
This document was too large to scan 
as a single document. It has 

been divided into smaller sections. 

SEDERBURG JP 

Section 1 of 2 

Originator Co. ARES 

I Document Information 

!h. Originator 
lReeipient 

lother 
I Information 

HNF-4245 I Revision 10 
I I 

ALTERANTIVES GENERATION & ANALYSIS FOR DST 
PRIMARY VENTILATION SYS EMISSIONS CONTROL & 
MONITORING 
9130199 

1 Recipient Co. 

RPP 

PAGES 1 THRU D10 



I 

ENQINEERINQ DATA TRANSMITTAL 1 5 3  q p j ~  
2. To: (Racotving Orgmlmtbn) 13. From: (OtiglnaUng OrganbUon) 14. Rdated ED1 No.: 

P a w  1 Of 1 

625YY3 

Distribution J .  P .  Sederburg, Retrieval Eng. NA 

KEY 

I J. f( f L ( e r 6 h 7  RPP / Waste Feed Delivery 
8. OrbhllorRwmtkn: 

For approval and re l ease .  

Recaiv- 

Dispo- 

NA 
9. Equlp./Component No.: 

10. Sy.1.m/Bldg./Fadlily: 

12. Major A m .  Dwg. No.: 

NA 

NA 

4. Reviewed no/wmment 
5. Revlewed wlcomment 

sac. 12.n 3. InknnaUon 8. DW. IRocoIot Acknow. Reaulndl DDroWd w/wmment 6. ReceiDt acknowledaed 

4. Revbw 
5. Port-Rovbw 

11. RocoIVor Rom8rla: 11A. hdpn 8 . d W  Document? 0 Yo. @ No 

15. DATA TRANSMITTED 

I Y QA I I 

NA 
13. PermWPermil Application No.: 

14. Requlnd Response Date: 
NA 

(F) I (0) I (H) I (1) 

I -mV I I 1 
19. 

R. .Trait 9& 
Authorized Re nsenhke Deto 
for Receiving 8rgmkatbn 

l07Ux)-l?%Z (10197) 

20 21. DOE APPROVAL (If required) 
pd/'&d p/k'/s7 CMNo. 

0 Approved 

0 Disapproved w/comments 
Date 0 Approved wlcomments 

P.J.Certl 
h d  n AuthorRy/ 
CogAzant Mnager 

BD-7-172-1 



S 
HNF-4245, Rev. 0 

Alternatives Generation and Analysis for 
DoubleShell Tank Primary Ventilation Systems 
Emissions Control and Monitoring 

J .  P. Sm&rburg 
ARES Corporation 
Rlchland, WA 99352 
U.S. Depaltment of Energy Contrad DE-AC06-OBRLI3200 

EDTECN: 625993 UC: 721 
Omcode: 82400 ChargeCode: 108534 6410 ~ N 7 p 0 4 s ’  
B(LR Code: EWO2J1190 Total Pages: fi  

b y  WOrdS: AGA, primary ventilation, feed delivery, retrieval 

Abstrad: This AGA addresses the question: “What equipment upgrades, 
operational changes, and/or other actions are required relative to the 
DST tanks farms’ ventilation systems to support retrieval, staging 
(including feed sampling), and delivery of tank waste to the Phase I 
private contractor?” Issues and options for the various components 
within the ventilation subsystem affect each other. Recornended design 
requirements are presented and the preferred alternatives are detailed. 

Approved For Public Release 

AUOW73.1 (10197) 



HNF-4245 
Rev. 0 

ALTERNATIVES GENERATION AND ANALYSIS FOR 

EMISSIONS CONTROL AND MONITORING 
DOUBLE-SHELL TANK PRIMARY VENTILATION SYSTEMS 

September 1999 

J. P. Sederburg 
ARES Corporation 

Richland, Washington 

Prepared for 
U. S. Department of Energy 

Richland, Washington 



HNF-4245 
Rev. 0 

ACKNOWLEDGEMENTS 

The author would like to thank the following contributors: 

R D. Potter of Mactec Associates for providing input and subsequent oversight on matters of 
environmental permitting and regulation, 

J. R Nicholson of Fluor Daniel Northwest for providing details about the mechanical 
components which comprised each of the alternatives evaluated, and oversight of the cost 
estimates that were puformed, 

C. T. Li of Fluor Daniel Northwest for providing details about the chemical behavior of the 
individual alternatives evaluated, 

D. L. Johnson of Fluor Daniel Northwest for providing input on mattas of industrial safety, 

B. M-C Johnson of E2 Consulting Engineers, Inc. for providing technical editing, graphics, and 
wordination of the produdion of this report, and 

Numerous others who provided various kinds of support to each of the people listed above 

ii 



EXECUTIVESUMMARY 

This alternatives generation and analysis (AGA) report addresses the question: 
what equipment upgraaks, operational c b g e s ,  d o r  other actions me required relative to the 
double-shell tank @SI? f m ’  (AN; AP, A K AY, AZ, d S Y )  ventihtion systems to support 
retrieval, staging (inclualng feedsampling), anddelivery of tankwaste to the Phase Iprivate 
contractor? 

The recommendation of the Retrieval Engineering organization that resulted ffom this 
study is to proceed with the hybrid alternative of installing a system comprised of 

a g a s c h a r v  + ‘on and monitoring system for non-radionuclide emissions, and 

dry adsorption beds for removal of volatile organic compounds, 
dry absorption beds for removal of ammonia, 
an improved continuous air monitor for radionuclides, 

taller exhaust stacks than are presently in use (these should be as tall as is convenient to 

construct within the present tank farm system). 

This recommendation is shown graphically in Figure ES-1. 

BACKGROUND 

The problem statement addressed by this report was derived from three main issues 
regarding the DST ventilation systems: 

Possible Future N i m - C o m p h  - The existing systems are expected to become 
non-compliant with respect to emerging non-radiological monitoring and control 
requirements. Emerging operating standards are being formulated for DST primary 
ventilation systems, and it is expected that monitoring and/or control of non-radioactive 
emissions, which are not currently regulated, will soon be required. As a minimum, this 
would require upgrades of the ventilation systems to provide for monitoring of the emissions 
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(exhaust stacks), and at most could entail the deployment of a technology to remove the 
non-radionuclide (chemical) components. 

Possible Recurrence OfEmission Event - During a sluicing operation in November 1998, 

there was an unexpected volatile organic compound emission from singleshell tank 241- 

C-106 which exceeded permit allowances. This emission event resulted in operational delays 
that lasted until April 1999. Currently there is insufficient data to predict emissions from 
future operations, however, gathering and assessing opportunistic data prior to retrieval of 
DSTs should be considered. 

UnexuectedElevated Emissions - Future operations could experience delays due to the 
following scenarios: 

Workers experiencing uncomfortable odor levels, 
Emissions approaching or exceeding industrial hygiene emission levels, and 
Exceedance of the Clean Air Act emission threshold. 

Emissions could be diluted by addition of clean air into the effluent air stream or the exhaust 
height of the stack could be raised to address the first two of these scenarios. The third issue 
would require emissions control and monitoring via process control or abatement equipment. 

Because of the uncertainty about the amount and type of potential non-radiological 
emissions, and the fact that obtaining data for the potential emissions that will be present during 
future operations is difficult, time consuming, and expensive, the cost structure of this decision 
(Le., cost of a treatment system versus potential idle facility fees) favors a robust engineering 
solution. 
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Typically (Le., in the past and until the present) the primary ventilation systems for the 
DSTs have served two purposes: 

Removal of heat, air, evaporated water, and evolved gases from the primary tank, and 
Control of any potential spread of radionuclide contamination by maintaining the more 

contaminated regions (such as the primary tank) at a greater vacuum than less 
contaminated regions (such as the annulus). 

At present, delivery of feed to the private contractor requires that the following hnctions 
be performed: degassing, separation of solids and liquids, dissolving solids, mobilizing solids, 
sampling waste, and transferring the waste. The TWRS Privatization Contract (DOE-= 1998) 

between the Department of Energy and the private contractor allows the PC to be reimbursed if 
their facilities are idle due to the late delivery of waste feed. It is important to ensure that the 
feed will be delivered on time since these fees may range up to $2.5 million per day. Delays in 
the construction and commissioning of upgraded ventilation systems as well as shutdown of waste 

feed delivery operations because of d v e  releases could potentially result in late delivery of feed. 

PROCESS USED TO DEVELOP AND EVALUATE ALTERNATIVES 

Standard decision-making techniques were used to develop and evaluate alternative 
upgrades to the ventilation systems. Based upon this approach, the raw results (i.e., without 
considering risk or uncertainty) are shown in Table ES-1. Table ES-1 reflects that there are four 
major groups of alternatives. Each of the alternatives in the groups had relative scores such that 
they were indistinguishable within their group, but clearly distinguishable from the alternatives 
in the other groups. 
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Construction of Tall Stack 
Instrumentation & Procedure Upgrade 

Table ES-1. Relative Ranking of Alternatives. 

1 

Alternative. I "EYd I 

These alternatives do not 
treat the off-gas. 

- 
4 

I These alternatives treat I Combination Dry Adsorption Beds & Wet Scrubber the off-gas. 
I I ~hermai Oxidation (catalytic) I I 
* The alte.matives are listed in order fiom most to least favorable. 
** In some applications, dilution could be considered contrary to the intent of promulgated 
regulations. Therefore, this would only be a viable alternative if no environmental limits were 
exceeded prior to implementing the dilution option. 

In an attempt to identify the issues that have the greatest influence on the decision to be 
made regarding ventilation systems, three primary drivers were identified. These drivers are: 

Programmatic risk, 
Reliability of feed delivery, and 
Modifications to the presently accepted authorization basis. 

It is therefore important to seriously consider these issues when making a ventilation decision. 

Also identified as a result of this study was the fact that even though emissions limits 
imposed by Federal and Washington State oversight agencies (i.e., Department of Ecology, 
Department of Health, and EPA) are clearly identified, the source term @e., the types and 
quantities of vapor phase material that would need to be managed by the primary ventilation 
systems) is not very well defined. Any decision would therefore need to Bccount for either the 
uncertainty of the source term @e., be conservative) or obtain additional data to reduce this 
uncertainty. 
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Furhumore, the collection of additional characterization data must account for three 

factors in order to influence this decision. These factors are briefly discussed below: 

Representahness ofthe data - Will characterization data obtained from static waste be 

npresentative of the conditions expected during waste feed delivery operations? The 
static condition of the waste that is presently in the tanks would very likely result in a 
high degree of uncertainty regarding the accuracy of any characterization data obtained. 

Tinreliness of the data - Can the data be obtained in time to influence the decision? 
The time required to obtain characterization data would likely be lengthy, and it is 
probable that resulting data would be presented too late to influence the decision (refer to 
Figure ES-2). Note that in Figure ES-2 data-gathering and decision-making would need 
to be completed by now for a new project (in order to be completed prior to beginning 
work on the CDR). Only in the case of using M existing project for LAW tanks would 
time still be available in which to make a delayed decision. 

V i e  of d t i o n u l  data - The cost of the additional data must be balanced against both 
the costs of the alternatives (including potential idle facility fees) and the expected 
change in uncertainty associated with the decision. The cost of obtaining additional 
characterization data would be very high relative to the cost of treatment systems. Figure 
ES-3 shows how the costs of decisions to treat or not treat are related to the probability of 
non-compliance. 

RECOMhSENDATION 

Based upon these data, Retrieval Engineering believes that delaying this decision in order 
to obtain additional characterization data presents an unacceptable risk to the waste feed delivery 

program. 
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In order to make a decision, notwithstanding the uncertainty in the source term data, two 
paths were evident: 

Proceed with an alternative that includes treatment!control technology, or 
Use an alternative that does not treat the off-gas. 

Retrieval Engineering believes that the more conservative path (providing treatment! 
control technology) is the prudent path. The recommendation of the Retrieval Engineering 
organization that rwulted from thu study b to p r o d  with the hybrid alternative of 
installing a system comprised of 

dry adsorption beds for removal of volatile organic compounds, 
in order to maintain compliance with WAC 173-400 and WAC 173-460, which 
includes mitigating the higher risks of exceeding regulatory permit limits associated 
with retrieval operations, 

dry absorption beds for removal of ammonia, 
in order to maintain compliance with WAC 173-400 and 173-460, which includes 
mitigating the higher risks of exceeding regulatory permit limits associated with 
retrieval operations, 

which will allow continued compliance with WAC 246-247, 
an improved continuous air monitor for radionuclides, 

a gas characterization and monitoring system for non-radionuclide emissions, 

thereby meeting the requirements of WAC 173-400 and WAC 173-460, and 
taller exhaust stacka than are presently in use, 

which will provide an added margin of protection for workers and help to ensure 
continued compliance with 29 CFR 1910. 

Refer to Figure ES-1 for a graphic depiction of the above recommendation 

The dry adsorptionlabsorption bed system is the highest-ranking alternative of the 
treatment systems. The tall stack is recommended because it provides the added benefit of 
protecting the workers from chronic and accidental releases of chemicals. 
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OTEER RECOMMENDATIONS 

While performing this study, several issues outside of the formal decision flame for this 
AGA were identified. Retrieval Engineering's recommendations for resolving these issues and 
reducing overall risk to the program are: 

Perform opportunistic sampling to assist with murce term definition for design basis and 
permit preparation. Existing Data Quality Objectives should be reviewed for 
applicability to this opportunistic sampling and include decision criteria for key 
parametas. 

Perform M engineering study to define the precise murce term to be used for design and 

procurement of ventilation equipment. Such M engineering study should assess the data 
presently available and MY data that come available as a result of work performed under 
the previous bullet. 

Upgrade the primary tank ventilation flow capacity for the AY and AZ tanks to provide 
the necessary flow capacity to support the numerous simultaneous operations planned for 
the AY and AZ h s  within the 90% Planning Case (Kirkbride et al. 1999). 

Provide additional flexibility to the present primary ventilation control strategies to allow 
for more efficient support of the W ?  Planning Case operations that are required. 

Investigate the need to provide additional treatment capability for the portable exhausters. 
In other words, determine whether the portable exhausters are still usable without non- 
radionuclide treatment control and monitoring capability. 

Acting on these "other recommendations" may allow the retrieval program M 

opportunity to modify the conservative decision of installing a VOC and ammonia treatment 
system. 
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1.0 INTRODUCTION 

The double-shell tank (DST) waste retrieval system and the tank waste system will work 
together as a single system to stage batches of low activity GAW) and high level waste (HL.W) 
feed to the private contractor (PC). 

A significant component of the waste retrieval system is the ventilation systems, which 
provide the ability to manage vapors and gases that are present as a result of the operations 
associated with the afFected tanks. Five specific primary ventilation systems service twenty- 
eight double-shell tanks that are contained in six DST h s .  

equipment options must be combined with synergy in mind. Alternatives are generated that 
represent combinations of options for the various ventilation systems. Documentation and 
analyses of these ventilation system alternatives are contained in this report. 

The individual components of a ventilation system must function as a unit, and therefore 

Of specific interest throughout this study are the difficulties associated with identifying 
the materials (gases and vapors) that will be managed by the ventilation systems. Therefore, 
discussions in this study will be largely qualitative. 

1.1 PROBLEM STATEMENT 

The term “privatization” refers to DOE’S approach to the remediation of Word’s tank 
waste. The Tank Waste Remediation @stem Mission A M s i s  (Acree, Jr. 1998) states that the 
mission of the TWRS includes the aspects of managing the waste that is presently in storage, 
providing for retrieval and preparation for immobilization, providing for the disposal of 
immobilized low-activity waste (LAW), and providing interim storage of immobilized high 
level waste 0. The physical systems required to perform the mission will be acquired 
through a combination of privately-owndoperated and government-owned/contractor-operated 
(GOCO) resources in a two-phased acquisition strategy. During the first phase, GOCO resources 
will stage waste fiom the DSTs as feed to the private contractor. The private contractor will then 
treat the waste feed producing low-activity and high level waste products. 

To supply waste to the PC, active ventilation systems are required in order to manage the 
vapor phase components as they are routed through the DSTs essociated with the intermediate 
waste fsed staging system (IWFSS). The details associated with these ventilation systems are 
the focus of this AGA 

This AGA addresses the following question: 

What equipment upgrds, operational changes, and/or other actions are required 
relatlrw to the double-shell tank (DSlJ f m s ’  (H, AP, AW; AY, AZ, andSy) ventilation systems 
to support retrieval, staging (including feed samplin&, anddelivery of tank waste to the Phase I 
private contractor? 
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Both the treatment/control and subsequent monitoring of non-radionuclide emissions 
fiom the primary exhausters for the DSTs are within the scope of this analysis. Also, this AGA 
assesses advantages and disadvantages of various options for monitoring potential radionuclide 
emissions. For the purpose of this study, the existing HEPA filtration technology in use at the 
W o r d  Site for treatment/control of radionuclide emissions is considered the best available 
radioactive control technology (BARCT). 

1.2 BOUNDARIES 

This AGA has these boundaries: 

1. Only the primary ventilation aspects for double-shell tanks are considered. This AGA 
does not address emissions from annulus ventilation systems. 

2. Neither single-shell tanks (SSTs) nor double-contained receiver tanks (DCRTs) are 

3. Required backup/portable exhaust systems are within the scope of this AGA. 

4. This AGA addresses the treatment/control and subsequent monitoring of non-radioactive 
emissions. 

5 .  Treatment/control and monitoring of radioactive emissions are within the scope of this 
study. They are mentioned briefly, however, as is reported later in this document, these 
aspects of the primary ventilation system are covered by pre-existing constraints and 
assumptions. 

within the scope of this AGA. 

1.3 BACKGROUND 

Typically (i.e., in most instances of past and present operations), the primary ventilation 

1. Removal of heat, air, evaporated water, and evolved gases from the primary tank, and 

2. Control of any potential spread of radionuclide contamination by maintaining the more 
contaminated regions (such as the primary tank) at a greater vacuum than less 
contaminated regions (such as the annulus). 

systems have served two purposes: 

1.3.1 Background to Problem 

This AGA examines the ventilation systems to detennine if the past operating conditions 
are still applicable today. From the activation of the first doubleshell tank farm (AY farm, circa 
1969) until the most recent farm was constructed (AP hm, completed around 1986) no explicit 
requirements or needs to control odors or noxious gases and vapors existed (i.e., no requirements 
imposed by WA Dept. of Health, WA Dept. of Ecology, or EPA). 
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Shortly after the AP tank farm was completed, regulatory agencies (EPA and the state of 
Washington) as well as affected workers began to express their concerns over the various non- 
radiological emissions from the tank farms. (In the late 19804 ammonia releases from AW farm, 
AP farm, and the 242-AEvaporator process ventilation systems were an issue [winkler 19871). 
These types of issues continued from the late 1980s until recent events during tank C-106 
sluicing operations. 

During initial operations of the C-106 sluicing system ". . .irritant afFects and strong odor 
were noted.. ." by those who were performing the operations at the time. Direct reading vapor 
monitoring indicated elevated organic vapor concentrations in the work area greater than limits 
in the Tank Farm Health and Safety Plan for work without respiratory protection. Eleven people 
subsequently were treated by health care professionals for symptoms. Preliminary sampling and 
analysis of the tank's exhaust stack indicated that volatile organic compounds (VOCs), nitrous 
oxides (Nod, and ammonia were being emitted from C-106. It was determined that the VOC 
emissions (measured at approximately 450 ppm) had exceeded the permit allowance (50 ppm). 
The reference for these data is Occurrence Report Number RL-PHMC-TANKFARM-1998- 
0141. Subsequent to this initial occurrence, further emissions were realized during December 
1998 and March 1999 that had much lower measured VOC concentrations. 

The apparent trouble associated with the C-106 sluicing system is relevant to DSTs 
supporting the Phase I Waste Feed Delivery (WFD) mission because it reveals a potential 
weakness in the systems that support the mobilization of waste that has been sitting idle for a 
number of years. This AGA will evaluate the existing DST ventilation systems, the associated 
wastes that will be routed through the tanks that are connected to these ventilation systems, the 
regulatory requirements and permits for these systems, and the options for complying with these 
requirements and permits. The purpose of this analysis is to ensure that no problems such as 
those that were encountered with the C-106 sluicing operation develop while performing the 
actiondoperations necessary to feed waste to the PC. 

It is important to note that there is concern about the age of some of the equipment 
supporting the DSTs. The first DST farm that was activated (AY farm) has now been in service 
for nearly 30 years. Detailed descriptions of the ventilation equipment that presently serves the 
double-shell tanks are given in Appendix A. By the time these systems are needed to service 
waste feed delivery to the PC, many of them will have surpassed their design life if left in their 
present condition. 

At present, the Phase II scope of the W-3 14 Project only includes upgrading the 
ventilation systems at AN, AP, and AW farm to improve the seal pot drainage and filtration 
systems (Gilbert 1998). However, recent findings from a series of Tank Farm System 
Evaluations (Carlson 1998a, 19984 and Willis l998,1999a, 1999b) have revealed that some of 
the necessary upgrades to the existing ventilation systems may not have been identified within 
the scope of current andor planned projects. It is therefore desirable that this AGA evaluate 
potential alternatives sufficient for proper decisions and guidance prior to re-scoping any current 
projects (Le., Projects W-3 14 andor W-211) or beginning any new projects that may be deemed 
necessary. 
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1.3.2 Background to Development of Alternativer 

Alternatives in this AGA are generated using a strategy generation table. (The use of a 
strategy generation table is described in Clemen 1996.) This method breaks the problem down 
into its basic elements (or functions) and develops 0 p t i 0 ~  under each function. The options are 
first reviewed, and any that are clearly not feasible are removed in order to reduce the number of 
alternative solutions that must subsequently be assessed. After this filtering step, the options are 
joined togder  to make viable solutions to the problem statement. The list of alternatives is 
examined and inconsistent alternatives (those for which specific options do not work well 
together) are removed. 

The resulting alternatives are then described and assigned a number that will be 
maintained for the remainder of the process. The alternatives are compared against the 
distinguishing assumptions, constraints and requirements, and those that fail to meet one of these 
are eliminated. 

The remaining alternatives are compared using the decision criteria that have been 
developed fiom the fundamental objectives of the waste feed delivery program. These 
comparisons result in a ranking of alternatives, and those that appear to be most promising are 
selected for further analysis. 

most acceptable overall risks are presented to the decision-maker for his consideration. 
In the final step, the remaining alternatives are examined for risk, and those that have the 

1.4 INTERACTING DECISIONS 

There is a potential that the HLW Tank Heat Removal decision and the corresponding 
AGA (Poe et al. 1999) will have an impact on this decision. Specifically, should the HLW Tank 
Heat Removal decision detennine that a change in the existing primary ventilation system @e., 
the 702-AZ system) be made, then a portion of this AGA may need to be modified based on 
those resultdrmmmendations. 

This DST Primary Ventilation decision could potentially impact the LAW Retrieval 
System decision, specifically in two main areas: 

1. This Ventilation AGA could impose constraints on the operation of the mixer pumps for 
degassing, and 

2. This Ventilation AGA will be used as a portion of the safety bases for the LAW AGA 
(Tables 4.1 and 4.3). 

Decisions and results derived fiom ongoing SY-101 trader &rts could influence 
this AGA 

Results from the ongoing process tests for sluicing tank C-106, and operation of the 
ALCs in AZ h could influence this AGA. 
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Wormation from this AGA will also affect the development of the scope of Project 
W-3 14 for Phase II, a d  address operability and maintainability with respect to Project W-3 14. 
Impacts of the recently revised ANSI N13.1 Standard ("Guide to Sampling Airborne Radioactive 
Materials in Nuclear Facilities") will also need to be integrated into any future ventilation design 
modifications. 

This AGA may also be affected by the physical limitations of some of the &sting 
primary ventilation systems (e.g., 702-AZ cannot presently support multiple simultaneous 
activities in the AY and AZ tank farms). Therefore, in some cases (like the case of the 702-AZ 
ventilation system) upgradednew systems will be necessary to provide multiple in-tank 
operations capabilities. 
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2.0 ASSUMPTIONS, CONSTRAINTS AND REQUIREMENTS 

This section describes the assumptions, constraints, and requirements that are applicable 
to the control and monitoring of gas and vapor from the DSTs to the atmosphere. 

The assumptions, constraints, and requirements listed in this section serve as the basis for 
distinguishing between potential alternatives. The focus here is on those assumptions, 
constraints, and requirements that will allow one alternative to be distinguished fiom another. 

2.1 ASSUMPTIONS 

For the purpose of this AGA, the assumptions listed in this section are interim guides 
such as performance characteristics of a process or circumstances under which the outcome of a 
decision will be implemented. The assumptions listed in this section are used to reduce 
extremely complex situations to problems of manageable proportion. 

