ _ _ _ _  _ _ - _  _ - - _  - - -  . - - - . - - 

0.00000 FEET EEYGND NEAR FIELD OF CASING 

c 110 'PO0 



Circulation Heaters 
6" Flange 

XI (991) 20% (521) ' 17 1432, 
(115 m1 X. (1259) 1 31 (787) 27: 16998 

X. (1792) [ 52 (12121) , 48) (1232' 
%a (2326) , 73 (18541 , 69; (1765' 

R.f 
6 rh' - n.1- 

1 Rs, 17 " h i  mml , r 2  'it' NPl h*1 k 06rll.l 

6' 
~ 

mnl 

4 s' 
'Ir' NPl 

(510 mmj, 3 'b' (114 -1 
1 i'h.WPT - ne m1 

(10 wnnz 24 
S M T a n k  36 
12-Copper 48 
(93W/cm2) 60 

72 
11W 
1120 

6OW/lnz I 30 
Slnl lank 45 
15-Copper I 50 
(93Wicmz) 1 75 

90 
1125 
1150 

rppl icat ion:  Deionized 
6OWAnz 1 24 
316SSTank , 36 

' 12-316SS 1 48 

6" 150 Ib ANSI Flange-WATROD Element 

6 1  CFPC715GlO 2 CFPC7llW 2 CFPC715G11 -212 (97) 
6 1  CFPClzlGlO 3 CFPC7ZlW 2 CFPCnlGll  2 C6Clz lG5 1 217 (99) 
6 2  CFPC726R3 4 CFPC726Rll 2 CFPCIZ(IR5 2 222 (101) 
6 2  CFPCIJZW 4 CFPCmGll 2 CFPCIJZGS 2 226 (103) 

CFPC737RS 2 290 (132) 6 3  
63 
6 4  

6 1  CFPC715GlOX 3 CFPC715wX 5 CFPC71xillX 3 CFPC715GSX 1 215 (98) 
6 1  CFPC72lGlOX 5 CFpcn lWX 5 CFpcMGl lX  3 CFPC7ZiGSX 5 223 (102) 
6 2  CFPCRbRJX 5 CFPC726RllX 3 CFPC126RC.X 5 226 (103) 
6 2  CFpcmGJX 5 CFPCmOllX 5 CFPCIJZG5X 5 268 (131) 

CFPC737R5X 5 2% (134) 63 CFptTs7RJX 5 
6 3  CFPC7SORSX 5 306 (139) 
6 4  CFPC7WSX" 5 370 (168) 

- 
cFPc75oRs 2 298 (136) 
CFPClbw 4 360 (1M_l 

-- 

Water, Demineralized Water 
6 >  CFPRTlSNlO 3 EFpRnSN3 1 2 ~CPPR715Nll 2 CFPR715NS 1 212 (97) 
6 1  CFPRIZlNlO 3 CFPRIZlN3 2 CFPR72lNll 3 CFPRTZlN5 1 217 (99) 
6 2  c w m m  ~ 4 ICFPRIZTLII 3 C F P R ~ E S  1 2 u2 (101) I 

c 

I ( 9 3  Wicrn2) 1 60 62 

360 (164) 
215 (98) 

CFPRIZlNllX 3 CFPRIZlN5X 223 (1021 

I- - - .- CFPR7ONI .-- 1 wwnn, 

- -_ 

MN' 30 
All circulation healers are Assembly Stmk 
unless Otnewlse noled 
Av8ilabilHy 
A-mbly Stosk: 5-7 working days 
Standam. 10 worklng days 

@ Standard 

338 
1 
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400 2 991 
490 , 1216 
580 1419 
670 1663 
760 1116 
850 2105 
940 2113 
1030 2556 

1210 1002 
1300 1226 
1190 1449 
1480 3672 
1570 1896 
1660 4119 

1120 ,779 

1750 4142 
1840 4566 
I910 4719 
2020 so12 
2110 5216 
2200 5459 
2290 5682 
2380 5906 
2470 6129 
2560 6152 

400 (91 
490 1216 
580 1419 
670 1663 
760 1116 
850 2109 
940 2331 

1210 , 1002 
1100 1226 
1190 3449 
1480 1672 
1570 11% 
1660 4119 

4 ;:;: :::: 

1750 4342 
I840 4566 
1930 4719 
2020 5012 
2110 5236 
2200 5459 
2290 5682 
2x0 5906 
2470 6129 
2560 6352 

150 21w 
940 2113 
I010 2556 
1 2 0  2779 
l2lO 1002 
1100 1226 
1190 1449 
1480 1672 
!I70 18% 
1660 4119 
1750 4342 
1840 4566 
1910 4789 
2020 5012 
2110 5216 
2200 5459 
2290 5682 
2380 5906 
2470 6129 
2560 6152 

~~. .... ... 
1120 0.29 I257 038 1381 0.49 1496 059 1604 0.70 :70'i 080 1802 a91 1892 ! ci 1982 1.14 
1178 0.34 1310 045 1429 0% 1539 06. 1643 0.78 :I41 09C 1835 1.02 1925 > : I  2011 126 
1239 041 1365 052 I480 0.64 1586 076 1686 08s i781 I O e  1872 1.13 1959 iX 2043 1.39 
1101 048 1422 060 I533 0.72 1636 0 8 5  1713 0.98 182ii I.li 1913 1.25 1998 i 3 2080 1.53 
1365 056 ' I382 065 1589 062 1689 096 1783 1.10 187:i I24 1958 1.38 2040 I j; 2119 1.68 
1411 0.66 1562 079 1647 0.93 1743 I O 8  1835 122 1921 1.37 2005 1.53 2085 I @  2162 1.84 

152 2054 1.66 2132 I W 2208 201 1498 0.76 1607 091 1707 1.05 I800 12@ I889 136 
1566 088 1671 1.03 1768 1.19 1859 135 1945 151 % 1.67 2106 184 2182 LO1 2256 219 
1635 1.01 1736 1 I7 1830 1.33 1919 I50 2003 1.67 208: I84 2160 2U2 2234 Z i o  2306 2.38 
1705 1.16 1803 1.32 1894 1.49 1980 I67 2062 185 214CI 203 2215 221 2287 2 8  2 1 8  259 
1776 1.32 1870 149 1959 1.67 

1919 1.69 2008 188 2w2 2.07 
1992 1.90 2078 210 2159 24) 
2065 2.13 2148 233 2228 2.54 

1847 1.50 1939 168 2025 1.86 

2138 237 ' 2220 259 2297 280 
2212 264 2291 2 86 2366 309 
2287 292 2363 3 16 2436 339 
2361 323 2436 347 2507 372 
2436 356 2509 381 2579 406 

2043 I 8 5  2122 204 219[ 221 2272 242 2x3 261 2411 281 
2106 205 2184 224 2258 244  2330 264 2399 2% 2467 305 
2'71 227 2247 247 2320 267 2390 288 2157 3 6  2523 330 
2237 2 5 0  2111 271 2382 292 2450 313 2516 35 2581 357 
2303 275 2375 297 2445 3 19 2512 341 2577 163 2640 186 
2370 302 2441 325 2509 34 '  2574 170 2638 393 2700 4 17 

2507 363 2574 386 2639 411 2702 435 2763 4 8 1  2823 485 
2576 396 2642 420 2705 445 2767 470 2827 3 I 2885 5Z 
2645 131 2710 457 I 2772 482 2833 508 2892 5 3  2949 561 

213a 331 2507 355 2573 37s 2638 402 2700 i ~ s  2761 4 5 a  

2026 076 2117 085 2204 0% 2289 103 2371 113 2450 123 2631 144 2744 IS 2880 188 
2023 084 2113 093 2200 103 2283 I13 2364 123 2442 134  2592 L56 2735 I 1 8  2870 202 
2026 093 2114 103 2200 113 2282 124  2362 135 . 2440 146 2588 169 2729 I 9 2  2864 217 
2035 103 2121 1 I4 2205 125 2286 136 2365 147 2441 159 2588 183 2727 207 2861 233 
1049 114 2134 125 '2716 117 22% 149 2373 161 , 2448 173 2593 198 2730 224 2862 251 

2764 281 2890 
2784 102 2907 
2806 125 2926 
28% 349 2952 
2865 174 2981 
2899 401 3013 
2935 4 3  '3047 
2972 4 9 3084 

45 3015 488 3123 
2949 476 3059 i20 .3165 
B36 508 3104 5 8  32M1 
3045 141 3151 5 8 9  3253 
3m6 576 31% 625 31w 675 

760 441 2819 465 2876 489 2933 5 13 '2988 538 3042 563 3147 h13 3249 661 3348 7 16 
820 4 74 2878 499 2934 524 2989 549 3444 575 3097 600 3204 &52 3301 7 05 3198 7.54 
881 5 IO 2937 535 2993 561 3067 587 3100 613 3153 640 1255 893 3353 7 47 3449 LO2 
942 548 2998 574 3053 6 W  3106 627 3158 654'3210 681 3310 736 3407 792 3502 848 
045 588 3060 6 1 5  3111 642 3166 670 3217 697-3268 725 3366 782 3462 8 3  3555 897 

392 298 3112 328 a28 358 3341 389 3450 421 3556 453 3664 4 8  3750 i19 38% 1% 
I39 3 2  1118 350 3233 382 3344 4 14 3452 447 3557 480 3660 514 1750 518 3857 5.84 
I l l  341 3128 375 3241 407 3351 240 1458 474 3562 509 3663 544 3762 in-3859 616  126 367 3142 400 3253 434 3362 469 3467 504 3570 540 3670 576 3768 613 3864 651 
146 193 3159 427 3269 462 3376 498 3480 535 3581 572 3680 6.10 3777 6 8  311) 617 
166 419 3 ~ ' i  J 5 5  1288 492 3393 530 3496 567 
193 447 3202 2 8 5  3308 523 3414 562 3515 602 
23 477 3230 5 16 3334 5% 3136 5 96 3535 636 
56 508 326i 519 1364 590 3463 632 3561 674 
91 541 3295 5 8 3  u95 626 3194 669 3590 713 
28 5.75 3330 6 19 3429 6 6 3  3526 708 1621 7.53 
69 6.10 3368 656 3466 7.02 3561 748 3654 7.95 
09 6.47 34iI 696 3544 7.42 3598 790 3690 8.19 
53 6.85 3450 735 3544 784 3637 d 34 3727 8.84 
98 7.26 3493 7 76 3587 828 3678 8 79 3766 9.31 
45 768 3539 820  1630 873 1720 9 2 6  3808 9.80 

a3 8.57 363.: 9 i3 3723 969 3810 1030 3895 1080 
94 905 368; 963 3771 1020 3857 1080 3941 1140 
16 9.55 3732 IO 10 3-21 1070 3905 I! 30 3988 1190 

93 8.12 >sa6 866  3676 g m  3761 9 75 3851 10.30 

. . _ _  - __ 
3596 606 3694 645 3789 6P 3883 724 
3614 641 3710 682 1804 7 2 3897 764 
3635 679 3730 720 3823 7 a 3914 805 
3656 7 16 3749 759 3844 B D 1  3934 849 
3683 757 3775 801 3865 8 26 3953 892 
3713 799 3804 845 3893 8 92 3979 939 
3745 8 4 3  3835 891 3922 9 3 4008 987 
3780 888 3868 938 3954 9 87 4039 1040 
3816 935 3903 9.86 3988 I O W  
3854 984 3940 1040 4024 1 0 %  
3897 1040 1978 10.90 
3936 I090 4019 1140 
3979 I 1  40 
4023 1200 
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ARR. NO. 10 

FAN PARTS LIST 

1 -Housing 
2 . Backplate and Flange Wheel 13 - Motor 
28  - Open Wheel 

Belt Guard 2C. Paddle (Blast1 Wheel 
3 -Inlet Cone 
4 - Inlet Stand 
6 -Shaft 150 - Tan Sheave 
7 . Pillow Block Bearing 16 -Belt Guard 

12 - Standard or Raised Access Door 

14 - Combmatton All-Weather Cover and 

15 ~ V-Belts 
15A - Motor Sheave 22 - Inlet Screen 

18 - Shaft seal 
19 - Heat Slinger 
20 ~ Outlet DamWr 
21 - Standard Drain. X TaDWd PIW Coupling 
21A - Flanged Type Drain 

25 -Coupling 
25A - COupllnp Guard 
27A - Rail Type Vibration Isolators 
2 8 ~  - Inlet ~l~~~~ 
288 - Outlet Flange 

- 
10 . Bearing Base 17 - Arr 4 Motor Base 11 ~ Arr 9 Motor Shde Rails 
11A - Arr 10 Motor Slide Rails 

178 - Arr 8 Motor and Bearlng Base 



Rectangular, Round, 
and Nipple-Connected 
e B Filters Constructed 
ted in Accordance with 

Bulletin No. 936 

M IL- STD-282 

I IES-RP-CC-001.3 
pv- F-1171 pilNG 
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Filter Design and Construction 
Fitter Media 
The filter media in Flanders’ Nuclear Grade filter el* 
ments is all glass (boron silicate microfiber) and contains 
a waterproofing binder which adds strength under both 
wet and dry conditions. Flanders manufactures its own 
filter media to meat or exceed the requirements of 
MIL-F-51079 (latest issue). Flanders ‘007’ media is 
currently listed on the U.S. Amy Qualified Products List 
OPL 51079.OPL-approved media which have been 
treated for resistance to airborne acids ere also avail- 
able; consult the factory. 

Sealants 
Fire-retardant umhnes are used to bond the filter elemem 
to its integral frame. PUREFORM’ fitters am made using 
solid urethane w h e w  SOParaW-Mm fibrs am 

Frame Material 
P/@- Fireretardant plywood frames are ideal for 
many applcations, and are easier to incinerate or 
breakdown for disposal than are metal frame filters 
However. they are not recommended for use in systems 
having high-moisture content. since they may warp or 
support biological gmwth. Stainless steel frame maten- 
a$ should be used in morsture-laden applications. 

ste~nh%s Steel - Type 409 and Type 304 stainless 
steel frames are also available. The 14-gauge Type 409 
stainless steel IS used in place of the cadmium-plated 
and chromued steel that was used in the past. However. 
since the Type 409 matenal has a low resistance to 
causbc atmospheres. the Type 304 stainless steal is 
recommended for those applications 

H-70 2 



Frame Style 
The technique that will be used to seal the filter in 
service determines the selection of the filter frame Style. 
(see illustrations below.) 
Nuid See/ - Metal frame fluid seal filters have a 
fabricated channel (W wide x 
face. Wood frame filters have a routed channel 
(W wide x V4' deep) on one face. 
Gasket Sea/- Metal frame gasketed filters are provided 
with one or two flanges for the placement of me gasket 
as specificed by the customer. On wooden frames. the 
gasket is simply applied to the edge of the frame. 

Fluid or Gasket Seal 
Fluid Seal - BLU-JEL* Seal was developed by 
Flanders' and is the standard fluid seal material. 
Service temperatures are to 3920F. For complete 
infmatim on BLU-JEL~ sed. sh..)o6om 

deep) located on one 

Gasket Sea/- Gasketed finem for normal service are 
supplied with emr closed cell sponge neoprene or 
rqhrlastic silicone sponge gaskets (W x %'). High- 

Chanml . 

temperature filters require the special sealants descnbed 
on page 8.  
locam of ma puket or f/ud sen/ in the model number 

upstream. domsrream, or born for the 

Faceguards 
The standard faceguard IS 4 x 4 mesh, 23-gauge. 
welded and galvanued aped steel. Type 304 stainless 
steel faceguards (4 x 4 mesh, lir-gauge woven wire per 
ASTM A276) are also available for highly-corrosive 
atmospheres. Faceguards protect me media. but are not 
a QUaNntee agaIm damage due to mishandling. Specify 
facogwrd logtm as upstream, downstrssm or both 

Underwriters Laboratory, UL 586 
To be listed under UL 586. filters must be submmed to 
Underwnten Laboratones for extensive testing including 
spot Lme. and envlronmsntel exposure to heated air. A 
UL 586 llsbng IS acmpted by the DOE as meeting the 
Heated Air mquirement for Nudear Grade filters. 
UL l a h k  are Oprrone/ Some hightemperature filters. and 
filters larger than 24' x 3 0 ' x  7 I H: am nor eligible for UL 586 

m i d  Seal 

A knifeedge in the f i l te rhous ing  males in toaf lu id-  
f i l led channel provided on  the l i l ter Flanders 
invented thef lu id  seal inresponselo rcquiremenls 
foranabsolute seal in themost  cri l ial applications 
In most cases. f luid seal filters are also easier and 
quicker to change out than gasketed f i l ters 

1 

The Gasket Seal 

A filler clamping mechanism is typically used to  
maintain sealing pressure on gasketed filters. 
Gasket seals haveatendencylodcvc lop bypass 
leaks. primarily because of compression set. 

a 
G-71 
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Nipple-Connected Filters 

N1 or N2 Filters with PUREFORMTYFilter Elements 

B E 4  LT (P 10' 4. 3' l'h* 35 
CCD 12' 12' 12' 4' 4' l'h' 1 w  
CGF 12' 12' 1C 8' 4' 1%' 1 0  1.0- W.Q. 

GGD 24' 24' 12' 4' 12' 4' 500 
GG-F 24' 24' I C  8' 12' 4. la00 

N1 or N2 Filters with Semrator-Tvne Filter Elements 

BB-A C C 8' 3 ' ld  2' l'h' 20 
BED 8' s 10' S'h' 3' l'h. 35 

12' 12' 12' 5,'h' 4' l'h' 100 1 .0' w.g. 
CCF 12' 12' I C  ll'h' 4' l'h' 1 0  
GOD 24' 24' 12' S'h' 12' 4' 500 
(3w 24' 24' 1C 11'1s' lr 4' lo00 

12 
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, Roughing Prefilter 
e frames of N1 filters may be extended 2' in depth 

,,, accomdate a roughrng prefilter. Indicate Me 'Ppmfix 
in me model number to spenty mu option. Also q u i r e s  a 
spacurl 8 ~ d  ~ m w .  contact me teetory tor d e w s .  

Gasket Seal (N1 Filters Only) 
Gaskets are made from 114' x 34' closed cell 
neoprene material. Specity loution of me gasket as up 
stream. downstream, or boM, in Ihs finer nwdel numbsr. 

Wood Fnnw Urn1 Fnnw 

Drilled Flanges (N1 Filters Only) 
Xandardflanges may be located ontlwfilterfaca oron 
ne n w  amecbon. These flanges maybe drilled m a 
standard pattern or accodmg to customer specificabona. 
Flanders' standard p a m  am as follows: 916' dame@r 
holes equally spaced and centered on the filter face flange: 
or 5/16' diameter hobs equally spaced and awtemd on 
the nippleumnectecl Range. 

SlipOn Flanges 
Optional 150 poud slipon flanges for pipe-nipple 
conneaons shall be available in carbon steel or Type 
304 stainless steel, and in any standard IPS m e .  
CMwr sues and rypes of flanges am available per cusfomer 
sp&fkaboM. 

Faceguards 
(Nl and N2 Filters) 
Standard faceguard 
matenal s 4x4 mesh. 
23-!wJge. welded 
and @VMIZIJ~ dipped 
steel. Type 304 stamless steel faceguards (4x4 mesh, 
17-gauge woven wre per ASTh44276) are also avail- 
able for highly cornwe atmospheres. Speutv tecsguard 
locsbon BS ccpmrun, downmeam. or bom 

UL 586 (N1 and N2 Filters) 
To be l i e d  under UL586, filters must be submined to 
Undemrlters Laboratories for extensive testing including 
spot flame and exposure to heated air. A UL586 listing is 
eccepted by the DOE as w i i n g  the Heated Air Re- 
quirement for Nuclear Grade filters. UL labels ere optiwl 
.nd am apptiwd onjy if spwibd by me buyer. 

l-i -73 
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F@ Containment Housings 
With In-Place Test 

In-place testing of hepa fillers and adsorbers is required 
for nuclear systems and should be considered for any 
HVAC system where toxic particulates or gases are 
present in the effluent atrstream. The testing 01 adsor- 
bers usually presents no problem since the freon that 
is used to challenge the system passes through particu- 
late filters. Hepa filter banks require distance both up 
and downstream of the bank to successfully introduce 
and disperse challenge aerosol on the upstream side 

and to mix potential leakage into the airstream (I e for 
an effictency test) on the downstream side This is not 
always a practical solution in complex filter trains Flan- 
ders offers a complete built-in test system that can be 
installed between sumssive filter banks Regardless 
of the number of hlters in parallel or in senes, the 
maximum distance between successive banks utiliized 
by test apparatus is 28". (See below) (Refer to Flanders 
Bulletin No 381C for further information ) 
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E-6 (Hepa Filter) Housing 
Component and Designating Code 

~ 

Leh or 
Right-Hand 

A- 

L/R 

- 
Type 

of 
Housing 

I 

How to Order 
Example: E 4  2x2 O&F2 (304) L Type 1 

Type of Door 
Arrangement 

Type 1 Housing: The standard 
E-6 Houslng has an dooc 
on one slde and a fiDnaed plate 
on the Omer. The -r must 
Speaty len or nght-hud acmss 

Type 3 Housing: Ms hwslng 
axlslstsottbvosldabyaidehan- 
ings in parallel. Access to lhe fib 
ters and operabon ot lhe Mer 
removal md IS from both sdes ol 
me Parallel housings (Mo p.Be 
8.) 

OFLANDERS FILTERS. INC.. 1988 FOREMOST PRODUCERS OF HEPA FILTERS AND SYSTEMS FOR SCIENCE AND INDUSTRY SINCE - 1% 

‘tt-- 7 5  12 
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SAJC ACCEPTANCE TESTPROCEDURE 

-~ 
Pmj- No.: 9 2 7 4 1  (486.1) CWJP.0.: L E S A T I 9 W  

Iremkription: u lcti h Da aer OEM: Ruskin 
McdcvPart NO.: E 9 2  :nd B7G92 

M e w  Function: Maintain suuctural inteeritv and oaerabilh before. during and 
after a seismic event 

DwglSpeE.: 500-001162~1D UUU -13D 

EGS-TR-927701-104 
Revision One 
Attachment: 1 put: 2 

Prep. b& ' Date: -6 

Rcv'd by: gaH Dare: l?pp6 

1 Of 1 . 

2. Pbysical Attributes 

a) Dimmsiom 
Verify d i d O n S  8Tc rhe cusloma-appmved d n h g  (Rd- WgurrS 1-1 UUOU@I 1-13) by review of th 
Ruskin FinaJ Inspoxion Rcpons. 

b) Confieurntion 
Verify the damper k free fmm damage and 
customer-appmved dnwingr. Record the N a o m c r - a p p d  dnwing number, including revision, on the dam rhcet 

of the wn6guation depicted in Figures 1-1 lhmugh 1-13 or th~ 

I. Mechanical Attributes 

a) Material 
Verify the matuial urcd for wn5truaion of the dampers has b m  indepcndmtly lated and ao=+xcd by SAICnGS 
The following rmtcrialz shall be vcri6ed: 

Frame BladcSti&~~m 
Flanee Actuator Bracka 
BhdC Weld Wirc 

Verify all welderr performing welding on the damper att cnrified to ASME Sation DL 

. Electrical Attributes 

Verified per Paragraph 5. 

. Operability 

a) ProcmOucrntion 
V e M  each damper ~peratcs as required by Ruskin Proadura Nos. 092395 and 092295. 