2.1.1 Radionuclide Treatment Control 

The existing radionuclide treatment/control is adequate; that is, the HEPA filtration-based 
technology used in the DST farms is considered the best available radioactive control technology 
(BARCT, see Section2.2.1.1). 

2.1.2 Radionuclide Emission Monitoring 

It will be necessary to upgrade the monitoring of radionuclide emissions from tank farm 
primary ventilation systems to comply with the latest guidelines contained in ANSI N13.1 @e., 
upgrade fiom minor to major stack-monitoring status). 

2.1.3 Control Point Definition 

Primary tank ventilation treatment/control and subsequent monitoring will be conducted 
on a farm basis and not on a tank-specific basis (i.e., the approximately one exhaust system per 
DST farm is adequate as it is currently conf-igured, and there is no need to have any new exhaust 
system[s] dedicated directly to MY one tank). The portable exhaust system that is presently in 
place in the SY tank farm is within the scope of this AGA in the configuration that it presently 
occupies. 
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2.1.4 Organic Carbon 

and total organic carbon concentrations in each tank is less than or equal to 10 wto/o. (Refer to 
the constraints [Section 2.2.1.31 for added details on this subject.) 

Organic compounds have contacted the wastes that are currently present in all tank farms, 

2.1.5 Source Wutc  Composition 

During the initial C-106 occurrence in November 1998, VOC concentrations were 
reported to be as high as 450 ppm. Subsequent emissions from C-106 were substantially lower. 
Furthermore various projects have considered VOC and ammonia prior to design and/or 
operational start up. An evaluation of the various potential waste compositions that could be 
transferred through the DSTs is presented in Appendix B. Based upon the data presented in 
Appendix B, a gas composition equivalent to that which was recently emitted from tank C-106 
was used for comparison between the various alternatives in this AGA. These data from the 
recent tank C-106 emissions were deemed to be reasonably representative of what could be 
expected during future operations within the tanks. It was noted that uncertainty could exist in 
using the C106 data, however these data were determined to be adequate for comparing the 
various alternatives in this report. 

2.1.6 In-Tank Activities 

The TWRSO&UP (Kirkbride et al. 1999) identifies the various activities that Will need to 
take place throughout the Phase I privatization contract. The W h  Planning Case included within 
the scope of the TWRSO&UP indicates that up to three tanks could have multiple major waste 
intrusive activities taking place at any one time (i.e., operation of mixer pumps, 
incoming/outgoing transfers, etc.) associated with a single primary ventilation system. 

2.1.7 Bounding Gas plow Rate 

each of the primary ventilation systems for the DSTs hes a limited achievable flow rate. Because 
of this present limitation, a nominal maximum flow rate of lo00 scfm from each emission point 
(i.e., exhaust system) was chosen for this AGA. 

Based upon the present ducting, fans, and major equipment sizing and contiguration, 

2.2 CONSTRAINTS 

Constraints are requirements that are imposed by external organizations. The design, 
operation, and maintenance of the ventilation systems are afFected by state and federal 
regulations, agreements, DOE Orders, and W o r d  Site contractual requirements. In addition, 
there are guidelines and specifications that set forth engineering requirements deemed necessary 
for safe design and construction of ventilation systems 
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Two specific categories of constraints are directly applicable to this AGA. These are 
described in Sections 2.2.1 and 2.2.2. 

2.2.1 Environmental Constnintr 

Environmental regulations are imposed upon the design, construction and operation of 
ventilation systems which have an emission point into the atmosphere. In general, the standards 
require that potential emissions be estimated for comparison against applicable regulatory limits, 
control technologies be implemented to reduce emissions, new sources of emissions be reviewed 
and approved by the responsible regulatory agency prior to construction, and emissions be 
monitored and reported to the agencies during operations. 

2.2.1.1 Radionuclide Emissions. Radionuclide emissions to the atmosphere from the Hanford 
Site are regulated under two programs: 

1. The Federal National Emission Standards for Hazardous Air Pollutants (NESHAP), and 
specifically 40 CFR Part 61 Subpart H, ‘Wational Emission Standards for Emissions of 
Radionuclides Other Than Radon From Department of Energy Facilities.” The U.S. 
Environmental Protection Agency (EPA) administers these regulations, and has delegated 
their implementation to the state of Washington. 

2. State regulations at Chapter 246-247 WAC, Radiation Protection-Air Emissions. The 
Washington State Department of Health O H )  administers the state regulations, and 
by delegation from P A ,  the federal regulations as well. 

The federal and state regulations set an emission standard (limit) for the entire Hanford 
Site at a public effective dose equivalent (EDE) of 10 millirem per year (mremlyr). The 
regulations require that potential radionuclide emissions from each new and existing source 
(e.g., stack) on the Hanford Site be assessed to estimate emission rates. The regulations require 
the implementation of best available radionuclide control technology (BARCT) for new and 
modified sources, and as low as reasonably achievable radionuclide control technology 
(ALARACT) for existing sources. The regulations require that sources of radionuclide 
emissions be monitored at least periodically. More firesuent (e.& continuous) monitoring is 
mandated for release points which have the potential to discharge radionuclides into the air in 
quantities which could cause an EDE in excess of 1% of the standard (0.1 mremlyr or greater). 

It is further recognized that alternatives considered in this AGA must comply with federal 
regulations regarding occupational radiation protection (10 CFR 835). 

2.2.1.2 Non-Radionuclide Emissions. Non-radionuclide emissions from the Hanford Site to 
the atmosphere are regulated primarily under the following standards, which are administered by 
the Washington State Department of Ecology (Ecology): 

WAC 173-400, General Regulations for Air Pollution Sources. This regulation lists 
criteria pollutants (e.g., particulates, nitrous oxides, carbon monoxide), requires annual reporting 
of specified (non-radionuclide) air contaminant emissions, and requires that new emission 
sources or modifications of existing sources be reviewed and approved by Ecology. 
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WAC 173-401, Operating Permit Regulation. This regulation lists regulated hazardous 
air pollutants, and is the basis for developing and administering a site-wide Hanford Site Air 
Operating Pennit (AOP). The AOP establishes a broad-based set of permit conditions that must 
be satisfied for the W o r d  Site in general, and consolidates the camby-case approval 
conditions granted for each new and modified air emission source. 

WAC 173-460, Controb for New Sources of Toxic Air Pollutants. This regulation 
lists toxic air pollutants (TAPS), requires Ecology review and approval for new or modified 
sources of TAPS, sets acceptable source impact levels (ASILs) limiting the TAPS that a source 
may emit, and establishes small quantity emission rates (SQERs) for exempting new and 
modified sources. 

Comparable federal regulations exist, but the federal rules have been incorporated into 
the state program, and EPA has delegated the federal authority for implementation and 
enforcement to Ecology. 

2.2.1.3 Dangerous Wastes. Ecology implements the Washington State Dangerous Waste 
Regulations, Chapter 173-303 WAC, and is the delegated authority for the federal Resource 
Conservation and Recovery Act (RCRA) program. The state standards impose organic emission 
control requirements on certain tank systems through adoption by reference of federal rules that 
appear in 40 CFR Parts 264 and 265, Subparts AA and BB. The standards only apply if the tank 
system is used to store or treat a waste that contains, or came in contact with a waste that 
contained, lo?? or more of organic compounds. The consensus within TWRS has been that 
these regulations are not applicable to the 200 Area DSTs. Recent concerns have been raised 
about waste transfers from SSTs (e.g., 241-C-103) and other sources (e.g., K Basins) in which 
organic concentrations might exceed 1Ph. Such events could subject some or all of the DSTs to 
the dangerous waste organic emission standards, but at this time the DST system is not 
considered to be covered by these requirements. 

In the past, concerns have been raised that condensates generated &om the cooling and 
collection of DST system vapors may be regulated as dangerous wagte under Chapter 173-303 
WAC, although no official position has been established with Ecology. The current TWRS 
opinion is that primary ventilation condensate is not designated as a listed dangerous waste under 
state regulations. TWRS recently implemented a characterization activity to assess whether 
condensate might be designated dangerous waste for other reasons (e.g., toxicity). TWRS will 
affirm or modify the position on requirements for condensate, as appropriate, after assessing the 
results of the characterization work. In the meantime, secondary containment and other tank 
system requirements under Chapter 173-303 WAC are. not considered applicable to condensate 
return systems. It should be noted that other factors, such as maintaining ALARA or confining 
radionuclides, may result in condensate routings that have secondary containment, leak 
detection, and similar features. These controls are provided on a caseby-case basis. 

2.2.1.4 Other Toxic Chemical Releaser. The Emergency Planning and Community Right-to- 
Know Act (EPCRA) requires that Tccocds of toxic chemical inventories be maintained and that 
the community be informed of activities and environmental releases involving these chemicals. 
40 CFR Part 372 sets forth requirements for the estimation of toxic chemical releases and 
submission of release information to EPA. The facilities that must report are defined in 40 CFR 
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372.22, the thresholds for reporting are established in 40 CFR 372.25, and the reportable 
chemicals are listed in 40 CFR 372.65. 

2.2.2 Induatrid Health Conatraintr 

Industrial health requirements for employee exposures to hazardous substances are found 
in the Occupational Safety and Health Administration (OSHA) standards (specifically, Chapter 
29 ofthe Code ofFederal Register, Part 1910 [29 CFR 19101, Subpart %Toxic and Hazardous 
Substances). The 1910 OSHA Standards are commonly called General Industry Safety 
Standards. 

Furthermore construction activities are governed under Chapter 29 CFR, Part 1926. The 
Industrial Safety Organization at the W o r d  site develops and maintains a program for periodic 
survey and inspection of TWRS that covers all physical facilities, programs, procedures, and 
operations in order to identify actual or potential hazards or undesirable conditions. These 
efforts contribute to a safe working environment and provide assistance to management in 
accident investigations. 

Subpart Z of 29 CFR 1910 provides tables of substances that can be hazardous to 
employees and sets limits for employee exposure to these substances. The limits given are for 
eight-hour timeweighted averages (i.e., average exposure over a n o d  workday) and ceiling 
values which may not be exceeded. The timeweighted limits are called permissible exposure 
limits (PELS). 

The alternatives developed in this study for treatment/control and subsequent monitoring 
of the emissions from the primary ventilation systems of the DSTs must maintain emissions 
below the PELS and ceiling values in OSHA 1910, Subpart 2. Maintaining emissions below the 
limits established in 29 CFR 1910 would ensure that employees do not become ill from over- 
exposure to hazardous substances in the workplace. 

2.2.3 TWRS Health and Safety Plan 

The " R S  Health and Safety Plan (HASP) contains recommended emissions limits that 
are lower than outside state and federal laws. The limitations of the TWRS HASP shall be 
implemented prior to undertaking any design and/or operational actions, however, for the 
purposes ofthis AGA, the information presented in Sections 2.2.1 and 2.2.2 above will be used 
for comparison of the alternatives presented in this AGA. 

2.2.4 Fire Protection 

Fire protedion is an important attribute of systems structures and equipment 
maintenance. Specific requirements are imposed by the National Fire Protection Association 
(NFPA). It is recognized that the requirements of the NFPA would need to be applied if a 
detailed design modification or operational change were recommended by this AGA. 
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2.2.5 Nudur Safety 

the potential for uncontrolled nuclear criticality, and the release of fission products or other 
radioactive materials that could adversely affect the environment, the workers, and the public. 
TWRS Nuclear Safety Professionals ensure that compliance to the appropriate waste tank 
nuclear safety requirements, as described in the standarddrequirements identification document 
and specifically in the Authorization Basis (Grams et al. 1997) is achieved through prevention 
and mitigation. 

Nuclear Safety is the area of safety that encompasses activities and systems that prevent 

2.3 REQUIREMENTS 

A system or systems shall be incorporated in such a manner as to limit radiodve and 
non-radioactive airborne emissions from all major TWRS facilities such that compliance with the 
Hanford site governing procedures and policies is achieved (Grenard et al. 1998). 
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3.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES 

The needs established in Section 2 require provision of treatmentkontrol and monitoring 
of gaseous emissions from the DSTs. The system@) that are required can be classified into two 
main areas, depending upon the type of material that needs to be either removed or monitored: 

1. Radionuclide System@), and 
2. Non-radionuclide System(s). 

In this section, the threestep process of generation and screening of the alternatives is presented. 

3.1 STRATEGY GENERATION TABLE 

The first step in the development of the alternatives for this AGA was the identification 
of the different attributes of the problem as stated in Section 1.1. For this process, the two main 
areas of radiological and non-radiological concerns can be grouped with the treatmenthntrol 
need and the monitoring of emissions need, using the strategy generation table technique 
described in Clemen 1996. 

3.1.1 Development of Strategy Generation Table 

Table 3-1 shows the combination of attributes for this AGA presented in the form of a 
strategy generation table. From Table 3-1 it is noted that the appropriate consideration for this 
AGA is the determination of the treatmenthntrol technology for non-radiological gaseous 
emissions. Non-radiological gaseous emissions includes those that are potentially harmful to 
both the environment and the health of workers and the public. 
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Table 3-1. Strategy Generation Table. -- 
Non-Radionuclide Radionuclide Radionuclide 

Treatment / 
Control Treatment / Control* Monitoring 

HEPA filters in 

* Reference: Rafson 1998 

Non-Radionuclide 
Monitoring 

New monitoring 
system(s) in 
accordance with the 
SHMS and Gcs i designs 

Note: Cells that are shaded contain options that are screened out in Section 3.1.2. 

3.1.2 Screening and Removal of Table Options 

As is noted in Table 3-1, Radionuclide TreatmedControl, Radionuclide Monitoring, and 
Non-Radionuclide Monitoring only have one option, so they are carried forward. However, with 
all of the various options under Non-Radionuclide TreatmentlControl further screening is 
warranted prior to defining the alternatives for this AGA. 

3.1.2.1 Removal of Option: Addition of Chemicah to Liquid to Control Odors. 
This option involves many subsets, but the most common includes the introduction of oxygen 
into a wastewater system for control of ES-type emissions. The management of HzS-type 
emissions is not of interest in this particular AGA. This option and its subsets are removed from 
further consideration. 

3.1.2.2 Removal of Option: Muking and Odor NeuWiution. This set of options is based 
on human olfactory perceptions. However, this AGA intended to focus on the regulatory limits 
as set forth by state and federal governmental agencies. This option and its subsets are therefore 
not viable for further consideration within the context of this AGA. 

3.1.23 Removal of Option: Biological Systems. Biofilters have been used extensively to 
control odors generated at wastewater treatment and compcsting facilities. Efforts are presently 
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Condensation Low Temperature Condensarion 

Thennal Oxidation 
Non-Catalytic Thermal Oxidation 
Catalytic Thermal oxidation . 

underway to move this technology into other treatment areas such as VOCs, HAPS, various 
petroleum hydrocarbona, and other organic and inorganic compounds. Until these other areas 
are further developed, this option and its associated subsets are not valid for further consideration 
in this AGA because the TWRS is not concerned with classical wastewater treatment and 
composting needs. 

3.1.24 Removal of Option: Particulate Collection. This option and its associated subsets are 
directed at the removal of particulate matter that may be present in gas or air streams (i.e., 
particulate materials are often carried along with VOCs in the stream). However, the BARCT 
for radionuclides will also remove these types of materials, so for the TWRS facilities this 
control technology would be implemented through the existing HEPA filters. 

3.2 ALTERNATIVES FROM SURVIVING TABLE OPTIONS 

After removing the non-viable options from Table 3-1, a set of viable options remain, and 
these are presented in Table 3-2. It is noteworthy that each of the options that are converted into 
alternatives have some features in common. These common features are 

1. use of the BARCT (HEPA filtration technology presently in service), 
2. new radionuclide emission monitoring equipment, and 
3. new non-radionuclide gas monitoring equipment. 

Each of the options translated into alternatives described in Table 3-2 is therefore 
presented according to the distinguishing features (Le., the non-radiological treatment/control 
portion of the optiondalternative). 

Table 3-2. Viable ODtions Translated into Alternatives. 
Description of Alternative to be 
Carried Forward into this AGA Option Attribute from Table 3-1 

Dry AaborptionLAbsorption Beds 
Adsorption 
Drv Chemical Scrubbing 
Chemical Scrubbing I WetScrubber 
Hybrid Systems I Combination Dry Ahrption Beds and Wet Scrubber 
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3.3 DESCRIPTION AND SCREENING OF ALTERNATIVES AGAINST 
ASSUMPTIONS, CONSTRAINTS AND REQUIREMENTS 

The alternatives generated from the 0 p t i 0 ~  described in the sections above share the 
following attributes: use of present BARCT (HEPA filtration), new radionuclide emission 
monitoring equipment, and new non-radionuclide gae monitoring equipment. The alternatives 
that contain these common attributes are those which will be considered linther in this AGA. 
Descriptions of each of these alternatives, minus the common features, are provided in this 
section. 

3.3.1 Instrumentation and Procedure Upgrade, Alternative 1 

As mentioned above, the existing CAMS will require upgrades because the present 
systems do not comply with the emerging standards. Any SHMS andor GCS monitoring 
systems presently in use may also require upgrades to meet the needs of emerging standards, 
specifically in regards to non-flammable gases such as toxic and noxious odors. In order to 
install the required new instrumentation, a new stack (at least the same height as the existing 
stack) will be required. It is hrther expected that the proccdure(s) for operating the primary 
ventilation system will also need to be modifidrevised. Personnel operating the system could 
be required to wear personnel protective equipment (PPE) such as the self-contained breathing 
apparatus (SCBA) presently available. 

3.3.2 Conrtruction of Tall Stack, Alternative 2 

This alternative capitalizes on the effects of atmospheric dispersion due to the discharge 
of gapeous emissions at higher elevations. Specifically, the concentration at ground level of a 
contaminant r e l d  from a tall stack will be lower than that of a contaminant released from a 
low stack. Therefore, ground level (i.e., in the area of the affected workers) hazardous gas 
concentrations can meet the industrial hygiene limits if the height of the stack is properly 
selected such that it is as tall a stack as necessary. 

As in Alternative 1 above, it is expected that new gas monitoring equipment (CAMS 
SHMS andor GCS) will be required. 

3.3.3 Dilution by Independent Clean Air Stream, Alternative 3 

The gaseous stream that leaves the HEPA filters (radionuclides are removed at this point) 
can be diluted with a stream of clean ambient air by means of a separate fan system. The 
resultant mixed air stream would therefore be exhausted up the stack. The amount of the air to be 
introduced is determined by industrial hygiene requirements and the concentration of the 
contaminants in the ventilated gas. 

Because the amount of gas exiting from the stack (Le., a combination of the present 
primary ventilation system gas stream and new dilution air stream) would increase, a new stack 
that is large enough to handle the new effluent will be required. To ensure the quality of the 
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effluent gas, new gas monitoring systems including CAMS, SHMS’s andor GCS’s will be 
required. Furthermore, a system to control the mixing of the ventilation gas and dilution air 
stream would be required. 

3.3.4 Controlled Gu Venting Rate, Alternative 4 

It is believed that agitation of the tank waste by in-tank equipment (e.g., mixer and/or 
transfer pumps) may release gas bubbles trapped in the non-convective layer of waste in the tank. 
These gas bubbles, if present, may contain contaminants, hydrogen, nitrogen oxides, VOC and 
ammonia which would end up in the ventilation gas. 

gases in some of the tanks in farms AN, AW, AP, SY, AY, and AZ. For LAW, suspended solids 
will be allowed to settle, and the supernatant will be transferred to a staging tank by means of 
decanting. For HLW, the solids will be suspended and slurried to the PC. 

The current baseline uses mixer pumps to mix the tank contents or release entrapped 

As designed, both the duection and flow rate of mixer pump jets are controllable 
(Rasmussen 1998). Therefore, it is theoretically possible that if the mixer pump is properly 
controlled, the rate of gas released from the non-convective layer can be regulated such that the 
concentrations of contaminants in the effluent of the ventilation system will not exceed 
regulatory limits. 

is needed for the mixer pump. A dome space gas monitoring system is also required for each 
tank equipped with a mixer pump. By controlling the operating conditions with a monitoring and 
pump control system, it is expected that the concentrations of contaminants in the gas stream 
traveling to the ventilation system can be controlled. 

For this alternative, a control system which can change the rate and the duection of flow 

3.3.5 Dry Adsorption /Absorption Beds, Alternative 5 

Columns packed with solid adsorbedabsorbent can be used to selectively remove some 
gaseous contaminants from a flowing stream. The primary ventilation gas from the fan of the 
existing ventilation system is fed to columns of solid chemicals which remove contaminants such 
as VOCs and ammonia from the contaminated gas stream. Examples of solid chemicals used for 
removal of contaminants are activated carbons with different pretreatments. References for these 
materials can be found in three sources: 

1. “Air Pollution Control, Traditional and Hazardous Pollutants,” Woward D. Hesheth, 
Technomic Publishing Company, Inc. 1991. 

2. “Air Pollution Engineering Manual, Air & Waste Management Association,” Edited by 
Anthony J. Buonicore and Wayne T. Davis, Van Nostrand Reinhold, New York, 1992. 

3. “Purification with Activated Carbon,’’ John W. Hassler, Chemical Publishing Co., Inc., 
New York, 1974. 
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Two sets of columns are used in most designs; while one set is in use, the other remains 
in standby mode. Each set would contain two beds: one bed for VOC removal and one bed for 
ammonia removal. 

Instruments required for monitoring adsorbers include a gas-monitoring system to detect 
the breakthrough of contaminants in columns, and a differential pressure (DP) gauge to measure 
the pressure drop across the beds. The DP gauge will indicate the extent of particulate build-up 
in the bed. A flame arrestor would be installed at the inlet to the column to prevent backflashing 
of flame in the event a fire started in the column. This is necessary because a fire can result from 
carbon or other combustible adsorbents overheating due to the heat generated during adsorption 
of contaminants. 

It is important to note that the primary ventilation system of 241-AY and 241-AZ tank 
farms presently employs a highefficiency gas adsorber (HEGA) system to address WAC 173- 
460 abatement requirements because of predicted arsenic emissions. Radio-iodine removal was 
taken credit for, but was not the primary driver for the HEGA. Although HEGAs are charcoal 
(solid adsorbent) bed systems that also may remove some VOCs and/or ammonia, they are not 
designed for removal of all of the chemicals in the gas stream. Therefore, a dry adsorption bed 
other than the present HEGA design may be deemed necessary for use at the 702-AZ building. 

3.3.6 Thermal Oxidation, Alternative 6 

Thermal oxidation of harmful contaminants can be accomplished in a variety of reactors. 
To oxidize contaminants in a gas stream with low-heating value, a supplemental fuel such as 
natural gas or propane gas is required to supply the energy required for reactions. Two specific 
applications of this are presented in the following options. These options are utilized 
commercially for abating pollutants in gas streams. 

3.3.6.1 Non-Catalytic Thermal Oxidiution. A non-catalytic thermal oxidation process 
oxidizes contaminants of the gas stream in a reactor under high temperature conditions. A 
supplemental liquid or gas fuel is usually supplied to provide the energy required for the 
oxidation reaction. The design goal in this case would be a system which allows non--1 
gas products to be vented to the atmosphere through a stack. The reactor may also be equipped 
with some kind of heat recovery system such as heat exchangers or a ceramic heat recuperator to 
lower the operating cost by reducing the amount of supplemental fuel required. 

Because of the high temperature reaction, ammonia in the gas stream may be converted 
to nitrous oxides (NO,). These NO, are one of the environmentally harmful contaminants that 
are being addressed by this AG& and therefore, depending upon the concentration of ammonia 
in the gas stream, the NO, could require further treatment. 

The non-catalytic thermal oxidation alternative oxidizes contaminants in the gas stream 
in a relatively high-temperature environment. Chlorinated hydrocarbons are comparatively 
difficult to destroy utilizing this method, however, the gas streams to be treated as they evolve 
from the waste tanks will not be rich in these types of compounds. At high temperatures, 
compounds containing nitrogen (such as ammonia) are usually converted to NO, 
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3.3.6.2 Catalytic Thermal Oxidation Alternative. Organic contaminants and hydrogen can 
be oxidized to non-harmful gas products such as water vapor and carbon dioxide by passing the 
gas stream through a reactor with a catalyst. Ammonia can be oxidized to nitrogen or nitrogen 
oxides (Nod. Depending upon the concentration of ammonia (or the concentration of NOr), and 
the regulatory emission limitation on NO, a process for further treatment of NOx may be. 
required. Because of the low heating value of the gas stream to be treated, the energy required 
for readons must be supplied separately. The energy required for the oxidation can be supplied 
by the combustion of a supplemental gas or liquid fuel. For safety reasons, the former is 
considered the preferred process. The catalytic oxidation process has the advantage of Carrying 
out the reaction at lower temperatures and with less nitrogen oxide formation than the non- 
d y t i c  oxidation process which operates at higher temperatures. The catalyst needs to be 
regenerated from time to time, or proper disposal of the exhausted (spent) catalyst may be 
required. 

A catalyst-packed bed, heating system (a heat exchanger system), and pressure and 
temperature instruments would be required with this alternative. As in previous alternatives, 
replacement of existing stack and gas monitoring systems and/or addition of new monitoring 
systems to meet the generic needs of radiological and non-radiological gaseous emissions 
requirements will be required. 

3.3.7 Low Temperature Condensation, Alternative 7 

A low temperature condensation process can remove VOCs and other contaminants in an 
air/sas stream via a phase change (from gas to liquid) mechanism. At temperatures lower than 
the dew points of the target contaminants, vapor contaminants condense to form liquid, which 
can then be easily separated from the non-condensable gas stream. 

A condenser and a refigeration system to supply the cold medium to the condenser 
wodd be required. The condenser would be located between the fan and the stack. The capacity 
of the refrigeration system would depend on the quantity and temperature of the gas stream to be 
treated. The kind of contaminant to be removed would dctennine the operating temperature of 
the condenser. For example. most of the VOCs in the primary ventilation system could be 
condensed to form liquid at a temperature of about 40 OF, but ammonia would require a 
temperature lower than -30 OF. 

The recirculation condenser cooling system presently in use at 241-AY and 241-AZ tank 
farms (including tanks AY-101, AY-102, AZ-101 and AZ-102) cools the recirculating stream 
and is capable of condensing many VOCs from the gas stream to liquid and returning them to the 
tank. Gas stream3 from the four affected tanks (AY-101, AY-102, AZ-101, and AZ-102) are 
subsequently combined and routed to another condenser for the entire gas exhaust system. In the 
overall condenser the gas is cooled to 40 OF to remove any condensable vapor including the 
residual VOC.' Therefore, the existing ventilation system for 241-AY and 241-AZ tank farms is 
equipped with a cooling system that is capable of removing most of the VOCs. However, in the 
existing system the gas stream is not cooled enough to remove ammonia. 
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The cooling process required for the removal of ammonia from the gas stream generates a 
liquid secondary waste which requires hrther treatment and/or disposal. Additionally, at these 
low temperatures, water vapor in the gas stream condenses and forms ice, which blocks the 
condenser and eventually renders it inoperable. Because of these considerations and because 
super-cooling is not practical, this alternative would be used primarily to treat gas streams 
containing no ammonia or contaminants having boiling points higher than the freezing point of 
water. Therefore, due to lack of flexibility, this alternative is not considered mer in this AGA. 

3.3.8 Wet Scrubber, Alternative 8 

wet scrubbers. Scrubbers can be a packed column, a venturi, or any other gas-liquid contacting 
device. Liquid absorbents can be aqueous or non-aqueous. The former are primarily used for 
trcatmentlcontrol of inorganic gas compounds, and the latter for organic gas compounds. Non- 
aqueous liquid absorbents, however, have some d a t e d  fire hazards and are therefore not very 
suitable for use at the W o r d  Site. It is noteworthy that ammonia, as a contaminant in the gas 
exhausted fiom the primary ventilation system, can effectively be scrubbed with water or a weak 
acidic solution such as sulhric acid. 

Due to potential flammability concerns associated with gases to be treated, only an 
aqueous absorbent is considered viable for use in a wet scrubber process for the tank farms. This 
would only allow for ammonia and water-soluble contaminants to be removed from the 
ventilation gas, leaving most of the VOCs untreated by this process. An additional consideration 
is that the spent absorbent utilized by the wet scrubber would need to be regenerated and the 
waste from the regeneration would then require hrther treatmentldisposal. 

Some liquid absorbers can selectively remove gaseous contaminants from gas streams via 

A packed-column scrubber system, an absorbent regeneration system (or treatment 

Based on these analyses, it is determined that aqueous scrubbing for ammonia is the only 

system), and associated instrumentation would be required for this alternative. 

potentially viable option to cany forward, and this is accomplished by combining it with a 
previously discussed option for VOC treatment control to create the next alternative. 

3.3.9 Combination Dry Adsorption Bedr and Wet Scrubber, Alternative 9 

This alternative is a hybrid of the dry adsorption bed and wet scrubber alternatives. The 
ventilation gas exiting fiom the existing fan is fed to a dry adsorption bed packed with an 
adsorbent such as activated carbon to remove VOCs. The gas, free of VOCs, then passes 
through a wet scrubber to remove ammonia (and soluble contaminants). Ammonia is usually 
removed &om the gas stream by a weak acid solution shower through the scrubber packed with 
inert gas-liquid contacting material such as Rasching rings. 

This alternative requires a new stack with new gas monitoring instrumentation (CAMS, 
SHMS's and/or GCS's) as in previous alternatives. This alternative would also require a pair of 
dry adsorption beds (one in use and one in standby mode) to remove VOCs, and a wet scrubber 
using a weak acid solution as an absorbent to remove ammonia. 
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4.0 FUNDAMENTAL OBJECTIVES AND DECISION CRITERIA 

To further evaluate the alternatives of this AGA, a qualitative analysis process was 
developed. In this section, the major objectives of the waste feed delivery program (WFD) are 
considered and then used to establish the criteria to determine when these objectives are met for 
the specific needs of this AGA These objectives are general and are used to make many 
decisions across the WFD Program. 

The specific decision criteria presented in this section are used to distinguish between the 
alternatives derived from Section 3 above. Informed decisions about primary tank ventilation 
needs are then possible based upon the alternatives and criteria that are presented. 

4.1 FUNDAMENTALOBJECTIVES 

The major fundamental objectives of the waste feed delivery program are provided here. 
The items listed in italics in Table 4-1 for each objective are the key words that are used to 
identify the distinguishing objectives and specific decision criteria used in this AGA (i.e., used 
again in the tables that follow). 

4.1.1 Fundamental Objeetivea for the Waste Feed Delivery Program 

The fundamental objectives of the WFD program are derived from two sources: 

1. The fundamental objectives from the DOE-RL, Waste Disposal Division, and 
2. The mission of the waste feed delivery program. 

The DOE-RL Waste Disposal Division specified five fundamental objectives for itself. 
(For more information, see Section 1.5.1 of the TWRS Waste Disposal Division Planning 
Guidance, issued September 18, 1998.) These objectives were derived from and are therefore 
consistent with DOE-Headquarters, Hanford Site, TWRS-level objectives, and TWRS systems 
engineering. These five objectives are: 

1. Minimize environmental, worker safety, and public health risks, 
2. Minimizecosts, 
3. Maximize regulatory compliance, including the TPA, 
4. Develop stakeholder confidence and acceptance, and 
5. Develop and deploy technology to solve Hanford Site and DOE-Complex problems. 

Of these five objectives, the first three are suitable to serve as the bases for decision 
criteria for the Wm, program. The fourth is a process objective, and the fifth is best met by 
actually developing and deploying equipment to accomplish the mission of the program. 

The mission of the waste feed delivery system is to deliver the proper tank waste feed to 
the vitrification plant on time and in the right amount (volume and composition), thereby 
allowing this material to be immobilized and removed as a threat to the Columbia River. 
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Based on the requirements discussed above, four high-level fundamental objectives have 
been identified for the waste feed delivery system. They are 

1. maximize safety (environmental, worker and public), 
2. maximize compliance with regulations, 
3. minimize lifecycle cost, and 
4. maximize the reliability of feed delivery to the vitrification plant. 

(Note that the terms “maximize” and “minimize” are used in the sense of “to increase 
towards a maximum” or “to reduce towards a minimum” with due weight given to all other 
legitimate-and sometimes conflicting-bjectives. The terms do not mean “to make the 
maximum” or “to make the minimum” without regard to other objectives.) 

proper waste feed to the vitrification plant in a timely manner. While doing this, the safety of the 
environment, public and workers must be protectd, the cost must be acceptable; and compliance 
with regulations of external organizations must be maximized. 

Each of these high-level fundamental objectives can be further subdivided into lower- 
level fundamental objectives. The action of subdividing can go on almost indefinitely, however, 
it is best to subdivide only until the first point where the objectives will be useful in decision- 
making. All other things being equal, the smallest possible set of objectives is preferred. The 
high-level fundamental objectives and the corresponding sub-tier objectives are shown in Table 
4-1, Objectives Hierarchy for Tank WFD System. 

4.1.2 Distinguishing Objectiver for Thu Decision 

Although in principle all objectives apply to all decisions, in many cases each foreseeable 
alternative will satisfy a particular objective equally (or near-equally) well, and therefore this 
objective may not help to distinguish between the alternatives sufficiently well that it might lead 
to one alternative being chosen over another. For the purpose of decision-making, an objective 
is dropped &om the list and no decision criteria are developed for it when the objective does 
assist in distinguishing between alternatives. 

used in this decision. This screening process and the associated explanations of why each 
objective is considered distinguishing or not distinguishing is provided in Appendix C. 

In summary, it is the overall objective of the waste feed delivery program to deliver the 

For this decision, the objectives listed in Table 4-1 are screened for those that will be 
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4.2 DECISION CRITERIA AND PERFORMANCE MEASURES 

To implement the fundamental objectives, a decision criterion has been developed for 
each objective that is distinguishing for this decision. These decision criteria are listed in 
Appendix C, Decision Criteria. The bases for use of the hndamental objectives as decision 
criteria in this AGA are repeated here in Table 4-2. 

to represent relative judgements, each decision criterion as firamed through the Appendix C 
process is such that the least desirable outcome is given the value one and the most desirable 
outcome is given the value ten. It is emphasized that the presence of the scale is not to be 
construed to indicate that the use of such decision-aiding techniques is required. 

In order to allow the possibility of applying decision-aiding techniques that use numbers 
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Comparison 
Results Criterion Title Criterion 

Number I 

4.3 RETRIEVAL ENGINEERWG-RECOMMENDED WEIGHT FACTORS 

Retrieval Engineering employed a multi-attribute analysis technique in this AGA. 
Retrieval Engineering established weighting factors for each of the criteria carried forward fiom 
Table 4-2. These are shown in Table 4-3. 

Using values fiom one to ten, each of the criteria was pair-wise compared by Retrieval 
Engineering personnel, starting with the highest-ranked criterion (Criterion 4.1.1 in Table 4-3) 
and moving to the lowest-ranked criterion (Criterion 1.1.2.1 in Table 4-3). In the comparison, 
criteria are compared one at a time to determine their relative importance (e.g., How much more 
important is the criterion ranked as 1 in Table 4-3 than the criterion ranked as 27). The results of 
the pair-wise comparison were normalized to provide the associated criterion weighting factors 
that are also provided in Table 4-3. Refer to Appendix C for fiuther details on how these criteria 
were developed. 

Table 4-3. Major Criteria, Associated Rank, and Weighting Factors. 
Weighting 

Factor 

1 

2 

3 

4 

4.1.1 Initial Delivery of Feed 10 20 

4.1.2 Routine Delivery of Feed 10 20 

2.1 DOE Regulatory Compliance 6 12 

1.2.2.1 Chronic Chemical Release to Worker 3 6 

5 I 2.2 I WAEcology/EPA 1 3  1 6  

9 

10 

11 

6 1 3.1 I Design and Construction Cost 1 3  1 6  

1.3.3.2 Accidental Release to Atmosphere 2 4 

1.1.2.2 Accidental Chemical Release to Public 2 4 

1.2.3 Worker Industrial Safety 2 4 

7 I 3.2 I OperationsCost 1 3  1 6  

8 I 1.2.2.2 I AccidentalChemicdReleasetoWorker I 2 I 4 

12 I 2.3 1 WAHealth/EPA I 1  1 2  

13 I 1.3.3.1 I ChronicRelease to Atmosphere I 1 3  

14 1 1.1.2.1 I Public Chemical Chronic Exposure I 1 3  

Total I 49 I 100 
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5.0 EVALUAl7ON OF ALTERNATIVES AGAINST DECISION CRITERIA 

In this section, each of the alternatives that satisfactorily passed through the screening 
process of Section 3 (Le., Alternatives 1 through 6 and Alternative 9) are combined with the 
specific criteria developed from Section 4. Each of the alternatives is evaluated against the 
decision criteria according to the performance measures of Appendix C. 

5.1 EVALUATION BY CRITERIA 

Each of the alternatives that passed through the screening process in Section 3 above 
were evaluated according to the criteria for the WFD Program (refer to Section 4 and Appendix 
C for discussions of criteria). Retrieval Engineering convened a group of representatives from 
the various organizations within TWRS to solicit their opinions on these criteria and alternatives. 
The individuals who participated are listed in Appendix F. Consensus h m  this group is shown 
in Tables 3-1 through 3-14 below. 

5.1.1 Washington State Departmentr of Ecology and Hulth & EPA 

Alternatives 1,2,3 and 4 are expected to continuously release about the same (relatively 
small) amount of contaminated gas to the atmosphere. It is expected that the permitting required 
for these four alternatives will be easier to obtain than for the remaining three alternatives. 
Alternative 6 oxidizes contaminants at elevated temperatures, thus potential hazards from fire 
should carelidly be evaluated, especially should the process be performed in the vicinity of a 
tank farm. Furthermore, the potential of Alternative 6 producing NO, gases in should not be 
ignored because it is a regulated substance like those from which it would be produced. Tables 
5-1 and 5-2 list the relative Scoring for this criterion. 

5.1.2 Public Chronic Exposure to Chemical Release 

atmosphere. However, from a public safety perspective it was believed that the largest 
mitigating factor for this criterion was the fact that all tank h activities take place in 
controlled areas where the public is not allowed direct access. The non-radioactive (chemical) 
releases which could thereby potentially reach the public are expected to be the lowest for 
Alternatives 5,6 and 9. Table 5-3 lists the relative scoring for this criterion. 

All seven alternatives are expected to result in continuous releases of chemicals to the 

5.1.3 Accidental Chemical Release to the Public 

Accidental release of chemicals to the public is expected to parallel the chroNc 
conditions described in Section 5.1.2 above. Table 5-4 lists the relative scoring for this criterion. 
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5.1.4 Worker Exposure to Chronic Chemical Release 

Each of the alternatives is expected to result in some possible exposure to the affected 
worker. However, passive controls are expected to be somewhat controlling for Altematives 5 
and 9. Specifically, Alternatives 5 and 9 provide adsorptiodabsorption systems that remove 
potential toxic chemicals from the gaseoudvapor stream prior to its release up the stack to the 
atmosphere. Therefore, the stack effluent is expected to contain fewer chemical contaminants. 
Table 5-5 lists the relative scoring for this criterion. 

5.1.5 Worker Exposure to Accidental Chemical Release 

The potential that new accidents could be initiated associated with Alternatives 1,2, and 
3 is expected to be relatively low. Table 5-6 lists the relative scoring for this criterion. 

5.1.6 Initial Feed Delivery on Sehedule 

All seven of the alternatives considered in this study are constructable and could be easily 
deployed in the vicinity of the present primary ventilation systems. However, Alternatives 5 , 6  
and 9 are expected to be more difficult to construct than the other four alternatives. 

When considering the schedule of delivering feed, a major consideration relative to the 
ventilation systems is the technical maturity of alternatives considered. The technologies for all 
seven alternatives considered in this study are available. Alternative 4 has been tested, in a 
relative sense, in tank SY-101. During the SY-101 mixer pump operations it has been 
demonstrated that gases evolve at a greater rate when the mixer pump is operated, than when it is 
off. However, the degree of controllability of the mixer pump (i.e., how precisely this control 
mechanism can be operated) has not yet been proven. Alternative 5 is a commercially-available 
standard VOC and ammonia abatement process, and only differs from the present 70242 
HEGA system in size and bed material(s) selection. Alternative 6 is also a commercially- 
available process, but does not have a comparable Hanford equivalent. Catalysts used in the 
process described by Alternative 6 can be custom-made so that they are able to remove special 
group@) of contaminants. Alternative 9 uses two commercially-available processes to remove 
both VOC and ammonia. 

Another feature worth considering when trying to determine which alternative yields the 
most timely delivery of feed materials is the aspect of complexity. From this perspective, 
Alternatives 5 and 9 (involving different adsorption beds andor scrubber systems) are the most 
complex processes. Altematives 1 and 2 are the most simple of the alternatives considered. 
Alternative 6 uses a catalytic converter to oxidize VOCs and ammonia under a set of closely- 
controlled operating conditions. The level to which VOCs may be removed is uncertain, and 
even if removal is relatively thorough, Alternative 6 may be considered as complicated or more 
complicated than Altematives 5 and 9. The systems in Alternatives 3 and 4 would require 
relatively complicated control systems. 

Table 5-7 lists the relative scoring for this criterion. 
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5.1.7 Routine Delivery of Feed on Schedule 

When considering the elements that would allow an alternative to support the routine 
delivery of feed on schedule, the issues of operability, maintainability, and control of the process 
are considered. 

The short and tall stacks of Alternatives 1 and 2, respectively, would be relatively easy to 
maintain. The fan for Alternative 3 is a piece of standard equipment and would not be difficult 
to maintain. The control system for the mixer pump of Alternative 4 would be somewhat more 
complicated than Alternatives I, 2, and 3, and would require routine maintenance. The 
adsorptionlabsorption bed system of Alternative 5 is a piece of relatively complicated equipment, 
and maintenance of this type of system would likely require more skill. The heater of 
Alternative 6 may also need extensive maintenance, and occasionally the catalysts in the 
converter would need replacement or regeneration. 

With regard to operability, Alternatives 1,2, and 3 are expected to be relatively easy to 
start up and shut down. Alternatives 4,5,6, and 9 would, however, require much operator 
attention during startup and shutdown periods. 

Alternatives 3,4,6, and 9 would require a more complicated process control scheme. 
Furthermore, Alternative 6 would require very precise control of temperature. 

The process control needs for Alternatives 1, 2, and 5 are relatively simple. However, 

Troubleshooting and response to off-normal conditions are necessary considerations with 
regard to how well a particular alternative could maintain routine feed delivery. 

Once the height of the stack is fixed in either Alternative 1 or 2, it would be difficult to 
modify for the purpose of handling o f f - n o d  conditions. Alternative 3 and 4 have more control 
variables to correct for potential variability and off-normal conditions. Because of the use of 
packed beds, Alternatives 5 and 9 require more complicated procedures for troubleshooting and 
response to o f f - n o d  conditions. Lower-than-designed operating temperature andor loss of 
activity of a catalyst in the converter are potential reasons that Alternative 6 would not remove 
VOC and ammonia properly. 

Once up and operating, Alternatives 1 and 2 would require almost no operator interaction 
(i.e., they would be almost equal to present operations). Alternatives 3 and 4 would likely 
require a moderate amount of operational time. The control systems f i r  Alternatives 3 or 4 
could be integrated into a present manned facility. However, Alternatives 5, 6, and 7 would 
likely require more operators than are utilized for present operations. Table 5-8 lists the relative 
scoring for this criterion. 

5.1.8 Chronic Relase to Atmosphere 

For Alternative 1, chemical concentrations discharged from the ventilation systems will 
be roughly equivalent to present operational conditions. It is therefore expected that under the 
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conditions of WFD operations there may be cases (as in the recent C-106 sluicing operations) 
wherein the normal atmospheric release rates are unacceptably high. However, in the cases of 
Alternatives 2,3, and 4 it is believed that acceptable release concentrations can be maintained by 
administrative management practices. Under these types of conditions, however, total quantities 
of chemicals released would not necessarily be in compliance. These chemical contaminants 
could affect the quality of the atmosphere. In the cases of Alternatives 5,6, and 9, the major 
chemical contaminants could conceivably be removed fiom the carrier gas by means of the 
specific treatment technology (adsorption, thermal oxidation [chemical reaction], andor wet 
scrubber [absorption]). It is therefore expected that releases to the atmosphere of not only lower 
concentrations, but lower total quantities of hazardous and potentially hazardous materials would 
be realized for A l t d v e s  5,6, and 9 under normal operating conditions. Table 5-9 lists the 
relative scoring for this criterion. 

5.1.9 Accidental Release to Atmosphere 

accident” not presently addressed in the authorization basis. 

the removal of radionuclides, therefore, it could release harmful chemical contaminants as a 
direct response to in-tank activities. For example, should a specific tank experience a gas release 
event (GRE), then Alternative 1 would provide no direct means of controlling it; only monitoring 
of the event would be possible. In Alternative 2, which specifies a taller stack than Alternative 1, 
the concentrations of gases in close proximity to the stack would be mitigated slightly, however, 
these effects are still very dependent upon the atmospheric conditions at the time (Le., wind 
direction, velocity, etc.). Alternatives 3 and 4 employ equipment with more moving parts, (i.e., 
an additional fan and a mixer pump, respectively) than are involved in Alternatives 1 and 2. This 
additional equipment could fail when especially needed, and therefore the chance of accidental 
release of hazardous gases could be as great as in Alternatives 1 and 2. Alternatives 5 ,6 ,  and 9 
employ treatment/control technology, including standby unit(@ which could mitigate potential 
accidental releases fiom a tank. However, Alternatives 5,6, and 9 could also bring new potential 
accident conditions to bear, such as the loaded adsorption bed (a full, or nearly-full canister of 
chemicals) failing in such a manner (e.g., due to a fire) as to disperse this new “accumulated 
source of materials” to the atmosphere. In the case of Alternative 6, this could take the form of a 
“poisoning of the catalyst“ by unexpected chemical compound(s) being released from the tank. 
Of further note: if the supply of auxiliary fuel to the thermal oxidation unit in Alternative 6 is 
discontinued, then harmful contaminants could be released fiom the stack to the atmosphere due 
to incomplete conversion of contaminants. Table 5-10 lists the relative scoring for this criterion. 

This criterion looks at the alternatives from the perspective of “risk of initiating a new 

Alternative 1 provides no treatmenthntrol capability for gas streams exhausted except 

5.1.10 Worker Industrial Safety 

equipment (PPE) such as masks with an air supply system. Any time PPE is utilized, safety 
concerns such as mask fogging problems and other losses of vision, added weight burdens, and 
increased risk of tripping andor falling arise. The industrial safety implications for ventilation 
system alternatives should not be ignored. 

In Alternatives 1,2,3, and 4, personnel may be required wear personnel protective 
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Another aspect of industrial safety includes the consideration of carbon andor catalysts 
used in Alternative 5,6, and 9. These agents would require changaout periodically. Therefore, 
the need to move cartridges or bulk materials from place to place using equipment such as hoists 
and forklifts is a consideration. Table 5-1 1 lists the relative scoring for this criterion. 

5.1.11 Design and Construction Cost 

alternative has been estimated. Details about these capital costs are shown in Appendix E. 
From Appendix E it can be seen that Alternative 1 would require the least capital investment 
among the alternatives considered. The major equipment costs associated with implementing 
Alternative 2 would be second to Alternative 1. The next two Alternatives (3 and 4) are 
comparable and would virtually tie for third-least-expensive to implement. Alternatives 5,  6, 
and 9 would require more capital investment than the other four alternatives considered here. 
Table 5-12 lists the relative scoring for this criterion. 

The design and construction (capital investment) costs for the equipment of each 

5.1.12 Operations Costr 

The operating and maintenance costs for Alternatives 1 and 2 are expected to be roughly 
the same, and are expected to be within a budget that is considered reasonable. Alternative 3 
would consume more electricity than Alternatives 1 and 2 to run the fan for introduction of extra 
air, in order to dilute the exhaust gas of the ventilation system. Alternative 4 would not consume 
much extra energy to control the mixing pump, however it would liiely require further calibration 
of instrumentation, and maintenance of equipment. Alternatives 3 and 4 are liiely to be roughly 
equivalent in operational and maintenance costs, but greater than Alternatives 1 and 2. 
Alternative 5 employs dry adsorbentdabsorbents to remove contarmnan . tshmthegasstreamto 
be treated. The spent adsorbentdabsorbents would thereby require proper disposal, and fresh 
materials would need to be added back into the system from time to time. The operating and 
maintenance costs of Alternative 5 could be relatively high. Alternative 6 would require materials 
be managed in a fashion similar to that of Alternative 5, however, the added aspects of liquid fuel 
and a catalytic chemical reaction make Alternative 6 more complicated than the purely dry 
chemical needs of Alternative 5. The fuel requirements of Alternative 6 are highly dependent upon 
operating temperature and other operating conditions of the process. Alternative 9 consumes 
carbon ( h m  Alternative 5 )  and a weak acid solution to remove contaminants. Therefore, 
operating and maintenance costs ofthe requisite materials for Alternative 9 are major costs, 
making this the lowest-ranking alternative in this consideration. Table 5-13 lists the relative 
scoring for this criterion. 