LOC 980 

14 - -16 
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Figure 1-5 
LOC 980 
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BEST AVAILABLE CCI$\J 



* HV and UHV technology 
Semiconductor process technology 
Physics/research/accelerators 

* Electron microscopy 
Industrial applications 
Mass spectrometry 

W U L  14 

BEST AVAILABLE COPY 
44-83 \/ADAN 

To order, call 1-800-882-7426 





mese Turbo-V controllers are microprocessor-controlled fre- 
quency converters with seil diagnostic and protection features 

ensure the highest degree of reliability The compact, X rack 
und has a multifunction alphanumenc display for pump status and 
emr code diagnostics The front panel display is a two-line dot 
matnx LCD display wlth back lighting It displays rotational speed 
as the pump starts up and indicates when full speed IS reached 
AI  any time dunng the operation of the pump, the speed. current, 

- - ____ - - 
- - 'I L-- 

power, and beanng temperature can be displayed Additionally 
the microprocessor acts as a pump cycle log and can display 
the number of vacuum cycles the cycle time for the current cycle 
and the total operating hours on the pump Remote operation can 
be accomplished wth logic level contact closures and with 
optional computer interfaces 

PCB controllers are available on request 

\ 
Description Part Shipping 

Contmllen 
Standard contmller for Turbc-V3WW pump, 120 V 969-9524 162.260 35 (15.7) 

Number Weight ib. i k d  

Standard controller b r  Turbo-V3ooKT pump, 220 V 
Standard mnlmller lor Tufbo-V550 pump, 120 V 
Standard controller torTurbo-V550 pump, 7.20 V 
Standard conlmller lor Tufbo-VO3HT pump, 120 V 
Standard controller lor Turbo-VWKT pump, 220 V 969-9445 $2.860 35 (157) 

Output mating mnnector (input included wth mntrollar) 969-9852 a0 1 (0.5) 
RS-232 computer communication kit 
RS-422 computer communication lot 
15-485 computer communication klt 
t3enslon cable (conholler to pump) for V W  

Accarrories 

969-9424 
969-9544 
969-9444 
969-9545 

$2,260 
$2,590 
$2.590 
$2,860 

35 (15.7) 
35 (15.7) 

35 (15.71 
35 (1 5.7) 

969-9850 $130 
969-9549 $130 
939-9848 $130 
969-9950LOOOO $245 

1 (0.5) 
1 (0.5) 
1 (0.5) 
7 (3.0) 

! 
I 

I '  



The Varian HVtOO and H\ 100 2 High-Vacuum Pirani Gauge!, 
measure pressure from 0 (11 mTorr to t o0  mTorr I 10 5 mbar to 
0 1 mbar) and offer precision and high resolution digital electron- 
ics These compact instrJmenls use a newly-developed Pirani 
sensor which incorporates an upscale tnm to improvp tracking 
ability The extremely rugged sensor is constructed with a solid 
inert noble metal that maintains its calibration over long penods 

Lower operating temperatures in the Pirani-type gauge tube (hali 
that of thermopile gauges1 enhances stability as does a unique 
temperature compensation network The gauge tubes are 
matched so they can be replaced without recalibration 

The Variari HVt00-2 dual se! mint controller operater, two inde- 
pendently-set control relays Set point values are easily adjusted 
lrom the Iron! panel and displzded on the meter Pus,h-to-set 
switches simplify display of thc set point pre!;sures. without inter- 
rupting the pressure measure-ent circuit Relays have 3-ampere 
Form C contacts Screw te r r  -61s lor the relay outpiits are 
provided on the rear panel 

Both the indicator and the co-cller instruments teature simple. 
single-hole installation The ne:. Panel mounting system makes 
panel mounting as easy as tL'- i g  a screw Gauge tubes have 
3 6  inch O.D. tubulation that i l ls  sandard quick connects. 

~~ 

Ideal lor analytical as well is ,ndustrial uses 
* Process control with ? 0 02 -Torr (+ 2 x 10-5 mbar) 

.- . ~ _ _ _ _ _  - Linear analog output 0 to 1 0 VDC 
Optional dual set poinis 

sei point reliability _ - __ - __ - 
- 1 1 5  ficGl60 230 VAC * Meets all power requireme- . Line regulation * Change in line voltaic-pro? 

in reading - Temperature compensation * Changes in ambient lempe a x e  between 0°C and 50°C 
change the reading less Ihz- 0 004 mTorr (5 x 106 mbar) 
per "C at hard vacuum 

-~ - - - ._ _ _  _____ __ 

-. - _  ____ ___ - - . - 

~ -~ . __ - Digital LED display * Crisp clear and sharppres:,re reading 

vAPIAV 
To order. call 1-800-882-7426 



~ 

For accurate and easy calibration. an optional vacuum gauge 
calibrator IS available See Ordenng 1n;ormation lor part numbers 

Description Pari Price Model Voltage Shipping 

HVlOO 6522-08-41s $563 No set points (Torr) (115V) 1.0 (0.5) 

HVlOO 65222-08440 $563 No set points (Torr) (m V) 1.0 (0.5) 
HV 100-2 6522-oa445 $718 Two set points (Torr) (230 V) 1.5 (0.8) 
HViW 652208-515 $202 No set points (rnbar) (I ISV) 1 .O (0.5) 

Number Weight ibs ikpl 

HV100-2 6522-08420 D C ~  ;:<Ti8 00- Two set points (Torr) (115V) 1.5 (0.8) 

HV100-2 6522-08-505 16718 
HVlW 652208-520 $563 
HV100-2 6522-08-51 0 $718 
Calibrator 6528-30010 $202 
Calibrator 6528-30-030 $202 
Transducer 6543-25025 Xi9 
Transducer 6543-25026 $130 
Transducer 6543-25027 $140 
Transducer 6543-25-028 $140 
Transducer 6543-25030 $134 
Transducer 654325029 $130 

NOTE - Speaal-length cable quotabons are availaMe upon request 

Two set points (rnbar) 
No set points (rnbar) 
Twoset points (rnbar) 
P n )  
( r n W  
%' Tubulatmn 
SST. Mini-CF. non-rotatable 
SST. Calon 8 VCR (female) 
SST. Cajon 8 VCO (lernale) 
KF16 Flange 
SST, KFZ5 Flange 

To order, call 1-800-882-7426 

1.0 (0.8) 
1.0 (0.5) 
1.5 (0.8) 
1.0 (1.5) 
1 0 (1.5) 
1.0 (1.5) 
1.0 (1.5) 
1.0 (1.5) 
1.0 (1.5) 
1.0 (1.5) 
1 .o (1.5) - 
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technolo;.) that prod,ices clean. cost efemve. and re h -  

able v a c n m  pumping performance 
Unlike many other t?pes of d q  pumps. the 600DS ti21 : 
both a low ultimate pressure and high pumping spei? . 
With a bate pressure in the 10-3 Torr range and supe lor 
pumping efficiency. it IS suitable for applications whe e 
oil-sealed mechanical pumps have t?.pically been ust% 

In the oil-free scroll pump, crescent-shaped pockets ti -e 
formed and hounded by the meshed scrolls. As the 
orbiting scroll moves wlthin the %xed scroll. these poi k- 
ets progressively decrease in volume as they move thv 
pumped gases in the spiral path from inlet to discharge. 
Sealing is accomplished with FTFE seals against 
anodized aluminum walls eliminating the need for oil 
sealing. 
Because the scroll pump is intnnsically clNean. there is 
no risk of contaminating your vacuum system. Conven- 
tional oil sealed mechanical pumps require costly acces- 
sones 1 traps and baffles) to achieve only marginal levels 
of cleanliness. Since no oils are required, the costs of 
purchasing and disposal of them are eliminated. Few 
moving parts and carefully chosen matenals of con- 
struction minirmze pump failures, with typical mainte- 
nance intervals of twelve to eighteen months. All these 
factors contnhute to low cost of ownership and maxi- 
mum uptime. 
Vanan's 600DS Dry Scroll pump is the preferred choice 
for your clean high vacuum requirements. 

'!I -' 

I Turbo Ion, or Cry0 Pumped Systems 
I Load 1 .ock Chambers 
I Leak Detection Systems 
I optics 
I Research 
I Any apphcation where the presence of hydrocarbons 

is detnmental 1.0 your process 

I Low ultimate pressure 
I High speed 
I Compact size 

Quiet, low vibration operation 
I Two moving parts 
I Long service life 

I No nsk of oil contaminahon 
B No expensive traps or filters 
I No costs of buymg and msposing of oil 

I Long llfe operation 
I Low mamtenance 4 Carefully chosen construction matenals 

, 1 0 , ~  a Low cost ofownershp 

I .OilFree 



Free Air Displacement WHC-SD-SNFCDR0077 R l l V  0 V m m  h i d  No. Dercnptoon 
60 HZ 600 hm 121 cfm 600DS16120 Model 600DS m t h  base hour meter 
.TO Hz 500 hrn (1; 5 cfm 

Pumping Speed 600DS 3f 20E Model 600DS w t h  tlase hour meter 
60 Hz 500 iim (17 5 cfm) 
50 Hz 420 Urn (15 cfni  

Ultimate Total Pressure 
<102Torr(mhar) 

Inlet Connection 
NW-40 

Outlet Connection 
NW 25 

Motor Rating 
0 8 hp (0 6 kW) 

Electncal Supply 
1 Phase160 Hzll20V 

and dnect dnve motor (1  p h h 0  Hdl20V 

and drec t  dnve motor (3 oW60 Hr208L’ 

600DS-KIWI Minor Maintenance IGt 
60ODS-KINA Major hlaintenance &t 

--- --_-_-- 

3 Phase60 Hd208V 
Noise Level at 1 meter 

60 dBA 
Operating Range 

40°F to 105°F (5°C ta 4OoC) 
Weight 

88.2 Ih (40.0 kg) 

t 91 15Cl 

c ._ 
E 
\ 
u 

D 
0 

v1 
n 

10-1 10-2 10.‘ 10 0 10’ 10 2 10 

Inlet Pressure, Torr  

1 

i ’  
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MD 101 
Magnetic-Drive Regenerative Blower ' I Ob e, 
FEATURLS 

Hermetically designed seal-less blower 
Continuous operation 
Manufactured in the USA 
Maximum flow: 29 SCFM 
Maximum pressure: 25" WG 
Maximum vacuum: 23" WG 
0.25 HP TEFC motor standard 
Disconnect motor without disassembling from piping 
Blower construction - cast aluminum housing, 
impeller and flanges; permanently sealed ball 
bearings in housing . Motor construction - permanently sealed ball bearings 
Ouiet operation within OSHA standards 

OPTIONS 
Explosion-proof motors 
50 HZ motor 
International voltages 
Corrosion resistant surface treatments 

ACCESSORIES 
Moisture separators 
Explosion-proof motor starlers 
lnline & inlet filters 
Vacuum B pressure gauges 
Relief valves 
External mufflers 

0.75 

BLOWER PERFORMANCE 
AIR FLOW RATE (MSIMIN) 

0.25 0.3 0.75 
30 75 

25 

20 50 

15 z 
P 

10 25 

5 

0 5 10 15 10 25 30 

AIR FLOW RATE (ACFM) 

50 
45 .a 
35 30 

SOD 

)w 

100 
30 
20 
10 
0 

1.0 

5 1.5 
0 

AIR FLOW RATE (M'IMIN) 
0.25 0.5 0.75 

-30 

-25 

- f -20  

z : -15 

J p -,I) 

- 5  

0 5 10 15 20 25 30 

AIR FLOW RATE (ACFM) 

. IS 

10 

3 
E 

I5 
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MD 101 
Magnetic-Drive Regenerative Blower - 

) L 2 MOUNTING HOLES 

Spesllls~llons subjut Io chmpe wlthovl nolle.. P h u  smWI hslory lor .p.cllls.tl~n updale.. 

EGBG ROTRON. SAUGERTIES, N.Y. 12477 914/246-3401 FAX 914/246-3802 
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Paul Dittnum 
Senior Appliratioos En&m 

C C  KywrCmnpny,Iac. 
5821 Midway palr Blvd Nduite K 
Alboquaquc, NM 17109 
Cantaet: TcpocRunh 
Phew (505) 343-9355 
Fa: (505) 345-0885 



ULTRAMET AIR FlLTER GlL4DES AND 
THEIR CHARACTHRISTXCS 

SPECIFICATIONS 

Filter Medium 

Wet Tensile Strength: 25 Ib./m. widrh, 
minrmvm, a h ?  1Fmmute w k  in uater. 

Tmsile Siren& A h  Radiation: 25 
1b.h. widrh, minimum, aftei e x p o u t  to 
an intcgmtedgarnrna radiation dmt of 
6.4xIO'RAD. 
Water RcpeUency: Zmru penrrrjrrw 
under 30 incha of warn per MIL-STD 
282. 
Water Repcllerley Afru ILdbtion: Zen, 
penemion under 6 uxh of waw afrrr 
expmurc LO 6.4 x 10 i RAD. 

Filtsr Elcnionts 

Resistance to Head AL: Rcr in t  to 
air m 7WFfor48 hwn or at 1oWSfa 5 
ukutrs p r  UL-586 and MILRIW: 
Spot flame Rrristance: Nosiiaained 
flame on domrmm side and no 
tran.miml offlane LO hrnidc sudaws pr 
ANSIR132.L 

RcsLRncc tu Moisnut d & m u r e :  
No permenr dmage after 10 pi \voter 
differential fa 1 lrour. 

l7c&ance to Rough tlJndling: No 
damagc prMIL6TD.282, method 105.9. 

Quali~y Auunncc: ToASh4E.NQA.I. 
1989 and in accorJanec with MIL-F. 
5107Y. Cercfd (D 1509001. 
Dust Capacity: 29 pnlr[? prr ASHRAE 
52-76. 

,bt;d,m r- =Z 
or/.. P , 

3 Ig.1) 
fl,% P o  bb [A) 

m NC 3' 
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C/36 Circulation heaters 

Small capacityhow flow gas heaters 
Stainless steel 

~~ 

0.5 to 3 kW 
120 and 240V, 1 phase 
lncoloy@ sheath (50 W/in*) 
Type GCHIS-C 
A p p l i c a t i o n  
For heating gases, especially efficient 
for low flow rate/high temperature appli- 
cations. (Outlet temperatures to 6 0 0 O F )  

F e a t u r e s  
Compact, ruggod d u l g n  permits 
easy installation. 
Ovortemporaturo protoctlon. Type K 
thermocouple located inside heating 
element sheath. 
Accurate process comrol by means 
of Type J thermocouple installed in the 
heater outlet. 
Comrols - ordered separately. Con- 
sult Controls Section of this catalog. 
Hlgh  t o m p . n t u r o  Insulat ion and in- 
sulation jacket. 
304 Stalnlur stool  construct ion of 
all welted parts except IncoloY. sheath. 

avallablo. Contact your local Chroma- 
lox representative 

SpeCl8l V0fi.g. and W.tt.0.  nt l I IgS 

Type '$ 
Thermocouple 

1' NPT Hubs- I 4  
-!!!!!! 

-3/4'-14 NPT 
Outlet (Int 
Threads) 

-3/4'-14 NPT 
Inlet 

7 

Sta in leu  stwl vessel conrtruction/lncolo sheath element 50 Wlln' 4 
0 5 1 2 0  1 1 GCHISEOS NS 02448314 8 ' 3  GCMSCEE2 k U24555'14 8 3 d  
0 5  240 1 1 GCHISEOS NS mu91 14 8 3 GCHISCOSEZ NS 0'24563 14 8 3 I 

+10 120 1 1 GCHlSClO NS 024.504 20 14 4 GCHlSClDE NS 021571 20 14 4: 
1 0  240 1 
2 0 1 2 0  1 1 GCHlsQo NS 02452032 26 5 GCHISC2MZ W CQ-32 26 5 3  
2 0 2 4 0  1 1 GCHlsQo NS 02453932 26 5 GCHISCZOEZ NS 02-32 26 5 1  
3 0 2 4 0  1 1 GcHlxJD NS 02454744 38 6 GCHIXJOEZ NS m4819U 38 6 .  

.h 

1 GCHlSCtO NS 024512 20 14 4 d W 02494 20 14 4 

$6765 

MNC 29 
/r- fod 

290 



V a n a n  s h e w  600DS Drv Scroll Pump incorporates a 
technology that produces clean cost effective and n.11 
able vacuum pumping performance 
Unlike manv other types of dry pumps the 600DS lhas 
both a low ultimate pressure and hgh  pumping spwd 
With a base pressure in the 10 Torr range and supenor 
pumpmg effinency it is s u a b l e  for apphcahons where 
011-sealed mechmcal pumps have typicallv been used 
I l e  oil-free scroll pump crescent-shaped pocketi, are 
I *d and bounded by the meshed smi i is As the 
or01 ng scroll moves w t b  the fixed scroll these pock- 
ets progressively decrease in volume as thev move the 
pumped gases in the spiral path from inlet to hscharge 
S e a h g  is accomplished w t h  PTFE s e d ,  agamst 
anohzed alurmnum walls ehrmnating the need for OII 
sealing 
Because the scroll pump is i n m n s i d y  dean, there is 
no nsk of contanunatq  your vacuum system Conven- 
tional od sealed mechmcal pumps requre costly acces- 
sones (traps and baffles) tc acheve onlt margia l  levels 
of cleanlmess Smce no olls are reqwred. the costs of 
purchasmg and hsposal of them are elmmated Few 
movlng parts and carefully chosen matenals of con- 
strumon nururmze pump falures, w t h  typical mamte- 
nance intervals of twelve to eighteen months .All these 
factors contnbute $0 low cost of ownerdup and m a -  
mum uptune 
Vanan s 600DS Dry Scroll pump is the preferred choice 
for \.our clean h g h  vacuum requrements 

//,,,,/ \. 

I 
I 
I 

rn Turbo. Ion. or Cry0 Pumped Systems 
rn Load Lock Chambers 
rn Leak Detechon Systems 
rn Ophcs 
rn Research 
rn Any apphcanon where the FX- - ice of hydrocarbons 

1s detnmental to your process 

rn ScrollDesign Lowulhmatepressure 
Fighspeed 
Compact size 
nulet. low nbrahon operation 

rn womovln,oparts 
rn Long service hfe 

rn OilFree No nsk of oll contammahon 
rn No expensive traps or filters 

No cos= of bupng and h p o s m g  of od 

rn Carefully chosen constructic- matenals m Long Me operation 
rn Low mamtenance MnYL 16 



NW-25 
rn Motor Rating 
0.8 hp (0.6 kW) 
rn Electrical Supply 
1 Phase, 5W60 Hz, 100/115/200/!230 V 
3 Phase, 50160 Hz, 200/208/230/380/41560 V 
rn Noise Level at 1 meter 
60 dBA 
rn Owrating Range 
40°F to 105°F (5°C to 40°C) 
rn Weight 
88.2 Ib (40.0 kg) 1 Phase 
100 Ib (45.0 kg) 3 Phase 

rn Free Air Displacement 
60 Hz 600 Ilm (21 cfm) 
50 Hz 500 Ilm (17.5 cfm) 

Pumping Speed 600DS-3UNIV Model 600DS with base, hour meter, 
60 Hz 500 Ilm (17.5 cfm) 
50 Hz 420 Ilm (15 cfm) GOODS-KMI Minor Mamtenance Kit 

GOODSKMA Factory Rebuild Semce rn Ultimate Total Resrure 
<lo-2 Torr (mbar) 

Inlet Connection 

rn Outlet Connection 

and direct dnve, 1 phase motor 

and direct drive, 3 phase motor 

10-3 10-2 lo-' 10 0 10' 10 ' 
Inlet Pressure, Torr 
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CRITERIA EVALUATION 
for the 

HOT CONDITIONING SYSTEM EQUIPMENT 
of the 

K-BASIN SPENT NUCLEAR FUEL STORAGE PROJECT 

1.0 INTRODUCTION 

Spent Nuclear Fuel (SNF) is to be conditioned by heating it in an inert (helium) 
environment, by holding the heated SNF under vacuum until the outgassing rate 
diminishes, and by controlled oxidation of exposed uranium surfaces. The 
process will be accomplished by placing a container full of SNF, called the 
Multiple Canister Overpack (MCO), into an oven where it will be connected to a 
process system that can circulate gas through the MCO and that can draw a 
vacuum within the MCO while the oven heats the MCO. The hot conditioning 
process development and the hot conditioning process equipment design, 
fabrication, and installation are the scope of the Hot Conditioning System 
Equipment (HCSE) project. 

The HCSE is to be housed in an addition to the Canister Storage Building (CSB) 
called the Hot Conditioning System Annex (HCSA). The HCSA is to be coupled 
to the CSB such that it is completely open to the storage area of the CSB. This 
arrangement allows the MCO Handling Machine (MHM) to perform transactions 
of MCOs between storage tubes that are below the CSB floor and the HCSE 
ovens that must also be in tubes below the floor for proper MHM interfacing. The 
HCSA is a separate project from the HCSE being performed through an addition 
of scope to the CSB project. 

The interface of the HCSEIHCSNCSB projects determines many of the criteria 
for the HCSE. The CSB utilizes work performed previously as part of the Hanford 
Waste Vitrification Project (HWP). The building foundation was completed 
previously and the final design of the CSB building has been issued for review in 
preparation of an immediate construction start. Therefore, the structural and 
nuclear material release confinement criteria have been selected and 
implemented for the CSB. Since there will be no wall between the HCSA and the 
CSB, the same criteria must also apply to the HCSA. 

The CSB facility design is based on the fact that the MCO will always be 
secondarily contained within very rigidlprotected structures (below ground 
storage holes with thick concrete plug caps or within the MHM) that will be 
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qualified to perform the confinement functions required during and after credible 
Design Basis Accidents (DBAs). Therefore, the CSB design does not include a 
building shell and ventilation system designed to perform nuclear material 
confinement. It follows that the HCSA will not have a building shell or ventilation 
system designed to perform nuclear material confinement. 

Given that the HCSE does have the potential of accidentally releasing 
radioactive material through a variety of scenarios caused by a variety of 
initiators, the responsibility of providing nuclear material confinement systems to 
adequately protect site workers and the off-site public lies with the HCSE project. 
This fact is fundamental to the selection and interpretation of appropriate criteria 
given below. 

2.0 FACILITY CLASSIFICATION CRITERIA 

2.1 

The design of a nuclear facility necessarily requires iteration between design 
concept development, hazards analysis, and criteria definition in order to arrive 
at a consistent package of criteria and designs. This is because the hazard 
classification (HC), which is key to the criteria selection and design 
characteristics of the facility can be controlled to some extent by controlling the 
amount and form of the radioactive materials that will be present in the process 
systems and facility. The performance categorization (PC) of structures, 
systems, and components (SSCs) that are subjected to postulated Design Basis 
Accidents (DBAs) is dependent on the HC. And, the determination of whether 
an SSC is “safety class” or “safety significant“ is determined by the off-site 
consequences (safety class) or on-site consequences (safety significant) of 
releases that might occur as a result of DBAs. However, calculation of 
consequences requires some model of the facility and the processes that it 
contains. PC and safety class determinations imply certain structural loads and 
analysis, as well as special design features to assure that there are no single 
point failure modes for an SSC. 

DOE Order 5480.23, “Nuclear Safety Analysis Reports”, requires that a Hazard 
Categorization (HC) be performed for planned nuclear facilities for the purpose 
of establishing a graded approach to safety analysis. Ratings range from HC-1 
for the most hazardous rating to HC-4 for non-nuclear facilities. The 
methodology for assessing the Hazard Category is given in DOE STD-1027-92, 
“Hazard Categorization and Accident Analysis Techniques for Compliance with 
DOE Order 5480.23, Nuclear Safety Analysis Reports”. 

DOE STD -1027 “Hazard Categorization” 
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In a general sense DOE STD - 1027 defines HC's as follows: 

HC-3: Hazard analysis shows potential for only significant localized 
consequences. Facilities with quantities of radioactive materials in excess of 
the Table A-1 values which would yield a does of 10 Rem in 24 hrs at 30 m 
using the calculation method given in Attachment 1. 

HC-2: Hazard analysis shows potential for significant on-site consequences. 
The facility has potential for nuclear criticality events or has quantities of 
material at risk and energy sources to effect a release that would exceed 1 
Rem exposure at a distance of 100 m. using the calculation method given in 
Attachment 1, or would require on-site emergency planning activities. 

HC-1: Hazard analysis shows the potential for significant off-site 
consequences. Category A reactors ( > 20 MW) and facilities designated by 
PSO. 

The STD - 1027 methodology is based on comparing the radiological inventory 
of a facility to HC Threshold Quantities (TQ) provided in Attachment 1. The 
Standard recognizes that large quantities of radioactive materials may be 
present in a facility, but in a containment vessel, distribution, or a form that 
precludes release, and which need not be counted in the inventory when making 
the HC determination. 

"The concept of independent facility segments should be applied where 
facility features preclude bringing material together or causing harmful 
interaction among from a common severe phenomena. .... It is not desirable 
to estimate the potential consequences from an inventory of hazardous 
materials when facility features would preclude bringing this material 
together. Therefore, the standard permits the concept of facility segmentation 
provided the hazardous material in one segment could not interact with 
hazardous materials in other segments." 