5.1.13 DOE Regulatory Complmnce 

It is expected that Alternatives 1 and 2 will require only minimal modifications 
-if any-to the present authorization basis. Alternative 3 is also expected to require minimal 
modifications with relatively easy approval. Alternative 4 is expected to be the most difficult 
alternative, and almost no chance of regulatory approval is expected. Ofthe remaining three 
altemativeS, Alternative 5 is expected to be the easiest, with the last two (Alternatives 6 and 9) 
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requiring extensive modifications and significant risk to individuals, thereby making the 
approval process more difficult. Table 5-14 lists the relative Scoring for this criterion. 

5.2 EVALUATION BY ALTERNATIVE 

Each of the alternatives was evaluated against the criteria above. In this section, these 
evaluations are combined and summarized in accordance with the specific alternative to which 
they correspond. Table 5-15 summarizes the raw a r e s  from Tables 5-1 through 5-14 and 
combines them with the weighting factors from Table 4-3 to yield a sorting by alternatives. 

5.2.1 Alternative 1 

Although Alternative 1 would be the least expensive of the seven to design, construct, 
operate, and maintain, it does pose the most risk with regard to the many unknowns of the 
presently undisturbed wastes. As the WFD Program matures, it is highly probable that the 
wastes in the DSTs will create situations analogous to those that were recently experienced at 
tank C-106. This alternative would therefore not be highly recommended under these 
conditions. A more refined analysis of risk is presented in Section 6. 

5.2.2 Alternative 2 

This alternative provides a slight improvement over Alternative 1, however, there is 
expected to be the same relatively high degree of risk associated with it, too. 

5.2.3 Alternative 3 

With the choice of this alternative, it is expected that the needs of pro tdng  the 
environment will not fully be met. Specifically, this alternative is not ef€ective in meeting a total 
pollutant mass. This alternative is only of value when a concentration limit needs to be met (Le., 
in order to protect the health of the worker andor public). 

5.2.4 Alternative 4 

For this alternative, it is expected that the necessary "refined" control of the mixer pump 
could be difficult to achieve. Furthermore, the same total mass verses concentration limits would 
need to be addressed as in Alternative 3. 

41 



HNF-4245 
Rev. 0 

5.2.5 Alternative 5 

Of the treatment/control alternatives, this one is the least expensive to build, operate, and 
maintain. Difficulties in obtaining permitting and buy-in from regulatory agencies could 
conceivably be overcome by starting that process sufficiently early. 

5.2.6 Alternative 6 

This alternative is expected to be relatively expensive, and pose many new hazards to the 
workers beyond the current baseline. 

5.2.7 Alternative 9 

This alternative is expected to be relatively expensive, and pose many new hazards to the 
workers beyond the current baseline. 
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Figure 5-3. Criteria S d  
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Figure 5-4. Criteria Sconn 
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Figurc 5-5. Criteria Scoring for Worker Industrial Safety. 
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Figure 5-7. Criteria Scoring for Accidental Release to Atmosphere. 
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F i w e  5-8. Criteria Scoring for DOE Regulatory Compliance. 
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Figure 5-1 1. Criteria Scoring for Design & Construdor 
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Figure 5-12. Criteria Scoring for Operations Cost. 
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F i w e  5-13. Criteria Scoring for Initial Feed Delivery On-Time. 
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Figure 5-14. Criteria Scoring for Routine Delivery ofFeed. 
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6.0 RISK ASSESSMENT OF REMAMING ALTERNATIVES 

Upon concluding the evaluation of the seven alternatives in Section 5 above, it is readily 
apparent that Alternatives 6 and 9 are not acceptable to consider further here. These two 
alternatives have the following strikes against them because they 

1. pose greater hazards to workers, 
2. would result in increased potential for accidental release of chemicals, 
3. would have little or no chance of regulatory approval, 
4. are much more expensive, 
5. would likely not support delivery of feed on time, and 
6. have little chance of obtaining authorization (from state and federal oversight agencies) to 

proceed (i.e., they are in greatest opposition to public or agency priorities). 

The risks associated with the five remaining alternatives are discussed in this section. 
The discussions in this section are made in order to determine the acceptability of the 
alternative(s) with regard to the risk(s) that might be assumed for each should itlthey be selected 
as the preferred alternativc(s). 

6.1 DISCUSSION OF RISKS 

The discussion below encompasses the risks from three different sources: 

1. the analysis done in this particular AGA, 
2. those resulting from potential changes in external requirements, and 
3. otherrisks. 

Of the three primary categories presented in this study (i.e., Assumptions, Constraints, 
and Requirements) the assumptions carry the greatest risks. The assumptions (see Section 2.1) 
are therefore discussed here relative to the risks that they incur. 

6.1.1 Existing Radioactive Treatment Control Ir Adequate 

Based upon the preliminary findings from the BARCT study performed for the Project 
W-236A ventilation system, it is estimated that further need to trdmntrol for radioactive 
species is highly unlikely. Furthermore the HEPA filters will provide control technology for 
non-radioactive hazardous chemical particulates. The HEPA filters are there by estimated to be 
a relatively low risk. 
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6.1.2 Complirnce with Modified Radionuclide Emission Monitoring Guidelinw 

It is expected that a high degree of compliance with the emerging ANSI N13.1 guidelines 
can be achieved as long as fiture improvements to the DST primary ventilation system 
monitoring are comparable to the systems that are presently being installed under the scope of 
Project W-420. 

6.1.3 Farm Baais Control Point Definition for Treatment I Control & Monitoring 

This assumption works in conjunction with the two other assumptions: 

1. No net increase in the number of in-tank activities which need to be accomplished per 
operating exhauster, and 

2. No need for greater than 1000 scfm per emission point. 

Within this context, it is highly likely that greater volumetric flow rates will be necessary 
at some point in the fiture. Specific tank farms with the highest probability of a need to increase 
the air flow through the headspace of the tanks are AN, AY, and AZ farms. These three farms 
(presently serviced by two primary ventilation systems) will likely experience the greatest 
number of evolutions between now and the time that WFD operations commence. Therefore, 
should the flow increase, so will the chance that additional exhaust points will be needed. (As an 
example, the recent C-106 sluicing operations were deemed to require M added exhaust point in 
the form of a portable exhauster in the AY tank farm). Other potential scenarios include the 
separation of some of the tanks fiom the present ventilation system to a new system(.%) in 
parallel. 

6.1.4 Organic Carbon 

Organic carbon is assumed to have contacted all tank wastes. The resultant 
concentrations of organic carbon in any/all tanks could exceed the 40 CFR 265, Subpart BB 
compliance limit of less than or equal to 10 wt??. A specific case-in-point is the fact that tank 
C-103 has a separate floating organic-rich phase, which is much greater than 10 wt'h organic 
carbon. Another w e  in point is Erlandson 1999 in which compliance with Subpart BB 
requirements are questioned. 

6.1.5 Source Waste Composition 

contaminants (i.e., organic carbon and ammonia). These gas phase components could require 
controytreatment upon entry to the primary ventilation system. The analysis presented in 
Appendix B indicates that experience has shown actual operations differ from those which were 
planned by the projects. However, it is not expected that obtaining W e t  analytical data will 
reduce the uncertainty associated with making a decision on ventilation treatment/control. Three 
specific points of interest within this area are: 

There is uncertainty associated with the speciation of tank farm gas phase chemical 
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1. Concentration of ammonia as a variable, 
2. Concentration of TOC as a variable, and 
3. Speciation of TOC as a variable 

6.1.6 Number of In-Tank Activities 

It is assumed that there will be no more than three in-tank activities per farm. This is the 
assumption least likely to hold up over time. The basis for this statement is that in recent history, 
many changes have been realized with regard to operational sequences, source feed tanks, etc. It 
is highly likely that a scenario will be proposed that will require more than three tanks have 
simultaneous significant in-tank activities. 

6.1.7 Emission Point 

It is assumed that there will be no need for more than lo00 scfm per emission point. 
This assumption could be the second most likely to not hold. Within the last 10 years, the 
variability of the flow through the headspace of tank SY-101 has been modified several times. 
SY-101 presently supports the greatest vapor phase flow of the entire DST system (at times in 
excess of 400 scfm). Should a scenario be proposed that requires three tanks in AN farm to be 
simultaneously maintained at this level (Le., tanks AN-103, AN-104, and AN-105), then the AN 
farm primary ventilation system would be at a nominal 1200 scfm without the approximately 
100 scfm from tanks AN-101, AN-102, AN-106, and AN-107 (a contribution of 400 scfm more, 
resulting in 1600 scfm for the seven tanks). 

6.2 ASSESSMENT OF ALTERNATIVES AGAINST RISK 

An assessment of each alternative against risk is discussed in this section based on the 
probability (frequency, likelihood) of occurrence, and the seriousness of consequence (injury, 
impact and damage) to operators and public, to the environment, and to the equipment. The 
probability and consequence are ranked with a system as typically used in risk analysis tables. 
(Reference ChemicalEngineeringProgress, March 1999, Vol. 95lNo. 3, page 67.) The 
assessment is best presented in a table, which lists the type of risks and consequences to each of 
the alternatives selected. 

The risk analysis for each alternative in this AGA is presented in Tables 6-2 through 6-8. 
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7.0 RECOMMENDATIONS 

For each of the alternatives considered in this AGA, criterion evaluation scores were 
combined with the weighting faaors for each criterion. Table 7-1 provides the results of 
combining the weighting Mors (from Appendix C) with the individual scores for each 
alternative (from Section 5). Bascd upon a simple point scoring system, Alternative 2 (simply 
adding compliant monitoring to new taller stacks) is preferred. However, consideration of risk 
and uncertainty led to the selection of a different alternative. 

Additionally, in completing the process of generating alternatives and subsequently 
analyzing them within this AGA, the authors and contributors arrived at other conclusions and 
recommendations. Specifically, it is expected that cutain requirements be passed from this 
engineering study into the specifications for the DST system, and any subsequent projects that 
result. 

7.1 RECOMMENDED ALTERNATIVE 

Of the seven specific alternatives considered in this evaluation, four did not involve any 
direct addition of equipment to remove, or treat/control, non-radioactive (chemical) constituents. 
However, all four of the alternatives in this category would require the acceptance of a relatively 
high degree of risk that another C-1 06-type of event could o m  (refer to background discussion 
in Section 1.3.1). 

Based upon consideration of risk, Retrieval Engineering recommends a hybrid of 
alternatives two and five: 

dry adsorption beds for removal of volatile organic compounds, 
dry absorption beds for removal of ammonia, 
an improved continuous air monitor for radionuclides, 
a gas characterization and monitoring system for non-radionuclide emissions, and 
taller exhaust stacks than are presently in use (these should be as tall as is convenient to 

construct within the present tank farm system). 

7.2 OTHER RECOMMENDATIONS 

In addition to the recommendation of a preferred alternative (from the final list of seven) 
other conclusions were drawn during the process of evaluating these various options. 
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7.2.1 Need for Upgrading of Emiarions Monitoring (Radiological & Non-Radiological) 

Because the ANSI N13.1 Standard has recently been modified and is presently being 
negotiated into the associated constraining regulatory requirements, it is recommended that 
monitoring systems (equivalent to those that are presently being installed on the DCRTs under 
Project W-420) be installed on the primary ventilation exhaust points for the DSTs. 

7.2.2 Need for Additional Sampling and Characterization Data 

As is most directly evident from the data presented in Appendix B, a solidly defensible 
set of vapor phase charactemm * ’on data is needed. Many opportunities have presented 
themselves in the past, are presently available, and will be available in the fiture to “perform 
opportunistic sampling.” 

In order to take best advantage of sampling and analysis opportunities, it is recommended 
that an overall characterization strategy be developed. The strategy should incorporate input 
from a workgroup of knowledgeable personnel from the TWRS characterization, environmental, 
operations, and engineering support organizations. At a minimum, the strategy should provide 
direction and planning on the following: 

1. Data quality objectives should be identified for the characterization efforts. These 
objectives should include an assessment of what types and how many data would be 
needed to develop an acceptable level of certainty for environmental actions and 
decisions. 

2. Data compilation and reporting should be described. An approach should be developed 
for using the collected information to proceed with and defend decisions, and to interact 
with the regulatory agencies. 

3. Specific opportunities for sampling and analysis should be identified. Opportunity 
selection should be based on the data quality objectives, and other relevant criteria such 
as ease, timeliness, and cost of gathering the desired data. 

4. Selected sampling opportunities that meet appropriate integrated permitting and program 
schedules should be identified within the TWRS Characterization, Operations, and 
Environmental groups. 

5. Cost estimates and planning for budget requests to support characterization opportunities 
should be addressed. 

One of the specific points within the I8 chapters of the Nationally Recognized Conduct 
of Operations Manual is titled “Operational Aspects of Facility Chemistry and Technical 
Processes.” It is important to adhere to these standards, specifically in regards to sampling and 
characterization of Hanford’s tank f m  wastes (Gosselll999). 

Specific weas that could be addressed within the scope of sampling and analysis include: 

7.2.2.1 Sluicing and Subsequent Tranrfer of C-106 Solida to AY-102. During the first 
sluicing of sludge from tank 241-C-106 onNovember 18, 1998, an unexpectedly high 
concentration of VOCs was measured in the 296-C-006 ventilation stack. Five opportunistic 
samples were collected during the November 18, 1998 sluicing operation. On December 16, 
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1998 a process test sluicing operation was conducted whereby many more samples were 
obtained. Preliminary results from the December 16,1998 sample analyses are available in 
Bartley 1999. Further process testing with sampling of the vent stacks at C farm and 702-AZ as 
well as the headspace of tank AY-102 was conducted on March 7,1999 and March 28,1999, 
respectively. These data that have been obtained to date, and any similar data that can be 
obtained in the future should be considered so that events such as were experienced on 
November 18,1998 at the C tank h are minimized in the future. 

7.2.2.2 ALC Testing in AZ Tank Farm. In addition to the transfer of sluiced solids from tank 
C-106 into tank AY-102, other analogous opedons include the plans to force air down through 
the ALCs in AZ farm to 8ec ifthe “solids will move around.” When these ALCs are “tested” 
there is a potential for any trapped gases that may be present in the AZ farm tanks to be released 
and travel into the 70242 ventilation system. Therefore, the headsppaces of tanks AZ-101 and 
AZ-102 as well as the 702-AZ stack should be monitored and/or sampled for VOCs and 
ammonia in a fashion similar to that which was used during the C-106 sluicing operation.2 

7.2.2.3 Operation of Muer Pumps in Sludge and Salt Tanka. Several DSTs presently have 
mixer pumps installed in them, and several more are to be added to other tanks in the coming 
years. It is expected (based on reeults of o p t i o n  of currently-installed pumps) that when 
operated, these mixer pumps will result in “major waste disturbing activities” such that MY 
trapped gases will be released from the present solid-liquid matrices. These activities should be 
monitored and sampled as rigorously as the C-106 operations have been, so that we may 
demonstrate that we are maintaining the appropriate level of “conduct of operations” specifically 
regarding “facility chemistry and technical processes.” Any potential differences in waste typer 
(Le., salt slurries versus sludges) should be investigated to determine if there are distinguishing 
features for each. 

7.2.2.4 Other Tank-to-Tank Tranrfen. Transferring solids and liquids out of one DST into 
another will also ‘‘disturb’’ the waste such that gases may be released. In this case, both the 
sending and receiving DST headspace and/or ventilation stack could be monitored and/or 
sampled to establish the needed characterization information. 

7.2.2.5 Static T M ~ .  Tanks that contain undisturbed waste need not be monitored and/or 
sampled. For this AGA, the needs specifically address “major waste disturbing activities.” 

A vapor lsrnplinsaad ansly& plan vcmplcton 1999) bss ken aad is to k hplemeated duringtbc 
A L c ~ o p a a t i m c ( w h i c b a r t ~ d c l a y o d ) .  
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7.2.3 Ventilation plow Rate Capability 

There is a need to increase ventilation flow rate capability for individual tanks to 
maintain capture velocities during certain activities. This could increase the entire ventilation 
system flow capabilities in some instances. The assumption carried throughout this analysis is 
expected to be challenged to a greater extent as time goes on. Therefore, it is recommended here 
that one or more of the following actions be taken: 

1. Evaluate the structural integrity and design ratings of the individual tanks and pertinent 
buried piping to determine flow limitations. (That is, what increased flow capacity would be 
acceptable for the existing tanks and buried piping?) 

2. Investigate the possibilities of replacing some or all of the ductwork coming from the tanks 
to the exhaust systems. 

3. Consider increasing capability ofthe fans, filters, demisterq heaters, monitoring systems 
(commensurate with allowable limits of the buried piping and tanks) to the maximum 
allowed. It is important to note that this would provide maximum flexibility which would be 
uselid in accommodating fbture decisions. 

4. Increase the flexibility of 702-AZ. There are physical limitations to some of the existing 
primary ventilation systems (e&, 702-AZ can not presently support multiple simultaneous 
activities in the AY and AZ tanlc farms). Therefore, the 70242 ventilation system should be 
upgraded to allow for multiple in-tank operations. 

5. Monitor and control flow rates of exhausted gases from individual tanks. 
This would be for the purpose of very precise monitoring and control of and readjustment 
(rebalancing) flows as necessary. This could be accomplished by adding flow meters and 
control valves, respectively to the duct piping networks at the points where the piping has left 
the individual tanks, yet prior to where they converge into the common vent headers. In this 
scenario, given enough maneuverability in operational schedules, one could conceivably 
valve tank #I into the exhaust system on day 1 at a very high flow rate (e.g., 400 scfin) 
[perhaps to de-gas the waste] while maintaining the other tanks at a lower flow rate (e.g., 
100 scfm per tank). Then on day 2, tank #2 could be valved-in and the flow rate for tank 1 
moved back to 100 scfm. With this type of operating scheme, the approximate rate of 1000 
scfm could be maintained, while still allowing for needed flexibility. Appendix F provides 
M e r  discussion regarding this matter. 

7.2.4 Specific Design Rquirementr Recommendation 

new DST designs have included words such as; ". ..Stack effluent air monitors and air samplers 
shall be installed on the ventilation exhaust stack systems to detect and measure radioactive 
material releases to the atmosphere.. .Devices (such as HEPA filters) shall be installed in the 
primary ventilation system to provide for the adequate removal of solid radioactive particles 
prior to the release of the treated waste stream to the atmosphere.. .Each primary ventilation 

Traditional requirements that have been imposed upon primary ventilation systems for 
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system in conjunction with the annulus ventilation system and/or other systems shall be designed 
to remove the heat being generated in the tanks.. .” 

However, in bringing Alternative 5 forward as the recommended alternative in this study, 
provision is included for a new requirement to be imposed. This new requirement is: 

“...Devices shall be installed in the primary ventilation syetem such that potential non- 
radioactive chemicals shall be collected prior to releasing the afFected vapor phase stream to the 
atmosphere.. .The non-radioactive chemical removal requirements will be established during the 
course of definitive design.. .” 

7.2.5 Portable Exhaust Systems 

Because portable exhaust systems have been used in the tank farms as “backup systems” 
in the event that a primary system fails or otherwise cannot maintain the load, they too should be 
upgraded to the same level of detail at which the corresponding primary system is maintained. 
Specifically, it is recommended here that provisions be made for one of the following: 

1. Dry adsorptionlabsorption beds to be designed into the existing portables, 

2. Design of new portables (as all-in-one units with the added chemical-constituent-removal 
capability), 

3. Design of an “add-on to the add-on” such that the existing non-chemical-removing 
portables could be connected in-series to achieve the desired radiological and chemical 
removal efliciencics. 
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9.0 GLOSSARY 

Alternative - A set of options that covers all functions. 

Assumption - Interim guides imposed by the decision maker such as performance 
characteristics of a process or circumstances under which the outcome of the decision will be 
implemented. The aasumption is a credible non-validated requirement or architecture selection. 
Assumptions are used to reduce extremely complex situations to problems of manageable 
proportion. (Wilson 1999b, Zimmennan 1999) 

Constraint - An externally-imposed restriction or requirement. Constraints are beyond the 
control ofthe manager/decision maker. (Peck 1998, Wilson 19994 Wilson 1999b) 

Interacting Decisions - Prior decision outcomes upon which the current decision depends or 
subsequent/parallel decisions which will be constrained by the decision outcome. (Zimmerman 
1999) 

Option - A choice within a specific function. 

Requirement - Outlines the level to which products must perform in quantitative terms and 
defines the environment in which they must operate. The extent to which the mission or 
function must be executed. (Peck 1998, Wilson 1999% Wilson 1999b) 

Source Term -Mass, volume, andor rate data which define the material(s) to be transferred 
into a system. 
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APPENDIX A 

DESCRIPTIONS OF THE EXISTING PRIMARY VENTILATION SYSTEMS 
FOR THE DOUBLE-SHELL TANKS 

A.1 INTRODUCTION 

Various types of equipment are currently in operation ventilating the 28 DSTs within the 
six DST farms. The existing equipment primarily consists of centrifugal exhaust fans; filters; 
de-entrainers; heat exchangers; and radiation detection, monitoring, and alarm systems. This 
section describes this equipment as it is presently cofligured relative to the five primary exhaust 
units within the scope of this AGA. 

A.2 241-AN TANK FARM PRIMARY VENTILATION SYSTEM 

The DST ventilation exhaust system for 241-AN tank farm has two separate but 
interrelated parts: the primary and annulus. The purpose of the primary system is to cool the 
tank contents and to maintain the vacuum conditions required for safe containment of the 
primary tank waste. The annulus ventilation system assists in maintaining the vacuum by 
removing air from the DST annulus, however, it retains separate controls from the primary 
system. It also includes air distribution chambers to provide air cooling for the primary tank and 
a volume of air for the primary leak detection system. The constant flow of air through the 
annulus system is monitored to prevent any contaminants &om being released to the atmosphere. 

The primary ventilation system for the AN tank farm is the focus of this study, and is 
depicted graphically in a simplified flow diagram in Figure A-1 . 

In the primary ventilation system, outside air is drawn into the primary tank through an 
air inlet station connected to a 12-inch tank riser. The purpose of the air inlet stations is to 
provide paths by which air can enter the primary tanks and thus enhance tank airflow, to provide 
pressure control capability, and to provide a filtered pathway for air to exit each tank should tank 
pressure@) exceed atmospheric pressure. 

The primary components of each air inlet station include an air flow controller, a 
prefilter, a HEPA filter, and a 12-inch isolation butterfly valve. A vacuum breaker is connected 
in parallel with the flow controller to limit tank negative pressure in the event that flow control 
capability is lost. An alternate primary tank air inlet line containing an orifice plate and isolation 
valve is connected in parallel with each sir inlet station for use during air inlet station 
maintenance or in the event that the normal air path through the air inlet station becomes 
obstructed. 

Air is drawn out of the primary tank through a 12-inch diameter duct and into a below- 
grade exhaust header. Primary tank exhaust ducts have air volume control butterfly valves 
located in ventilation pits. After leaving the ventilation pits, exhaust ducts combine into one 
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15-inch diam- duct. The exhaust header terminates at the K-1 de-entrainer structure which 
provides radiation shielding for two de-entrainers. The de-entrainers (one in operation and the 
other on standby) separate entrained moisture and particulates from the air stream. 

The exhaust duct extends from the de-entrainer structure to the primary ventilation pad 
where the air can be directed through the K1-1 or K1-2 exhaust subsystems. Either subsystem 
can ventilate all seven primary tanks. The primary tanks' operating pressure may range from 
-0.5 to -3.5 inches WG (vacuum), at a maximum system flow rate of approximately 800 cfm. 
Only one system will operate at a time, while the other system is in standby mode. 

The K1-1 system consists of a filter housing assembly containing a heater, pre-filter, and 
two HEPA filters; and an exhaust fan which discharges into an exhaust stack. The K1-2 system 
is a version of the K1-1 system with the filter housing assembly stacked on top and an exhaust 
fan that discharges into a wmmon exhaust stack. 

The primary tank exhaust air stream enters the K1-1 or K1-2 system where it is heated 
and pre-filtered. Next, two HEPA filters mounted in series remove particulates as small as 
0.3 pn with at least 99.95% efficiency. Smaller particles can be trapped by the filter, but the 
filter is not rated for particles smaller than 0.3 pm. Two differential pressure indicators monitor 
the pressure drop across the HEPA filters. Low differential pressure indicates low airflow or a 
failed filter. High differential pressure indicates blockage caused by accumulated solids or 
possibly ice formation on the filters. 

After passing through the filters, the air is drawn through a K-1 fan and exhausted out of 
the K-1 stack. A CAM monitors effluent radioactivity levels and a record sampler collccts 
representative samples before the air is discharged to the atmosphere. Ifthe K-1 exhaust fan 
fails, the backup K-1 61-2) ventilation system fan starts automatically and the ventilation path 
is switched to the standby exhaust system. 

The 241-AN tank farm primary ventilation exhaust systems for DSTs AN-101, AN-103, 
AN-104, AN-105, AN-107 and the AN stack are capable of continuously monitoring for gases 
with the standard hydrogen monitoring system (SHMS). The SHMS consists of hydrogen- 
specific monitors and a grab sampler which allows vapor samples to be collected and transported 
to a laboratory for measurement of hydrogen and other gases. 

The headspace of tank 241-AN-105 has a gas characterization system (GCS) installed in 
addition to the SHMS. The GCS has a gas chromograph (GC) for hydrogen measurements, 
another GC for nitrous oxide and methane measurements, and a Fader transform infrared 
spectrometer for ammonia measurements. 
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A.3 241-AP TANK FARM PRIMARY VENTILATION SYSTEM 

The 241-AP DST farm ventilation exhaust system has two separate but interrelated parts: 
the primary and annulus. The purpose of the primary system is to cool the tank contents, and to 
maintain the vacuum conditions required for safe containment of the primary tank waste. The 
annulus ventilation system assists in maintaining the vacuum by removing air from the DST 
annulus, however, it retains separate controls from the primary system. It also includes air 
distribution chambers to provide air cooling for the primary tank and a volume of air for the 
primary leak detection system. The constant flow of air through the annulus system is monitored 
to prevent any contaminants from being released to the atmosphere. 

The primary ventilation system for the AP tanlc farm is the focus of this study, and is 
depicted graphically in a simplified flow diagram in Figure A-2. 

For the primary ventilation system, outside air is drawn into the primary tank via 
in-leakage through pit cover blocks, drains, and risers due to the vacuum created by the primary 
exhaust fans. Air is also introduced into the tank headspace through air purge instruments. Air is 
drawn out of the primary tank through a 12-inch diameter duct and into a below-grade exhaust 
header. Primary tank exhaust ducts have manually-operated air volume control butterfly valves 
located in one of two ventilation pits. M e r  leaving the ventilation pits, exhaust ducts combine 
into one 16-inch diameter duct. The exhaust header terminates at the primary ventilation pad. 
At the ventilation pad, the air can be directed through the K1-1 or K1-2 subsystems. Either 
subsystem can ventilate all eight primary tanks. Primary tank operating pressure may range from 
-0.5 to -3.5 inches WG (vacuum), at a maximum flow rate of approximately 1100 cfm. Only one 
system will operate at a time, while the other system is in standby mode. 

The K1-1 subsystem consists of a de-entrainer (moisture separator); a filter housing 
assembly containing a heater, prefilter, and two HEPA filters; and an exhaust fan which 
discharges into a IO-inch diameter primary exhaust stack. The K1-2 subsystem is a version of 
the K1-1 subsystem with the filter housing assembly stacked on top and a de-entrainer and 
exhaust fan that discharges into primary exhaust stack. 

Either de-entrainer may be used with either HEPA filtration system via a ventilation duct 
cross tie. The deentrainer vaults, filter housings and related ducting are enclosed within an 
eight-foot-high radiation-shielding wall on the central exhaust station pad. The system fans and 
primary ventilation exhaust stack are located outside the wall of the enclosed area. 

The primary tank exhaust air stream enters the K1-1 system where entrained moisture is 
separated, heated, and pre-filtered. Next, two HEPA filters mounted in series remove 
particulates as small as 0.3 pm with at least 99.95% efficiency. Smaller particles can be trapped 
by the filter, but the filter is not rated for particles smaller than 0.3 m. Two differential pressure 
indicators monitor the pressure drop across the HEPA filters. Low differential pressure indicates 
low aidow or a failed filter. High differential pressure indicates blockage caused by 
accumulated solids or possibly ice formation on the filters. 
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After passing through the filters, the air is drawn through a K-1 fan and exhausted out of 
the K-1 stack. A CAM monitors effluent radioactivity levels and a record sampler collects 
representative samples before the air is discharged to the atmosphere. Ifthe K-1 exhaust fan 
fails, the backup K-1 (Kl-2) ventilation system fan starts automatically. Under normal operating 
conditions, one of the K-1 de-entrainers is in operation and the adjacent de-entrainer is used as 
backup. 

There is no additional primary ventilation air stream monitoring equipment installed at 
this time. 

A.4 241-AW TANK FARM PRIMARY VENTILATION SYSTEM 

The 241-AW tank h directly supports the 242-A evaporator providing feed, receipt of 
slurry and emergency receipt of the evaporator re-boilex process loop emergency dump in 
addition to the storage, retrieval, transfer, and delivery of radioactive tank waste. 

The DST ventilation exhaust system for 241-AW tank farm has two separate but 
interrelated parts: the primary and annulus. The purpose of the primary system is to cool the 
tank contents, and to maintain the vacuum conditions required for safe containment of the 
primary tank waste. The annulus ventilation system assists in maintaining the vacuum by 
removing air from the DST annulus, however, it retains separate controls from the primary 
system. It also includes air distribution chambers to provide air cooling for the primary tank and 
a volume of air for the primary leak detection system. The constant flow of air through the 
annulus system is monitored to prevent any contaminants from being released to the atmosphere. 

The primary ventilation system for the AW tank h is the focus of this study, and is 
depicted graphically in a simplified flow diagram in Figure A-3. 

In the primary ventilation system, outside air is drawn into the primary tank (due to the 
vacuum created by the primary exhaust fan) through an air inlet station connected to a 12-inch 
tank riser. The air inla stations are intended to be the only paths by which air can enter the 
primary tanks. The purpose of the air inlet stations is to enhance tank airflow, provide pressure 
control capability, and to provide a filtered pathway for air to exit each tank should tank 
pressure(s) exceed atmospheric pressure. 

Primary components of each air inlet station include an air flow controller, a prefilter, a 
HEPA filter, and a 12-inch isolation butterfly valve. A vacuum breaker is mnnected in parallel 
with the flow controller to limit tank negative pressure in the event that the flow control 
capability is lost. An alternate primary tank air inlet line containing an orifice plate and isolation 
valve is C O M ~  in parallel with each air inlet station for use during air inlet station 
maintenance or in the event that the normal air path through the air inlet station becomes 
obstntcted. 
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Air is drawn out of the primary tank through a 12-inch diameter duct and into a below- 
grade exhaust header. Primary tank exhaust ducts have manually-operated air volume control 
butterfly valves located in one of two ventilation pits. After leaving the ventilation pits, exhaust 
ducts combine into one 12-inch diameter duct. The exhaust header terminates at the K-1 
de-entrainer structure which provides radiation shielding for two de-entrainers. The 
de-entrainers (one in operation and the other on standby) separate entrained moisture and 
particulates from the air stream. 

The exhaust duct extends from the de-entrainer structure to the primary ventilation pad 
where the air can be directed through the K1-5-1 or K1-5-2 exhaust subsystems. Either 
subsystem can ventilate all six primary tanks. The primary tanks' operating pressure may range 
fiom -0.5 to -3.5 inches WG (vacuum) at a rmUrimum system flow rate of approximately 
1000 cfm. Only one subsystem will operate at a time, while the other sub-system is in standby 
mode. 

The K1-5-1 system consists of a filter housing assembly containing a heater, prefilter, 
exhaust stack. The K1-5-2 and two HEPA filters; and an exhaust fan which discharges into 

system is a version of the K1-5-1 system with the filter housing assembly stacked on top and an 
exhaust fan that discharges into a common exhaust stack. 

The primary tank exhaust air stream enters the K1-5-1 or K1-5-2 system where it is 
heated and pre-filtered. Next, two HEPA filters mounted in series remove particulates as small 
as 0.3 pan with at least 99.95% efficiency. Smaller particles can be trapped by the filter, but the 
filter is not rated for particles smaller than 0.3 pan. Two differential pressure indicators monitor 
the pressure drop across the HEPA filters. Low differential pressure indicates low airflow or a 
failed filter. High differential pressure indicates blockage caused by accumulated solids or 
possibly ice formation on the filters. 

After passing through the filters, the air is drawn through a K-1 fan and exhausted out of 
the K-1 stack. A CAM monitors effluent radioactivity levels and a record sampler collects 
representative samples before the air is discharged to the atmosphere. If the K-1 exhaust fan 
fails, the backup K-1 (Kl-2) ventilation system fan starts automatically and the ventilation path 
is switched to the standby exhaust system. Under normal operating conditions, one of the K-1 
de-entrainers is in operation and the adjacent de-entrainer is used as backup. 

The 241-AW tank farm primary ventilation exhaust duct for DST AW-101 and the AW 
stack (between the de-entrainers and the filter housings) are capable of continuously monitoring 
for gases with the standard hydrogen monitoring system. The SHMS consists of hydrogen- 
specific monitors and a grab sampler allowing vapor samples to be collected and transported to a 
laboratory for measurement of hydrogen and other gases. 

The primary ventilation exhaust duct from tank 241-AW-101 has a GCS installed in 
addition to the SHMS. The G€S has a gas chromograph for hydrogen measurements, another 
GC for nitrous oxide and methane measurements, and a Fourier transform int?ared spectrometer 
for ammonia measurements. 
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A S  241-AY I AZ TANK FARM PRIMARY VENTILATION SYSTEM 

The ventilation system for 241-AY/AZ tank farms consists of two separate but 
interrelated ventilation exhaust systems: the primary and annulus systems. 

The primary ventilation system for the AY/AZ tank farms is the focus of this study, and 
is depicted graphically in a simplified flow diagram in Figure A-4. 

In 1997, the original 241-AY/AZ primary ventilation system was replaced by a new 
primary ventilation system under Project W-030, "Tank Farm Ventilation Upgrade". This new 
system is in operation at this time and consists of primary tank air intake stations, a primary tank 
recirculation ventilation cooling loop, and a primary ventilation treatmentlexhaust system. 

The primary ventilation system is provided with individually controlled air intake stations 
and a common ventilation exhaust for the four 241-AY and 2 4 1 4 2  tank farm primary tanks 
(241-AY-101,241-AY-102,241-AZ-101, and 241-AZ-102). The individual primary tank air 
intake station consists of a heater, prefilter, high-efficiency particulate air ("A) filter, and 
flow control valve. The risers, which are used to exhaust the tanks, are manifolded into a 
common duct, thereby providing a path for a combined air stream. The combined air 
stream is then cooled and filtered prior to being exhausted to the atmosphere through a 
stack. The air cleaning units are redundant to maintain primary tank pressures during 
anticipated maintenance or component failures. 

The primary tank ventilation system performs the following functions: 

1. Provides filtered inlet air to the primary tank for cooling and gas dilution of any flammable 

2. Maintains a pressure in the primary tanks of approximately -250 to -747 Pa (-1 to -3 inches 

3. Provides secondary coolinghndensing of the off-gas streams from the four primary tanks. 
4. Removes particulate, condensable vapors, and iodine gas from the radioactive exhaust air 

streams from the four primary tanks. 
5 .  Exhausts the off-gas air stream to the atmosphere through a primary exhaust stack. 
6. Monitors and samples exhaust emissions. 

gases. 

water gauge [WG]) during normal operation. 

The primary ventilation system is required to ventilate the primary tank vapor space. 
Pressure in the primary tanks will be maintained at approximately -250 to -747 Pa (-1 to 
-3 inches WG) to confine contamination within the primary tank, provide cooling of the tank 
contents and dilute any potentially flammable gases which might collect in the primary tank 
vapor space. Instrumentation is provided at each DST to monitor and control primary tank 
pressure. The negative pressure in the primary tank, as well as airflow into the tank is modulated 
with a control valve at the air intake stations. 

Each primary tank is provided with an intake station that contains an air cleaning unit 
provided with a heater (for excessive humidity and frost), a prefilter (which protects the HEPA 
from unnecessary particulate loading), and a HEPA filter as part of the intake air stations. The air 
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intake 
specification negative pressure (maximum allowable negative pressure is 6 inches WG). 

are provided with a vacuum relief valve to protect the primary tanks from out-of- 

A recirculation ventilation cooling system is provided for each primary tank to help 
reduce air emissions and remove generated heat. The ventilation cooling equipment is located in 
concrete vaults and includes a condenser, moisture separator and recirculation fan. The vaults 
are reinforced concrete structures with equipment access from the top and personnel access 
through a door. 

The recirculation ventilation cooling system draws approximately 47 to 236 Us (100 to 
500 cfm) of air fkom the primary tank with the recirculation fan and returns fkom 0 to 189 Us 
(0 to 400 cfm) - depending on the tank heat load -to the primary tank. The remaining 
primary tank exhaust air stream from 47 to 236 Us (100 to 500 cfm), is exhausted through the 
primary tank ventilation system and eventually to the atmosphere. The inlet to the recirculation 
fan is provided with a moisture separator that removes entrained moisture from the air stream to 
protect the fan from erosion. At a maximum ventilation flow rate of 236 Us (500 cfm) through 
the shell side ofthe recirculation condensers, the maximum heat removal for DSTs 241-AY-101, 
AY-102, and AZ-102 is approximately 878,000 Btu/hr each, at a primary tank exhaust air stream 
temperature of 89 "C (192 T )  in the primary recirculation loop. For the DST AZ-101 condenser, 
AZlOl-K4-8-1, heat removal is approximately 1.5 million (M) Btu/hr at a primary tank exhaust 
air stream temperature of 97 "C (206 T). For all four DSTs, the heat is rejected to the 
atmosphere via the recirculation condenser cooling system. 

The recirculation condenser cooling system consists of an evaporative fluid cooler, two 
circulation pumps, an expansion tank, an air separator, and instruments for monitoring the 
closed-loop cooling system. The cooling medium used is a 40.h by volume propylene glycol 
mixture that is circulated between the evaporative fluid cooler and the recirculation condenser. 

When the primary tank exhaust air stream temperature is sufficiently low that condenser 
cooling ceases, the recirculation ventilation cooling system is placed in a bypass mode. 

When the mixer pumps are operating, valves in the ventilation system are aligned for 
high-heat mode, and airflow out of the primary tank is increased from 47 Us (100 cfm) to a 
maximum of 236 Us (500 cfm). 

The four primary tanks' (AY-101, AY-102, AZ-101. and AZ-102) exhaust air streams, 
drawn off each tanks' recirculation ventilation cooling system, are combined and then routed 
through condenser AK-Kl-81 where the air stream is cooled to 4 OC (40 "F). To eliminate any 
water droplet carryover from the condenser to the filters, the air stream then flows through a 
high-efficiency mist eliminator (HEME). Upon exiting the HEME, the gas stream is heated by 
electric heaters to decrease the relative humidity of the air stream. Heating the air will protect 
the HEPA filters and charcoal adsorber downstream from the effects of high-humidity exhaust 
air (wetting &om condensation and possible blow-out of the filters). 

A-7 



HNF-4245 
Rev. 0 

The 702-AZ air cleaning unit includes a heater, HEPA filters, and charcoal adsorbera 
(HEiGA filters). The operating heater, either AZ-Kl-2-1A or AZ-K1-2-1B, is determined by 
which air cleaning unit is in operation. Normally, one unit will be in operation while the second 
unit is in standby. Each air-cleaning unit consists of two HEPA filter banks and a charcoal 
adsorber bank. Instrumentation is provided to monitor the pressure differential across each filter 
bank and the downstream air temperature of each bank. The operating unit will shut down and 
switch over to the standby unit upon high differential pressure across any filter bank of the air 
cleaning unit, upon heater hilure, or when the heater high temperature set point is tripped. 

The exhaust air stream, after passing through one of the two filter banks and the charcoal 
adsorber, is exhausted by one of two exhaust fans up the exhaust stack to the atmosphere. One 
fan is in standby while the operating fan maintains a vacuum in the four primary tank vapor 
spaces. Instrumentation is provided for each fan to monitor speed and the position of the inlet 
damper, outlet damper, and back draft damper. Controls are provided to operate the fan while 
providing status via monitoring the electrical current drawn by the fan motor. 

The exhaust stack is external to the ventilation building and extends 16.8 meters (55 feet) 
above grade. The stack provides the point-of-air-discharge for the primary tank ventilation 
system. The primary tank exhaust air stream is sampled for particulate and iodine, and is 
monitored for beta/gamma radioactivity at the exit duct prior to discharge via the stack. The 
flow rate of the exhausted air stream is also monitored. 

The 241-AY/AZ tank farm primary ventilation exhaust system for DSTs AY-102, 
AZ-101, and AZ-102 is equipped with instrumentation that has the capability to continuously 
monitor for gases via the SHMS, which consists of hydrogen-specific monitors and a grab 
sampler allowing vapor samples to be collected and transported to a laboratory for measurement 
of hydrogen and other gases. 

A.6 241-SY TANK FARM PRIMARY VENTILATION SYSTEM 

The 241-SY tank farm is the only DST farm located in the 200 West Area, and it consists 
of three tanks. These DSTs have received wastes from various facilities in the 200 East and 200 
West Areas. DST 241-SY-101 was used as a double-shell slurry-holding tank to support 2424 
Evaporator operations. Recently, because of flammable gas concerns in 241-SY-101, a mixer 
pump and monitoring and control systems have been added. Tank 241-SY-102 receives waste 
generated by 200 West Area SSTs and other 200 West Area fncilities (e.g., T-Plant and 2224 
Laboratory). 241-SY-102 has also served as the feed tank for the 2424 Evaporator and as a 
cross-site tie for transfers between the 200 East and 200 West Areas. DST 241-SY-103 was used 
to store high strontium concentrated liquor. 

The 241-SY DST farm has two separate but interrelated ventilation exhaust systems: the 
primary and annulus. The purpose of the primary ventilation system is to maintain a vacuum in 
the primary tank headspace to contain airborne waste contaminants, to cool the primary tank 
waste and to remove flammable gases from the primary tank headspace. The annulus ventilation 
system provides a secondary confinement in which a vacuum can be maintained and controlled 
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separately fiom the primary system. The annulus ventilation system draws outside air through 
the secondary tank. It also includes air distribution chambers in the annular space to provide air 
cooling for the primary tank and a volume of air for the primary leak detection system. The 
constant flow of air through the annulus system is monitored for contaminated waste leaks from 
the primary tank which may evaporate and become airborne. 

The primary ventilation system for the SY tank farm is the focus of this study, and is 
depicted graphically in a simplified flow diagram in Figure A-5. 

In the primary ventilation system, outside air is drawn into the primary tank through air 
inlet stations, pit cover blocks, and r i m  due to the vacuum crated in the primary tank by the 
primary exhaust fan (blowers). Air is drawn out of the primary tank through a 12-inch diameter 
duct and into an abovegrade exhaust header. Primary tank exhaust ducts have manually- 
operated air volume control butterfly valves located in the nbove-grade header. The exhaust 
header terminates at the primary K1-4-1 treatment exhauster train located on the primary 
ventilation pad on the south end of the tank farm. 

At the primary ventilation pad, air flows through the K1-4-1 exhaust system which 
ventilates all three DSTs. The primary tanks' operating pressure may range from less than 0.0 to 
-4.0 inches WG (vacuum), at a maximum flow rate of approximately 700 cfm (minimum flow 
400 din). 

The K1-4-1 system consists of a filter housing assembly containing a deentrainer pad, 
heater, pre-filter, and two HEPA filters; and an exhaust fan which discharges into an exhaust 
stack. 

The primary tank exhaust air stream enters the K 1 4 1  system where it is heated and pre- 
filtered. Next, two HEPA filters mounted in series remove particulates as small as 0.3 p n ~  with 
at least 99.95% efficiency. Smaller particles can be trapped by the filter, but the filter is not 
rated for particles smaller than 0.3 pm. 

After passing through the filters, the air is drawn through a K1-4-1 fan and exhausted out 
of the stack. A CAM monitors effluent radioactivity levels and a record sampler collects 
representative samples before the air is discharged to the atmosphere. Unlike other DST primary 
ventilation systems, there is not a redundant parallel treatment train available for backup 
operation. A portable trailer-mounted treatment train, identified as the P-28 backup exhauster, is 
provided as a backup unit when the K-1 system is down for maintenance or repair. 

The 241-SY tank farm primary exhaust system for DSTs SY-101, SY-102, SY-103 and 
the SY stack are equipped with standard hydrogen monitoring systems which have the capability 
to continuously monitor the air for gases. The SHMS consists of hydrogen-specific monitors and 
a grab sampler allowing vapor samples to be collected and transported to a laboratory for 
measurement of hydrogen and other gases. 

tank SY-101. (Tank SY-101 has a GCS with three sample points fiom one tank riser, and 
Gas c h a r e o n  systems have been installed on the primary ventilation stack and 
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another GCS with a single sample point from the primary ventilation header.) The GCS’s have a 
gas chromograph for hydrogen measurements, another GC for nitrous oxide and methane 
measurements, and a Fourier transform infrared spectrometer for ammonia measurements. 

The primary tank ventilation system has been modified fiom the original design with the 
addition of a new treatment train, VTP-EF-3 102, located on a separate concrete equipment pad 
east of the K-2 and K 1 4 l  treatment trains equipment pad. The VTP-EF-3102 has not been 
made operational, although it has been physically installed and it is anticipated that it will be 
running in 1999. The K1-4-1 treatment train will m e  as a backup, and the portable exhauster, 
P-28, will be removed when the VTP-EF-3 102 exhaust train becomes operational. 

The VTP-EF-3 102 exhauster system contains a moisture separator, an electric heater, 
a pre-filter, two HEPA filters, a fan and an exhaust stack. A CAM monitors effluent 
radioactivity levels and a record sampler is installed on the stack. 
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Figure A-1. AN Farm Primary Ventilation System. 
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Figure A-2. Ap Farm Primary Ventilation System. 
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Figure A-3. AW Farm Prhuy  Ventilation System. 
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SY 
Figure A-5. SY Farm Primary Ventilation System 
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Chemical Compound mg/min mg/m3 

Sodium salt of EDTA 6.79 EO1 2.20 E02  

APPENDIX B 

PPQ 
Particulate 

COMPARISONS OF VARIOUS GAS COMPOSITIONS 
FOR PRIMARY VENTILATION SYSTEMS 

Sodium oxalate 
Sodium formate 
Ammonia 

In this study, a basis for compositions of the gases to be treated in the primary ventilation 
system needed to be established in order to evaluate each of the alternatives generated. In 
Projects W-320, W-030, and W-236A gas compositions are established based on available 
literature and engineering judgements. The gas compositions established in these projects were 
for purposes of 

miss Purpose of Gas Data 
W-320 emission permit application 
W-030 emission permit application 
W-236A design basis 

The sluicing operation of tank 106-C is of added value as it yielded actual gas samples. 
These project and operating data are usefir1 in developing a basis for the current AGA study. 

4.86 E+OO 1.57 EO1 Particulate 
4.97 E+OO 1.61 EO1 Particulate 

211.11 E+02 6.84 E+OO 9 

B-1. GAS COMPOSITION USED IN PROJECT W-320 

The gas compositions used in Project W-320 are presented here for comparison. To limit 
the discussion, only the organic gas constituents and ammonia are presented. These data for 
Project W-320 are shown in Table B-1. 

I SodiumsaltofHEDTA I 5.34E01 I 1.73E-02 I Particulate I 
I Sodium citrate I 3.48E+OO I 1.13E-01 I Particulate I 

The above data are obtained fiom H-2-818478, Environmental, T i  2414-106 
Ventikzfion M m  Balance. The gas flow rate used in the calculation is 1090 scfm. 
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The following note is copied from H-2-818478: 

“Specific contaminant concentrations and total aerosol density in the tank ventilation 
off-gas are presented in Attachment 3 of PROJECT W-320 REVISED HEADSPACE 
CHARACTERIZATION (Internal Memo 71320-94-055), Dec. 6, 1994 of PROJECT 

DEFINITIVE DESIGN, ADDENDUM 7. Following modifications of the reported 
characterization are made (also see DSIs from Li to Bradshaw on June 19, 1995): 

93L-EWW-320, TANK 2414-106 SLUICING, LETTER OF INSTRUCTION, 

a. --- 
b. --- 
c. ____ 
d. Ammonia with a concentration of 9 ppm, is added. 
e. Organic compounds, sodium salts of EDTA, HEDTA, citric acid, oxalic acid and 

formic acid are added.” 

In the W-320 Emission Permit Application, only aerosols of five sodium salts of organic 
compounds were considered. Volatile organic compounds (VOC) either were assumed to be not 
existent or were completely ignored. 

B.2 GAS COMPOSITION USED IN PROJECT W-030 

In a prepared material balance sheet for Project W-030, concentrations of organic 
compounds and ammonia are listed. These concentration data, which were developed to support 
the construction of the new 70242 system that ww recently activated, are presented in Table 
B-2. 