'Additionally, material contained in DOT Type B shipping containers (with or 
without overpack) may also be excluded from summation of a facilities 
radioactive inventory." 

"Alternatively, for facilities initially classified as Hazard Category 2, if release 
fractions can be shown to be significantly different than these values based 
on physical and chemical form and available dispersive energy sources, the 
threshold inventory values for Category 2 in Table A-1 may be divided by the 
ratio of the maximum potential release fraction to that found on Page A-9. All 
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assumptions which are used to reduce the inventory at risk should be 
supported in the Hazards Analysis.” 

Facilities that have radioactive material inventories in excess of the HC-2 may 
be derated to HC-3 by demonstrating that hazardous material is not part of the 
at-risk inventory and by scaling the threshold values according to the ratio of 
realistic facility specific release fractions to the release fractions that were 
assumed when the thresholds were established. A discussion of the TQ 
assumptions and calculations is given in Attachment 1 of the standard. 

At this time, the Hazards Analysis for the HCSE/HCSA is being performed. 
Preliminary results suggest that the MCO package will limit the postulated 
releases to levels that will not exceed the site boundary (public exposure) 
limitation. The hazard category rating for the HCSUHCSA facility and process 
support systems that confine releases will be HC-2 (the same as the CSB) .The 
HCSA and HCSE will not have any safety class SSCs. The consequences for 
onsite workers are expected to exceed the limits that are allowed without 
mitigating SSCs. Therefore, the HCSNHCSE projects will provide safety 
significant SSCs to confine releases. 

Given that the CSBlHCSA structures are not designed to confine releases and 
the CSBlHCSA facilities do not include HEPA filtered exhaust, the HCSE must 
provide the safety significant SSCs. 

2.2 

DOE Order 5480.28, ‘Natural Phenomena Hazards Mitigation” establishes a 
graded approach for determining the Performance Categorization PC of a 
Structure, System, and Component (SSC) when subjected to Natural 
Phenomena Hazards based on the probability that SSC response will exceed a 
safety limitation. Guidance for PC determination is given in DOE STD 1021-93, 
“Natural Phenomena Hazards Performance Categorization Criteria for 
Structures, Systems, and Components’. Figure 1-1 of STD 1021 summarizes 
the guidance. It can be seen from the table that SSCs that perform a safety 
Significant function in an HC-2 facility will be rated PC-2. 

DOE STD - 1021 “Perfonnance Categorization” 

PC-2 rating does not require dynamic finite element analysis. The critical facility 
static analysis methodology given in.UBC may be applied to HCSE safety 
significant SSCs such as the process piping, HEPA filters, and so forth. 
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2.3 

The HCSA will be a ‘Nuclear Facility“ as defined in the glossary of terms (page 
21). Therefore, it will be a “Special Facilitf as defined by paragraph 1300-1.1. 
The criteria given in Division 13 ‘Special Facilities’ are the basic guidance for 
the design of the HCSA and HCSE. Application of Division 13 requirements 
involves the general requirements given in Section 1300 as well as the 
requirements given in the applicable facility type section. In addition, the special 
facilities specific paragraphs labeled - 99.0 in the Discipline Divisions apply. 

The HCSA will be classified as an Irradiated Fissile Material Storage Facility 
(IFMSF) because it is an extension of the CSB. As discussed above, the HCSE 
is an active process that could have accidental releases with a higher frequency 
than a passive SNF storage facility and some amount of radioactivity may be 
withdrawn from the MCO as a normal process practice. The inclusion of this 
HCSE process within the IFMSF does not alter the CSB criteria so long as the 
HCSE includes its own confinement SSCs. 

2.4 10 CFR Part 72 “Licensing Requirements for the lndependent 
Storage of Spent Nuclear Fuel And High Level Radioactive Waste” 

The DOE has stated that it generally desires to comply with the requirements of 
the CFRs except for the licensing requirements, except for those instances and 
facility types that are not specifically addressed by the CFRs, and except for 
those instances where the DOE policies are more conservative than the 
requirements of the CFRs. 

The CSB will comply with the requirements of 10 CFR Part 72 because it is an 
SNF Storage Facility. The HCSA, as an extension of the CSB will also be 
considered to be an lndependent Spent Fuel Storage Installation. This 
classification is dependent upon designing the HCSE so that it confines nuclear 
releases without reliance on the facility structure and systems. 

DOE 6430.iA “Facility Type Categorization” 

3.0 DESIGN CRITERIA 

3.1 DOE Orders 8 Standards 

Table 3.1 contains a list of DOE Orders and DOE Technical Standards that 
contain provisions that will effect features of the design of the HCSWHCSA or 
that may effect the contents of the engineeringldesign documentation of the 
HCSWHCSA. 
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A brief description of each of the entries is as follows: 

5400.1 General Environmental Protection Program -This order states that 
environmental notification and reporting requirements are to be determined 
on a facility case by case basis. It requires an annual environmental report 
which is essentially an emissions summary. It requires that an 
environmental protection plan and an environmental monitoring plan be 
developed and approved. These should be approved before authorization 
to initiate operations is given. The HCSE design will have to include 
appropriate monitoring capability. 
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Occupational Safely and Health Program for DOE Contractor Employees at 
Government-Owned Contractor-Operated Facilities 

Quality Assurance 

Radioadve Waste Management 

General Design Criteria 

Compilation of Nuclear Safely Criteria for Potential Application to DOE Non-Reactor 
Nuclear Fadlies 

Natural Phenomena Hazards Design and Evaluation Criteria for DOE Fadlies 

Natural Phenomena Hazards Performance Categorization Guidelines for Structures, 
Systems, and Components 

Natural Phenomena Hazards Site Characterization 

APPENDIX I - CRITERIA EVALUATION 

DOE ORDERS SUMMARY 
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ORDEW 
STANDARD 

STD-1024 

10CFR835 

STD-1027 

STD-1044 

STD-3003 

STD-3006 

STD-3009 

STD-3011 

APPENDIX I - CRITERIA EVALUATION 

TlTLE 

Guidelines for Use of Probabilistic Seismic Hazard Curves at DOE Sites 

Radiation Exposure 

Guidance For Preliminary Hazard Classification and Accident Analysis Techniques for 
Compliance Wth DOE Order 548023. Safety Analysis Reports 

Guide To Good Practices for Equipment and Piping Labeling 

Backup Power Sources for DOE Facilies 

Planning and Conduct of Operations Readiness Reviews 

Preparation Guide for U.S. DOE Nonreactor Nuclear Faal i i  Safety Analysis Reports 

Guidance for Preparation of DOE 5480.22 (TSR) and DOE 548023 (SAR) 
Implementation Plans 

DOE ORDERS SUMMARY 
(Continued) 

40CFR61 National Standards for Hazardous Air Pollutank 

5400.3 Hazardous and Radioactive Mixed Waste Program - This order 
implements RCRA in the DOE. The HCSE will generate radioactive waste that is 
regulated by RCRA. 

5400.4 CERCLA Requirements -This order implements CERCLA in the DOE. 

5400.5 Radiation Protection of the Public and the Environment -Sets limits on public 
doses from normal operations. Defines Derived Air Concentrations and implements 
ICRP recommendations. 

5440.7E NEPA Compliance Program - This order implements the National 
Environmental Protection Act in the DOE. 

5480.7B Environment, Safety, and Health Program - This dowment is the master 
document for the 5480 series of orders. 

5480.4 Environmental Protection, Safety, and Health Protection Standards - This 
order implements a list of regulations that apply to private organizations but which 
are not automatically applied to the DOE. The order is a useful reference list. 

1 -8  



- - - 
- -  - -- - - -- - 

WESTINGHOUSE HANFORD COMPANY MERRCK a COMPANY 
Hot W i b a w n g  Syr(m Equipmat Prq&( A d v m W  T r l n d q y  s&(or 
~ d # M W & S W v - 3 1 0 4 1 6 .  TukXl7 Pm).dNo 50012518 

WHC-SD-SNF-CDR-007, Revision 0 

APPENDIX I - CRITERIA EVALUATION 

N5480.6 DOE RadCon Manual - This notice sets policy regarding radiation 
exposure limits, radiation area practices, and AURA considerations. A design 
program is required to achieve the ALARA goal. The guideline also contains criteria 
governing the design of change rooms and other radiationlradioactive material 
control procedures. One key criteria is the ALARA design guideline of 500 mR per 
year for an individual radiation exposure. 

5480.7A Fire Profection - This order relates to nuclear facility safety issues such 
as fire protection of safety class equipment, fire hazards analysis for the design 
basis fire to be included in the SAR, seismic criteria for the fire protection system, 
and life safety codes. It sets forth provisions that address loss limitation for 
government owned facilities. 

5480.9 Construction Safety and Health Program -This order implements 
requirements found in the OSHA regulations regarding construction safety. 
Construction specifications should reference appropriate requirements. 

iOCFR835 Radiation Protection for Occupational Workers - This document sets the 
requirements for radiation exposure protection and As Low As Reasonably 
Achievable (ALARA) policy. 

5480. 19 Conduct of Operations Requirements for DOE Facilities - Safety of workers 
and protection of the public requires that nuclear facilities be formally managed by 
operations program that meets high standards of discipline. In the nuclear power, 
NRC, arena the conduct of operations requirements are speclfed by the ICRP. This 
order implements similar requirements for facilities regulated by the DOE. It 
addresses operations procedures, shift changes, operator training, and so forth. 
The design team will write a draft Conduct of Operations Plan. 

5480.27 Unresolved Sakfy Questions - Is analogous to 1 OCFR50.59. Establishes 
a process for changing the operating basis of the facility. Allows the operator the 
freedom to perform experiments and investigate safety issues that may arise while 
conducting day-today operations. 

5480.22 Technical Safety Requirements -This order requires that safety limits for 
the operating parameters ofthe facility be established, that procedures for assuring 
that these limits are not exceeded be established, that these parameters be 
monitored, and that response actions for conditions outside the safety limits be 
determined. 

5480.23 Nuclear Safety Analysis Repoes - This order applies in its entirety 
because it is the document that defines the requirements for safety analysis and 
SARs, which are the means of demonstrating that the publidenvironment and 
workers are adequately protected. The major impacts on the project are: 
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+ A preliminary hazards analysis is to be performed and published. Guidance is 
given by DOE STD - 1027. 

A Preliminary Safety Analysis Report (PSAR) is to be developed. The PSAR 
is developed simultaneously with design. There is iteration between safety 
analysis and design. The PSAR analysis demonstrates that the design 
adequately mitigates the consequences of the hazards presented in the 
hazards analysis. 

+ A Final Safety Analysis Report is to be developed. This report updates the 
PSAR to retlact the as-built facilities and incorporates the operating procedures 
for the facilities. 

5480.28 Natural Phenomena Hazards Mitigation - Establishes requirements for 
response of facilities to natural phenomena such as earthquakes and high winds. 

5480.31 Start-up and Restart of Nuclear Facilities - Sets out requirements for 
authorization to initiate operations utilizing nuclear materials. Essentially this 
doarment establishes the DOE "licensing" criteria. The Operatina Readiness Plan 
should be written by the design team. Th plan should follow theguidance of DOE- 
STD-3006. 

5483. I A  Occupational Safety and Health Program for DOE Contractor Employees 
at Government Owned Contractor Operated Facilities - This order implements 
OSHA within the DOE. 

5700.6C Quality Assurance - The document is analogous to ASME NQA-1 which 
is a nuclear facilities quality assurance guideline required by DOE 6430.1A. 

5820.2A Radioactive Waste Management - This order requires a waste 
management plan, has D&D requirements, and sets waste characterization 
standards, as well as establishing numerous other requirements that affect both the 
design and operations of the CVDS. 

6430.1A General Design Criteria - This order sets forth design criteria for all 
engineering disciplines as well as special facility and special equipment criteria. 
Facility type classification and safety class SSC requirements are discussed in 
Section 2..3 above. 

Key confinement system ventilation requirements are referred to ERDA 76-21 
and to the 1550-99 paragraphs of the order. The key statement comes from 
1550-99.0.1 "General Ventilation and Off-Gas Criteria", "These criteria cover 
ventilation and off-gas systems, or portions of them, that are identified as safety 
class items in accordance with Section 1300-3.2, Safety Class Items". Strictly 
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speaking, this means that the HCSE will not be governed by these requirements. 
None-the-less the principles stated in 1550-99.0.2 ‘Confinement Ventilation 
Systems” should be followed as a matter of good engineering practice (except 
where specific references to the safety class characteristics of the system are 
made). The basic design concepts for exhaust filtration performance and stack 
design should be derived from safety analysis that analyzes the consequences 
of credible release scenarios. 

Section 1300-1 2 ”Human Factors Engineering” requires that a human factors 
program plan be written. The level of detail of the plan is to be determined by the 
complexity or safety issues associated with human activities. The subsections 
also set out extensive human factors requirements for human factors 
engineering. The HCSE should write and implement a plan given that the 
radiation exposure during operations can severely restrict the staff planning. 

STD-0101 Compilation of Nuclear Safety Criteria For Potential Application to 
DOE Non-Reactor Nuclear facilities - This STD contains a listing of references. 

STDlO20 Natural Phenomena Hazards &sign and Evaluation Criteria for DOE 
facilifies - This standard gives guidance regarding the selection of design 
criteria to be applied to nuclear facilities structural design. 

STD 1021 Natural Phenomena Hazards Performance Categorization Guidelines 
For Sfrucfures, Systems and Components - See discussion in Section 2.2. 

STD - 1022 Natural Phenomena Hazards Site Characterization - The site NPHs 
have been characterized by the CSB project. 

STD - 1024 Guidelines for Use of Probabilistic Seismic Hazard Curves at DOE 
Sites - Seismic hazards risks have been established for the HCSNHCSE by the 
CSB project. 

STDlO27 Guidance for Preliminary Hazard Classification and Accident Analysis 
Techniques for Compliance Wdh DOE Order 5480.23, Safety Analysis Reports - 
See discussion in Section 2.1. 

STD - 1044 Guide To Good Practices for Equipment and Pipe Labeling - Sets 
forth guidelines for labeling equipment and piping. 
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STD -3003 Backup Power Sources For DOE Facilities - There is no safety 
requirement for backup power in the CVDS. The guidance in the is guideline will 
be followed if backup power is included for other reasons. 

STD-3006 Planning and Conduct of Operations Readiness Reviews - ORR 
planning will be addressed by the design team in order to assure that the 
necessary engineering documentation is ready for the ORR. 

STD-3009 Preparation Guide for U. S. DOE Nonreador Nuclear Facility Safety 
Analysis Reports - See discussion in Section 2.1. 

STD-3011 Guidance for Preparation of DOE 5480.22 (TSR) and DOE 5480.23 
(SAR) Implementation Plans - These plans will be drafled as part of the design 
process. 

4OCFR61 National Standards for Hazardous Air Pollutants - This sets forth 
restrictions on the release amount of those materials considered by this 
standard to be hazardous air pollutants. 

3.2 NRC Equivalency 

Report WHC-SD-SNF-DB-003 Rev. 1, December, 1995, ”Spent Nuclear Fuel 
Project Path Forward Additional NRC Requirements’ addresses implementation 
of the U.S. DOE K Basin Spent Nuclear Fuel Regulatory Policy (August 4, 1995) 
to achieve “nuclear safety equivalency” to comparable US. Nuclear Regulatory 
Commission (NRC) licensed facilities. This report addresses the project as a 
whole. Each of the components of the project is required to look at application 
for the specific features of the components. This section addresses application 
of each of the 29 items in WHC-SD-SNF-DB-003 to the HCSE as follows: 

1. Fire Protection - Assure that DOE 5480.7A and DOE 6480.1A are 
equivalent to 10 CFRSO, Appendix R. There are significant hazards 
associated with the event that a hot MCO undergoing conditioning might 
be suddenly flooded with fire water. A Fire Hazards Analysis will be 
performed to determine appropriate fire protection system features. 

2. Response to Natural Phenomena Hazards. The key difference is that 
NRC includes a Design Basis Tornado and missile analysis. The CSB 
and HCSA will not be designed to perform nuclear release confinement in 
the event that they are struck by a tornado. The HCSE will contain 
appropriate tornado resistant features (such as oven installation in 
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covered pits) and will also rely on probabilistic arguments for specific 
targets. 

In the event that safety class 1 electrical equipment may be required and 
may be exposed to harsh environments ..... The HCSE will not have any 
safety class 1 SSCs requiring power to function. 

3. 

4. SAR should include a loss of power accident analysis. The HCSE will be 
designed to shut down safely to a passive condition in the event of a 
(Loss Of operating Power) LOOP incident. LOOP analysis is standard 
practice in DOE 5480.23 safety analysis as prepared according to DOE- 
STD-3009. 

5. Incorporate the requirements of IEEE Std 484-1987 into the design and 
installation of safety class 1 batteries. The HCSE will not have safety 
class 1 batteries. 

6. Incorporate the requirements of IEEE Std 535-1 986 into the design and 
installation of safety class 1 batteries. The HCSE will not have safety 
class 1 batteries 

7. Incorporate the requirements of IEEE Std 603-1991 into the design of 
safety class 1 instrumentation and control systems. The HCSE will not 
have any safety class 1 instrumentation and control systems. 

Incorporate the requirements of ANSVANS 8.3 1986 for criticality alarm 
systems. The HCSE will not have a criticality alarm system because 
criticality cannot occur in the process. 

Human factors planning and engineering. See discussion about the DOE 
6430.1A human factors engineering requirements in Section 3.1 above. 

Use Regulatory Guide 1.26 to assist in assigning appropriate code class 
to ASME Section 111 systems and components. The HCSE will not contain 
any ASME Section 111 systems or components. 

Regulatory Guides 1.84 and 1.85 regarding application of ASME Section 
111 requirements to safety class 1 systems. The HCSE will not have any 
safety class 1 systems. 

8. 

9. 

10. 

11. 
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12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Ensure that the requirements of ANSVANS 509 and ANWANS 510 are 
incorporated into HEPA filter design. The NRC and DOE 6430.1A 
requirements are the same. HEPA filter systems will be designed and 
specified according to these standards. 

Incorporate the requirements of ANSVANS 57.1 and 57.2. Does not apply 
to the HCSE since there will be no cranes. 

Incorporate the applicable design requirements of Generic Letters 88-14, 
89-10, and 89-13 into safety class 1 ..... The HCSE will not have safety 
class 1 SSCs. 

10 CFR Part 21 requires that manufacturers of procured items report 
defects in items or services for safety class 1 SSC procurement. Standard 
clause in WHC procurement terms and conditions. The HCSE will not 
have any safety class 1 SSCs. 

10 CFR 830.120 Quality Assurance program requirements. The normal 
DOE requirements for compliance with DOE 5700.6~ exceeds this 
requirement. The HCSE will follow the DOE requirements. 

10 CFR 50.55 requires reporting of unusual occurrences during 
construction. This is covered by WHC-CM-1-5. The HCSE will observe 
this requirement. 

10 CFR 50, Appendix B Quality Assurance Criteria for Nuclear Power 
Plants and Fuel Reprocessing Plants. The normal DOE requirements for 
compliance with DOE 5700.6~ exceeds this requirement. The HCSE will 
follow the DOE requirements. 

Institute a process to identify safety class 1 equipment that has been 
identified in the commercial nuclear power industry via IE Bulletins and 
Notices as being potentially defective. The HCSE will not have safety 
class 1 SSCs. 

10 CFR Part 20 - incorporate control devices for access to high radiation 
areas that conform to the requirements of Section 20.161. The 
requirement will be met by means of installing shielding and by use of a 
process enclosure that prevents access to the high radiation area above 
an oven when the top is open. 
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21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Apply the radiological exposure criteria of Section 72.104 .... The criteria 
will be met. 

Use a deterministic value of 5 Rem in safety analyses for the onsite 
worker at the boundary of the controlled area (1 00 m from the CVDS 
release point) for design basis accidents to assist in determining safety 
class 2 and 3 SSCs (refs. 10 CFR 72.106, .loo, .126). 10 CFR Part 72 
requirements do not apply to the CVDS. The DOE orders and STDs do 
not address safety class 2 and 3 specifically. Equivalently they discuss 
SSCs that are safety significant to encompass those systems that protect 
on site workers and plant workers. The DOE criteria is 1 Rem at 100 m., 
which is more restrictive than the referenced NRC requirement. 

Implementation of RG 8.8, lnformation Relative to Ensuring That 
Occupational Radiation exposures at Nuclear Power Stations Will Be As 
Low As Reasonably Achievable, Rev. 3, DOE requirements from DOE N 
5480.6 are more restrictive than RG 8.8. The design process will include 
a thorough ALARA analysis that estimates exposure considering source 
trems, work sequences, and anticipated repair requirements. 

Implementation of RG 3.26, Standard Format and Content of Safety 
Analysis Reports for Fuel Reprocessing Plants or RG 3.48 Standard 
Format and Content of Safety Analysis Reports for an Independent Spent 
Fuel Storage lnstallation (Dry Storage). The safety analysis methodology 
established for the CSB will be implemented. The HCSE project will 
assume that the CSB project has complied with this requirement. 

Review the monitoring requirements of 10 CFR 20. 10 CFR 70.59, 10 
CFR50, Appendix A. These are analogous to DOE 6430.1A 1589-99.0.1. 
which is a project requirement stated above in DOE 6430.1A review in 
Section 3.1. 

The 10 CFR 50, Appendix 50 general design criteria are adequately 
covered by the application of the criteria in this report. 

Incorporate a criticality safety value of keff = 0.95. The CVDS cannot 
achieve a critical condition. Criticality analysis for the configuration of the 
SNF inside the MCO will be the responsibility of the MCO design team. 
No criticality analysis will performed as part of the HCSE project. 

Review ANSVANS 57.9 and RG 3.60 which set forth ISFSI design criteria. 
These criteria affect the CSB and HCSA projects but do not effect the 
HCSE project. 
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29. Identify items that are 'important to safety" in accordance with 10 CFR 
72.3 and impose safety class 1 requirements. Items that are important to 
safety will be identified and treated as safety significant items. 

4.0 NUCLEAR SAFETY PROGRAM CRITERIA 

Key nuclear facility safety documents that define public safety aspects of the 
HCSWHCSA criteria are discussed in Sections 2.1 through 2.4 above. The key 
DOE Orders are the DOE 5480 series and the DOE 5400 and 5500 series. 

Worker radiation exposure Safety within the plant is defined by 10 CFR 835 and 
DOE N5480.6. Of these the DOE N5480.6 is the most comprehensive and 
restrictive dowment. A program to achieve radiation exposure As Low As 
Reasonably Achievable with an administrative control limitation of 500 mrem per 
year per person is the stated whole body exposure criteria in DOE N 5480.6. 10 
CFR 835 defines the DOE AURA design target as 1 .O Rem per year. The 
HCSE design criteria will the DOE N 5480.6 value (500 mrem) unless features 
required to achieve this value prove to be unreasonable ( in which case the 10 
CFR 835 of 1 .O rem will be observed). 

5.0 OPERATIONS PREPARATIONS CRITERIA 

The transition from the end of the HCSE construction project to operations will 
be an Operations Readiness Review. This review will be conducted according to 
the requirements of DOE 5480. 31. The ORR will determine that the facility is 
complete, that the safety analysis is complete, that TSRs (DOE 5480.22 and 
DOE STD -301 1, 1082) are complete, that appropriate design criteria have been 
established and met, that systems operations tests are complete, that personnel 
training has been completed (DOE STD 1005, 1007, 1008, 1009, 1011, 1056, 
1060, 1070. 1074, 1078) that safety programs are operational (DOE STD - 
1082), that an appropriate conduct of operations program (DOE 5480.19 and 

1043, 1045, 1051, 1054, 1055) is in place, that emergency preparedness 
programs are appropriate. In order to activate the transition and ORR plan is 
required per DOE STD-3006. This plan should be developed in parallel with the 
detailed design. 