Data in Table B-2 are obtained from Project W-030, “Standard Operations in Every AY 
and AZ Tank Off-Gas Cooling from Primary & Secondary Condensers.” The specific 
concentrations are given in Appendix A of document WHC-SD-W030-RD-001 (Keller 1997). 
The flow rate for the above calculation is 800 scfm. 

Table B-2 shows that the gas stream to be treated by the W-030 ventilation system was 
expected to Consist of approximately 1.49 E+OO ppm, of VOC and 1.08 EM2 ppmv of ammonia. 
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Table B-2. Gas Composition Used by Project W-030. 
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Acetone 3.75 EM3 58.08 

B.3 GAS COMPOSITIONS USED IN PROJECT W-236A 

Data in this section are obtained &om Project W-2364 “Multi-Function Waste Tank 
Facility Operations, Best Available Control Technology for Toxic Demonstration.” This BACT 
was submitted to Westinghouse W o r d  Company, under Purchase Order No. UTK-SW- 
296951, TaskNo. 16, Prepared By CH2MHILL/IT CORPORATION. January 1994. 

The “200 East MWTF Uncontrolled Hazardous Air Pollutant Emissions” are reported in 
Table 4-2 of the W-236A BACT. These data are reprinted here in Table B-3. 

8.82 EM1 

Table B-3. Gas Compositions Used by Project W-236A for 200 East Area Tanks. 

~ 

2-Hexanone (MBK) 

ExpectedAnnual Expected 
Emission (lb/vr) Expected Air Pollutant I 

1.51 EM2 100.16 2.06 E+OO 
4-Methvl-2-~entanone MIBK) I 1.06E+04 100.16 

Benzene I 3.69Ei-00 I 78.11 I 6.45 E 0 2  

1.45 EM2 

~ 

1 -Butanol 

~ o n n a l  ~araffid~ydrocarbons 
0 
Total VOC 
Ammonia 

I 1.03EM5 I 74.12 I 1.90 EM3 

5.83 EM6 170.03 4.68 E+O4 

4.93 E+O4 
3.50 EM3 17.00 2.81 E+02 

Carbon Tetrachloride I 2.81E02 I 154 I 2.49 E-04 

The “200 West MWTF Uncontrolled Hazardous Air Pollutant Emissions” are reported in 
Table 4-3 of the W-236A BACT. These data are reprinted here in Table B-4. 

B-5 



HNF-4245 
Rev. 0 

~ 

Expected Annual 
Emission (Ib/yr) Expected Air Pollutant 

Table B 4  Gas COmDositions Used bv Proiect W-236A for 200 West Area Tanks. 
Molecular Expected 

Weight Concentration, ppm, 

Acetone 2.81 EM3 58.08 6.61 EM1 

Benzene 4.00 E+OO 78.11 7.00 E 0 2  
l-BUtanOl 7.70 E+O4 74.12 1.42 E+03 

Ammonia I 2.08E+03 I 17.00 I 1.67 E+02 

Carbon Tetrachloride 2.81 E02 I 154 

The gas flow rate for the above calculations is 500 scfm per tank. The Uncontrolled 
Hazardous Air Pollutant Emissions data were interpreted as equivalent to the tank headspace gas 
concentrations to be treated by the ventilation system. Therefore, ranges of VOC and ammonia 
used for W-236A Multi-Function Waste Tank Facility Operations are from 3.69 E+O4 to 
4.93 E+O4 and 1.67E+02to 2.81 E+02 ppm,, respectively. 

2.49 E44 

B.4 GAS COMPOSITIONS FROM A SINGLE SAMPLE OBTAINED DURING C-106 
SLUICING OPERATION 

During the 2414-106 sluicing operation, gae samples were obtained and subsequently 
analyzed by PNNL. Table B-5 presents the data from the report titled "Sample VP006- 
006.C226, C-106 Sluicing Test 12/16/1998, Sample Collected in Summa Canister 2.5 Hours 
After Stmt of Sluicing, PAW G C M  Ambsis by Cryconcenr?ation, Tentafively Identified 
Compounak (TIC$." 

2-Hexanone (MBK) 

B-6 

7.95 E+02 I 100.16 1.08 E+OO 
4-Methyl-2-pentanone W K )  I 4.37 E+O6 I 100.16 3.51 E+O4 
Normal Paraffin Hydrocarbons 

Total VOC 
0 5.83 E+O6 170.03 4.68 E+O4 

3.69 E+04 
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Tentatively Identified Compound (TIC) 

Propene 
Propane 
Methyl nitrite 

1-Propene, 2-Methyl- 

PPbv 
477 
29 1 

30 
589 

I 1-Butene I 42 I 

Silanol, trimethyl- 
Pentane, 2-methyl- 
Butanal 
1-Hexene 
2-Hexene 

I 1-Butene, 2-methyl I 49 I 

25 
40 
46 

464 
50 

I ~pentene, (E)- I 49 I 

1,4-Pentadiene, 3-methyl- 
2-Hexene 
1-Pentene, 2-methyl 
Cyclopentane, methyl- 
1-Butyne, 3-methyl- 

3-Hexene, 2-methyl-, (E) 

I 1-Pentene. 4-Methyl- I 20 I 

12 

31 
19 
9 
90 

69 

2-Heptenet (E)- 

Cyclopentane, ethyl- 
2-Butenal, 2-ethenyl- 

6423 

116 
2409 

I Butanenitrile, 2-methylene I 276 I 
I 3-Heptene I 261 I 
I 1-Heptene I 1412 I 

I 2-Heptene I 8809 I 
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Tentatively Identified Compound (TIC) 
Table B-5. Gas Compositions of Sample from C-106 Sluicing. 

Heptane, 3-methyl- 422 

I cyclopentane, 1,2-dimethyl-, cis- 

HeXanal 

I Unknown C8 AlkendCycloalkane (mw 112) 

9 

I 21 I 

4-Heptenal, (Z)- 

3-Heptene, 3-methyl- 
2-0ctene, Q- 

2-Heptene, 3-methyl 
2-Octene 
3-Hexanone, S-methyl- 
Unknown hydrocarbon 
Unknown hydrocarbon 
Furan, tetrahydro-2,2,5,5-tetramethyl- 

I 2-Hexanone 

33 
112 
48 
92 
47 
24 
9 

10 

33 

I 93 I 

2-Heptan01, (S)- 
Cyclopropane, 1-methyl-2-pentyl- 

I 96 I 

30 
47 

unknown Alkene/cycloallcane 
1,2-Diethyl- 1 ,4-epoxybutane 
Unknown hydrocarbon 
Unknown C (AlkendCycloalkane [mw 1261) 

I Heptane, 3-methylene- I 476 I 

369 
278 
3 10 

65 

1 3-Heptanone I 1216 1 
I 2-Hatanone I 406 I 
I Ethanol, 2-butow- I 109 I 

I Hexanenitrile, 3-methyl- I 24 1 
I Unknown Alkendcycloallcane I 10 I 
I 1. 3-Diethyl-1.4-epoxvbutane I 238 I 
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4-octanone 
2-Hexed, 2-ethyl- 
Unknown hydrocarbon 
3-Octanone 
2-Octanone 
1-Hexene, 3,3,5-trimethyl- 
Unknown AlkendCycloalkane 

Table B-5. Gas Compositions of Sample &om C-106 Sluicing. 

40 
9 

12 
9 

32 
30 
10 

I Tentatively Identified Compound (TIC) I ppbv I 

Unknown hydrocarbon 

I Hatanenitrile I 74 I 

9 

Unknown hydrocarbon 200 

Cyclohexane, 1-methyl-3-propyl- 
I Unknown C9 AlkedCycloalkane (mw 126) I 32 I 

27 
l-He~an01,2-ethyI- 

I Decane, 4-meth~l- I 63 I 
121 

Cyclohexane, (2-methylpropy1)- 

I octanenitrile I 21 I 

50 

I Decane. 5-methyl- I 15 I 

Unknown C9 AlkendCycloalkane (mw 126) 

I unknown Alkane I 14 I 

20 

I unknown Alkane I 11 I 
1 -Ethyl-2,2,6-trimethylcyclohexane 
Unknown C11 AlkedCycloalkane (mw 154) 

Unknown C11 AlkendCycloalkane (mw 154) 
Naphthalene, decahydro-,trans- 

Unknown hydrocarbon 

15 

11 
31 
11 
26 

Unknown C11 AlkendCycloalkane (mw 154) 

I Unknown C 1 1 AlkendCycloalkane (mw 154) I 18 I 
23 

I Unknown Cycloalkene I 13 I 
I Unknown C12 Alkane (mw 170) I 10 I 
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Tentativelv Identified ComDound (TIC) Dub, 

Cyclohexane, pentyl 

I Naphthalene, decahydro-2-methyl I 29 I 
13 

I unciecane, 4-methy1- I 5 1  

Naphthalene, decahydro-1,S-dimethyl- 
Naphthalene, decahydro-2,6-dimethyl- 
Undecane, 2.6-dimethyl- 

I Decane, 2,g-dimethyl- I 12 I 

7 
6 

43 

I Undecane, 3-methyl- I 5 1  

Unknown Alkyl Decahydronaphthalene 
Cyclohexane, 2-butyl-l,1,3-trimethyl- 
Cyclohexane, (4-methylpenty1)- 
Tricane. 7-methvl- 

8 
10 
13 
30 

C-106 Sluicing (sample) 

- I 

Sum of fdl TIC ComDoundr Not) I 36072 

36 N/A 

In Table B-5, the total VOC is 36072 pph (or 36 ppmv) with no ammonia identified. 

B.5 EVALUATION OF DATA 

Table B-6 summarizes the various data presented. 

Table B-6. Summary of Gas Concentrations. 
I 

I W-320 I 0 I 9 I 
I W-030 I 1.49 1 108 I 
I W-2364 200East I 49300 I 281 I 
I W-236A 200 West I 36900 I 167 I 
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From Table B-6 it is  noted that with the exception of tank C-106 sluicing data, all data 
are believed to be obtained from literature or suggested based on engineering judgement, and are 
therefore somewhat artificial. However, the C-106 data are results of actual field samples. In 
the case of G106 sluicing operations, the headspace gas from tank C-106 first passes through a 
chilled water condenser, then through the rest of the ventilation system (HEME, HEMF, and 
HEPAS). At the condenser, some low-boiling VOCs may be condensed and removed from the 
gas system prior to passing through the HEME. However, the VOC concentration difference 
between the W-236A data and (2-106 sluicing data is approximately three orders of magnitude, 
which is a very large discrepancy that has yet to be explained. A possibility includes an 
indication that the removal efficiency of the condenser is as high as 99.Wh. Another possibility 
includes the use of such a high concmtrab 'on of VOCs in W-236A for an increased safety 
margin. Note that it is very common during the development of project design Criteria to use 
numbers as high as possible to cover as many uncertainties as possible. 

The characteristics of the solid and liquid in-tank waste d e s  from tank to tank, as do 
compositions of headspace gas to be treated in the ventilation systems. For detailed designs of 
gas treatment systems, the actual gas composition from individual tanks should be used if 
possible, or should at least be based on the worst-case scenario (the bounding case). 
Compositions of gases to be treated are related to the equipment design and operating conditions, 
and will directly affect the choice of alternative. 

In this AGA study, VOC concentrations of 40 to 60 ppm, were used as bounding because 
of the C-106 data in Table B-5. Ammonia concentrations of 35 to 70 ppm, were used as 
bounding for all alternatives generated based on verbally-communicated C-106 data (Le., not yet 
documented). For detailed design in the future, real gas compositions obtained from laboratory 
analyses of samples from the tank headspace are prefmed. 

AS this report was being completed, actual tank data regarding speciation of the total 
organic carbon (TOC) for tank C-106 became available (Stauf€er & Stock 1999). For 
comparison purposes, the TOC data for a selection of the DSTs is presented in Table B-7 along 
with datum for tank G106. A significant number of DSTs are reported to contain a greater 
inventory of TOC than tank C-106; whether these data are pertinent will not be known until 
further speciation beyond the bulk inventoly (Le., determination of how much of the TOC is 
volatile and/or semi-volatile). 
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Table B-7. 

4,080 

BBI Estimates for TOC 

LMHC 1999, 
Tank Charaderization Database, 

Internet query September 23, 1999 a! 
http://twins.pnl.gov:8Wl /TCD/ main. html 

Before Sluicing 
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APPENDIX C 

DECISION CRITERIA DEVEWPMENT 

C.1 INTRODUCTION 

The fundamental objectives from Table 4-1 are listed in Table C-1. Also listed in Table 
C-1 are the cmresponding determinations and bases for selection of the appropriate objectives to 
apply to this AGA. From Table C-1, Retrieval Engineering personnel found 14 total criteria to 
be appropriate for use in evaluating alternatives in this AGA. 

Table C-2 presents the criteria for the associated major objectives (carried forward from 
Table (2-1). The corresponding rankings and weighting factors determined by Retrieval 
Engineering to be applicable to this AGA for each criterion are also presented in Table C-2. 

Using values from one to ten, each of the criteria was pair-wise compared by Retrieval 
Engineering personnel, starting with the highest-ranked criterion (Criterion 1 in Table C-2) and 
moving to the lowest-ranked criterion (Criterion 14 in Table C-2). In the comparison, criteria are 
compared one at a time to determine their relative importance (e.g., How much more important is 
the criterion ranked as 1 in Table C-2 than the criterion ranked as 21). The results of the pair- 
wise comparison were normalized to provide the associated criterion weighting factors that are 
also provided in Table C-2.' 

The decision criteria applicable to each of the entries in Table C-1 that were deemed 
applicable to this AGA are provided in Figures C-1 through C-14. These criteria are then passed 
back to the document for use in evaluating the alternatives from Section 3 (see Section 5). 
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Table C-2. Major Criteria, Associated Rank, and Weighting Factors. 
I 

4.1.1 Initial Delivery of Feed on Schedule 10 20 
4.1.2 Routine Delivery ofFeed on Schedule 10 20 

Rank I Number Criteria I 

3 

Criteria Title 

2.1 I DOE ~egulatory Compliance 6 12 

I Comparison I Weighting I 
Results Factor 

7 3.2 I m t i O M  cost 3 6 

8 1.2.2.2 I Accidental Chemical Release to Worker 2 

4 I 1.2.2.1 I Chronic Chemical Release to Worker I 3 I 6 1  

4 

5 I 2.2 I W A E ~ ~ I ~ ~ ~ / E P A  I 3 I 6 1  

11 

6 I 3.1 I Design and Construction Cost I 3 I 6 1  

1.2.3 I Worker Industrial Safety 2 4 
12 2.3 I WA Health I EPA 1 

9 I 1.3.3.2 I Accidental Release to Atmosphere I 2 I 4 1  

2 

10 I 1.1.2.2 I AccidentalChemicalReleasetoPublic I 2 I 4 1  

Total 49 100 

13 1 1.3.3.1 I ChronicReleasetoAtmosDhere I 1 I 3 I 
14 I 1.1.2.1 I Public Chemical ChronicEmosure I 1 I 3 I 
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Figure C- 1. 
_ _ _ _ _ _ ~  

Dbjective: Accidental Chemical Release to Public 

Criterion: l.l@)(ii) - 1.1.22 
(Excellent) Little or no potential for accidental releases that would likely exceed 
bidelines.for the public. 

(Good) Potential for accidental releases exceeding guidelines for the public is within 
the level considered accep table. 

_____ 

Poor) 

(Very poor) High potential for accidental releases that would likely exceed 
guidelines for the public. 
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Criterion: l.l@)(i) - 1.1.21 

10 I (Excellent) No potential for chronic chemical releases to the public anticipated. 

Figure C-2. 

I Obiective: Public Chemical Chronic EXDOSUW I 

9 

X I  

I 61 
I - I (Good) Chronic chemical releases to the public are anticipated to be controlled well I I 

3 '  I below pennit levels. 
I 4 1  I 

I 2.5 I (Poor) I 
2 
, I (Very poor) Uncontrolled long-term chronic chemical releases to the public 
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(Good) Chronic chemical exposures to workexs are anticipated to be controlled well 
. below OSHA requirements. 

4 

Figure (2-3. 

I Objective: Chronic Worker Chemical ESDOEII~G i 
I Criterion: 1 .2f i~i1-  1.2.21 i 

10 I (Excellent) No potential chemical exposure above OSHA requirements. 1 
I 9 1  

8 1  

I 61 

I 31 1 
I 2.5 I (Poor) 1 

2 
(Very poor) Uncontrolled exposures in excess of OSHA requirements are 
anticipated. 
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Firmre C-4. 

I Objective: Accidental Cbemical Relwe to Worker I 
I Criterion: 13(bMii) - 1.2.22 . ,. ~ 

(Excellent) Little or no potential for accidental releases that would likely exceed 
lo I limits for workers. 
9 

8 1  

I 7.5 I New aood) 
7 
61 

I 

I (Good) Potential for accidental releases exceeding limits for workers is within the 
level considered acceptable. 2 

4 

3 

2.5 I (Poor) 
2 

1 (Very poor) High potential for accidental releases that would likely exceed limits for 
workers. 
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Figure C-5. 

Dbjective: Worker Industrial Safely 

Criterion: l.2(c) - 1.2.3 . 
(Excellent) Reduced risk of injury or death over current practices. 

(Good) Expected risk of injury and death similar to present. 

(Poor) 

(Very poor) High risk of industrial accidents leading to death or serious injury due to 
fiequent high risk activities. 
'considerations to arrive at an estimate for an alternative: 

1. Amount of added PPE required. 
2. Tripping/ falling potential. 

3. Frehazards. 
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Figure C-6. 

(Good) Potential releases of chemicals to the atmosphere that can be mitigated. 

~~ 

Objective: Accidental Release to Atmosphere 

3 

2.5 

Criterion: 1.3(c)(u) - 1.3.3.2 

(Poor) 

1 10 I (Excellent) No expected releases of chemicals to the atmosphere. I 
I 91 

4 

I 21 
I 

(Very poor) Potential releases of chemicals to the atmosphere that cannot be 
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Figure (2-7. 

(Excellent) No expected releases of chemicals to the atmosphere. 

5 

I 8 1  

(Good) Potential releases of chemicals to the atmosphere that can be mitigated. 
I 61 

3 

21 
(Very poor) Potential releases of chemicals to the atmosphere that cannot be 

1 I mitigated. 
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Figure C-8. 

(Very good) Minimal modifications must be approved and minimal increase in risk 
to any individual, worker, or public. 

(Good) Modifications requiring regulatory approval; likely that regulatory approval 
will be forthcoming. 

(Poor) Extensive modifications to the authorization basis or significant increase in 
risk to any individual (worker or public) must be approved. 

(Very poor) Little or no chance of regulatory approval. 

Objective: DOE Regulatory ComDlirnce 
Criterion: 2.1 

~~ ~~ 

10 I (Excellent) NO modifications requiring regulatory approval. 
91 
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Figure C-9. 

Objective: 

Criterion: 2.3 

State of WA Department of Health & EPA Regulations 

(Excellent) No pennits, approvals or facility changes needed to achieve and 
demonstrate compliance. 
Only administrative changes (e.g., notifications, records, reports) are required to 
achieve and demonstrate regulatory compliance. 
Prior agency review and concurrence is required (informal administrative approval) 
before the alternative can be klly implemented, but design and procurement of the 
alternative can proceed "at-rid? pending final agency concurrence. 
(Very good) 
Process andor procedural changes are required to achieve and demonstrate 
regulatory compliance, but no physical modifications or reengineering of the facility 
are needed. 
Prior agency review and concurrence regarding an administrative position (e.g., 
regulatory intapretation, adequacy of corrective actions) is required prior to 
implementing the alternative. 
(Good) Physid changes to andor reengineering of facility installations arc 
required to achieve and demonstrate regulatory compliance. 
A permit-by-rule or other minor permit modification is required, but there is a 
presumption that the alternative is considered to be approved unless indicated 
otherwise by the agency; or, a new registration, license, or other application must be 
filed with the agency to qualify the alternative to proceed with implementation (the 
action could be rejected if the filing is deficient, but very unlikely). 
A permit modification must be submitted and approval is required prior to 
implementing the alternative: modification of an existing Notice of Construction 
POC). (Note: ANotke of Construction applies to airborne release.) 

A new permit must be submitted and approval is required prior to implementing the 
alternative: new NOC approval. 
(Very poor) Authorization to proceed highly unlikely (in opposition to public or 
agency priorities). 

(Poor) 
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Figure C-10. 

Objective: 
Criterion: 2.2 

State of W A  Department of Ecology & EPA Regulations 

(Excellent) No permits, approvals or facility changes needed to achieve and 
demonstrate compliance. 
Only administrative changes (e.g., notifications, records, reports) are required to 
achieve and demonstrate regulatory compliance. 
Prior agency review and concurrence is required (informal administrative approval) 
before the alternative can be hlly implemented, but design and procurement of the 
alternative can proceed "at-rid?' pending final agency concurrence. 

Process andor procedural changes are required to achieve and demonstrate 
regulatory compliance, but no physical modifications or reengineering of the facility 
are needed. 
Prior agency review and concurrence regarding an administrative position (e.g., 
regulatory interpretation, adequacy of corrective actions) is required prior to 
implementing the alternative. 
(Good) Potential releases of chemicals and radionuclides to the atmosphere that can 
be mitigated. 
A permit-by-rule or other minor permit modification is required, but there is a 
presumption that the alternative is considered to be approved unless indicated 
otherwise by the agency; or, A new registration, license, or other application must be 
filed with the agency to qualify the alternative to proceed with implementation (the 
d o n  could be rejected if the filing is deficient, but veq unlikely). 
A permit modification must be submitted and approval is required prior to 
implementing the alternative: a Class 1 RCRA modification; or modification of an 
existing Notice of Construction (NOC); or modification of an existing State Waste 
Discharge Permit (SWDP). (Note: A Notice of Construction applies to airborne 
release, and a State Waste Discharge Permit applies to water quality.) 
(Poor) 

(Very good) 

A new permit or permit modification must be submitted and approval is required 
prior to implementing the alternative: a Class 2 or 3 RCRA modification or a new 
RCRA permit; or new NOC approval; or modification of an existing National 
Pollutant Discharge Elimination System (NPDES) permit; or new NPDES or SWDP 
permit. (Note: The NPDES applies to Jurface water discharges) 
(Very poor) Authorization to proceed highly unlikely (in opposition to public or 
agency priorities). 
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Figure C-1 1 . 
Objective: Design and Conatruetion Coat 

Criterion: 3.1 
(Excellent) The cost of the alternative is expected to be well within the level 
wnsidered reasonable and overruns are expected to be unlikely and small if they do 
OCCUT. 

(Good) The cost of the alternative is expected to be comfortably within the level 
considered reasonable, and overruns, if they OCCUT, would be expected to be small. 

(Poor) 

(Very poor) The cost of the alternative is expected to be very much greater than the 
level considered reasonable, and would require a time-consuming and difficult 
procedure to attempt to get the money. There is considerable uncertainty whether the 
funding effort would succeed. There are large potential overruns. 

Set of considerations to arrive at an estimate for an alternative: 
I .  Vendor quotes for specific alternatives. 
2. Potential risks for overrunning a prospective budget. 
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Figure C-12. 

(Excellent) The cost of the alternative is expected to be well within the level 
considered reasonable, and overruns are expected to be small if they do o m .  

Objective: Operationa Coat 

7.5 
7 
6 

5 

4 
3 

2.5 
2 

~ ~ ~ _ _ _ _ _ _  

(verygood) 

(Good) The cost of the alternative is likely to be comfortably within the level 
considered reasonable, and overruns, if they OCCUI, would be expected to be small. 

(Poor) 

(Very poor) The cost of the alternative is expected to be very much greater than the 
level considered reasonable, and would require a time-consuming and difficult 
procedure to attempt to get the money. There is considerable uncertainty whether the 
hnding effort would succeed. There are large potential overruns. 

SI 

(2-17 



HNF-4245 
Rev. 0 

lo 

9 

8 

' S  

7 

6 

5 

4 

3 

2'5 

2 

(Excellent) Little or no doubt that the alternative will support delivery of the initial 
feedontime. 

(Very good) Estimated 95% chance that alternative will support initial feed delivery 
ontime. 

(Good) Estimated 8OOh chance that alternative will suppolt initial feed delivery on 
time. 

(Poor) Estimated 5OOh or less chance that the alternative will support initial feed 
delivery on time. 

(Very poor) Almost no chance that the alternative will support delivery of initial 
feedontime. 
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Figure C-14. 

Objective: Routine Feed Delivery On-Time 

Criterion: 4.ltbl- 4.1.2 ., 
(Excellent) Little or no doubt that the alternative will support delivery of the routine 
feed on time. 

(Very good) Estimated 95% chance that alternative will support routine feed 
delivery on time. 