DOE STD - 1032,1033,1034,1035,1036.1037,1038,1039,1040,1041,1~2, 
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DOE 5480.6 

DOE 5480.7A 
Safety of Nuclear Reactors 

Fire Protection 

No DesiQn Impact 
X 

X X 
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S&S Training 

protection and Control S&S Interests 

Control and Accountability of Nuc Mat 

ouality Assurance 

Work Authorization 

Radioactive Waste Management 

Design Criteria 

Criteria for Potential Application to DOE NRNF 

Nat Phen Haz Design 81 Eva1 Crit 

Nat Phen Haz Perf Cat Guidelines 

DOE 5632.1 C 

DOE 5633.38 

DOE 5700.6C 

DOE 5700.7C 

DOE 5820.2A 

DOE 6430.1 A 

DOE-STD-0101 ~ Compilation of Nuclear Safety 

DOE-STD-1020-94 

DOE-STD-1021-94 

DOE-STD-1022-94 

No Design Impact 

No Design Impact 

Use project OA plan. 

For W E  action only. 
I I 

I I 
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Solid Waste Management Reduction & Recycle 

Washington Underground Storage Tanks 

Hazardous Waste Manaoement 

70.96 

70.105 

X 

X 

X 
Implemented by WAC 
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Identification and Licensing 
40 CFR 262 

40 CFR 264 
Stds Applicable to Generators 

Stds for Owners & Operators 

X 

X 

X 

Use W A C  

WACS also apply 
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15 USC 2601 

16 UCS 661 

16 USC 1531 

16 USC 2901 

Toxic Substance Act 

Fvotection and Conservation of Wildlife 

Endangered Species Act 

Use RCW 
X 

X 

X 

1 Fish and Wildlife Conservation I I x  
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Safeguards Accounting 

Laboratories Administration 

Pu Finishing Plant Administration 

CM 5-4 

CM 5-8 

X 

X 

X 
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Parts List/BOM 

Hanford Site Climate Data 

Procedure Development 

GH-CLIM-01 

IP-0117 

x x  

X 

X 
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Design Basis Feed Reparation 

Underwater F w l  Survey 

OSRs for KE & KW Basins 

SD-SNF-TI41 2 

SD-WM-OSR-006 

X 

X 

X 
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Processing Control Manual Sys Roc 

Administering Progressive Discipline 

Overtime and Shift Diff for Nox-Exempt Emp 

MAP4.16 

MAP4.19 

X 

X 

X 
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ANSllANS-57.9-1992 I 
Design Criteria for an Independent SNF Storage Installation 

10 CFR Section 72.3 - Asrpplies to Important to Safety SCCs 
and consider them as Safety Class 1. I 

Applicable only to CSB 

No applicable SCCs 

Addendum 1 t o  Appendix I 
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OPERABILITY AND MAINTAINABILITY ASSESSMENT 
for the 

HOT CONDITIONING SYSTEM EQUIPMENT 
of the 

K-BASIN SPENT NUCLEAR FUEL STORAGE PROJECT 

1.0 INTRODUCTION 

The purpose of this report is to assess the operability and maintainability of the 
Hot Conditioning System Equipment Of The K-Basin Spent Nuclear Fuel Storage 
Project as described in the Conceptual Design Report. 

Beyond ensuring that the process system will perform its intended function, a 
key design criteria is ensuring that the mechanical and electrical systems can 
operate reliably under expected conditions with acceptable maintenance 
requirements while simplifying operation and maintenance by site operations 
personnel. Operability and maintainability are important to the efficient 
performance of process functions within predetermined schedules, determining 
manpower requirements, controlling maintenance costs, and keeping worker 
radiation exposure AURA. 

The level of development of the design in progress affects the type of 
assessment that can be performed and the format of its results. A design in a 
conceptual phase necessarily lacks details to permit a detailed assessment. 
Instead, the most important potential findings of a conceptual design review 
would be conclusions that particular design concepts are flawed to the point that 
detailed design could not be expected to be satisfactory. This would require a 
change to the design concept. 

The next most important findings of an operability and maintainability review of a 
conceptual design are identification of the most significant challenges facing the 
detailed designer in achieving a satisfactory final product. Next, any other 
observations made while looking for the above two types of findings should be 
mentioned. Finally, specific recommendations are offered. 

This report will follow the format described above. 
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2.0 SUMMARY OF RESULTS 

There are no apparent conceptual design flaws which would threaten the 
beginning of detailed design. Overall design, layout, and equipment selection 
present no major operability or maintainability concerns. Three areas of 
significant challenge for detailed design are identified and two recommendations 
offered as well as a number of specific observations. Subsequently, the findings 
of this group were independently reviewed by others with similar background in 
the nuclear power industry. 

3.0 DISCUSSION 

3.1 Methodology 

The review was conducted in several steps. Copies of the Conceptual 
Design Report were distributed for familiarization to four reviewers with 
operations and maintenance experience. An initial meeting was held for 
preliminary discussions, question and direction. Next, the experts 
reviewed the material individually and accumulated comments. A final 
group discussion developed consensus and provided the material for the 
report. 

3.2 Conceptual Flaws 

The most important conclusion reached was that there are no apparent 
conceptual design flaws which would threaten the beginning of detailed 
design. Overall design, layout, and equipment selection present no major 
concerns. Despite the design challenges discussed below, we believe 
that the correct concepts are being employed and a satisfactory detailed 
design can be completed. 

3.3 Challenges for Detailed Design 

3.3.1 The detail design of the process enclosure will be a challenge. 
This tool will be critical. It will have many moving parts e.g. 
welding support and remote, leak-tight connections exposed to 
thermal cycling. There are similar design requirements (and even 
more challenging) at the Defense Waste Processing Facility 
(DWPF) at Savannah River which should provide valuable insight 
during the detailed design. 
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A Failure Modes and Effects Analysis should be done in parallel 
with the design process as a design tool to determine critical parts, 
potential failures/maintenance, spares etc. See Section 3.5.1 

3.3.2 Welding the top hat will be time consuming. The welding 
equipment will need to be specially designed, and will be complex. 
Considerable attention must be paid to reliable operation while 
allowing for variations to be expected over the population of MCOs 
to be processed. The complexity will provide a great deal of 
opportunity for maintenance problems. See Section 3.5.2 

3.3.3 The detailed designer must look carefully at radiation monitoring 
equipment for potential impact on operation and maintenance. 
Scheduled preventative maintenance should be performed on this 
equipment to assure that they continue to function as they are 
intended. 

3.4 Other Observations 

In searching for flaws in design concept and major design challenges, we 
have made the following observations. 

3.4.1 The detailed designer needs to look carefully at the placement of 
critical valves and at the detailed maintenance that may need to 
be performed to make sure that they function correctly (e.g. 
pressure actuated relief valves), facilitate testing requirements 
and don't leak under any potential operating conditions. 

3.4.2 Make sure that the process enclosure can handle inspection and 
cleaning fluid waste such as dye penetrant if used. 

Consider the potential impact on maintenance requirements of off 
normal operations e.g. over temperature, over pressurization. 
This could result from a control system failure or a failure of a 
component such as chilled water pump. 

Consider the implications of failures of support systems such as 
chilled water, service air, electrical, HVAC. 

3.4.3 

3.4.4 

3.4.5 Section 2.2.1.2.1 of the Conceptual Design notes that since 
Report VPS VAC 1104 will operate at low capacity this will likely 
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ensure that design life will be achieved. Operation at low capacity 
can actually shorten the life of some equipment (e.g. diesels, 
some centrifugal pumps etc.) 

Make sure that maintenance of control system components such 
as sensors, detectors, and transmitters is addressed in the 
detailed design including replacement, adjustment, and 
calibration. 

3.4.6 

3.4.7 Consider cooler failure and potential impact on other system 
equipment. 

Consider the life expectancy and potential for maintenance of 
electric heaters to be specified. 

Ensure that the detailed design properly addresses process 
monitoring instrumentation such as O2 from the standpoint of 
replacement, maintenance and calibration. Ensure that their 
potential impact on production and safety in the event of failure or 
off normal operation is addressed. 

3.4.8 

3.4.9 

3.4.10 Make sure that equipment critical to production and safety is 
identified so that it will be appropriately maintained to ensure 
function e.g. purge valves, purge supplies, blower seal system, 
over pressure protections, detectors etc. 

3.4.11 Consider the implications of bellows failure in the oven. 

3.4.12 What is the reliability history for turbomolecular pumps. What is 
impact of failure? What are failure modes and mitigating 
maintenance requirements? 

3.4.13 Is the service air system critical to safety and production? If so, 
performance monitoring may be needed. To preclude equipment 
damage or personnel injury, ensure the system fails safe on loss 
of electrical power or pneumatics. 

3.4.14 Make sure that the trench covers can be removed easily e.g. 
crane or lifting device located to support removal. 

3.4.15 Make sure that equipment in trench is arranged to facilitate 
maintenance including valves, piping, instrumentation etc. 
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3.4.16 Make sure that the remote maintenance tooling in the process 
enclosure addresses the potential for fastener or "pop up" spring 
failure. 

3.4.17 Remote maintenance tooling in the process enclosure should 
address over torque potential where applicable. 

3.4.18 Make sure that lifting devices, lighting, power and service air 
required to easily conduct maintenance is addressed in the 
detailed design. 

3.4.19 Avoid the possibility of water in the trench. If this cannot be 
done, provide means to keep it out of the oven pit 

3.4.20 Make provisions for cleaning the weld surfaces following each 
grinding step. 

3.4.21 Although it is outside of the scope of this review, the design 
constraints on the MCO filter may be difficult to meet. This 
interface could affect the detailed design if it is changed. 

3.5 Recommendations 

3.5.1 Prepare and maintain a Failure Modes and Effects Analysis during 
the detailed design. This would provide: 

. 
means to identify systems critical to safety 
means to identify systems critical to production 
upset conditions which might impact equipment operations or 
maintenance 
identification of scheduled and preventative maintenance which 
would be required 
identification emergency procedures required 
means to estimate maintenance staffing 
means to estimate dose resulting from maintenance 
identify critical spares needed 
identify additional process monitoring which would 
facilitate/delete maintenance 

There are a number of software tools available that can be used to 
guide the above work. These tools provide a structured, consistent 
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methodology for conducting a maintenance and operability review. 
They also provide documentation of the maintenance and 
operability program basis. 

3.5.2 Consider welding plugs in the MCO ports to seal them rather than 
using a “top har cover. 

Advantages: 

Speed: Steam generator tube plug welding experience 
suggests a single pass tig weld, which could be autogenous 
(no filler) if designed properly. Production rates of one tube 
per hour including plug installation, weld and inspection are 
typical in steam generators. 

Tooling already developed: Steam generator tooling could 
be adapted to support this application. 

Inspection: Steam generators tube plugging operations use 
only visual inspection with good results. 

Repair is straight forward: Tooling already exists to remove 
a plug weld and re-install. In steam generators this can be 
done repeatedly. 

Potential cost impact 

Disadvantage: 

Would need to address stacking and future drying if 
required i.e. how to make new connections after welding 
idremoving plug. 
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Project 2318: Hot Conditioning CDR Comments 
PART 1 COMMENTS / DISPOSITION 

APPENDIX K HOT CONDITIONING COMMENT DATABASE 

REVIEWER COMMENT I COMMENT HOLD POINT DISPOSITION STATUS 

WHC-SD-SNF-CDRW7 Rev 0 

Alaconls. W C 1 
90% CDR 

All comments from the 60% CDR Review must be 
answered To date no response has been given final CDR 

no All responses lo the 60% design comments wlll be Included In the closed 

Abconls, W.C. 2 The concept of manipulator assisted operation Is no The time estlmales In the CDR are based upon experience. A lime DD , 
acceptable. however the ablllly of the manipulator to 

90% CDR the definilive design prefonn all of the required functions within the process 
enclosure needs to be demonstrated with in the time 
esl iates of the CDR 

and motion study for the process endosure will be an element of 

- t  

Alaconls, W.C. 3 The dose estimate assumed a sol! 1" steel process no The process enclosure design will incorporale a shtelded window. closed 2 
2 z 
3 

,$ 

enclosure to develop the calculations (no vkwlng 
window). The process endosure must have a shielded 
window to allow the operator 100% visual observation of 
Ihe manipulator movement and function. The vMeo 
viewing will not provide the 3D reference required. 

If the HCSE does no1 plan on using Ihe helium and 
nlrogen banks that are being Installed by Fluor Daniel In 
the CSB design, then section 4 (interfaces) lacks the 
approprlale requlrements for siting HCS gas trucks around 
the facility. Civil and structural interfaces will be required 
with FD. 

90% CDR 

(h 
4 closed no The HCSE deslgn team will provide any CIviVstructural design 

required for these tanks. The lanks will be provided after Ihe CSB 
construction Is complete. 

Alaconh. W.C. 
90% CDR 

- 1  

1g , b 
Alaconls. W.C. 5 The Current dose estimates of 5 mRernhr while mannlng no Agree. Will lnmrporate during definilive design See Curl Miska DD 

the manipulator operating station is not acceptable. This 
excesds 10 CFR 835 requirements of 20% of 835.202. 
Based on available data there will be appmxlmately 2300 

by NO operators per shift. At 384 hours (230016) per 
operalor per year a dose rate of less than 2.6 mRemlhr at 
the operatlng station will result in 1R per operator. As a 
resun of this data a final design estlmale of less than 2.5 
mRenVhr would be expected. 

comments 12-15 and resolution. , 
' ,  

90% CDR 

operating hours per year on the process enclosure shared 
I * :  

, I  
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REVIEWER COMMENT I COMMENT HOLD POINT DISPOSITION STATUS 

Alawnis. W.C. 6 There appears to be a disconnect between the Project no The MLO manuals are not currently in Merricks scope. closed 

~~ 

90% CDR Management Plan and Ihe COR wlh regard to deliverables 
in Ihe Ma0 Manual area. Clarify whal the adual 
deliverables will be in this area and the anticipated content 

Alawnis. W.C. 7 
90% CDR 

The general area dose eslimate of 2 mRen\lhr is high. The 
current CSB operating deck area dose rale estimate Is 
0.25 mRemlhr. Use of the 0.25 mRem estimate would be 
more accurate. 

no Agree. The definilive design will reflect Ihe 0.25 mrellllhr criteria. DD 

Bums. B M. 
90% CDR 

1 2.0 Process. p 12 of 57. pgph 3: "Exposed uranium reacls no Text will be revised to eliminate passlvalion and lo give the reason 
for the oxldation step. 

closed 
wlh oxygen and continues to do so until the surface is 
passivaled." According lo  '"Technology of Uranlum" 
(Galkin et 81, PNNL library I TN 799.U7 G3) p 15. 'the 
oxide film does not protect the metal against lurther 
oxidation." Provide a source lhat shows passivation is 
possible. 

___ '$ 
Burns. 0.M. 2 Figures 2.2-1. 2 2-2. and 2.2-3 no1 provided. no Figures were inadvertently lefl oul. They will be included in the closed 2 
Burns, B M. 3 2.2.1.2.1. page 16. pgph 2: Blower configured for "base no The requirement has been changed to 25 psia lo meet olher MCO closed % 

z 
4 

closed 2 
' 5  

' I  

? 

, h  

final CDR. 90% CDR 
_______ 

case pressure 01 13 psla". Will it ve able lo  accomcdate 
the nquiremenl (in 2 2 1 2, p 11) to handle 115 psia 
helium? psia. 

2 2.1 2.3, p 17: Cold lrap and HEPA is raled for 100 psi. 
2.2.1.2 allows up to 115 psia for oplional operation. Even 

reslrldlons. A new blower that operates In this pressure range has 
been selected. Previous blower was suilable for operation at 115 

90% CDR 

~~~~ .- 

4 Bums. B.M 
90% CDR 

no As noted in prevlous wmment. operating pressure will now be 
restrkted to 25 psia. 

if 100 psig. this is slighlly less than 115 psla. 
A- b 

Bums. B.M 5 Item 8. p 25 (Section 2 2.4). last sentence: " .. when H2 no Yes. correction will be made. closed 1 
and H2 ..: Would this be H2 and H207 90% CDR 

Burns, 0 . M .  
90% CDR 

6 2.2.5. pgph 2 You need lo  ensure any power cutout due to 
a security system adivation will not cut power to essential 
(safety class? others?) systems. 

no Essential Operations will have a dedicated UPS. These systems 
will be Identified during definitive design. 

closed 
, ( .  

. I  
Burns. B.M. 
90% COR 

7 2.2.5, lem 6. p 28: Need to ensure process gas which no The syslems will be designed to safety shutdown by providing closed 
goes to MCO will be only Inert gas, and that02 will be shut 
off. This came to mind assuming we're in the ixidation 
phase, and power was losl, we don't wan1 lo add 0 2  
unwntmlled. 

wnlrol system with UPS and by slightly pressurizing Ihe MCO wlh 
Inert gas before closing all valves. 

~~ - 
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REVIEWER COMMENT I COMMENT 

APPENDIX K: HOT CONDITIONING COMMENT DATABASE 

HOLD POINT DISPOSITION STATUS 

Cowan. R.G. 
90% CDR 

1 Several Interfaces wilh the MCO are very simdar to lhose 
a1 CSB such as receiving venling and should have 
common solutions The design should allempl lo use the 
same approach where possible during detailed design. 

no The interfaces wilh Ihe MCO are similar tor the CSB. CVOS and 
HCSE. The interfaces are being coordinated wilh these teams and 
with the MCO design team 

closed 

Cowan. R.G. 
90% CDR 

2 Port wvers should be removed al CSB receiving and 
should not be handled al HVC. 

Handling will be required if it is delermined that closure of lhe MCO 
will be acccinplished by seal welding Ihe port covers at Ihe 
wmplelion of lhe hot condilioning process. 

closed. 

Cowan. R G. 
90% CDR 

3 Single pass air now direclly around the MCO should be no A water study will be Included in the CDR lo address lhis issue. DD 
used in place of waler woled circulaling air. Although this 
may indrease the slack now. I would be a much easler 
system to maintain and get lhrough safely. 

Final resolulion will be during definitive design. 

Cowan. R.G. 4 Design for premixed oxygenlargon from cylinders outside. no We will be using premixed oxygen as you suggest. The present closed 3 
' 2  90% CDR 

Cowan. R.G. 

deslgn will accommodale lhat mode. 

5 The HEPA filler on the outside will likely lrap all Cs and no A Cs trap will be located In the trench where shielding wlll be DD 

I 90% CDR should include shielding. provlded by the trench walls and wver. The lrap will be changed 
using the manipulator in Ihe process enclosure. This lrap will be 
m l e d  to trap the Cs 

ia 
no Welding will be done with a welding machine operated from the closed ' 4 Cowan. R.G. 

90% CDR 
6 Welding in Ihe oven is no1 a good Mea as lhis will ask each 

stalion lo do loo many fundbns. One p l  designed for 
welding will work better even with the extra transfer. Wlh 
a good design on shielding. 1 should be possible to do a 

process enclosure. The process enclosure wlll service all slx 
process pits wilh one welder. Welding at Ihe pi1 docs not alter the 
oven design. If weldlng were lo  be moved lo the seventh pit wilh a 

weld lnspsdlon and repair so I1 would slill have multiple fundions 

'E 
3 
lo 

' ,  
manual selup and aulomalic wald for closure. dedicated welder, the process endosure would slill be needed for 

to perlon. 
f 

Cowan. R.G. 7 The proposed vacuum botlle with air heating seems a no The new design from the MCO conlrador ammmodales top closed I 
good wncepl but H lhe MCO group will wmmenl to the 
slepped design for the MCO. it should be possible to 
support bolh the MCO and vacuum bottle from a lop 
flange. Thls has a lot of advantages for process (the MCO 
top would not move during healing) and shleldlng. (I dld 
no1 see how the shielding would work as shown ) 

support of the MCO. 90% CDR 

, I ,  

I 
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REVIEWER COMMENT X COMMENT 

APPENDIX K: HOT CONDITIONING COMMENT DATABASE 

HOLD POINT OlSPOSlTlON STATUS 

Goldman, L. 
90% CDR 

1 no The cooling for Ihe MCO vacuum system is with ambient air which 
leaves no possibility for halogen entry As currently conceived, the 
air would be cooled by a closed water loop and the water would be 
cooled by a rehigerenl loop. 

closed Using refdgerants containing halogens around the MCO 
during HCS opsralions makes me nervous. They could 
get inside and read or break down at temperature to an 
acid forming gas such as HC1, a diatomic halogen, or 
poison gasses. If we had an unexplained loss of 
refrigerant. freon or Suva for example, who could say it did 
not end up inslde the MCO and reacted inside lhe heated 
MCO. Then that MCO would be put up as a 'suspect". as 
potentially damaged from the halogens. 

Goldman. L. 
90% CDR 

2 I wasn't close enough lo see the PFO. Was the residual 
gas analyrer going lo  be used lo measure Ihe input and 
output streams of the MCO to delenine lake up of oxygen 
by the inside of the MCO? Was the oulpul gas stream 
containing water and H2 going lo  be measured as it canes 
out of the MC07 Or how was 02 lake up inside the MCO 
going lo be delermined? 

Kurtr. J 
90% CDR 

1 Not much in delall about rad monitoring equipment for the 
workplace. Just a small sedlon In the ALARA sedion. We 
will require the use of CAMS and other moniloring that 
requires p e r .  etc. Request you expand on this or say 
lhey will leave it up to us 

no The oxygen analyzer Is on Ihe MCO gas circulation line We can closed 
determine Ihe 0 2  uptake within Ihe MCO by knowing the 
circulation rate and taking interval samples 

# '  3 

z 
3 

no Specific details of the radlallon moniloring system will be 
developed during detail design of the HCSA In accordance with Ihe 
criteria for lhe CSB 

closed 

Kurtr. J. 2 
90% CDR 

Kurtr. J. 3 
90% CDR 

Looking over the exhaust instrumentation, I get the feeling 
lhat it may be excessive. I thing you need lo have the 
environmental folks look this over. When the CSB was 
reviewed, some of that was bound to be excesslve and 
expensive. 

If we want to use the PINGdB Partlculalellodine and 
Noble gas monitors in the exhaust. I have two brand new, 
never been used PING-1A units that were purchased for 
encapsulation. These are equivalent to Ihe 38's except for 
the dual range noble gas. We spent about30K on each of 
Ihese. 

Looking at these PINGS and our requirements, I'm not sure 
lhat these will do the job. The Iodine channels on these 
units are designed lo measure 1-131 activity. The 1-129 we 
are going lo try to measure only emits a 40 KeV gamma. 
Theoretically. the unit can be adjusted to see lhis but 
would be at the extreme low end and would be subied to 
noise problems. The current best technology for 
monitoring 1-129 involves sampling with cartrkige filter and 
laboralory analysis with low energy gamma delector. 

no 

no 

no 
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Kurtr. J. 4 
90% CDR 

For the conceptual design effort a conservative stack monitorlng 
syslem was seleded. The system may be simplifmd during 
definitive design. 

DD W 

.." 
8, 

' 1 ,  

15 
Use of (he new PING-iA units will be evalualed during definitive 
design. This cost redudion opportunity is appreciated. 

1 &sed P 

t .  

The applicalion of these unils will be invesllgated during definitive 
design. The lodlne (rap will use the same cartridge filler so Iodine 
release is not anllcipaled to be a problem. 

DD , 
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REVIEWER COMMENT X COMMENT HOLD POINT DISPOSITION STATUS 

Lucas, c 
90% CDR 

1 Section 2.9.1) Waste items described in the earlier 
sections include; dye penatrant. cleaning fluid, developer, 
buffer pads, etc. Non of these lems are described in the 
solid waste section.2) Other disposal requirements need to 
be listed besides WAC 173-303 such as WHC EP 0063 
Solid Waste Acceptance Criteria.3) All of the polenlial 
SlreamS appear to be workable. I am assuming that the 
project wilt develop an approved disposal path and 
summary as a parl of the design so we don't design a 
waste stream that is cost prohibitive to operate (cartridge 
Allen). For example. having units to be disposed actually 
sked to f~ In an existing approved container (get 
padraging folks on board), and handling methods that do 
not require hlgh dose expenditum.4) I would recommend 
geIIing Acceptance Services representation in on this early 
to make the road smoolher. 

no We will comply with your suggesstion with the details lo be worked 
out during definitive design. 

closed 

Merkling. T. 1 GverheadlDrawing of Cell. This drawing shows a CAM 
60% CDR (Continuous Air Monitor) located In the center of the cell. 

Comment: 1) Ensure that the CAM is of proper sensitivity 
to detect the nuclides of interest. 2) Ensure that the 
location of the detectorlsample hose is such that the 
nuclides of interest are correctly monitored. 3) Ensure that 
catibratloNmaintenance of the CAM can be petformed with 
exposure to radiation ALARA 

Merkling. T. 2 Hot Treatment Process Operations Cell Functional 
60% CDR Description. Steps lhat Involve manned entry for survey of 

the cell (steps 24, 58). Comment: From a bgistiw 
standpoint of making an entry into a confinedlconlaminated 
space horn a radiologically clean space, recommend that 
surveys for radiological Contamination be performed using 
the remote manipulator with sample smears belng passed 
out through the pass-through box for analysis. Try to 
eliminate manned entry until all safety condlions are 
determined remotely 

no CAM will be specified during definitive design in accordance with 
these recommendations. It is antlcipated that maintenance can be 
performed while process enclosure is In cold status, i.e. not 
servicing any of the process pits 

no Recommendations will be incorporated in the definitive design of 
process enclosure. 

'r 

, I .  

Markling. T. 3 Shklding and Radlatlon Exposure Analysis. Commenl: no There is no maintenanalcalibration activity anllcipated when the closed 
MCO is present. Traps and HEPA fiiten are installed in the trench , I  60% CDR Consider an ALARA analysis for maintenanalcalibration 

activities in addition to the ALARA analysis already 
perfomntd for normal HVC work tasks. 

to assure that process equipment is not Contaminated. 
Maintenance on equipment should be cold 
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REVIEWER COMMENT X COMMENT 

APPENDIX K: HOT CONDITIONING COMMENT DATABASE 

HOLD POINT DISPOSITION STATUS 

Merkling. T. 4 Shielding and Radiation Exposure Analysis. comment: no Yes. We are working on a PERT analysis of Ihe produdion OD 
60% CDR Section 2.0, To avoid the pitfall of using a single exposure 

number (single numbers give the impression that they are 
exact). recommend using a range for estimaling the total 
exposure. This range would be based on the task times 
spent in the radiation field. Suggest gelling wilh SNF 
Operations and fine-tuning the duration times for the 
a d i i l i s  and calculating a range of times (say for 
"Undoing Top Fasteners. instead of exadly 10 minutes, 
give a range of 6 to 12 minutes or whalever is agreed by 
yourself and operations). 

schedule. This will be delivered during detailed design. 

Merkling. T. 5 Shielding and Radiation Exposure Analysis. Comment: no Operations inpul has been requesled. The final analysls that DD ' 

60% CDR Section 3.1. The senlence "The workforce and time 
requlred to perform each exposure activity was estimated" 
needs to be changed to reflect a unnblned effort belween 
the AURA analysis engineer and SNF Operations arriving 
a1 an accurate time determination (see above comment). 

Incorporated the mainlenance estimates will be compleled during 
definitive deslpn. 

0 
Merkling. 1. 6 AIARA lmplementalion Plan. Comment: Reference no Cwnmenls incorporated into the 90% Conceptual ALARA dO5ed i,' L-! 
60% CDR 

i 

[ 

currenVwrrect documents. 1) Third paragraph, delete first Implementation Plan 

paragraph, lhird sentence. Add *design objedie for  
belween "...federal law governing' and "radiation 

"DOE Order 5480.1 1, Radiation Protection for 

441 .I, Radiological Protection for DOE Adiities.' 5) 

sentence (IO CFR 835 Is Ihe design aulhorily). 2) Third 

exposure...' 3) same sentence. delete "in: 4) Delete ' I_ 

Occupational Workers," and replace with "DOE Notice 

Section 2.0, a) Replace DOE Order 5480.11 wlh DOE 
Notice441.1, b) Replace WHC-CM-4-11 with 'WHC-IP- I '  . 

. <  

. r  

1043, WHC Occupational AIARA Program, c) Replace 
"DOE NY8O 6' with "DOUEH0256T." 

8 .  

I I '  
'I 

Merkling, T. 7 AURA Implementation Plan. Comment: Sedion 3.0 A 3. no Sky shine analysis will be incorporated in detailed design. DD ' , 
60% CDR When the hole wver Is pulled, is there a possibility for 

additional radiation exposure from gamma scatter or 

then it needs to be lnduded In the exposure esliiale. 
'ceiling shine"? If an analysis shows that this Is possible. , * .  

I 
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REVIEWER COMMENT C COMMENT HOLD POINT DISPOSITION STATUS 

Merkling, T. 8 AIARA Implemenlation Plan. Comment: Section 4.D.3. no Will incorporate in detailed design and in startup lesllng (smoke DD 
60% CDR This section states that Yhe design will include Continuous 

Air Monitors (CAMS) capable of detecting..." To meet 10 
CFR 835 and HSRCM requiremenlo. an analysis would 
need to be perfomad that shows the potential of airborne 
adivly during normal atiivilies. Also, an engineering 
study (smoke test) should be performed to ensure correct 
location(s) of Ihe samplerlmonitor. 

tesls, elc ) 

Merkling. T. 9 Operations and Malntenance Philosophy. Comment: no Comments incorporaled into the 90% Conceptual O M  Philosophy closed, 
60% CDR Adminislrative limil. 1) Sedion 1.O.B. Change the sectlon. 

aentenm to allow Ihe fadlily to manage the administrative 
levels accordingly. Suggest The  radiation doses of a 
given worker will be administratively controlled per HSRCM. 
1." 2) S d i n  4.0, first paragraph, first sentence. Change 
thb sentence to mad The administrative radiation 
exposure limitation for the HVCE will be per Ihe HSRCM-I." 

s 
z 

' g  

5 
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REVIEWER COMMENT I 

Markling, T. 10 
60% CDR 

APPENDIX K: HOT CONDITIONING COMMENTDATABASE 

COMMENT MOLD POINT DISPOSITION STATUS 

Operations Maintenance Philosophy. Sections 4.1, 4.2, no Comments Incorporated inlo the 90% Conceptual OIM Philosophy closed 
4.3 and 4.5. Background: 10 CFR 835.403(a)(l) states 
that 'air sampling shall be performed in occupied areas 
where, under typical wndti inr, an Individual is likely to 
receive an annual intake of 2 percent or more of the 
spechied ALI values. §835.403@)(2) states that "Real-time 
air monitoring....shall be performed In normally occupled 
areas where an individual is likely to be exposed to a 
wncenlration of airborne radioadivity exceeding 1 DAC as 
spechied in Appendix A of this part or where there Is a 
need lo alert potentially exposed Individuals to unexpected 
Increases in airborne radioadivity levels." HSRCM-1, 
M i  553.1 states that".,, area radiation monitors,., 
Should be Instalied In frequently oceupkd locstlons with 
the potential for unexpected Increases In dose rates,,". 
Artick 553.3 stales "The need and placement of area 
radiation monitors should be documented....,." Comment: 
Reading these four sections (Respiralmy Proledion. 
Respiratory Protecllon Program. Respirator Use, and 
Radiological Alarm System) and seeing words such as 
"evaluate adual Intakes" looks like we are designing a 
fadlily where we expect airborne radioactivity and 
unexpected Increases In dose rates from 'typical 
conditions.' I do not believe that this should be the case. 
Suggesl rewording or deleting these sections unless an 
analysis indicating that alrhme radioactivity (and 
unexpected increases in dose rates) h In fad. going to be 
normal wndlons. The Section 4.4. Emergency 
Respinlory Protection should wver a11 off-normal airborne 
adlv l is .  

section 

Msrkllng, T. 11 
80% CDR 

4 
2 

x 
E 

'1, 
- I C )  

g 

." 
P 

Sed in  4 0 Radiation Safety and Exposure Control no Suggested revisions will be Incorporated Inlo the Final Conceptual closed t 
General Comment Replace a11 references to 10 CFR 20 
and 10 CFR 72 wl(h appropriate DOE references 10 CFR 
835 and W E  Order 5400 5 Quote these appropriale 
rubs and requirements as needed 

design report 
i 

- - -~ . - ~- 
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HOLD POINT DISPOSITION STATUS 

WHC-SD-SNF-COR-007 Rev 0 

REVIEWER COMMENT I COMMENT 

1 Merkling. T. Definitions. Cold Trap; 2.1 Sequence Description. ID 25.0; no The ratio of Cs-137 to 1-129 is known for the design basis fuel and DD 
90% CDR Comment: I 129 k a concern because like tritium it is an 

internal sxposure problem and a low energy beta eminer 
(0.15 Mev) which cannot be detected using normally used 
portable RC survey Instruments. Since it cannot be easily 
detected and I if most likely present. a characterizatlon 
study needs to be performed to ratio Cs 137 and I 129. 
Once this ratio is known, any detected Cs 137 can be 
coupled with the known I t29/Cs 137 ratio and 
accountability can be taken for a11 radionuciides of 
concern. 

2.1. Sequenw Description, ID 5.0, 2.8. Comment: How 
does the endosure seal to the floor7 If there Is no seal, or 
the seal depends on the ventilalbn system to provide a 
continuous positiie air flow. lhen this design Mea needs to 
match the expedations of the Safely Analysis and possible 
accidenl scenarlos Io prevent potential radiological 
releases under a11 possible acddent scenarios. 

is documented in the WHC design basis feed document. Dran 
environmental permitting documentation indicates that mitigation (I- 
129 removal) is not required. The design of the Cold Trap will 
continue in detailed design. and the need for 1-129 removal will be 
reassessed at that time. 

2 no It is anlidpaled that an Inflatable seal wtll be provided. closed Merkling. T. 
90% CDR 

' 2  

Merkling. T 3 2.1, Sequenw Description. Section 2.1 ID 8.0, ID 105. ID no The baseline design still requires the annular space cover but it is closed ' 
;I 
L 1  BOK CDR 106; Section 2.8 ID 8.0, 9.0; and Drawing SW-2.300420 

Comment: Per the Definitions on page v. this annular 
space cnver has been eliminaled. If this is true. reference 
to the cover here and throughout the document needs to 
also be eliminated. 

anticipated that it will be eliminated during detailed design The 
definitlon will be revised. g 

,.j 
:t I C' 

~ ~ ~ ~~~ 

4 Msrkling. T. 2.1, Sequence Description. ID 52 - 89: Comment: Is a no The new weld lest proposal from the MCO designers specifies dosell I . 
I 80% CDR visuaVdye penetrant inspection sulficienl for a Safely Class 

application? the HCSE. 
UUraSOniC testing. Thk will be Incorporated In Ihe detail desmn of 

I 
5 Msrkling, T. Sectlon 2.2.1 2.1, Gas Pumps: Comment: Delete "high- no Text changed as recommended. closed 1 1 

XI% CDR level" fmm last sentence of first paragraph. The vacuum 
pump should be radiologically surveyed first and then 
disposed of as needed based on Ihe survoy. This is in 
keeping with the statement on page 57 of 57 of the same 
section. "failed equipment WIII be disposed of appropriately 
based on a radiation survey." 

, , ;  

, I  
6 Merkling. T. Section 2.2.4.9: Comment: Change 1-131 to 1-129, and Kr- no Text changed as recommended. closed 

90% CDR 86 to Kr-85. This k in keeping with decay patterns and 
what is noted in drawing 300413. If spontaneous fission is 
a problem, then 1-131 could be present. As noted in 
comment 1. a characterization study needs to be 
performed to calculate Ihe amounts of each of these 
isotopes. 
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REVIEWER COMMENT X COMMENT HOLD POINT DISPOSITION STATUS 

Merkling, T 7 Section 2 3 1. Reference Standards. Comment Add 40 no Suggested addition will be made closed 
90% CDR CFR 61. (NESHAPs for radiological discharge points) 

~ ~~ 

Merkling. T. 8 Section 2.3.4 Equipment Description and 3 2.8 I 8  C no A conservative stack monitoring system is shown In the CDR. The closed 
90% CDR interface The HCSE will provide L e  stack monitoring 

system." Comment Eftluenl monitoring and controls shall 
comply with the requiremenls of 40 CFR 61 and the DOE 
5400 series. Before the type of monitoring equipment is 
decidedldesigned. the project needs to analyze for what I 
Is monitoring (Isotope(s) and amount discharged from 
normal operations as well as releases from DBAs). These 
evaluations are usually a part of the SAR. This 
character!za(iwn study estimateslcalwlates the total 
amount of radionuclidesfisotopes transportable to 
upstream and downstream of the MCO fillen and process 

1i.e. MCO]). This information can then be used to calculate 
If a monitoring or only a sampling system Is needed. and 
depending on what is needed, what type and sensiiivlly of 
instNmentatlon/sampler will be needed. Without this 

design will be revisited during definitive design with these 
considerations in mind. 

- :  -. 

Q filters (normal operations and DBA wIh Safety Class SSCs 'h 2 

8 
90% CDR wetted surfaces..... reach the pump" Comment: Delete % 

z 
? 
r! information. it is hard to design a stack c! monloringlsampling system. r 

-2 
~~ ~~ 

Merkling. T. 9 Section 2.6.2.1. page 39 0157, second paragraph, 'The no Suggested changes will be made. closed . ?. 

"and gasses' as the gasses will pass through the system 
and up the stack. Delete "KF as this Is a gas, and delete 

. 5  
a 

*Xe' as this isotope is not present Consider adding T o '  
as this isotope was mentioned earlier in the report I 

Merkling. T. 10 Section 2.8.2 Comment: Delete "high." 10 CFR 835 has a no Suggested changes will be made. 1 closed f 
90% CDR 

I 

specib definition for hMh radiation area with Mi amass 
wnlrols 

Msrkling. T 11 Section 2 8. Process step F12. Comment Is the locatwn no ALARA will be wnsldered in the sekcllon of the camera location closed 
90% CDR of the N camera and equipment considered for ease of 

maintenance for ALARA wnsideralions? 
dunng definltlve design 

I 
Merkling T 12 Section 2 9 11 Comment On what is this '1 per MCO" no The estimate of 1 per MCO is intended lo be conservative closed 
90% CDR npiammsnt frequency based? The radiation dose will be 

based on Cs 137 The MCO filter is designed to filler the 
majonty of all articulates thus the cold trap should remain 
reasonably Cs free 

Experience will dictate the actual change our rate 
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WHC-SD-SNF-CDR-W7 Rev 0 APPENDIX K; HOJCONDlJlONlNG COMMENT DATABASE 

REVIEWER COMMENT # COMMENT HOLD POINT DISPOSITION STATUS 

Merkling. T. 13 Appendix B. 1.0 Introduction, second paragraph; no Comment incorporated. dosed 
90% CDR Comment Add narrallve to address the minimizalion of 

radiation exposure See narrative in Seclion 36, page 5 of 
8 of this same sedion for example. 

Markling. T. 14 Appendix 6. 4.0, 6. Comment: whal is Ihe source of this no Document revised to reflect 2.5 mremlhr criteria This is per 10 closed 
90% CDR "shall" statement of not exceeding 5.0 mremlhr? CFR 835.202. 

Merkling, T. 15 Appendix C. Sedion 3.3, page 3 of 9; Comment: This no Agree. An estimate of maintenance related exposure will be added DD 
90% CDR exposure result should lndude exposure from maintenance 

ad i l i es  as menlioned In Appendix E. sedion 2 C, "The 
delerminatbn should include normal operations and 
maintenancelrepair exposure 

to this analysis during definitive design. 

(? 90% CDR bo-kinetic sampling head Is incorrect. The Eberline I v )  

Merkling. T. 16 The information listed in the vendor sedion for the stack no Probe wilt be specified in definitive design stage closed 

ALPHA6 is an in-line sampler head which draws a sample ' Z  from an iswkinetk sampling array or a shrouded probe (It 
Is not the probe itself). The projed still needs a sampling 
probe (iso-kinetic or shrouded). x 

90% CDR drawing, this isotope is not available. , $  Merkling, T. 17 Drawing SK-300413; Comment: Delete "Xe-127" from the no We will delete Xe-127 from SK-300413 closed 

.E 
5 Merkling, T. 18 Drawing SK-300413; Commsnt: The Eberllne PING-36 b no We will review the Eberllne PING-36 capablliy regarding 1-129 and closed 

90% CDR 0 

I 

listed as the instrument offered to deled Iodine 129. I do 
not believe that this PING-36 Instrument is sensitive 
enough to deled the low levels of this lav energy beta 
emitter. It was designed to detect the higher energy 1-131 
In higher concentrations lhan 1-129. 

make any changes neoeasary durlng definnive deslgn. 

, I 

Merkling. T. 19 Drawing SK-2-300417; Comment: The drawing gives the no The trench cover will be fabricated of steel. Drawing will be closed ' 
90% CDR look of concrete overthe trench 131.72 Inches to the lefl 

and 81.63 Inches lo the right of the 3 inch steel plate over 
the center of the MCO]. The narrative In appendix E. page 
4 of 8 states that the trench will be covered with steel to 
provide shielding. which is wrred? Change the drawing 
to r e b d  the steel over the trench. Also. there Is possible 
scatter through the 10 inch push-through HEPA filters as 
the fillers are wnfMured in the drawing 

dar l ld .  

I I :  

, I  
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WHC-SD-SNF-CDR-007 Rev 0 

REVIEWER COMMENT # COMMENT 

Miska. C.R. 1 Please provide clear descriptive names for major pieces of 
€OX CDR equipment to eliminate confusion. Also consider providing 

a numbering scheme that would coordinate the block now 
diagram with the process sequence etc. 

Miska, C.R. 2 The process Sequence appears to be founded on the 
60% COR assumption that the MCO will have some TBD valves 

rather than the existing MCO design with quick disconnect 
fillings. While I do not l i e  the MCO 'quick" dlswnnecl 
fming the HCS 90% conceptual design will need to be 

APPENDIX K: HO J CONDIJIONING COMMENT DA JABASE 

HOLD POINT DISPOSITION STATUS 

no A section that defines names for major pieces of equipment has 
been added to the CDR and these names are used throughout. 
Cwrdination of block flow diagrams with process sequenu, will be 
done during definitive design. 

DD 

no Agree. dosed 
Will reissue the sequence to allow for remote connection of quick 
disconnects. 

basdined to the MCO desgn. Unleis We' can decide on 
a speck  allemalive and wnvince the MCO team and 
others to design, test, and implement this concept. then we 
must baseline to the existing MCO design. 

The HCS design needs to provide HEPA finration on the 
supply lines to the MCO. Note the Lab has recently 
experienced a contamination spread (Cs 7) while they 
were working on a furnace gas supply line outside of the 
hot cell 

The RGA instrument should be able to sample the offgas 
prior to the gas cooter/wld trap I suggest that the RGA be 
set up lo sample the gas from several locations. (supply 
gas, offgas prior to cooler. Mer  cooler. and Just prior to 
return to the MCO). It is suggested that this instrument be 
for process control purposes. and that a reliable slmple to 
calibrate flammable gas analyzer etc be use to determine 
that H2 wnmntration limits are met. This slmple reliable 
instrument wuld then ensure comptianm with safely limits. 

3 

closed 

Miska. C.R. 
60% COR 

no Has been Incorporated in 90% conceptual design. Added VPS-F- 
1107 on the dip-tube slde of the MCO. 

s 

, a 4 Miska. C.R. 
60% CDR 

no Issue will be subject of study during definitive design. 

.& 

E 
I5 
P 

Miska. C.R. 5 The Shield Plug will likely need to be held in ptam in the no Agree. wilt Include in definitive design of process pit wver. OD 'r 
60% CDR MCO vaul cover prior lo lining the vault wver. This detail 

should be developed In such a way as to essentially 
preclude damape to the MHM I Vault Cover I Process 
Enclosure hwn improper operation of the restraint. A likely 
solution would be to design this restraint as part of the pick 
point for tipping the MCO vauit cover. If this was done 
then the wver would be constrained when l i e d  and the 
restraint would atways be removed prior to process 
enclosure removal. 
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WHC-SD-SNF-CDR407 Rev 0 APPENDIX K: HOT CONDITIONING COMMENT DATABASE 

HOLD POINT DISPOSITION STATUS REVIEWER COMMENT # COMMENT 

Miska. C.R. 6 w h y  are we boning down the MCO Vault Cover? Note if no Cover not boned. Sequence of operations corrected in 90% Closed 
60% CDR the intent b to leave the MCO ruplure disk active during 

processing and lo bolt down the cover lo  mligate the 
potential ruplure disk actuation then the following should 
be considered: 1) The current rupture disk design is teflon 
Coated (will not work well at processing temperatures) 2) A 
recent change is In the works lo change the rupture disk 
pressure to 25 PSI to preclude the consequences of a high 
pressure blowdown event whlch was adversely driving the 
CSB (they would have needed more SC 1 systems). 

conceptual report. 

Miska, C.R. 7 The Process Enclosure sketch shows the wheels located no Two alternates for process pit layout were induded in 60% CDR. closed 
60% CDR on the wrong slde of the enclosure. Ther wheels were right for one of these. The other has beed 

selected so the sheels will be rolated. 

Miska. C.R 8 Moving the P m s s  Enclosure wilh a cable winch would no Enclosure will be moved with eledric tow motor. Incorporated in closed , 

60% CDR would not provide adequate shielding for the worker. The help reduce exposure. 7 

60% CDR likely present a tripping hazard elc. Would it be practical lo 
provide movement capability to the process enclosure. 

90% conceptual design. 

Miska. C.R. 9 Wfih the current sketch of the oven the Process Enclosure no Shielding added in 90% conceptual design Sholder on MCO will closed 

3 
' 8  

Miska, C R. 10 A 'rubber seal. on the bollom of the process enclosure no Rubber seal included in 90% conceptual design. closed ' 3 
60% CDR 

bast design solution would likely be lo reduce the gap 
between the oven wall and the shklding to much less than 
the -1 foot shown in the sketch lo  keep the shielding on 
Ihe Process Enclosure to a minimum. P 

~ ~ - .  - 

Ig 
____~ -. - 'b 

may be nearssaw lo allow this enclosure to meet safely 
class confinement requirements with imposing a 
requirement for tE  power < 

Miska, C.R 11 The process enclosure needs lo  provide space for storing no The proposed MCO with a shoulder eliminates the need for the DD \ 
60% CDR 6 insulating coven and 6 annular space coven unkss 

spam for these lema Is provided in the area below each 
MCO vauk cover. Note surveying and removal of these 

alternative. 

annular space cover, It Is possible that the insulating cove= can 
be stored In the trench. This will be finalired during definitive 
design. 

Hems to a regulated staging are is a much less desirable , , ;  

, I  
Miska. C.R. 12 The design of the Annular Space Cover should be such no MHM interlock discussed in 90% conceptual design. closed 
60% CDR that it precludes engagement of the MHM grapple to the 

MCO wilh the cover in place. If this is not done some 
posliie means must be provided to preclude damage to 
the MCO. MHM. and furnace by lifling the MCO at 
inappropriate tlmes with furnace pieces in the way. 
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WHC-SD-SNF-CDR-007 Rev 0 APPENDIX K: HOT CONDITIONING COMMENT DATABASE 

REVIEWER COMMENT X COMMENT HOLD POINT DISPOSITION STATUS 

Miska. C R. 13 Slep M 4  survey cell should be revised.Routine manned no Revised in 90% conceptual report. closed 
60% CDR enlry into the process enclosure should be avoided 

whenever possible. espedally when surface conlamination 
status is unknown. A manipulator survey of key locations 
is suggested instead. possibly with pass through of survey 
swipes for counting. 

Miska, C.R. 14 Step # 28 and 29 may need lo be switched to determine if no Revised in 90% conceptual report. closed 
60% COR the dryness criteria is met at the end of the 3M) degree 

hold slep Note I do not think that this type of test would 
be meaningful. 

Mlska. C.R. 15 Step X 25The Process Enclosure needs to be raised no Agree. Changed in 90% conceptual report. closed 
60% COR before the power is disconnected. 

Miska. C.R. 16 
60% CDR 

Miska. C.R. 17 
60% COR 

Consider attaching the Process Enclosure to the Process 
Module with an umbilical a d  to allow its adlvltks to be 
surveiled by Ihe PLC control system 

Consider louling a furnace PLC 'diol"/status lght where H 
can ba observed by the operalor moving and operating the 
Process Enclosure These 'ldtot"/status lights would show 
what part of Ihe process each indwdual station was in, and 
would help preclude an operator ham inadverlently 
peltwming adbns on the wrong MCO (stafbn 2 instead of 
station 3 for example) Also n would likely be helpful for 
the DCS to have a similar 'status board' screen with the 
slatus of each 01 the 6 process stations shown pictorially at 
the same time 

Mlska. C.R. 
60% CDR 

18 Step 34 w h y  is the MCO backfilled to a slight negatwe 
pressure. thls is not consistent wdh the performance 
specfication 
.___ - 

no Agree Will be incorporated in defintlive desgn DD I 

';I 
.1 

DD A 
2 

in 

no Will be incorporated in detailed deslgn 
Agree this and several other visual aids will be provlded to the 
operators As these are developed they will be added to the 
appropriate P&IDs during defmillve design 
The technology exists to mount a system monitor on the Process 
Enclosure mth communications being either a cable or infrared 
The Process Enclosure operator should have access to the same 
data as the control room operators 

7 

n 
U g 

,i4 < 
: 0 ~~ ~~ 

no Will be corrected to agree wiih the performance spec 
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WHC-SD-SNF-CDR-007 Rev 0 

REVIEWER COMMENT X COMMENT 

APPENDIX K HOT CONDlTlONlNG COMMENTDATABASE 

HOLD POINT DISPOSITION STATUS 

Miska. C.R. 
W% CDR 

19 Waler should not be used as a coolant for the process 
offgas unless it is demonstrated lhat it Is impractical lo use 
olher design sotulions such as an air to air heat 
exchanger. Note thls ako applies lo  a lesser degree to the 
process heatinglwoling system. Use of water as a coolant 
in an offgas system located directly above a 300 degree C 
MCO filled wilh damaged reactive fuel would raise safely 
queslions that would likely have adverse cos1 and 
schedule impacts. Water cooling of the offgas 
hydraulically above the MCO provides the potential for 
Pteam explosions", fuel ignlion, and resultant loss of 
MCO boundary scenario's that would be very difficult to 
address. 

no A study is being developed to be included in the final CDR. The 
sludy will address the issue of water use in the HCSE. The water 
coolers, for the healinglcooling system. wilh features to prevent 
water entering the process equipment will be retained for Ihe 90% 
CDR. 

closed 

Miska. C.R 
W% COR 

20 I would like to see heal transfer calculatlons that show that 
the moldown of the MCO head occurs in a reasonable 
time while complying wilh the 100 degree C maximum 
MCO temperature difference limit calkd out in the 
performance specMcatlon 

Mbka. C R. 
60% CDR 

21 The Vacuum pump down calculation needs lo  be redone. 
Pumping down lhe MCO to 10 torr will take longer than the 
time indicated to transfer the free space gas volume of the 
MCO. 

no The calculation in the 60% CDR has been replaced by a 
cakulallon from a-Matrix that addresses lhls Issue. The heatlng 
and cooling profile must ba oplimked durlng definitive design to 
meet thls restridin. 

DD 

c g 
h n 

no This calculation is Incorrect and has been redone using the method 
described in Perry's Chemical Engineers Handbook. ZE Wilh thls 
calculatlon. the evacuation time has been Increased by a factor of 
6 to 7. 

closed 

- 5  
Miska, C.R. 22 Review of the Heat transfer calculations by W C  indicates no Recent Information from a-Matrix indicates that Ihe heat transfer DD ' 4 
60% CDR that the calculated inslde heat transfer w e W n t  Hi = 1, 

and the calculaled outside heat transfer wefficient Ho = 5 
are likely conseNative.However a concern was expressed 
that the spiral Row envisioned to enhance the outside 
weffident likely could not be maintained over the full MCO 
height wilh only a 1" gap. 

calculations are not conservative as they show heat up in 20 hours 
+ ralher than 12 and the 100 degree lemperalure difference across 
the MCO h exceeded. Addillonal calculations are requlred during 
definitive design. 

al 
I C  
L 

'1 

Miska. C.R. 1 Page iii AcronymsThe acronym list is a good idea. but il no Acronym lil will ba revised to capture all acronyms used in the closed ~ 