(Good) Estimated 80% chance that alternative will support routine feed delivery on 

(Poor) Estimated 50% or less chance that the alternative will support routine feed 
delivery on time. 

(Very poor) Almost no chance that the alternative will support delivery of routine 
feed on time. 
'considerations to arrive at an estimate for an alternative: 

1. Operability 
2. Maintainability 
5. Flexibility 
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APPENDIX D 

LIFECYCLE COST ANALYSIS PROCESS AND RESULTS 

D.1 INTRODUCTION 

The National Institute of Standards and Technology ( N S T )  Building Life-Cycle Cost 
(BLCC) computer program is an economic analysis tool kit for evaluating the relative cost 
effectiveness of alternative buildings and building-related systems or components. Typically, 
this program is used to evaluate design alternatives which have higher initial costs but lower 
operating-related costs over the project life than the lowest-initial-cost design, while providing a 
comparable level of service. The BLCC program can be used for evaluating federal projects, 
projects in the private sector, and projects at the state and local government levels. For the 
analysis of energy conservation investments in federal facilities (other than DoD facilities), 
BLCC complies with NBS Handbook 135, Lif-CycIe CmtingM-l for the FederalEnergy 
Munugement Program. For other investments in federal buildings, the BLCC program complies 
with OMB Circular A-94 (revised), “Guidelines and Discount Rates for Benefit-Cost Analysis of 
Federal Programs,” October 29, 1992. 

The BLCC program also complies with the American Society for Testing and Materials 
(ASTM) standard practices for building economics, including: 

E917 (F’ractice for Measuring Life-Cycle Costs of Buildings and Building Systems), 
E964 (Practice for Measuring Benefit-to-Cost and Savings-to-Investment Ratios for 
Buildings and Building Systems), 
E1057 (Practice for Measuring Internal Rate ofRetum and Adjusted Internal Rate of 
Return for Investments in Buildings and Building Systems), 
E1074 (Practice for Measuring Net Benefits for Investments in Buildings and Building 
Systems), and 
El 121 (Practice for Measuring Payback for Investments in Buildings and Building 
Systems). 

While this program is intended primarily for use with buildings and building systems, it 
can be applied to almost any type of capital investment that is intended to reduce future 
operating-related costs. For example, it can be used to evaluate alternative automobile models in 
a fleet management program, or to evaluate alternative highway, bridge, or pipeline construction 
specifications that directly impact the life or maintenance requirements of those facilities. 

D.2 LAW DST PRIMARY VENTILATION NON-RADIONUCLIDE CONTROL / 
TREATMENTTECHNOLOGY 

Four DST primary ventilation systems presently in use to manage gases and vapors from 
tanks that contain LAW (AN, AP, AW, and SY h s )  were considered for upgrades. The life 
cycle costs of seven viable alternatives for treatment/control of non-radionuclides for the primary 
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ventilation of these DSTs were evaluated using the quick input module of the BLCC computer 
code. The detailed input and output files are attached, while the results are summarized in 
Table D-1. It can be seen that primarily due to lower operating, maintenance, and recurring 
( O m )  costs, the short and tall stack alternatives have lower life-cycle costs by more than 
$1 million over the next lowest alternative (dilution). The evaluation also shows that the 
potential energy savings between the alternatives is fairly minimal (specifically, the largest 
energy cost would be for dilution at just less than S300,OOO). 

Table D-1. Life-Cycle Cost of Seven LAW Ventilation Upgrade Alternatives. 

I I Present Value Costs I 

Refer to Appendix E for more details on these data. 
t The data in this column are for comparison only. 

D.2 HLW DST PRIMARY VENTILATION NON-RADIONUCLIDE CONTROL I 
TREATMENT TECHNOLOGY 

One primary ventilation system that is presently in use to manage gases and vapors from 
DSTs that contain HLW (the 7 0 2 4 2  system which ventilates the tanks in AY and AZ farms) 
was considered for upgrades. The life-cycle costs of five viable alternatives (six were run in the 
program, but one was for a short stack, which does not apply) for treatment/control of non- 
radionuclides for the primary ventilation of these DSTs were evaluated using the quick input 
module of the BLCC computer code. The detailed input and output file8 are attached, while the 
results are summarized in Table D-2. It can be seen that primarily due to lower o p d n g ,  
maintenance, and recurring (OMBiR) costs, the tall stack alternative has lower life-cycle costs by 
more than $1 million over the ne* lowest alternative (dilution). The evaluation also shows that 
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Alternative 
Name 

the potential energy savings between the alternatives is fairly minimal (specifically, the largest 
energy cost would be for dilution at just less than $300,000). 

Total Life- Investment OM&R Costst Energy Costst Cycle cosb 
Initial 

Costs' 

Table D-2. Life-Cycle Costs of Six HLW Ventilation Upgrade Alternatives. 
Present Value Costs 

Tall Stack 
Dilution 
Controlled 
Venting 
Adsorption Bed 
Catalytic 
Oxidation 
wet 
& Carbon Bed 

$4,479,007 SO SO $4,479,007 

$6,326,263 $ 15 5,662 $280,983 $6,762,908 

S7,4 15,020 SO SO $7,415,020 

$5,708,100 $2,572,580 $112,393 $8,393,073 

$8,824,167 so $211,418 $9,035,585 

$8,793,506 $4,190,410 $51,088 $13,035,004 

* Refer to Appendix E for more details on these data. 
f The data in this column are for comparison only. 

D-4 



"F-4245 
Rev. 0 

An.qlr 

- 

QuickBLCC (QBLCC 2.5-98) 03-23-1999/14:45:33 

QBLCC filename = ANVENT.QI 
Analysis type = Federal Analysis--Projects Subject to OMB A-94 
Project name = Ventilation An Farm 
Base date of study = 1999 
Service date - 2003 
Study Period = 20 years 
Service Period = 16 years 
Discount rate = 3.7% 
Annually recurring costs and energy costs discounted from middle of yea 
r. 
DOE energy price !escalation rate file = ENCOST98 

Number of alternatives in file = 7 
Number of groups in file = 1 

Note: Project alternatives displayed in increasing order of investment 
cost 

Group code: 
Alternative 

Name 

Short Stack 

Tall Stack 
Adsorb Bed 
Dilution 
Cont Vent 
Wet ScrubhCB 
Catyalic TOX 

___-_____-_ 
-MIN LCC 

-__-_____________ Present-Value Costs---------------- 
Investment OM&R Energy Total Life- 
costs* costs costs Cycle Costs -_--_--_--__ _____-__-__ ________-__ __________-_ 
$4068654 $0 $0 $4068654<- 

$4479007 $0 S O  $4479007 
$5708100 $2572580 $112393 $8393073 
$6326263 $155662 $280983 $6762908 
$7415020 $0 $0 $7415020 
$6793506 $41 90410 $51088 $13035004 
$8824167 $0 $211418 $9035585 

Comparative measures are only calculated for the alternative with lowes 
t 
LCC relative to alternative with the lowest present-value investment co 
st. 

* Investment costs include capital replacements (if any). 
Residual values are not calculated. 
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..... . . .. . . . .. . 
OBLCC f i lename - AN VENT^ 
Analys is  t y p e  = Eederal Analysis--Projects Subject t o  OM8 A-94 
P r o j e c t  name - V e n t i l a t i o n  An Farm 
Base Date o f  Study - 1999 
Service Date = 2003 
Study Per iod - 20 years 
Discount r a t e  = 3.7% 
I n f l a t i o n  r a t e  - 0.00% 
Cap replacements and r e s i d u a l  values ( i f  any) inc luded as investment costs. 
Residual values NOT c a l c u l a t e d  f o r  c a p i t a l  components. 
Resfdual values NOT c a l c u l a t e d  f o r  c a p i t a l  replacements. 

Common energy data #1 #2 #3 
Energy type: E l e c t r i c  LPG 

P r i c e  p e r  u n i t :  $0.065 
(MBtu) 
$4.360 

Uni ts :  ( kWh ) 

Esca la t ion  type  code: 2 , 2 

Data f o r  DOE e s c a l a t i o n  ra tes :  
DOE Esca la t ion  Rate F i l e  - ENCOST98 
Rate Schedule Type - 3 
Sta te  Abbrev ia t ion  - WA 

DOE P r i c e  e s c a l a t i o n  r a t e s  f o r  E l e c t r i c  
Year Rate(%) Year Rate(%) Year Rate(%) ---- ------- ---- ------- ---- ------- 
1999 -3.2186 2009 -0.0870 2019 0.0000 
2000 -2.1655 2010 -1.3055 
2001 -1.1858 2011 -1.5873 
2002 -0.1600 2012 -0.8961 
2003 -1.5224 2013 -0.9042 
2004 -1.7087 2014 -1.3686 
2005 -1.6556 2015 -0.8326 
2006 -1.1785 2016 -0.4664 
2007 -1.5332 2017 -0.8435 
2008 -0.5190 2018 -0.6616 

DOE P r i c e  e s c a l a t i o n  r a t e s  f o r  LPG 
Year Rate(%) Year Rate(%) Year Rat (%) 

1999 0.3802 2009 1.4035 2019 1.3746 
2000 0.3788 2010 0.3460 

2002 0.3788 2012 0.6944 
2003 0.0000 2013 0.0000 

---- ------- ---- ------- ---- ------- 

2001 -0.3774 2011 -0.6897 

2004 0.3774 2014 -0.6897 
2005 1.8797 2015 -0.3472 
2006 1.8450 2016 0.3484 
2007 2.1739 2017 0.0000 
2008 1.0638 2018 1.0417 

Number o f  a l t e r n a t i v e s  i n  f i l e  - 7 
Number o f  groups i n  f i l e - -  1 

Y €  

CAPITAL ANNUAL NON-ANNUAL OMBR 
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ALT ALTERNATIVE GROUP LIFE INITIAL REPLACEMENTS OM&R --------------- . .  
# NAME CODE (Y/M) COST($) FREQ* COST($) COST($) FREQ* . COST($) 

1 T a l l  Stack 20/0 5179605 0/0 0 0 o/o 0 
2 D i l u t i o n  20/0 7315806 0/0 0 9900 0/6 2550 
3 Cont Vent 20/0 8574864 0/0 0 0 o/o 0 
4 Adsorb Bed 20/0 6600951 0/0 0 245200 0/0 0 

--- _____------- ---- ----- --------- ----- -------- ------- ----- -------- 

5 Short  Stack 20jo 4705066 o j o  0 o o j o  0 
6 C a t y a l i c  TOX 20/0 10204428 0/0 0 0 o/o 0 
7 Wet Scrub&CB 20/0 10168971 0/0 0 399400 0/0 0 

*FREQ - Frequency o f  occurrence ( i n  years/months) 

ANNUAL ENERGY USE AN. ELEC. 
ALT ALTERNATIVE GROUP E l e c t r i c  LPG DEMAND 

# NAME CODE (kWh) (MBtu) CHARGE($) --- ----_------- ----- ---#I--- '--#2--- --------- 
1 T a l l  Stack 0 0 0 
2 D i l u t i o n  481800 0 0 
3 Cont Vent 
4 Adsorb Bed 
5 Short Stack 

0 0 0 
192720 0 0 

0 0 0 
6 C a t y a l i c  TOX 97985 3154 0 
7 Wet Scrub&CB 87600 0 0 
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Ayaz.qlr 

- 

QuickBLEC (QBLCC 2.5-98) 03-23-1999/14:50:17 

QBLCC filename = AYAZVENT . QI 
Analysis type = Federal Analysis--Projects Subject to OMB A-94 
Project name = Ventilation AY/AZ Farm 
Base date of study = 1999 
Service date = 2003 
Study Period = 20 years 
Service Period = 16 years 
Discount rate = 3.7% 
Annually recurring costs and energy costs discounted from middle of yea 

DOE energy price Bscalation rate file = ENCOST98 

Number of alternatives in file = 1 
Number of groups in file = 1 

Note: Project alternatives displayed in increasing order of investment 
cost 

K. 

Group code: 
Alternative 

Name . ----------- 
Short Stack 

Tall Stack 
Adsorb Bed 
Dilution 
Cont Vent 
Catyalic TOX 
Wet Scrub&CB 

-MIN LCC 

____--___________ Present-Value Costs---------------- 
Investment OM&R Energy Total Life- 
costs* costs costs Cycle Costs ------------ ----------- ----------- --------_--- 
$3262290 $0 $0 $3262290<- 

$3588893 $0 $0 $3588893 
$4567111 $2512580 $112393 $1252084 
$5059100 $155662 $280983 $5495145 
$5317219 $0 $0 $5377219 
$6303179 $0 $211418 $6514597 
$6553404 $4190410 $51088 $10194901 

Comparative measures are only calculated for the alternative with lowes 
t 
LCC relative to alternative with the lowest present-value investment co 
st. 

* Investment costs include capital replacements (if any). 
Residual values are not calculated. 
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- - -. ... . QBLCC f i lename - AYAZVENT.QI 
Analysis t ype  - I e d e r a l  Analysis--Projects Subject t o  OMB A-94 
Pro jec t  name - V e n t i l a t i o n  AY/AZ Farm 
Base Date of Study - 1999 
Service Date - 2003 
Study Per iod - 20 years 
Discount r a t e  - 3.7% 
I n f l a t i o n  r a t e  - 0.00% 
Cap replacements and r e s i d u a l  values ( i f  any) inc luded as investment costs.  
Residual values NOT c a l c u l a t e d  f o r  c a p i t a l  components. 
Residual values NOT c a l c u l a t e d  f o r  c a p i t a l  replacements. 

Common energy data #1 t 2  #3 t 4  
Energy type: E l e c t r i c  LPG ~. 
u n i t  5-: ( k W  (MBtu) 
Pr i ce  Der u n i t :  50.065 ' $4.360 
Esca la t ion  t ype  code:. 2 2 

Data f o r  DOE e s c a l a t i o n  ra tes :  
DOE Esca la t ion  Rate F i l e  - ENCOST98 
Rate Schedule Type - 3 
State Abbrev ia t ion  - WA 

DOE P r i ce  e s c a l a t i o n  r a t e s  f o r  E l e c t r i c  
Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(%) __-- -__---- ---- ------- ---- ------- ____ _------ _ _ _ _  _ _ _ _ _ _ _  
1999 -3.2186 2009 -0.0870 2019 0.0000 
2000 -2.1655 2010 -1.3055 
2001 -1.1858 2011 -1.5873 
2002 -0.1600 2012 -0.8961 
2003 -1.5224 2013 -0.9042 
2004 -1.7087 2014 -1.3686 
2005 -i.6556 2015 -0.8326 
2006 -1.1785 2016 -0.4664 
2007 -1.5332 2017 -0.8435 
2008 -0.5190 2018 -0.6616 

DOE Pr i ce  esca la t i on  r a t e s  f o r  LPG 
Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(%) 

1999 0.3802 2009 1.4035 2019 1.3746 
---- ------- ---_ ------- -__- ------- -___ -____-- ---- --_____ 
2000 0.3788 2010 0.3460 

2002 0.3788 2012 0.6944 
2001 -0.3774 2011 -0.6897 

2003 0.0000 2013 0.0000 
2004 0.3774 2014 -0.6897 
2005 1.8797 2015 -0.3472 
2006 1.8450 2016 0.3484 
2007 2.1739 201i  o.oooo 
2008 1.0638 2018 1.0417 

Number o f  a l t e r n a t i v e s  i n  f i l e  - 7 
Number o f  groups i n  f i l e " -  1 

CAPITAL ANNUAL NON-ANNUAL OMhR 

D-9 
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ALT ALTERNATIVE GROUP LIFE INITIAL REPLACEMENTS OMBR ------ 
... . il NAME CODE (Y/M) COST($) FREQ* COST($) COST($) FREQ* _ _ _  _________--- _--_ ----- _______-- ----_ -----_-_ _____-_ --___ 

1 T a l l  Stack, 20/0 4150261 0/0 0 0 o/o 
2 D i l u t i o n  . 20/0 5850436 0/0 0 9900 0/6 
3 Cont Vent 20/0 6218383 0/0 0 0 o/o 
4 Adsorb Bed 20/0 5281490 0/0 0 245200 0/0 
5 Short Stack 20/0 3772572 0/0 0 0 010 
6 Catya l i c  TOX 20/0 7289111 O/O 
7 Wet ScrubBCB 20/0 7578476 0/0 

*FREQ - Frequency o f  occurrence ( i n  yearslmonths) 

ANNUAL ENERGY USE AN. ELEC. 

# NAME CODE (kWh) (MBtu) CHARGE($) 
ALT ALTERNATIVE GROUP E l e c t r i c  LPG DEMAND 

1 T a l l  Stack 
2 D i l u t i o n  
3 Cont Vent 

481806 0 0 
0 0 0 

4 Adsorb Bed 192720 0 0 
5 Short Stack 
6 Catya l i c  TOX 
7 Wet ScrubBCB 

0 0 n - 
97985 315i 0 
87600 0’ 0 

0 o o j o  
0 399400 0/0 

0 
0 
0 
0 
0 

. ..I 

D-10 
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APPENDME 

VENDOR DATA, RECORDS OF CONVERSATION, 
CALCULATIONS, SKETCHES, AND DRAWINGS SPECIFIC TO 

ALTERNATIVES EVALUATED 
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OPTION 1 - SHORT STACK BASELINE LAW CASE 

New 12-foot Exhaust Stack with compliant CAM, SHMS, and GCS-type instrumentation 
upgrades. 

Reference: Project W-420 estimate. 

E-3 
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OPTION 2 - TALL STACK (BASELINE HLW CASE) 

1. See attached drawings H-2-131272 sheet 2, and H-2-13 1025 sheet 1 for stack and foundation 
to support Options 1,4,5 and 8 (pages 2 and 3 of this package). 

2. For Option 3, see page 4 of this package. 

Back out stack and foundation costa from W-420 estimate and add the attached stack and 
foundation cost. 

E10 
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OPTION 3 - CLEAN AIR DILUTION 

1. Fan buffalo size 365 BI SWSI 18.25 wheel diameter, 3324 rpm and 20-hp motor 

2. Flanders B G series filter housing stainless steel (bag-inlbag-out) 

3-high, 2-wide for GGF 24" x 24" x 11.5" HEPA filters, stainless steel with sections shown 
above. 

3. Heater - 40 kW to heat inlet air stream for 3-high, 2-wide GGF housing shown above. 

4. Interconnecting piping 304L schedule 10s welded construction. 

E-20 
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Flanders/CSC KG-Series 
Gasket Seal Non-Bag-ln/Bag-Out Containment Housings 

Introduction 
Industries and research facilities concerned with filtration of potentially hazardous airborne particulates or gases 
may have the need for a high quality, high efficiency filtration system, but do not need a system which includes 
the bag-iwbag-out feature. 

The Flanders/CSC KG-Series is a high efficiency, side servicing filter housing that has been designed to give the 
user maximum quality and performance in a non-bag-irdbag-out configuration. Manufactured under stringent 
quality assurance controls, KO-Series housings are subjected to thorough inspections and leak tightness tests 
before leaving the factory, and are guaranteed to pass both DOP or Freon In-place tests. This guarantee is 
contingent upon the use of properly installed Flanders HEPA filters and flanden/CSC adsorbers. 

Depending on the user's requirements, the KG-Series housings may have an assortment of filter arrangements 
including in-place test housings, prefilters, HEPA filters and carbon adsobrs. KG-Series housings are designed 
to accommodate standard gasketed HEPA filters or carbon adsorbers. 

System Configurations 

Upraram Toat s.*ions. HEPAS. Adsorben 
aM Downstream Test Sections. Access Dwn 
on Om SI& my. 

3H4W Housing conskting 
of hvo 3H2W housings in 
parallU. kcerr dwn on 
baa rides. 

Basic 
Housings 
All housings are available with optional prefilter sections behind primary filter door or with a separate p&fiIrer door. 



Ordering Information 
4%. .. --I I 

I---I I+...+ 

represents the two following model numbers: ~ G l - l H l W - C C F / 1 2 . ~ D I  
BGl-lHlW-CCD-304-Dl to contain a 
HEPA Filer, or 
BGl-lHlW-CC6-304-Dl to contain a Carbon BG1-lHlW-CG1&3w-D1 18" 27" 27lR" I l 5 I b r  

Adsorber. 601-lHl WQCFI12JOCDl 30' 

6Gl-lH1 W-CGF112-304-01 

. ... - . . _. . - . ._ 
The F/12 in thh m d a l  niimhar - BGI-lHlW-GGF/12-3M-D1 I 30" I 27" I 23" 11451b.. . . .- . . . - .. . .. ..- . . .___. . .-. . .--. I 

represents the two followina model numbers: BG1.1HI WGQ1630CD1 1 30" I 27" ~271/2" l lWIb& 

BC1-lHlW-GQ1&304-D1 I 30' I 27" 1291R'~1651br B G ~ - I H I W - G G F - ~ ~ ~ - D I  ti contain a 
nE?A Fiiier, or 
BGl-lHlW-GG12-304-Dl to contain a 
Carbon Adsorber. 

801-1 HI  W-XCF/12-304-DI 18" 1s 26" wmr 
BGI-lHlW-2CQF/12-30LDl I 18- 1 27" I 26- I l l 5 l b r .  

BGl-lHlW-XG1&309Dl 18" 27" 30112" 125mr 

801- lHl  W-ZGCF/12-3oo-D1 30" 15" 26" 130lbr. 

BG1-lHlW-XIC1&304-D1 30" 15" 301R" 1UIbh 

801- lHl  W-XIOF/12-304-D1 30" 27" 26" 1 S I b a  

601-1H1W-2001b304-D1 30- 27" ~ I R -  inm. 
~ ~ ~ 

BGl~ lHlW-~GI&304-D1 27- =in- inm. 30- 
' 

601-1 HI  W-zIU6CCFII 2-30443 18' 15' 3534" 1151br 

BGl-(HI W-2146CGF/lZ-30CD3 18" 27" 3534" 145lbL 

6Gl-lHlW-214/KQI&304-D3 18" 27" 401/4" 1 S I b L  

BGl-lH1 W-ZNltlCCF/I2-30443 30" 15" 3534"  I W I b L  

6G1-IHlW-Y4MGC16-304-03 30" 15" 40114" 1 m I b r  



Orderin'g Information 

' I stsndud Material B G 1-1 H2 W-2G G F-304-D 1 
7 - T  

\ 
Numkr d f l l fon Wldo 
1w = om mor wdr 
ZW = Two FWen W i b  
3W I T h r n  Finen Wide 

Number 01 Fritem xw / 
1H -One Fher Hi 
ZH I Two Fillem High 
3H I Thrn Fillem H@ 
4H I Four Flbn H@ 

I I 
. 

B0l-lHlW-214/MiC-3DCDl 0 I 30" I 15" I 14- I 80ibi. 

BGl-lH3WQ011WOCD1 

801-1 H3W-ZQGF/l24D4-Dl 

801-1 H3W-20016JOcDl 

801-lH3W-S0lb9ocD1 30" 

-T 

'CCD 12" x 12" x 57m" 
%CF 12" x 12" x l lm" 
%OF ?2" x 24" x llm" 
*0CF 24" x 12" x l lm" 
*GQF 24" x 24" x llin" 

'CC6 12" x 12" x S7m" 
*CC12 1 2 " ~ 1 2 " x l l i n "  
*C012 1 2 " ~ 2 4 " x l l i n "  

'0012 24" x 24" x Ilm" 
'C016 12" x 24" x 16" 
*W16 24"x12"~16" 
'6016 24" x 24" x 16" 
'0018 24" x 24" x 18" 

Insert 5 4  or 6 to indicate a 
2", 4" or 6" prefilter track. 

'Gc12 24" X 12" X I l I R "  
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@ Standard Options 

Drllled flange Measurement Chart 
(contlnwd horn 0-h pep.) 

51 I 75 I 27 I 51 I 75 I 27 I 51 I 75 

i 



i 
t 
& I t 

a- 

Who01 Diameter 18.25 inches Outlet Area 1.92 sq. tt. Limit Load H.P. Factor - 0.573 

- 
&€ 
025 
0.30 
0.37 
0 45 

0.56 
068 
0.82 
0.98 

1.17 
1.38 
1.61 
1 .BE 

2.18 
2.51 
2.87 
3.27 

3.70 
4.17, 
4.69 
524 
c..-,% - 

Size 365 
- BI 

SWSl 
-& 

-. 