90% COR d w s  no1 contain very many of the acronyms used 
throughout the document (like PLC. PMC .... ) It would be 
more benefidal if someone would take the time lo look for 
all the acronyms in the document. 

document 
3 .  

, I  
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WHCSDSNF-CDR-007 Rev 0 APPENDIX K: HOT CONDITIONING COMMENT DATABASE 

REVIEWER COMMENT I COMMENT HOLD POINT DISPOSITION STATUS 

Miska. C.R. 2 
90% CDR 

Sec 1.0 page 1. Appendix E page 1. and throughout 
dowmentPkase use the issued revislon 0 of HCS 
performance specification. not the old draft revision A. 
Please discuss wilh WHC M specific Information In rev A is 
required thal is not in rev 0. (search doc for rev A)Note 
revision 1 of lhis document will be issued in the near future 
and diredion will likely be given to use revision 1 for the 
detaikd design phase. 

no Document will be revised to reference Rev 0. closed 

Miska. C.R. 3 
90% CDR 

Miska. C.R. 4 
90% CDR 

Sec 1.0 Page 3Statement that Yhe proposed HCSE 
conceptual design should be able to achieve whatever 
degassing spscaication is established by simply heating 
and pumping longer is not totally valld. Some ofthe 
residual moisture (contributor to pressure in sealed interim 
storage) after hot condlionlng is expected to be tightly 
associated wlh fuel oxMes and sludge, thus holding at the 
deslgn temp can not remove all resldual moisture hom 
oxides. However if oxide invenloq Is low enough then 
maximum residual moisture uiteria can be met. Suggest 
delelmn of senlence from report. 

no Sentence will be deleted as suggested closed, 

c, 

Section 2 0 pages 6, 7, 8, 9.47,48,49, 50,53, 54 
Please revuo dowment to show weld lnspedmn technique 
more sultabk for remote implementatlon (radiograph or X- 
ray for example) Alternately for CDR Indicate in text thal 
more appropriate weld lnspedlon technlques would greatly 
Improve the probabllily that the process enclosure will 
meet duly cyde requlrements (will not adversely constrain 
throughput) Note I belmve DP mspedion was chosen at 
CVD because that weld design would not allow full 
penetration inspedlon 

no The new weld test proposal from the MCO designers specifies cbsed (I 
ullrasonic testing This will be incorporated in the detail design G: 
the HCSE 

:: 

< 

I ,: 

r 
'i 
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WC-SD-SNF-CDR-007 Rev 0 

REVIEWER COMMENT I COMMENT HOLD POINT DISPOSITION 

APPENDIX K HOT CONDITIONING COMMENT DATABASE 

STATUS 

Miska. C R. 
90% CDR 

5 Section 2.0. page 11. 2.2.1 2 (Pressuiued Operation), also 
4.0 page 3 interface MC07The process can should not be 
designed lo support operation at 115 PSIA. The MCO 
performance specification/ interface agreements elc 
require I to be maintained below 75 PSID when the 
temperature is above 200 deg C. Note also that this 
pressure is above the current rupture disk design pressure 
(25 PSI) and thus would require covering or replacing the 
rupture disk.Note the heating and cooling durations in the 
performance specification are not hard and fast design 
criteria but targets. We should have suhicient excess 
design capacity that pressurized heatup and cool down 
should not be required (especially afler eliminating the cool 
down durations for that would have been required for 
hands on access to the MCO.Note also if the lobe rotor 
pump is a high capaclly pump this raises dihiculty in 
dealing with partkulate entrainment. and line break 
accident analysis.Note if gas cirwlalion pump is required 
to guarantee vacuum pump life a more appropriate gas 
cirwlalin device should be chosen (regeneralie blower 
for example) A lobe rotor would not be dependable in this 
service. (it would fail catastrophically the first time flow was 
inadvertently isolated or restricted) 

Mitka. C.R. 
90% CDR 

6 2.0. Page 12, Third full paragraphSewnd sentence is 
incorred 'Exposed uranium reacts with oxygen and 
continues lo do so until the surface Is passivaled." This is 
inconed because the uranium will continue to oxidize as 
long as oxidant is present. This is true in part because 
uranium does not form a true 'passive" surface upon 
oxldation (the oxldalion products begin lo spall afler 
reaching a certain Ihickness). 

Miska, C.R. 
90% CDR 

7 2.0. Page 32, 2.4.2 and 2.4.5.Why is it advantageous to 
use a radio modem to communicate between the PMC and 
(he PLC (why is mobility required) Also what is the PMC 
(I did not see il defined In the control section). Note the 
safely analyst are already complaining about no1 liking 
reliance on PLC to respond apprwriately. The potential for 
radio interference just adds fuel to that potential 
disagreement (NOTE PUREX had big problems with 
portable 2 way radio's disrupting sensitive equipment like 
central fire alarm dispatch panels). 

no The process will be designed to support operalion at 25 psia rather 
lhan 115 psia. A magnetically coupled regenerative blower as 
recommended is now shown in the CDR A pumping study will be 
performed during definitive design to select the most appropriate 
pump for this service. 

closed 

b 
closed e 

no Replace first lwo sentences with the following: 
During the lower temperature partial exldation phase of the hot 

inlo the MCO in an inert carrier gas stream. This low concentralion 
of oxygen consumes highly readtlve sites on the fuel Inside the 
MCO, reducing the chemical reactivity of the damaged fuel matrlx 

conditioning process. low conwntrattonr of oxygen are introduced N 

a: 
'0 
e 

I 
that may kt present In the MCO. Not the reactive siles consumed 
by this partial oxldation may Include small fuel fragments. high 

uranium metal partkles created by the thermal decomposition of 

I 

surface area uranium hydMe partides. and high surface area 

uranium hydride. 
7 

no During the oral presentation I was inwnedly stated that a radio closed , , 
modem would be used for data communication between the 
procsss module and the control room. This circuit Is hard wired 
and signals are muitiplexed over 2 conducton. A radio modem Is 
only used between the moblle process enclosure and the wntrol 
rwm and only lo monitor Inputs such as temperalure and other 
parameters whkh are not used in closed loop control clrcuils If 
wmmunlcation via radio modem is erratic. this would not impact 
any of the control circuits 

~.~ . 

DCM 7/29/96 I:WJTOCADU318lDATABASE\COMMENTS.MDB Page K. 17 



WHC-SO-SNF-COR407 Rev 0 

REVIEWER COMMENT I COMMENT 

APPENDIX K. HOT CONDITIONING COMMENT DATABASE 

HOLD POINT DISPOSITION STATUS 

Mika, C.R. 8 2.0, page 43, Instrument Air SystemWhy are we providing 
90% COR instrument air, has it been decided that the CSB inslrumenl 

air supply will not be used? 

Miska. C.R. 9 3.0, Page 1 and 2 HCSE layoul More detail is needed than 
90% COR is provided on Ihe referenced drawing SK-2-3-00421. For 

example the exad size of the shuttle table pit needs to be 
specifed.Nole also that the dimension from the centerline 
of the nearest obslruction east-west and north south is not 
as shown on SK-2-340421 (oreater clearance is 

no The instrument air system in the CSB is at Ihe opposite end of thO 
building. In order to minimize the impact of the HCSE on the CSB 
design. il will not be extended lo the HCSE 

dosed 

no Shuttle table no longer required as MHM box beam has been 
raised to 9 fl and process enclosure will be less than 9 11. It has 
been determined thal the floor will not be recessed sin- leakage 
from process omling water will be contained by the procoss 
module and no lire protedlon water Is required. 

closed 

required). Also floor ebvat&s need to be spedfied unless 
(he entire floor is at one elevalion.Note recesslng the skid 
and waste storage area may be highly desirable lo prevent 
water from process wollng leaks. or fire protection 
systems from reaching the furnace or CSB vault tubes. 

Miska. C.R. 10 3.0, page 3, Trench Cover1 strongly suggest specifying the no Trench will be specified as suggested. closed 
90% CDR design of the lrench to HCSA designer such that a trench 

wver greater than 6' wuld be supported (design strong 
enough lo support a stepped wver extending below lip for 
lrench wver). I recommend designing to support 
something like 8-10 inches of sleel. This would allow the 
HCSE designers more ~ x l b i l l y  lo go above 6 inches for 
trench u)ve*J if required for any reason. 

Miska. C.R. 11 Appendix (genera1)Please tab each appendix separately. no Appendices will be tabbed as suggested and cut sheets will be dosed 
90% COR Also please try to arrange the vendor cut sheets in a 

logical order if possible (group like equipment 1.0. hepa 
filters) 

organized alphabetically by equipment number. 
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REVIEWER COMMENT I COMMENT 

APPENDIX K: HOT CONDITIONING COMMENT DATABASE 

HOLD POINT DISPOSITION STATUS 

Miska, C.R. 12 
90% CDR 

Mtaka, C.R. 13 
90% CDR 

Appendix, SK-2-300418 (Oven Assemb1y)As shown the 
furnace shielding will likely result In much more than the 
SmWHr operator dose rate discussed in the shielding 
sedion. As shown in the sketch a 'dlred view of 
unshielded slde of MCO would exist I looks like this would 
resun in effectively less than 2 inches of shielding with 
pmcess pit covers up and endosure In place. This will 
give an lotally unacceptable dose rate Note when I 
estimate the potential dose to worker at the enclosure 
uaing a fador of 4 redudlon In dose per Inch of steel. a 
fador of 4 d u d i o n  to coned the dose from 1 meter to the 
dose at 2 meters, and the safeguards dose of -65 Whr 
from the side of an unshmlded MCO at 1 meter (for 
average fuel not peek shleMlng design fuel), I end up with 
a dose rate to the operator at the process enclosure 
grealer than 1,OOO mWHr. This Is three orders of 
magnlude greater than what the design dose rate should 
be. Even 1 conuete Is added to the open spaw to the lefl 
slde of sketch SK-2-300418 a severe dose problem would 
slill exlst due to the dired beam from the heatinglcoollng 
piping on the fight side of drawing SK 2-300418. It Is very 
likely that this lypa of shielding design deficiency could not 
be adequately address wlh the process enclosure. and 
thus must be addressed via the design of the furnace. 
Note to ensure the success of the HCS project n IS 
essential to be conMan1 that the pit dimensions and "floor 
loadings'given to the HCSA designers will be adequate to 
provide for this necessary shielding dose to the MCO. It Is 
suggested that the stwl top shield shown on the sketch be 
greatly inueased in diameter to eliminate any *direct VW 
of the unshklded portion of Ihe MCO. 

Append* 8. Alan Implementation Plan, page 6. Item B 
CriIeria "Maximum exposure shall not exceed 5.0 mWHr 
on the average." is inappropriate for application as an 
acceptable design dose for personnel performing routine 
(extended duration work) at a remote operator console. 
Note this is especially lnapproprlate when it is wnsldered 
that the impad of the viewing window was ignored, and 
that the dose calculalions were likely hmhly optlmistlc (at 
best). 

no These comments address the shielding analysis and the resulting 
dose rates above the oven and at the procass enclosure. The 
dose rates calculated for Ihe currently envisioned oven and 
pmcess enclosure are "ballpark'accurate. I agree lhat a more 
detaikd (Monte-Carlo) analysis chould be performed (Comment 
15) given the complex geometries Involved. I also agrea that more 
shlelding can, and chould. be Incorporated into the oven/process 
enclosure design to lower the wrrenly projected dose rete at the 
operator rtatlon and the general area dose rate above the oven. 
This will be Incorporated during the definitive deslgn. Various 
design options will be evaluated and a rough contour dose rate 
map (with and wiulout the process enclosure) will be provided to 
demonstrate the feasibility of the design. The oven and shtelding 
deslng as wmntly depicted does leave a small unshlelded aolld 
angle to the process enclosure. The will be hxed by adding 
shielding to either the oven or process endosure - the d o ~ r  to the 
source, the better. The shlelding and dose rate Issures are 
manageable and will be addressed and resolved during definitive 
design. Text of Exposure Analysis has been revlsed to refled 
options for reducing dose rates. 

DD 

2 
2 
Q 

1: 

? 

' ; a  
$ 
% 

.-J 

I I 
no See response to comment 12. DD' i 
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DD Miska. C.R. 14 Appendix C ShieldingSee above comments on non- no See response lo  comment12 
90% CDR conservative shielding estimation. Also the duration 

allowance for work by the prowss enclosure may be non 
waservative (I would not be surprised if the enclosure is in 
use nearly all the time that the MHM is not in it's way), thus 
the dose rate that the worker receives from this source 
must be minimized. As discussed above this may best be 
done by oplimking the &sign of the furnace. Note 
assuming adding Shielding will)ust be added to the 
process endosure will greatly increase the floor loading. 
and will likely require abandoning the viewing window 
(which i am not willing to gke up).Note the reflected dose 
when the prowss pit w v e n  are open must also be 
wnsldered. This bounce wuld greatly increase the 
'%ackgrwnd dose" polentially invalidating the 2 5  mrklr 
shielding design criteria for the CSB as wall as adding 
significantly to the worker dose. 3 

$ 
8 

' 3  

I C )  

Miska. C.R. 15 Appendlx C ShtaldingProvMe a rough dose contour map no See response to comment 12. DD ' Q  
90% CDR around the furnace (with or without the shielding of the 

process enclosure). I see view angles that am not 
consistent with the 5 mr dose at the process endosure or 
the design maxhum of 5 mr. Note WHC Is pursuing 
getling this type of dose contour map via Jay Lan but this 
will require - 2 months lo complete. 

w 

E Miska. C.R. 16 Appendix D. O6M Philosophy, Page 1: I do not believe no Agree. Dwment has been revised. closed 
90% CDR c 

10 

that the CSB is designed for worken to routinely wear 
protective clothing. I believe that the CSB and thus the 

wilh temporary RCA's being used as necessary. 
Annex should be des!gned for access In street clothes, 

, I 

Miska, C.R. 17 Appendix D, 06M Philosophy. Page 1, CThe expeded no Comment incorporated. closed i 
90% CDR process duration for HCS is 2 years wilh a 10 year design 

life for the equipment and 75 year design life for the annex. 
Note this was not elear in the equipment performance 
spedflcation, but will be clarified in REV 1 of the 
equipment performance specikation. 

I , :  

, I  
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Miska. C.R. I8 Appendix D. O I M  Philosophy, Page 2, Equipment no Comment incorporated, closed 
90% CDR SeledirAdd new item. components potentially requiring 

maintenanca or replacement In the furnace should be 
designed for remote manipulator replacement H at all 
possible. Note contact maintenanca of lhis equipment 
would only be possible afler removal of the MCO, and 
shielding or removal of accumulated dose contributors 
(contaminated process lines. cold traps. and filters). 

Miska. C.R. 19 Appendix D. O6M Philosophy. Page 3This page contains no Agree. Document has been revised. closed 
90% CDR several 7el ia" from CVD that must be eliminated including 

'Drying Bays", 'Internal Washdown'. %aged connections'. 
'Hood". 

Mbka. C.R. 20 Appendix D, O6M Philosophy. Page 384, Radiation no Comment incorporated closed $ 
90% CDR 8 Safely, second senlenca in sectionchange to read: 

Preliminary estimates suggest that this can be achieved 
through a comblnallon of shielding near the MCO Integral 
to the furnace assembly. and shielding provided by the 
process pit covers or process enclosure. 3 a 

3 
% 

Mlska. C.R. 21 Appendix D. OIM Philosophy. Page 6. ShtaldlngSectlon no Agree. Shielding design will relect criteria of 0.25 rernihr. See closed ? 
90% CDR on nonally Occupied areas implies a dose rate in these 

areas of i t2 mRMr. This is not consistent with the 2 
r n W r  used In appendix C. I believe that the "background 
dose" through the shielding with the trench covers down 
should be 4 / 2  mWHr. 

Walt Alaconls m e n 1  X7 and resolution. 
' -  

'5 
0 

Mlska, C.R. 22 Appendix D, O6M Philosophy. Page 8. Second no Document revised lo reflect HC-2 designation. closed 1 
I f SentenceThe stalement that ?he facility will be considered 

an HC-3 facility ..." is not consistent with the HC-2 Indicated 
on page 1 of the introduction to the 90% CDR. At this 
point In time I tend to agree with assuming HC-2 
designation. 

90% CDR 

i 

, ' .  
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Miska, C.R. 23 Appendix E, Understanding of Performance no Section wlll be revised lo reflect current design in terms of Initial closed 
90% CDR SpciticationThis section needs to provide clear indication 

where the process design is no1 conslolent with the 
performance specitication. An example Is page 2 "Cool 
Down b r  Connection' rather than repeat the performance 
specification this appendix should indicate that this 
process step is not needed because remote connection will 
be utilized. It should also be noted that this change will 
reduce the heating duration as well and will thus 
beneficially aflect the process cycle time. Anolher 
example of what should have been present in this section 
is the proposed deviation from the firm requirement to 
eliminate readlve flulds (water) for heating or m l l n g  the 
MCO process o#gas.Thls type of presentalhn would allow 
formally amept the proposal to eliminate the cool down 
step horn the performance specificalion. and modii future 
revisions of the performance specmcation accordingly. 
This type of candid evaluation of complianm with the 

moldown. use of water. etc. A study on the use of water for 
molicg will be included in the final COR. 

n 
,in g performanm SpeeMcation will also encourage thorough 

consideration of the issue, and help clarity where deviation 
from the performance speuht ion is not allowed. 
Examples of areas where deviation of from the 
perfonname spaciflcation are proposed by the equipment 
designer which will not be allowed lndude exceeding the 
MCO design pressure limit of 75 PSlA at temperatures 
above 200 degrees C, and the use of water for m l i n g  the 
process offgas. 

8 
, $  

w 

al .< 
Miska, C.R. 24 Appendix E, page 2, Receipl. c)Correct TypoThere is no no Typo wlll be corrected. dosed 0 
90% CDR such thing as a MHM Process Station. I 

I 

il 
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dosed Miska. C.R. 25 Appendix E. page 3, Partial Oxidation a)Revise to no Suggested clarification will be Included in final CDR 
90% CDR indicate... The MCO cooling syslem (MCS) will be requlred 

to maintain the desired setpoint temperature during partial 
oxidation.Nole until detatled analysis are completed I is 
no1 known if the energy release from fuel oxidation will 
exceed heat loss. or heat addition will be required to oblain 
the desired fuel temperature. For example 10 SCFM of 
gas Row wlh a 2% depletion of oxygen would equal 
roughly 3 . m  watts of power. It would be expeded to 
have an oxygen depletion of about .5% or kss, and the 
"baseline' temperature may be r a i d  above the Inillat 150 
degrees C setpoint (up to a maximum of 250 degrees C) 
until the single pass oxygen depletion approaches this 
amount. Note that .5% oxygen depletion at 10 SCFM the 
pomr output horn oxidation would be on the same order of 
magnitude as the decay heat of the fuel. implyhg good 
ability to control fuel lemperature and thus oxidation rate. 

Mbka. C.R. 26 Appendix E, page 4, Final Cool DownWith the remote no We will Incorporate your comments closed ' 3 
90% CDR 8 

$ 

8 
,dosed 2 

manipulation of the MCO head In the proposed hot 
conditioning design there la no need lo  cool dom the MCO 
and fuel lo temperatures indicated in the performance 
speciIicatlon. The MCO wall and fuel wilt however need to 
be cooled down suffkiently to ensure that the speclkd 
maximum temperature for storage (and presumably for 
handling In the MHM) will not be e x d e d .  The current 
specifled maximum MCO wall temperature allowed for 
storage h 132 degrees C to prevent the fuel temperature 
from exceeding 205 degrees C. 

Appendw E, page 16-18 Appendix A. 8, and C The use of 
appendix A, B, and C to appendn E is confusing especially 
when ule main appendices are not tabbed In the book 
please "restrudure' Appendix E to eliminate this confusion. 

' h  

E 
Mirka, C.R. 
90% COR 

27 no Appendw E will be restructured such lhal the appendlces will be 
called addendums. 

'r 
Mbka. C.R. 28 Appendix E. page 18The tilk for Ihb sedlon no Corredion will be made. dosed 

*APPLICABLE REQUIREMENTS FOR THE VACUUM , I .  

DRYING MODULE SUBPROJECT DESIGN' is 
inappropriate. This is the Hot Conditioning System (HCS). 
or Hot Condtionlng System Equipment (HCSE). please 
refer to the subproject as such. 

9ox CDR 

. I  
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Mika. C.R. 29 Appendix GPlease try lo tabulate and organize the no We wncur. A caiculalion log will be generated and added to closed 
90% CDR informalion In thb appendix better (a table of contents and 

page numbering for this appendix may be required). 
Obviously this is a detail issue that is nice but not 
mandatory. however breaking the appendix lnlo loglcal 
tabbed sedions as a minimum would help. 

Appendix G. 

Mitka, C.R. 
90% CDR 

30 Appendix G, last two pages (PART UE-9)It is not clear 
what the purpose is for these two page, or even if they 
belong in lhis document. 

no This was not intended. These pages will be removed closed 

Miska. C.R. 31 Appendix H. Vendor cut sheetslt appears that a dlvlder is no Tabbed divider will be added. dosed 
90% CDR needed prior lo vendor cut sheels. My book gws  dlredly 

from appendix G to the vendor cut sheets (Appendix H). 

Miska. C.R. 32 Appendix H, Vendor cut sheetsplease try to tabulate and no Information in Appendix H will be organized alphabelically by dored 
90% CDR organize Ihe information in this appendix better (a table of 

wntenls and page numbering for this appendix may be 
required). Obviously this Is a detail Issue that Is nlce but 
not mandatory. however grouping like information. and 
breaking the appendix Into logical tabbed sedlons as a 
minlmum would help. 

equipment number. 

' 0  

Mirks. C.R. 33 Appendix H, Vendor cut sheelsPbase Indude vendor no We will Incorporate your comments in the final CDR. closed 
90% CDR Information for the manipulator proposed for the promss 

endosure. Thls is a vital piece of equipment which 
requires addtlonal information to allow fair evaluation of its 
capabiliies (for those of us who are not familiar with this 
padicular manipulalor). I 

f I 

'r Miska. C.R. 
90% COR 

34.1 C o m n l s  34.1-34.6 refer to Appendix H. Vendor cut 
sheets. and PatD SK-2-300413 Flanders G-1 Bag InlBag 
Out houslngs. 
1) Per Ihe PLlD these filters are located inside the lrench 
(changed remotely with the manipulator). Having been 
Involved with the change out of several of these filters In 
the past I am not sure that they are sunable for remote 
operation without signifuant modiflcation 

no Filters in trench will be custom design lo facilitate manipulator 
change out. 
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Seal fluids will be eliminated. closed Miska. C.R. 
90% CDR 

34.2 2) A fluid seal filter is unacceptable for this application 
unless Ihe equipment designer can provide a bullet proof 
case that ll Is incredible (c 1 EE-6) for significant quantities 
of seal fluid (grease) lo leave the filler system and enter 
the MCO. Note < 100 grams of organic would signikantly 
degrade the capacity of the MCO to wntain the hydrogen 
pressure fmm radiolysis of relained water in inlerim 
storage. Further more il these seal fluids wnlain halogens 
they wuld potentlally degrade the performance of the 
MCO (Safety Class 1 boundary). 

Miika, C.R. 34.3 3) Restridion on high lempiralure: The vendor cut sheet no Metal filers will not have the temperature restrlctlons. closed , 
90% CDR Bulletin No. 936 page 3 indicates lhat maximum 

temperature for the fluid seal Is 392 degrees F (200 
degrees C). It is questionable if the G-I gasket seal 
housing cwld be made lo  work (would pass DOP tesling) 
#the fillers are installed remoteiy. and are thermally 
cycled. Note that the Flanders cut sheets also lndlcale 
that for high temperature application special sealanls are 
required for gasket sealed units. and refers to page 8 
which is not Included in this appendix. 

0 
I ?  

I u l  

Q 
s" 
5 

Miska. C.R. 34.4 4) Restridion on high pressure: The vendor cut sheets no Custom designed metal filters will not have this pressure restriction, closed 
90% CDR ' -* indicate that the GI housing with a high pressure design is 

only good for 15 PSI positive or 14.7 PSI negative. Thls 
would not bo compatible with a pressurked circulation 
system. and would wuld not be taken credl for unless all 
uedible system pressurization mechanisms are ellmlnated. 0 

~ 

Miska. C R 
90% CDR 

34 5 5) Room for the fiiter housings It is not dear that there is 

designed to Install these filler housings and filers 

no Metal fiiters will be custom designed for this application to fit in the 
available space 

dosed I 
, I room in thn pmcess trench or fumaca p l  as l is being 

'1 
Mika. C R 34 6 6) Suggested approach for this fiiter It is suggested thal no Metal fillers will be specified in Ihe final CDR closed 
90% CDR further investigation be performed to ldentity suitable 

fiiters for this difficull application One potential worth 
considenng IS PALL sintered metal fiiters. for example at 
one time the Hanford sits W P  project was planning on 
using Pall Sintered metal media for testable HEPA 
fillralion I know that PALL makes sintered stainless steel 
HEPA media In vanous wnrigurations. the question is do 
they have a housing wniiguration that is suitable (testable) 
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Miska. C.R. 38.1 Misc It is strongiy suggested that il the offgas piping 
90% CDR associated with the furnace are intolerant of rolatinal 

misalianment that a fealure be orovided bv the HCS 

no A turn-table is being developed for the top of the oven to properly 
orient the MCO. 

closed 

equipment designer to reeslabish proper MCO r&&onal 
position. This could be done by providing a "turntable" in 
the welding pit for occasional'off n o n a r  use. Anemately 
a turntable could be incorporated into the furnace. 

Mhka. C.R. 38 2 SK-2-300413 PLlDThe RGA Instrument for gas sampling no (re RGA sampling points) We will comply with your suggestion. closed 
90% CDR needs lo measure both the supply and exhaust gas 

concentralion. potentially even before and after the gas 
cooler and traps if we can gel significant mass removal 
(condensation) 

DD 2 Miska, C.R. 39 SK-300413 PELIDThe oxygen supply syslem needs some 
90% CDR more though1 and work in Ihe detailed design phase. The 

story for pre dilution of Ihe oxygen (buy at <20% oxygen In 
inert gas) add al limited rate (orlfice) lo recirculating offgas, 

does not exceed maximum allowable concentration). 

no The gas supply system will be revised to provide these monilorlng 
polnts. 

q ?  
1 -  

with measurement to confirm that oxygen concentralion g 
Miska. C.R 40 SK-300413 PELlDThe design should reflect a high no Study in detailed design DD 
90% CDR reliability flammable gas monHor or similar device to 

ensure that the offgas concentration is maintained low 
enough to preclude combustion (easy to use I malntain 
safety signhicanl system). 

' 3  
,z c 

ONeill. C. 1 The CDR should Include either a HVAC Zone drawlng or a no The Interior of the MCO and connected process equipment wlll be closed 0 

90% CDR descripllon of the zones. Zone 1. The procass pit, trench. and process enclosure will be I 
I Zone 2 and everyihlng else wlll be the same zone as Ihe CSB. 

The text wlll be modified to reflect thls. , 
4 

ONeill. C. 2 Section 2 9. Solid Wasle. This section identifies "Gener no Depending upon the flnal selection of the slack moniloring system. closed 
90% CDR and Charcoal Beds" as being a solid wasle. The design 

does not include any of lhese Items. 
these materials could be In it. 

, s :  

ONeill. C. 3 Section 2.9. Solid Wasle. The filters from VPS-F-1102 and no VPS-F-1102 has been elimlnated and is part of VPS-PFR-110t. closed 
90% CDR VPS-F-ti07 are not listed here as waste. This finer as well as WS-F-1107 will be lisled in Ihe solid waste 

section. 

ONelll, C. 4 Section 3.3.2.2, stack descriplion. The location of the no The suggested coordinalion is planned with the HCSA and CSB closed 
design teams. 90% CDR stack should ba coordinated with the CSB sub-project lo  

make sure there is no conflicts. 
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O'Neill. C. 
90% CDR 

5 Drawing SK-2-300413, Sh.2 Fillers VPS-F-1102 and VPS- no These filters, Flanders G-1 can be procured in ASME rated DO 
F-1107, this type of filter cannot wilhstand hQh pressures. 
If the hgh pressure option that Is mentioned In the CDR Is 
proposed lhan a dmerent type of filler (metal) will have lo 
be used. 

encbsures capable of withstandlng 100 psi acuarding lo the 
supplier we spoke to. That is one of the chif reasons these units 
were specifled. Subsequent changes to the design however have 
removed the requirement for this high pressure and the filters will 
be reevaluated for 25 psi service. 

ONei4l. c. 6 Drawing SK-2-300413, sh.2. Filler VPS-F-1102, this type no Filter VPS-F-1 102 is now anlicipated to be a metal filter.. closed 
90% CDR of filter cannot withstand high temperature. A metal filter 

should be used In lhls location. 
~~ ~ ~~ ~ 

ONelll, C 7 Drawing SK-2-300421 The equipment shown on this no Spaca in Ihe area of the Servim Module does not appear to be a DD 
90% CDR drawng dods no1 match the equipment shown on SK-2- 

300413, sh 3 The layout of the equipment should indude 
Ihe dudwork lo make sure then is space for the 
Inslallation 

problem so the effort was not expended to show the ductwork 
dunng wnceplual design The dudwork will be desgned early In 
the definHwe design effort 

Ruff, E S 1 General Note 1 I would like to compliment Paul Smith. no Your compliment Is certainly appreciated closed 2 

B 

R 

90% CDR Marlin Muller, and Lauren Arnes on their presentation The 
design revmw was conducted In a very thorough and 
professbnal manner They have generated a good 
conceptual design study for Ihe hot wndllonlng pmjed 

design document. so. I am unable to give page number 
references for my wmments Commenlr in this RCR are 
bared on the oral presenlation given in the design revim 
meeling e 

b 

h 
Ruff, E S 2 General Note 2 I don't have a copy of the wnceplual no Noted, no adion required dosed 
90% CDR 8 
Ruff. E s 3 A agnnlcant amount of tkm 4s conswned durlng heat-up of no Agreed. aubsaquenl calculations have Mentifed me 100 C ,dosed 

the MCO because internal differsntial temperatures am 
limited to 50 deg C Suggestion It would probably be 
worth addltmnal analysis time lo try and develop a rational 
for inueasing the allowable temperalure dmerential 

temperalure requlrements for all components of the MCO to be an 
even more restndive parameter 1 

90% CDR 

Ruff, E.S. 4 I agree wilh a wmment made during Ihe meeting that no A water study that addresses this Issue will be Included as an DD ' I '  

suggested the following: If possible. use a dired appendix in the CDR. 
refrigerant coil for woling, not water heat exchangers. , I  

90% CDR 

Ruff, E.S. 5 Observation: In performing grinding operations to affect no Good catch, Ihe required functions lo the process enclosure will be dosed 
90% COR weld repairs. you will also need a vacuum-type syslem lo 

dean up the grinding swarl (dust). 
expanded to include cleanup of the grinding swarl Perhaps a 
vacuum lube that follows the grinder 
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Ruff, E.S. 6 Regarding MCO orientation for process conneclion no The oven lop is being revised to include a tapered roller bearing closed 
90% CDR operations:l believe that it is wishful thinking to expect all 

of the MCO vessels to maintain an unchanging rolational 
orientation from CSB to K-Basin. to Cold Vacuum Drying 
Facility, to CSB slorage tube. to Hot Condlioning 
Fumace.Hence. some sort of rotational alignment 
capability for the MCO must be present in the Hot 
Conditioning Faclliy. As mentioned in the rneeling. this 
could be a turntable with "high temperalure bearings" in the 
wndilionlng fumam. Akernatively. a .room lemperature' 
tumlable could be plamd in the spare furnace well. 

plate that will allow rotational orientation of the MCO. 

~ ~ 

Ruff, E S 71 Comments on Process Enclosure shielding Observation 1 no This issue was also identified by Curt Miska please refer to Curt DD 
90% CDR Based on the table of radialion exposures presented in the 

design dowment, most of the hot condltioning dose is 
taken by Re operator In the Process Enclosure 
module Observation 2 It was staled that the Process 
Endosure was designed primanly as a "constraining 
devm' lo prevent the operator fmm getting direct radialion 
shine from the open end of the furnace well To whit, the 
Process Enclosure structure is conceptually designed 
using 1" plale stwt. with no bulk-in shmlding 

Miska comments 12-15 and the proposed resolutions 

0 

Ruff, E S 72 (Continued, No 7 above )I recommend that the Process no See response to comment 7 1 DD 8 
90% CDR 

P 

L4 

8 
8 

Enclosure front wall, front window, and floor be designed 
using as much operator shielding as welphffload limlts 
allow In addition, overhead shlelding and back-wall 
shielding for the Promss Enclosure should aho be added 
to pmtect the operalor from rekcted radiation shine 

E 
7 O  

Smith. C M 1 Sec 1 0. Page I of 3 Add CVDS lo auyonym list no CVDS will be added to the auyonym list I closed 5 
9G% CDR 

Smith. C.M. 
90% CDR 

2 Sac 1.0, Page 1 of 3 How does processing the SNF Into 

supports? 

no 
MCOs 61 into the final dlsposillon of Ris material? What Is 
the overall milestoneldecision that this processing 

Smith. C.M. 3 Sec 2.0, Page 12 of 57 12.2.1.2.2 To further heat no 
90% CDR transferhat-up. or cool down have you considered pre- 

healing the Helium purge gas golng into the MCO? 
WhyMlhy not? 

lnlrodudlon will be expanded to answer these questions. closed 

The circulating helium will be healed or cooled separately from the 
MCO when the MCO is being heated or cooled. Preheating new 
helium when it Is added at other times would no1 provide a 
significant difference in overall cycle times as the heat capacity of 
one helium charge Is small compared to the heat capacity of the 
other components. 

closed 
I 
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Smlh. C.M. 4 Appendix H Need Table of Contents listing Ihe vendor no An index to L e  vendor cut sheets will be provided and the cut closed 
90% CDR cut sheets for somewhat easier reference. Note: The 

scroll pump boks like an excellent choice for a vacuum 
pump. Varian is reputable. 

sheets will be organized alphabetically by the equipment piece 
number. 

Smlh. C.M. 5 Sec 2.0, Page 14. 21. 25 Where are Ihe figures? 
90% CDR Supplement supplied? 

no The flsures were inadvertently leR out of the 90% design package 
They were lransmlned following the meeting and will be Included in 
the final CDR 

closed 

Smith. C.M. 6 Sec 2.2.3 Page 20 of 57 Has any energy recovery been no Each MCO stands alone. While lhis Mea would certalnly conserve closed 
90% CDR considered such as uslng countemow heat exchanges to 

preheat gas going to the heaters from another MCO that is 
being cooled? 

energy it has not been lmpkmented for two reasons: (1) MCO 
cycle times will be unpredictable so there is no assurance that 
another will be in the proper point of its process sequenm to take 
advantage of energy savings and (2) the cost of the complex 
valvlng and ducting would exceed the savings in energy that would 
result. Another concern would be uoss contamination should one 
MCO system have a leakage problem. 3 ,  

' 8  
$ 

Smlh. C.M. 7 Sec 2.2.4 Page 24 of 57 This sequenm of operation no References to the PUDs will be Included in the text. closed 

9 

' E  

90% CDR does not reference any of the SK-2-JWXXX drawings and 
shouldi The process (written) is very d m u n  to follow 
wilhout reference lo lhe sketches. Add "See SK-2-300413, 
sheet. Appendix A: 

Smith. C.M. 8 Sec 2 2.4# Page 26 of 57 paragraph XI3 Another major no Weld inspection will be added. closed .< 

Smith. C.M. 9 Sec 2.3.3 Page 30 of 57 Variable speed fan drlvers are no Compliment appredated. no action required. dosed I 

90% CDR process aRer welding is the inspection of the weld. 0 

used for the varying flow rates needed for processing a 
range of cells at one time. Good designi I I 90% COR 

~~~~ ~ 

Smith. C.M. 10 Sec 2.5 Page 35 of 57 (last paragraph) A varlety of no A welder has been proposed by WHC for lhis purpose, see Section OD 
90% CDR welding processes shoud be explored. Perhaps the robol 

can do the welding. If this is chosen, extra care In 
selecting a mbot and controller/computer that Is compalible 
with the electrical and RF spikes that are produced during 
welding processes is needed. Some robotic systems 
(ASEA) are designed spedAcally for welding operations. 
However, here there is a sue conslraint. 

H for the vendor cut sheet. The specific design will be seleded 
during definitlve design aRer the MCO design has been finalized 

1 

Smith. C.M. 11 See 2.7.1 Page 41 of 57 Chilled water system. Does no An unspecied refrigerent Is proposed for the chilled water system. DD 
90% CDR the process actually use a glycole mixture that can be 

chilled below freezing? will mal be needed to achieve the 
final cooldown cycle? 

A dosed loop water system is proposed for inside the HCSA. A 
water vs air cooling study will be included in the CDR. 
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Smith. C M 12 Appendix H (Vendor Cut Sheets) Also SK2-2.300420 no Cut sheets for the manlDuiator and welder have been included in closed 
90% CDR Heat exchanges. pumps, heaters, chillers, fillers etc, but 

not much for the process enclosure lnformalwn needed 
on the manipulator. delectors, and other bought-outparts 
(BOP) (wheel drivers etc) 

the CDR. No wheel dkers are proposed, a motorized hand cart 
will be used lo pushlputl the enclosure into position. 

Smith. C.M. 13 Page 52 of 57 (Function F1) I would suggest rails for the no One requlremsnl from Ihe MHM subproject 1s that there be no closed 
90% CDR Xdiredmn and soma small amount of Y-positloning wllhln 

the enclosure. Standard tratn rails and wheels could 
handle the large load and do not require custom 
fabrication. (Advantage for transporting to the facility on 
train rails 777) 

pmjecllons above flwr level. Sunken rails are not desirable stnce 
they would have a greater bnpad on the HCSA deslgn and could 
be contamination traps 

Smith. C M 14 Page 52. Ft  At the end of travel for stowage either a no Subsequent to the 90% design presenlalion the MHM design team closed 3 
90% CDR 

,u 2 
B 

turntabb could be used or a platform that supports the rails 
and moves cross-ways on another set of rails (low profile). 
Wth the amount of ulilitles required at the process 
endosure on overhead u t i l i  should probably be supplied. 

raised the box beam to 9 feet so it can now pass over the process 
endolrure which will be lowered to less than 9 feet. The need for 
the shuttle table Is gone. 4 

Smith. C.M. 15 Page 52. F2 The whole enclosure doasn't need to lilt. no This suggestton will be lncorported Into the design of the process DD 
90% CDR only a skirt is necessary ii at ail. Perhaps the seal could enclosure during definitive design. Currently an inflatable seal is P 3 drag on the floor. proposed so mnlact with the floor during transportation won't be 

nemssary. Absence of contamlnatlon on the interior of the 
enclosure will be verified before the floor seal Is broken. ' R  

DD 'e 0 Smith, C.M. 16 Page 52. F3 It was suggesled at the design review that no This concept will be evalualed further in definitlve design, It 
90% CDR a hydraulic actuator for the pit cover could be installed into 

the floor. That would be great. I suggest that you look 
carefully at utilizing a 4-bar mechanism type of hlng for this 
mver to minimke the swing spare required Inside the 

top swings from poslltons 1 - 6 lo open. ( a  drawing, not 
included here, was anached lo this comment). 

certain$ shows promise. 

I 

process enclosure. Note in the mure beside that the Ild , I 

'i 
Smith. C.M. 17 Page 53, F6 Having stereo vision on the manipulator no Your comments are apprectated and will passed on to the definitive DD 
90% CDR near the tool interchange plate is probably mom 

advantageous than a form feedback system. Though the 
operator can usually v i m  dlredly and look at the overview 
monitor. the additional view (especially in stereo) will 
provide very meaningful assistance. If a forca feedback 
system Is implemented, it should reflect the world or tool 
orientallon form reflections rather ihan the lndivtdual joint 
forces. Joint forms are meaningless to a remote operatori 

design team who will be dealing with the details of the manipulator 
system. 

, ,  

. I  
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Smith, C.M. 18 Page 53, F7, F9. FIO. F11 All power tools should be no Final tool selection will be made during definitive design. These DD 
90% CDR pneumatic. they are safer, easier to operate, easier to 

radiation harden. kss maintenance. run cool. hgh power- 
lo-weight ralio. 

are all good reasons to sekd  a pneumatic operator. 

Smith. C.M. 19 Page 53, F12 This camera should have all remote no Final camera selection will be made during definitive design. DD 
90% CDR functlons (focus. zoom. maao ids) and include a lghl 

source with variable inlensily wnlrol. There is an excellent 
system that uses a single camera system and produces 3- 
D viewing lhat this should incorporate. See AI Pardini. 
W C .  376-9464 

These rewmmendallns will be wnsldered and Mr. Pardini'a name 
will be given to the detail design team. 

Smith, C.M. 20 Page 54, F14. F15 Another inspection method would be no Subsequenl to ihe 90% design presentation il was determined lhat DD 
90% COR much nicar in a robot-handled package such as an eddy- 

currenl sensor. 
unrasonlc testing would be used. 

'0 Smith, C.M. 21 Page 54. F17 Consider in-floor hydraulic aduator. no Drums with an lnlernal shield will be interfaced wilh Ihe process DD , v1 
90% CDR enclosure so expended Cs traps can be placed In lhem. These 

drums will have shielded lids that will require removal. As such an 
in-floor hydraulic actuator Is no1 appropriate but a hydraulic 
actuator mounted on the process endosure wall should be 
considered. 

WHC has prowsed a welder for lhis purpose. I1 appears thal this 
welder contains the suggested features. 

h 

Smlh. C.M. 22 Page 54. FIB The automalic tube welder should be self 
contained and not requlre the robot lo positioning it for fine 90% CDR 
movement welding operations. 

no DD ' $ 
'g 
5 

Smith. C.M. 23 FacilitkDNtilitks Support: Section 3.0 Page 3 of 11 no The current concept is that the p m s s  enclosure wilt be moved DD (0 
90% CDR Table: Nolhing is included for providing pneumstic u t i l i  

service to the process enclosure from the facility. A 
seperate hydraulic supply may even get ulilized. 

Into position and then an umbillcal will be plugged into the required 
Services. The plug-in wlnt will be in the trench wver so the 
required services will run in the trench. 

I I 

4 
DD 1 

Smith. C.M. 24 SK-2-300417 Consider using double sealing, remoteiy no Quick diswnnets of the type deswbed are considered to be the 
90% CDR baseline design. An alternate connector Ihat is more wmDatibk operabk (with manipulator) quick disconnects. 

wdh the pro& k being designed The wmnwrual nuclear power 
industry has experienced conslderable diffmHies using qulck 
diswnnects for this service _ _ -  1 -~ _ _ _  - .._.. ._ 

Smth. C M 25 DWG 420 Process enclosure m y  is everyihing so The height IS driven by the reach ot the manipulator is placing a Closed 
90% CDR high otf the ground? The wheels should be recessed inlo 

the walls and Ihe platform level lowered 
spenl cold trap in a shielded drum and ihe kngth of the process pd 
cover when d Is opened (hinge on one end) The height has been 
reduced lo lass ihan 9-R to pass under the boa beam 01 the MHM 
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dosed Smlh. D. 1 Introduction page 1. The last paragraph states that the no The introduclion will be revised to reflect this comment 
90% CDR process will be designated as a Hazard Category 2 

system. Hazard Categories are specified for facilities, not 
for systems. DOE-STD-1027 allows for facility 
segmentation In determining Hazard Category bul the 
HCSA does not meet the criteria for being designated 
seperately from the CSB. This report should nole that the 
HCSA is part of the CSB and the CSB is HC-2. A final 
hazard category for the CSB will need to consider the 
impacts of HCS accidents. 

2 Smlh. D. Appendix E. The functions and requirements should no Appendix E only addresses the performance specification. the DD 
90% CDR iden t i  the amplance criteria for the SNF. The 

confinement (unction of the HCS should be better defined. 
For example. the allowable leak rate at the design 
pressure should be Identified since the design d w s  not 
provide active wnfinemenl during accident conditions. 
The ventilation R o w  needs to be specified based upon 
rouline and upset conditions during the HCS process The 
design pressure and temperature for the confinement 
needs to be specifed based on potential acddents (to be 
addressed in Ihe PSE). The design needs to provide the 
capabilily to periodlcally test the confinement function and 
replace seals when required. The HEPA filers need to be 
designed for accident temperatures and pressures. 

(undins and requirements w r e  not available until tw late In the 
CDR development phase to Include and evaluation of them In Ihe 
CDR. The FhR evaluation report will be wiaten early in the 
definitive design phase and these comments will be lnwrporated 
into it 

I ?  

3 
9 a 
3 , w  

Smith. D. 3 Appendix E. WC-CM-4-46 should be specified to no We wlll revise the final CDR to incorporate your first wmrnent For dosed ' E 
C 

identify the design requirements for safety class and 
significanl items. Also it appears strange to have 
appendicas in an appendix (Appendices A, B. and C to D 
appndix E). Appendix E attachments are now referred to as addendums. I I 

90% CDR the second comment, the performance specification report was 
wrillen as a slandaloma dowment and then Incorporated Into the 
CDR thus leading to the appendix in an appendix dllema. The 

aman. A.A. 1 Sedion 2.0: "Cool Down Process Connedin." There will no It would be expecled that oniy a small amount of hee waler would dosed \ 
60% CDR be some hee water kfl over hom the CVC process. 

Specify or estimate the amount and list whether this free 
water demands consideration for further adlon 
(conditionlng) in the Hot Conditionlng Facility. 

ramam after cold vacuum drying. however, It would not be 
improbable that several MCOs would contain a greater total water 
Inventory after cold vawum drylng than is allowed by the Hot 
Conditionlng Product criteria (1.67 Kg per WC-SD-SNF-OCD 
001). It should be noted Ihat thls question is really What is the 
Cold Vacuum Dfylng product criteria." This questin should be 
directed to the CVD project. (They are preparing a CVD product 
criteria document.) 

I .  

. I  
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Zaman. A.A. 
60% CDR 

2 Section 2 0: Some of the temperatures of the defined 
conceptual processes am potentially close to the ignilion 
point for DvrOPhoriC materials in fuels (ea U-hvdrides). 

no This Is not an equipment conceptual design queslmn. this is a ciosed 
question pertaining to the overall SNF process strategy selection 
Please refer to the IPS trainina stratew document "Inlwrated 

Dala on gnllion point and process temp&alu;e selection 
based on Ihe minimum nsk for ignltion needs lo be 
eslablished and juslified 

P m s s  strategy for K Basin Spent Nihear Fuel", WHcSD-SNF- 
SP-WS. to obtain this type of background information 

Zaman. A A 
60% CDR 

3 Section 2 0 
need to be explored due to the recent study (lI-02t) on 
Hvdrwen delonation 

Options lor the use of other gases (N2. elc) no The strategy to predude Hydrogen burn events provlded in Ihe Hot 
Conditioning Performance Specification, being Implemented by the 
design Is to provide a system design thal will ensure both an inert 
environment in the MCO. and dllute hydrogen concentrations to 
less than 2% ( < I n  of the lower flammable limit in air.) This Is a 
very conservative approach and should keep the probability of 
hydrogen ignition very low. 

closed 

Zsrnan, A A. 
60% CDR 

4 Sectmn 5 0 A - The requirements for partiupallon of the 
Spend Nuclear Fuels Safely (Independenl) need lo be laid 
out This Is in view of the requirements in DOE 5480 5 
(contractual oblgatlon). DOE 4700 and SNF Safety 
Managemenl Plan 

no This is not a valid m m e n t  against the equipmenl conceptual 
design This is a Hot Conditioning Project Management document 
question If after reviewing thls document questions still remaln, 
you should contact Rick Bradshaw for lurther danfiulion 

closed 

Zsrnan. A.A. 5 Section 5 0: E -The DOE Order iists ASMHANSI 831.3 no Page 8 of the Performance Specificallon Report, DOE 6430.1A closed 
60% CDR under the "Reference Standard and Guides.' General Design Criteria. d w s  ldlcate that ASME 831.1 Chemical 

Plant and Petroleum Refinery Piping slandard and the industrial 
Vacuum Practices are consldered to be supplemental standards 
thal will be used for the HVCE design. 

Zarnan. A.A. 
60% CDR 

6 Seclmn 5.0: 8 .  There are addilmnal divisiondsections that no The aileria evaluaton document developed for the Hot Vacuum ciosed 
am important for design consideration of the Hot 
CondHioning Faciiitles Example. 01 106.1 F i n  
Protection 0110-99.0. 1319, etc. Add these seclions. 
Add generic stalement regarding other than listed 
reference. 

Condiiioning equlpment goes into the appHcability of the general 
deslgn alteria in more extensive detail. This document will be 
included In the final CDR. I 

~~~ 

Zaman. A.A. 7 The mosl important manual is SHC-CM-4-46. It provides no Further review of the HCS performance spedfication will be done closed 
guidance on safely analysis (hazards. acident. risk. etc) 
and safety classification. 

during the detailed design and thls potential reference requirement 
will ba diswssed with the HCS design authority to determine 
whether il Is applicable to the HCS equipment design. 

60% CDR 

Zaman. A.A. 8 Consider reference lo DOE 5480.24.5480.31. 5480.22, etc no See response to comment 17 above closed 
60% CDR 

~~ 

Zaman. A.A. 
60% CDR NRC equivalency? 

9 Doas this facility need to be designed and operated to no This is the equipmenl conceptual design, not the facility design 
Please refer facility design questions lo the facility designer (Fluor). 

closed 
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Zaman. A.A. 10 Depending on the Safety Classiflcation of the Hot no Comment noted. No reply needed. closed 
60% CDR Conditioning Fadlitis, the confyluralion in drawings may 

change (eg SCt will requlre redundant and single failure 
proof power supplieslutilities for safe shut down.) 

Zaman. A.A. 1 The Preliminary Safety analyslslevaluatin needs to be no A PSAR Is being developed in parallel with Ihe COR. No safety closed 
90% CDR performed to Idantify the safety dass and safely significant 

slructure. system and mmponenls per DOE 5480.23 
(section 9.0) W E  M30.1A(1105.2) andWHCCM-l-46. 
The infonatbn in the drawing needs to be checked 
against the accident mitigatin fundiin specified In the 
safety analysis. This could not be done. 

dass systems have been ldenled. The design team will continue 
to work with the safety team lo define mHigation measures. 

Zaman, A A. 
90% CDR 

2 a) We recommend that the 90% design report should add no NRC equivalency is addressed in the criteria evaluation that wil be DD 
discussban on the NRC equivalency ISSUB and h p a d  on 
the process and facilities design. 
b) Has the evaluation (by NEC experts) been done lo see 
where the MentificaUon and application of NFPA Article 
504 ("Intrinsically Safe" systems) apply? 

in the final COR. NFPA evaluation will be conducted during 
definitive design. r, 

' L  
P 
2 

Zaman. A.A. 3 The diswssion in the textheport is based on the normal no These operations are addressed by lhe PHA which is being iiosee 3 
operations. Need to cover off-nonal. accident and design 
basis acddent. 

developed by WHC. Results of the hazards analysis qre being 
incorporated into the design. 

90% CDR 

Zaman. A.A. 4 Introduction, p 1. pgph 2: The conditions of high pH in no When the MCO reaches the HCSE process only chemically bound closed , E  
90% CDR (borated water) and high temperature may produce 

corrosion of the stainless steel. What Is the potential 
generaton of hydrogen gas by this pmcass? Refer to 
NRC notice 96-34. (Need a copy? Call me at (509) 376- 
1692.) process gams will ba contlnuously monitored for hydrogen. , I 

water (no free water) will be present. so corroslon of the SST is not 
antidpated to be a problem. Hydrogen gas will be generated when 
the uranlum and zlrconium hydrides decompose. These will be 
removed before a flammable concentratlon Is reached. The 

< 
0 

I 

Zaman. A A. 5 Introduction. p 3. pgph 1: Hot condtioning facility WIII need no The hot condllloning program is scheduled lo be complete in two closed '1 
lo  work wHh the spedfied design life of 6 yr for the CSB- 
MHM. Suggeat clarification. 

yean. 90% COR 

Zaman, A.A. 6 S e d i n  2.1, pgph 4: The CSB MHM h designed to -27 F to no Maxlmum MCO storage tube lemperatures are expected to be closed ' ' 
90% CDR 115 F ambient temperature. The interfaces with the hot 

compliance. 

about 150 degrees-C. whlch Is the temperature of the MCOs when 
they are removed from the oven. the MHM design conditions are 
being re-evaluated by the MHM design team to assure 
compatibility. 

conditioning oven need to be identified and ensured , I  
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Zaman, A.A. 7 Section 2 0 Process. ID 47.0: Visual inspection of a weld no This will be revised to reflect ultrasonic weld testing rather than dye dosed 
90% CDR in a safely class MCO boundary may not be acceptable. 

ASME sec. 111 and applicable V and IX may need lo be 
researched to delermine the minimum requirements 
(radiography. ullrasonic. elc.) 

penetrant. 

Zaman, A.A 8 Sedion 2 2.1.2.1: The Helium blower VPS-ELO-1106 is no The text has been revised closed 
90% CDR identified as 'spark proof'. The right terminology from 

NEC (NFPA 70, artida 504) is "intrinsically safe" and may 
go beyond Ihe blower itself lo its ebdricaVgrounding!piping 
systems. If intent is lo prevent hydrogen lgnllon 
('classified hazardous location'). correct the terminology. 

Zaman. A.A. 
90% CDR 

9 Sedion 2.2.1.2.3: Sin- the MCO is designed lo 150 psig. no Although the MCO k designed for 150 pslg. it is confuured with a closed 
the pressure rating of the system (specifically components 
close lo the MCO) be safe at that rating. The text calls oul 
100 psi ("a" or "9"). 

Section 2.2.1.2.4: a) If the PLC are relied on the automatic 
shutdown for the deslgn basis acddent (Impacting off-site 
public) then their qualicatlon requirements are going to be 
stringent (IEEE 323, 344, etc) and costly. This needs to be 
addressed clearly here. 

rupture disc with a 25 pslg rating. This rating sets the deslgn 
pressure of the components wlthln the system. The HCSE system 
will aho include rupture discs. 

The interlocks prevent subsequent actions from taking place I the 
interlock logic is not satisfied. This is not automatic shutdown. 
The PLC may requlre operator interventbn if all interlocks or 
sequences have not been satisfied. The system will shut down in 
a passively safe configuration. 

0 
B z 

Zaman, AA. 11 Section 2.2.2.3.1: Was the indudion electrical heating no lndudlon heating was considered but abandoned in favor of closed 4 
d 

Zaman. A.A. 
90% CDR 

10 no closed 

h 
tJ * w  

90% CDR considered for Ihe process? convdlve heating as the convedlve heating system can be used 
for bovl heating and mollng. Indudion heating would not be able 
to assure that L e  MCO would not heat up fester than 50 degrees- 
Chr or that all parls of L e  MCO would be within 100 degrees-C of 
the same temperature. 

E 
, 

Zaman. A.A. 12 SK-2-300412: The pump VPS-VAC-1104 needs to be no This particular vacuum pump, of suoll design, will not pump gas I closed 4 
90% CDR sbded such that operator or maintenance error does not 

help reverse Ihe flow and pressurize the MCO. 
HazardrJAccident assessment will need to adress such 

operaled badwards. It is also connected to a single phase power 
sourca which will not reverse I connected incorredly. 

accident and mnigation features. , , .  
~ _ _ _ _ _  

Zamn, A A 13 Section 2 2 2 3 2 Missing content? If so, please provide no Inclusion of this sedion was not inlended Text will be corrected closeq 1 
90% CDR write-up 

Zaman. A.A. 14 Sedion 2.2.3.1.3.1: The water cooling system may need no There Is an air barrier between the waler system and the MCO. closed 
90% CDR detedion devlca for radioadivily thal are potentially 

available from accumulation over time from MCO 
surface/leakage. etc. 

thus no contamination or buildup over time is expected. 

~ _ _ _ _ _ _ _ _ _ ~  
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Zaman, A.A. 15 Section 2.2.4. item 3: Assign Mentificatlon number to the no Assignment of valve ID numbers will be done at the delinitalive OD 
92% COR block valve. design stage. 

Zaman. A.A 16 Sedbn 2.3.1: The codes need to be identifled along wkh no The exact standards that apply wilt be speafed during definitive OD 
90% CDR datehevision. eg ASME AG-1. ASME NW9. etc. design. 

Zaman. A.A. 
90% CDR 

17 Section 2.7.4: The air receiver Usupporting a safety Class 
of safety signWnt hrndion may need to hwe  capadly 
and Classification thereto. 

no This receiver is a utility and not meant to supporl a safety class 
fundion. It will be U stamped to assum design and construdion In 
accordance with ASME Section 8. Division 1. 

closed 

Zaman. AA. 18 %dim 2.9: The Fscility has the mponsibHii to no Characterization of the waste will be done In L e  waste storage closed 
90% COR charaderire their waste before shipment to storage (is 

burial ground, WRAP, etc) This fundion is misslng from 
the document. 

mom. The text will be revised to reflect this function. 

Zaman. A A  19 Section 4 0. Interface XMHM3 Current dimctbn is to allow no The confyluratbn shown in the 90% CDR antrlpated that the dosed i? 
90% COR 2 

2 
Zanun. A A  20 SK-2.300413, sheet 2 To keep the MCO isolated. a no Drawing wttt be r e v i d  to incorporate the fines as recommended h d  ' 
90% COR 

a mazimum clearance of about seven leet betwssn the 
Roor and Ihe MHM superaWure Thai won't allow the 11'- 
9. Procsss Encbrure (5)(2-2-300420) to pasrunder the 
MHM (Contad Geny Buinet of CSB for current 
Inlomalion ) 

endosum would be moved out ot the path 01 the MHM rather than 
pass under d Subsequently It has been detemlned that the MHM 
box beam will be raised to 9 fl and the pmcass enclosure height 
mll be mducsd to 8 fl E h 

B 

h _. __ - ~ ~ ~ . _ _  - - _. 
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USE OF COOLING WATER 
IN THE HOT CONDITIONING SYSTEM 

1.0 STATEMENT OF PROBLEM 

The proposed process for removing chemically bound water and hydrides from 
the SNF in the MCOs following the cold vacuum drying process involves heating 
the SNF to temperatures of 300 to 350'C and drawing a vacuum. This heating 
is followed by cooling the SNF back to 150°C for oxidation of exposed uranium 
surfaces. The process involves cooling in the following process streams. 

A. Helium Recirculating Through MCO 

During both the heatup and cool down phases, helium is continuously 
recirculated through the MCO to: a) enhance the heat transfer rate; b) 
allow monitoring of the heatup/cool down rate; and c) allow monitoring of 
the released gases. Two cooling steps are proposed for this stream. 

1. Cold Trap - The released gases could include cesium so a cold 
trap will be provided before the gases exit the trench in order to 
remove the cesium before it can plate out in the above grade 
piping where it would result in unacceptable radiation exposure to 
personnel in the HCSA. In this case, cold is a relative term, the 
gases must be cooled to approximately 100°C. 

Prior to Vacuum PumplRecirculation Pump - The vacuum pump 
that has been selected for the HCSE has a temperature limitation 
of 40% for the gases entering the pump. The recirculation pump 
can be specified for higher temperatures so it does not present the 
limitation that the vacuum pump does. 

2. 

B. Cooling Air Recirculating Through Oven 

It is proposed to cool the MCO from approximately 300°C to 150°C by 
recirculating air through the annular space between the MCO and the 
oven. The heat that is transferred to this air must subsequently be 
removed before the air is returned to the oven. 

The most straight forward means of cooling the gases is to use a refrigerant 
system to chill water which can then be used to cool the process gases. The 
downside to this approach is threefold: 1) if liquid water is introduced into an 
MCO that has been heated to 3OO0C, a steam explosion could occur; 2) if water 
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is introduced into an oven that has been heated to 3OO0C, a steam explosion 
could occur; and 3) water in a cool MCO would require that the hot conditioning 
process be repeated. 

To preclude water being introduced into an MCO which is in a storage vault, 
water is not allowed within the CSB storage vaults. The fire hazards analysis for 
the CSB has determined that a water-based fire protection system is not 
required in any areas where MCOs are handled. 

2.0 PURPOSE 

The purpose of this study is to i den t i  and evaluate possible options for cooling 
the MCO and the recirculating helium loop in the HCSE process. 

3.0 CRITERIA 

If water is to be introduced into the HCSE process, then the following criteria for 
protection of the MCO must be satisfied. Intrinsically safe mechanisms must be 
designed into the cooling system such that water is excluded from the MCO 
during normal operations, abnormal operations, and accident conditions such as 
breaching of a process line or vessel. This includes both the MCOs in storage 
tubes in the CSB and MCOs in the HCSE process pits. Additionally, the water 
must be controlled such that it is not allowed to be in contact with hot surfaces 
such as the interior of the oven. Any system that violates these criteria is not 
acceptable if air from the HCSA is used for cooling then, whatever system is 
chosen should have minimal impact on the HCSA air and heat balance. The 
selected system should also conform to the HCSA criteria for constant velocity in 
the exhaust stack which has been set in the project's application for an air 
emissions permit. 

4.0 COOLING SYSTEM ALTERNATIVES 

The cooling methodslaltematives that have been identied and that are 
evaluated in this study to provide the required cooling are: a) Draw air from 
HCSA; b) use the 150 cfm of ventilation air from the process pit; c) cool with a 
gaseous coolant such as carbon dioxide or helium and d) use a chilled water 
system with intrinsically safe features. 
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ve A - Draw HCSA 

Air drawn from the HCSA through a HEPA filter would be used as required and 
then exhausted through HEPA filtration and into the HCSA stack. The MCO 
oven represents from 90 to 95 percent of the cooling load while the helium 
circulation loop represents the remaining 5 to 10 percent of the load. The 
volumetric intake air rate to the MCO is 750 cfm and the combined rate to both of 
the circulating heat exchangers is 75 cfm. 

Prior to its introduction to the MCO oven, the air would be blended with 
circulating hot air to achieve the programmed inlet temperature, thus the amount 
of air required from the HCSA would vary, increasing with time, as the 
programmed inlet temperature dropped through the cooling period. The exhaust 
temperature would reach a maximum of approximately 260°C at the initial stages 
of cooling. This hot air would be combined with the ventilation air from the other 
MCO pits and be sent to the stack at a maximum of 100°C if two MCOs were 
being cooled simultaneously. 

Air piped to the helium cooling loop would be at the free air temperature of 20'C. 
Compared to the volumetric requirement for the MCO oven, the amount of air 
required for helium loop cooling would be approximately 5 percent of that 
required for the MCO oven. Exhaust air from the helium loop cooling would be 
combined with the exhaust from the MCO oven before being sent through a 
HEPA and up the HCSA stack. 

Alternative B - Use the 150 cfm of Ventilation Air d i s w  the Process 
pit Ventilation 

. .  . .  

A constant 150 cfm of process pit ventilation air would be used for both MCO 
cooling and helium exchanger cooling. This air, having passed through a HEPA 
filter, would be heated to a temperature of approximately 25"C, having picked up 
approximately 5 degrees from heat losses around the top of the MCO. As in the 
previous alternative, it would be blended with circulating air to achieve the 
programmed inlet temperature for MCO cooling. The cooling air to the MCO 
oven may have to be operated at a higher temperature than what is called for by 
the cooling temperature profile, owing to the 150 cfm restriction. This would 
have the effect of increasing the time required for cooling. This option should be 
studied further. 

Approximately 5 percent of the pit ventilation exhaust would be piped to fin tube 
exchangers in the helium circulation loop. After picking up heat there the 
exhaust would then join the exhaust from the MCO oven to be directed through 
HEPA filtration and up the stack. The combined exhaust ventilation air from all 
of the MCO process pits would result in a stack temperature of up to 100°C. 
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. .  ative C - Cool With a Gaseous C o o k t  Such as Carbon Dioxide or H e l m  

Candidate gaseous cooling media includes helium, nitrogen and carbon dioxide. 
All gasses would be handled under pressure to increase the heat capacity per 
unit volume. While helium and nitrogen would remain as gas, carbon dioxide 
could be used above its critical point as a supercritical fluid. In this state, the 
distinction between gas and liquid is lost and the fluid would exhibit the 
properties of liquid C02. The triple points of helium and nitrogen are at too high 
a pressure for their use as supercritical fluids to be practical. 

The cooling media would be chilled using a conventional refrigerant expansion 
system. The cold gas would be then moved to the process heat exchangers 
where it would pick up heat from the circulating load. In the case of the MCO 
oven, this would be the load of the air circulating at 750 cfm and in the case of 
the helium loop, this load would come from the helium. 

Alternative D - Use a Chilled Water Srstam With Intrin- Safe Featu res 

Intrinsic safety can be achieved for cooling the MCO oven air with chilled water 
The chilled water would receive heat from the exhaust MCO oven air. Water 
entry to the MCO oven could be prevented by piping the circulating air stream 
through a 125gallon knockout pot that separates and collects any water 
leakage, thereby preventing entry to the MCO oven area. The water would be 
confined to the process module, well away from the oven. The cooling water 
loop would be contained by double walled piping to preclude water leaks from 
reaching the HCSA floor. The process module would be designed to contain 
any leakage from the exchangers as well as to serve as a drain for the outer 
pipe of the cooling water loop. 

. .  

Intrinsic safety through indirect heat exchange between the helium circulation 
loop and chilled water is another matter. No intrinsically safe system for heat 
exchange in this application can be foreseen. All indirect heat exchange 
methods can have safeguards but not intrinsic safety. For this reason, water 
cannot be considered for helium circulation cooling. 

5.0 EVALUATION OF ALTERNATIVES 

ve A - Draw Air From HCSA 

When air is drawn from the HCSA, it must be made up by the building’s HVAC 
system to maintain proper air balance in the annex. With variable flow of air 
drawn from the annex, the amount of which depends upon the cooling 
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requirements of the MCO. increased control sophistication and increased 
capacity must be provided. This added complexity to HCSA ventilation 
requirements makes this option undesirable. The flow through the HCSA stack 
would also be variable. 

. .  . .  ative B - Use the 150 cfm of Ve-n Air d t s m  the Process 
Pit Ventllatlon 

. .  

The HCSA ventilation system is designed to deliver 150 cfm to each of six MCO 
vaults, the use of this air for ventilating the vaults does not preclude its use in 
subsequent cooling applications. While not as effective as chilled water in being 
able to achieve patterned temperature control of the MCO, it can be done if 
some extension of the time required for cool down is permitted. For heat transfer 
from the helium circulation loop only, no reduction in the time required for 
cooling would be apparent. 

. .  e C - Cool With a Gaseous Coo-ch as -e or H m  

Chilling through the use of high pressure gasses or supercritical fluids requires 
attention to pressure containment of these fluids. While adequate heat transfer 
can be obtained, the fluid system needed to accommodate this consists of extra 
pressure rated pumps or blowers, receivers and piping. Careful attention must 
be paid to the installation of this equipment, making sure that all leaks are 
stopped. The consequences of small leaks is the loss of potentially expensive 
heat transfer fluid, while massive leakage of materials such as nitrogen and 
more importantly CO, could result in the displacement of air, thereby creating an 
atmosphere adjacent to the leakage which cannot be safely occupied. 

Alternative D - Use a Chilled W r  Svstem With lntrinsicallv Safe Features 

Intrinsic safety, excluding water from the area of the MCO oven can be assured 
through the installation of a knockout interceptor in the air line. Since intrinsic 
safety cannot be obtained for the circulating helium stream, air cooling using the 
heat capacity of a portion of the MCO pit exhaust is suggested. 

. .  

6.0 RECOMMENDATIONS 

Our conceptual design shows and thereby recommends a combination of 
Alternative B and Alternative D. This system combines the practicality of 
controllable temperature obtainable with mechanical refrigeration with the 
availability of ample heat capacity for helium cooling from MCO pit exhaust air. 
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Prior to implementation of this method, a complete heat balance will be 
conducted using any revised cooling temperature profile which may result as a 
result of the recently completed Q-Matrix study and the effect the 100°C 
temperature flux specification has upon the programmed cooling temperature 
profile. 
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