1116 0.79 1181 0.92 
1175 093 1233 106 
1238 1 OB 1290 1.25 
1204 127 1352 142 

1374 1.47 
1446 1.71 
151s 107 
1594 2.26 

141s 1.63 
1466 1.67 
1559 2.14 
1832 2.45 

1670 250 1706 278 
1747 293 1762 314 
1825 332 1859 355 
18or375 1936 398 

1273 3 1.05 1401 I I  1.32 

1 s  1.1s 
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OPTION 4 - CONTROL GAS VENTMG RATE 

I. Local and remote indication and alarm 

E-3 5 
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Ot/lO/BB 15:15 FAX 734 761 3220 WWET cow. @nni/ooe  

HNF-4245 - - - Rev. 0 =L 

EW>UET # 

flarrD.nielNOZthV& 
1135 J.dwin A m  
Jtjchland. W A  99352 

d =ANAL YTlCAL - TO: 

DESCRIPTION UNIT ?RICE 

S1.395.00 

s 895.W 

$1,095.00 

sw5.00 

TOTAL 

s1.395.00 

s 895.00 

s1,095.00 

s295.00 

ALL PRICES ARE W m D  IN Ut .  DOLLARS. F.O.B., ANN ARBOR. MICHIGAN, USA. 
TnlS QUOTATION IS FIRM FOR 30 DAYS. 
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TDX-Ser i  es 

Explosion proof Toxic 
Sensorflransmitter 
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OPTION 5 - DRY ADSORPTION BED (CARBON) 

1. Flame Arrestor - 2 each DFA 1608K-66R units, 316 SST. Enardo Mfg. Co. 

Price each $18,275 
TOTAL. S36,550 

Shipping weight = 3,400 Ibs. for two 

2. Charcoal Adsorbers - Cameron Environmental Inc 

1 each TSU-1000R stainless steel radial-flow carbon adsorber filled with CEI-R 4x6 
mesh carbon - $7,995 

1 each TSU-1000R stainless steel radial-flow carbon adsorber filled with CEI-NHC citric 
acid-impregnated carbon for ammonia removal - $8,750 

3. HEPA Filters - Flanders 

2 each GIF-GGF-304 HEPA filter housings 

4. Fan - 20-hp, lo00 cfm @ 15" WG 

5. COz Fire Suppression System 

6. Insulate and heat trace all piping (ducting) and carbon adsorbers 

7. Interconnecting piping 304L schedule 10s welded construction 

Fan selection carbon bed @ lo00 cfm 

APs: 1. TSU-l000Runit,2each@2" =4"WG 

2. Flame Arrestor, 2 in parallel = 3.2" WG 

3. HEPAFilter - 2.0" WG 

4. Piping, valves, dampers - 6"WG 

15.2" WG 

From fan catalog Buffalo, lo00 cfm @ -15" HzO out-of-range, assume a 20-hp fan. 

E-43 
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e ordering lnibrmation 
G-Series Model Number Designations 

~ 

PRIMARY FILTER SEE 

"f"TT 
GOD = 24" X 24" X 5 7ma(Finer) 
GGF = 24" X 24" X 11 in" (Finer) 
GO12 = 24' X 24' X 121/4"(Adsorber) 
GG16 = 24' X 24. X 1634V4.(Adsorber) 

'In Direction of Air Flow 001 8 = 24" X 24" X 18 34' (Adsorber) 

"p"yv 
CCD = 12' X 12' X 57mD(Filter) 
CCF = 12" X 12" X 11 m'(Fllter) 
CC12 = 12" X 12" X 12il4"(Adsorber) 

A 

GlF - GGF - 304 

G1 F-CCD-304 
G1 F-CCF-304 

GlF-GGD-304 
Gl  F-GGF-304 

GlF-GG16-304 
GlF-G01&304 

G1 FCCl2-304 

GlF-GG12-304 

HOUSING SERIES /TYPE 
GlF = BaglwBagQul Fluid Seal 
(For non-bagovt applications delete 
bags and straps 

CCD 22 in. 24" 18 in" 12" 12' 5 710' 
CCF 22im' 24" 18in' 12" 12" 11 1 P  

GGD 40im' 24" 36im" 24" 24" 5 rm' 
GGF 40im' 24" 36118" 24" 24' 11 1n. 

GO16 4 0 m "  28" 36im" 24" 24' 16 we 
GO18 40118" 28" 36118' 24' 24' 18 UP 

CC12 22m' 24" 18118" 12" 12' 12 114' 

0012 4 0 1 ~ '  24" 36118" 24" 24" 12 114" 

304 = Type 304 Stainless Steel' 
304L =Type 304L Stainless Steel 
316 = Type 316 Stainless Steel 
316L = Type 316L Stainless Steel 
* Standard Material 

I I I 

105 C M  

100 CFM 

165 CFW 

SDO CFM 

1wo CFM 

loo0 CFM 

loo0 CFM 

1250 CFM 

High Pressure Housings 
Add 7 lP to the Y (Height) dimension for High Pressure G-Series Housings and use the Suffix (SP) in the 
model number. Example: GlFGGF-304(SP) SPeHigh Pressure Design, Customer to specify pressure. 

PqpE-45 
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At.riw/rrl Carhoii . Pollurion Conrid Sysrrms 
and lYrrrre Marragemem Srrvlce 

ENVIRONMENTAL, INC. 
527 Van Ness Ave. Tomnce, CA 90501 

Tel: 310.212.0610 6 Fax: 310.212.7222 

CAMERON 
Y".l,. '.PI{ E 

Fax Cover Sheet 

TO: Dan Evans 
COMPANY: Fluor Daniel 
FAX #: 509-373-5712 
PHONE #: 509-373-26a8 

FROM: Chuck Jarnecke 
DATE: December 15.1998 ' 
PAGE: I OF3 
QUOTE: I843 

Dear Mr. Evans, 

1 have some options for your consideration for stainless steel carbon filters. 

Option 1 : (Highly recomrncnded to kccp the static pressure low for a smaller fan) 

2 each TSU-1000R Stainless Steel radial flow carbon adsorbers filled with 
standard CELR 4x6 mesh activated carbon $ 7,995.00 each S 15,990.00 

2 each TSU-I OOOR Stainless Steelradial flow carbon adsorbers filled with 
CEI-NHC citric acid impregnated carbon for 
Ammonia removal S 8,750.00 each S 17,500.00 

Option 2: 

2 each TSU-IOOOS Stainless Sreeldccp bcd carbon adsorbers filled with 
standard CEI-R 4x6 mesh activated carbon S 9.750.00 cach P 19.500.00 

2 each TSU-1000S Stainless Steel deep bed carhon adsorbcrs fillcd with 
CEI-NHC citric acid impregnated carbon for 
Ammonia removal S 10,505.00 each 9 21,010.00 

The other option is too cxpcnsive and is on largcr stninless steel vcsscls (S 16,000.00 per vessel 
plus carbon). I highly reconiniend chc TSU-1000R vessels based on the fact that thc static 
pressure across this unit is less than 1" W.C. If you mn 4 of these units in  series, thc estimated 
static pressure across all of the units should be lcss than Io" including interconnccting 
ductinHpiping. 

I can fabricate these units in t h e  to ship to you by the middle of January only if 1 Can get 
you 10 Issut a purchase order no later than the end of thlr week. If we don't get an order by 
then, 1 won't be abte to guarmtce dclivery by ihc 3* week in January. Please call me 10 discuss 
this funher if you would like. Oncc you make a dccision, Dave McKcnzic with Cincinnati Fan 
should be notified so that he can adjuit the size of his fan selection 10 meet your needs. 

pw= 
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z 

You rcqucstcd information on the result of ammonia pnssing through our CEbNHC imprcgnatcd 
carbon. The amnioniaCE1-NHC reaction that takes place rcsults in the fomiation of sodium 
citrate. 

I have included an actual shop drawing or the TSU-1000s stainless stecl unit for your 
consideration. Thc spccification sheet is slightly diffccnt and tlie shop drawing docs not show 
the 4" W T  connection ports which will bc located in the same position as thc specification 
shect indicates. Call me to discuss this funlicr if you wish. I will be in thc office all day today. 
Thanks for your request for quotation on our products. I look forward to talking with you soon. 

Best regards. 
Cameron Environmental. Inc. 

Chuck Jm&e 
Director of Sales and Marketing 

P .  0 2  
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Actiwrrrd Curbon , Polluriun Cbnrrol Sjmnu 
CAMERON b . 0  
ENVIROGMENTAL. INC. 
521 Van Ness Avc. Torrance, CA90501 

Tcl: 310.212.0610 Fax: 310.212.7222 

TO: Dun Evans 
COMPANY: Fluor Daniel 
F A X  #: 509-373-5712 
PHONE #: 509-373-2688 

Fax Cover Sheet 

FROM: Chuck Jamccke 
DATE: Dccember 15,1998 
PAGE: 1 OF10 

Dear Mr. Evans, 

Per our discussion this morning, plcasc find the specification sheets on a couple of our vapor 
phase activated carbon unit. I will be providing you the pricing later today on your options for 
eithcr of these units in stainless s~eel. Per our discussion, I think i t  best to possibly consider the 
TSU-1000R if at all possible if indeed you plan IO run (4) units in series. Two of the unit with 
carbon and two with the animonia carbon our CEI-NHC. 

If you select (4) of the TSU-1000R units and run them in series, the static pressure across the (4) 
iinits combined would bc an estimatcd 4 inches, however inlerconnccting Jiicting would also add 
IO the equation. I would estiniote somewhere around 8 - 12 inches of total static pressure 
depending on how many elbows, ctc you have figured in!o !he connective piping. 

1 have included a general graph on stalltic pressure through 12" of carbon of various mcsh sizes at 
various velocities. 1 have also included our spccification on thc CEI-NHC impregnated carbon 
as well as a couple of shon arlicles on activated carbon. I will be back with you a bit h e r  for 
further discussion. 

Best regards, 
Cameron Environmental, Inc. 

Chuck Jarneck; 
Dircctor of Sales and Marketing 
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TUB SCRUB UNIT - TSU-IOOOR - TSU4500R - 
The radlal flow Tub Scrub carbon adsorber units are designed for the emcient purificelion of your 
contaminated vapor waste or process stream. The shallow carbon bed in these uniquely designed vessels 
allows for the processing of high flows at extremely low pressure drop. In service natlonwlde, these edsorbers 
have a proven abllity to remove organlc contamlnants to non-detectable levels. 

To provide long life and superior corrosion resistance, these radial flow vessels are constructed of heavy duty 
mild steel, and are lined with a hlgh thickness epoxy coating. The adsorber lnternals consist of a distributor 
tube and retention screen for hlgh quality activated carbon. Inlet vapors enter the distributor tube, then 
proceed horizontally through the carbon bed, and then through the retention screen to free air space inside the 
canister wall. The purlfied vapors then travel to the upper collection are to exit the outlet duct. These unlls are 
also equlpped wlth forklift channels to ease the process of vessel maintenance and carbon servicing. 

These adsorbers will arrlve from our warehouse ready for connection to your process plplng; filled with high 
quality activated carbon. Once the carbon is 'spenP', Cameron Environmental provides a number of service 
and disposal options to meet each site's specific needs. Please call our service department when a carbon 
changeout Is needed. 

SPECIFICATIONS: TSU: 100OR lE&QB 
InleVOutlet Connections (duct): 10" 10" 
Height: 90" 90" 

Maximum Pressure (psi): 3 3 

+40.5b+ r 
SO' 

rma 
- t  ) - W L  

i Diameter: 48" 40" 
Maximum Flow (cfm) 4,500 3,000 

Maximum Temperature (OF): 170 170 
Carbon Capacity 

Volume (cubic feet) 33 50 
Weight (Ibs) 1,000 1,500 

Approximate Shipping Weight (Ibs) 1,650 2,150 
ENVIRONMENTAL 

.. 1 

" 1 
TSU- 1000R 
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- TSU-IOOOS - TSU-2000s - 
The TSU-1000s and TSU-2000s Tub Scrub carbon adsorber unis are designed for the efficient purification of 
your contaminated vapor waste or process stream. In service nationwide, these adsorbers have a proven 
ability to remove organic contaminants io nondelectable levels. 

To provide long life and superlor corrosion resistance, these vessels are constructed of heavy duty mild steel, 
and are lined with a high thickness fusion bonded epoxy coating. Up-flow operation is recommended. These 
unlts are also equipped with forklift channels to ease the process of vessel maintenance and carbon servicing. 

These adsorbers will arrive from our warehouse ready for connection to your process plplng: filled with high 
quaiily activated carbon. Once the carbon is 'spent". Cameron Environmental provldes a number of service 
and disposal options to meet each site's spec& needs. Please call our service department when a carbon 
chanpeout is needed. 

InleVOutlet Connbctions (fnpt): 
Manway 
Height: 
Diameter: 
Maximum Flow (cfm) 
Maximum Pressure (psi): 
Maximum Temperature (OF): 
Carbon Capacity 

Volume (cubic fee 
Weight (Ibs) 

- 

SPE CI Fl CAT1 ONS : TSU-1000s 

4" 4 
1V 16" 
64" 88" 
46" 46" 
600 600 
15 15 
175 175 

34 67 
1,000 2,000 

2,950 Approximate Shipping Weight (Ibs) 1.800 

& 

6 T- 
L a a 100 200 300 400 500 000 

FLOW (CFM) 

CAMERON 
ENVIRONMENTAL 

TSU-2000s 

t c 2 7 . 4  
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CAMERON 
Environmental, Inc. ilcdvatud Carbon & PoNutlor Conlrol Gs1em 

CEI-NHC Activated Carbon 

Cameron Environmental's CEI-NHC activatcd cnrbon is impregnated with citric ucid and is 
designed to efliciently remove ammonia vapors, This cnrbon is a high activity specially treated. 
activated carbon. 

PHYSICAL PROPERTIES: 

Base Msterlsl 
Carbon Tctrachloride Activity (CTC): 
Apparent Density (tbs./cu. R.) 
Hardness (Ball Abarasion): 
Moisture Content: 
Mesh Sizes': 

60 minimum 
30 avcrage 
95 minimum 
4% maximuin 
4 ~ 8 . 4 ~ 1 0 ,  Gxl2 

*custom sizing availablc 

Treatment 
Apparent Density (lbs./cu.fl.): 
Moisture Content: 
Ammonia Removal Capacity: 

44 average 
10% maximum 
16%* minimum 

This equals 30% of the weight of h c  hiisc nclivatcd carbon before trcatmcnt. 

E52 

51 7 Van Ness, Aveiiiie, Tunaarc, Cal!foriiia 90501 
Phon%: 310.2120610 Fay: 310.212.7222 
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DI#: February 4,1999 
P 8 p  : 1 of 5 

QUOTATION NO. 9956646 
REFERENa RFQ - Detonation Arrestor : 

Fluor D8nid Northwmt 
Mtn: Mr. Jack Nicholson 

Fax 569-376-9766 
Ph: 509-371-1656 

DFA 16OWC-66R 8" Detonation 

S 18,275.00 S 36,550.00 

1. 2 

Element Asiembly . 
Approx. Weight Each t l , $ O O  Ibr 

Ship Dab: 10 ta 12 week8 receipt of approved order. 
SEE ATTACHED 

EX WORKS FACTORY - 
: I  

NOTES: 

, ,  

Technical saa i 

(. 

P 

i 
! .  

Page E54 
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ENARDO FLAME ARRESTOR $PECIFICATION AND NOTATION DATA 
L ?, _ . I  

. CUSTOMER: Fluor Daniel Northwest -* =-  . February 4, 1999 . _ .  -..- - 
ENARDO QUOTATION NO. 99-58640 I 

The followlng specifications apply to Model DFA 1608/C-66R 
OPERATING CONDITIONS: (split ?lor - 1 2  unit. required) 

MAX. GAS FLOW 500 SClm I 

INLET PRESSURE Atmos . 
Mol. wt. 29 (air) 
TEMPERATURE 60 F (ambient)' 

CALCULATED: 
PRESSURE DROP - 3.2 innno 

MATERIALS AND DESIGN: 
1.1 Rousing and flange autmrial: ASTM A-240 316L Stainless steel 

painted with a stainless steel imgregnated paint. 
1.2 Dotonation flame elamant: himped:ribbon type wound from AIS1 316 

Stainless steel material. 
1.3 Interior flange gasketm: 1/16" tk, compressed non-asbestos. 
1.4 ramteners on tho body section: St iflless steel studs and nuts. It 

does not include end connection f 1 steners or gamkats. 
1.5 Options: None specified. 1 .  

FEATURES AND SPECIFICATIONS: 
2.1 

2.2 

2.3 

2.4 
2.5 

2.6 

2.7 

2.8 

~~~ ~ 

The detonation-flame arristor slelient is removable using jack studs 
to spread the.unit while maintaining the integrity of the piping 
when removing the flame arrestor dlement asmembly and will include 
a lifting lug. 
The element assembly io hinged to:allow it to swing free of the 
housing assembly providing eaaierjand quicker inspection and 
maintenance. 
'fht ENkRDO detonation flame arreahor is U . 8 .  COAST WARD ACCEPTED 
as bi-directional and will preven* detonation flame propagation 
when installed in a piping systemiwith an initial pressure less 
than or egua1:to 20.7 psia. 
continuous burning against the flime cell element is limited to 15 
minutes. lament for an extended period of 
time is possible the flow would n ed to be extinguished by either a 

an 0 . 6 5  mm MESG 
fihut-off of the gas flow or by dilution of the gas flow. This a 

daaianed for NE C Orom C a as of no ar.atar th 
A:?wXiding will be in accordance-with Asm SECTION VIII, Div. I. 
The unit will be pressure tested to 10 psig. Unit demign pressure 

No post weld heat treat and no radiography temting included in the 
base price. 
Material and workmanship are guar nteed for 12 months from ship 
date. The Enardo warranty provide replacement of the defrctive 
part FOB Tulsa, OX., incidental d ma 8s are not covered. 
Approval drawings will be provide 19 w thin one week from receipt of 
order. The manufacturing will be in upon return receipt of the 
approved drawing, unleas the dcs i  s napproval i a  waived by the 
customer. 

Thishnit im USCG rated Type 11, 

If burning against the t 
V 

is 375 psig. 

: I  

NOTATIONS : 
3.1 No shipping, third party inspectibn, duty or taxes are included in 

3.3 

the ricing. 

The quotation is valid for 90 day) from quotation date. 

THIS UNIT. mIM.Mroo.,am7I 

3.2 No f.eld P installation by Enardo Manufacturing company. 

lMPORTANT: I 

THE CONNECTINQ PIPING SHOULD BE D+IGNED TO SUPPORT THE WEIOHT OF 

2.d 
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6 B M l n c t i ~ ~ l  Element 
(= Mlnlmal Pnorure Drop 

< US. Coart dwd Accepted 
<= v p e  I Flame Strbili@ption btlng 

<a Removable Elcmrnt 
<* Minimal Clogging 

m- FLAME ARRESTORS 
represent the ultimate in flame wmmment protection. 
They provlde posifive proteaion against flame 
mpsgation in piping systrms that are mmlfolded or 

Ra ve long runs. Theer ureotors am bi-directlond and 
can stop an ignited flammable vapor mlxhrre 
approaching from either direction that can be travellng 
at subsonic or supersonic velodties. Enudo utilkes an 
element assembly that dampens the high velocltiee and 
pressures associated witr, deflagrations and 
detonations, while quenching the flame froot. Our 
design Is unique In the lbilky to provide larger flm 
channels which requires less frequent maintenance and 
greater ease in cleaning when service is required. The 
element Is so unlqw that there is a patent pending on 

Houdno is ASTM A-234 and 
*, ASTM A-36 welded carbon steal with ANSI 61 6.5 
j: 150 Ib. and/or 900 Ib. flanges. Anesrw assembly 
, Is AIS1 304 or 316 stainless steel material with 

ASTM A-36 carbon sled shell. The mlnlmum 
:j MESG is O.Wmrn for NEC Qroup D or IEC Group 
, IandIlAvapors. 

dptlons: All stainless steel materials, special alloy . materials, flanged or NPT fmlngs for drains, 
'j pressure raps, temperature probes andlor 

cleaning portr. Eccentric and custom designs for 
.. unique appliutions. Auxliiary systems for flame 
; sensor notification, shutdown. inerting and or 
.; enriching system. 

our design. This unit offers maximum flow to pressure 
drop charactneristlcs enhancing the value of our produd 
io any system. Co uit Enardo eaim engineen with specHic 

SPECIFICATIONW Our models have been 
independently tested to the U.S. S w a r d  89 publlrhed 
in tho Federal Register: &pendlx Ato 33 CFR Pull54 
and rscrived acceptance ham the US. Coaet Guud. 
They v, rated Type t for flame stabillutbn and en 
initld operating pressure of 22.7 pale tor gam8 and 
vapors that have a MESG n d  less I ~ M  0.DOmm. They 
hrve also been b W o d  to the Canadian Standard 
Auroamion (CSA) 2343 Rv. 12. The mub piove our 
desbn meet8 or exceeds all crllerio All welding is 
pwtormed In eocordma wHh ASME Boiler and 
pressure Vessel Code Section Vlll 

ORbERlNa INFORMATION 

a$- data for r n a ~  selection. Intormation 
required would Include; Connectbn size, 
Op(ratinmimum rate of fbw, symm pressure, 

~ ~ O S E U ~  drop, Gar group, Housing and 
Elrment mnte&s, Options drrired. 

FA-14 ?age E57 

P'd I j h i 0 1 l W I  oaw43 WdE1:sB 66, 
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OPTION 6 -THERMAL OXIDIZER "CATALYTIC" 

1. Flame Arrestor - 2 eachDFA 1608/C-66Runits, 316 SST. Emdo Wg. Co. 

Price each $18,275 
TOTAL $36,550 

Shipping weight = 3,400 Ibs. for two 

2. Anguil model 10 Catalytic Oxidizer 

$79,327 

Shipping weight = 4,500 Ibs. 

3. Interconnecting piping 304L, schedule lOS, welded construction. Piping from Flame 
Arrestor to Stack is insulated. 

4. Propane Supply Tank 

1 each, 1000-gallon tank, 3-ft diameter x 12 ft long 
tank cost $1.500 

mount tank on concrete pad 5-ft wide x 14 A long 
run buried 1" schedule 40 supply pipe to unit 

5. Stack - Insulate stack. Exhaust gas is 395 OF. 

6. TWO Exhaust PRIM hfom Stack - 15 hp each 

E-67 
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FROM 

If you do not receive all paga or ba- my probluns with d v i a g  this trantmission. please call 
us as soon as possible. Thank you. 

NAME: d f  rC I L W  

# 

COMPANY: [ m t.ylthr &t. 

FAX NUMBER 509.- 3x0- Ca7.bb 

NUMBER OF PAGES 8 

CITY. STATE: \@ IW. (A 

COMMENTS: 



Mr. Jadc Nichol~m . 
fluor Daniel Northwbt ''? 
MSB4-!P 
1200 Jardin Am. 
P.O. Box 1050 
Richland, WA 99352 

SUBJECT: BUDQETAW~PRopjdluI ' kEWlB8  FOR VOC POLLUTION 

Dear Mr. N i c h o h  

We wiame the to rubirilt ~6:.budgatwy propoaa~ for voc control 
equipment Your applicoaron eOM. bf d i,OOO !%FM wutb rtrspm from a tank 
vent Heptane (1Wppmv)isnd ariwhmh'fMKl ppnnr) are the contaminants you 
Wish to destroy. VM pmpcw Um A&ull.l#odd 10 Catplytlc Oxidizer for your 
pollution cantrot eppllcakn..  he M&I 10 catam. Oxidizer will process 
the waste stream the tank Hnt md provida 95% destruction efficiency. 
Attached you will Mpridng ind spe#hibm for the oxidiuer. 

In arriving at our + p k t  r#;ociuiiend.tkn ' we heve focused on the following 
desired reauk 

C Q r n W P r n  

- '  

P 



. 03/05/1999 13:57 4143656410 W I L  PNIRO*IENT& 

- - HNF-4245 
Rev. 0 

c 
The selection of Angull as your envlmrimentd aontrd mlution has many benefits: 

A fulkapabilii engine&& rt9nufacndng and rsrvicb firm with over 700 
satfsfied customen, four amesS and over* a g e  around the world. 
An unsurpassed b r e h  of. tbchnobgks including recupemtive and 
regeneratha catalytic and thennal o x i d i i .  rotor concentrators and ceramic 
fibrs, aswring ttia re- ofthe t&nobgy for application. 
Twenty (20) yeah of skcmsful akpotlenw addressing VOC, HAP, NOx and 
odor conhl epplbtiont. 
Turnkey capebimv for dn~b ml~rce kpondbibiMy, 8SSUnng professional 
installation, minimltbd downtime, urccesdul p w  integration and start-up. 
A fully-staffed Ssrvios Department erwrbrg prompt, professional 24-hour-a-day 
service. 

The company phllorophy It. Angul.Y 'to provide state of the art, cost-etledive 
equipment Our goat b to m e  pdlutbn control solutions today to 
help our arstomc#r~.rwnain~profftribk to*. Plea- review the enclosed 
proposal. if you have any qwrtknt pbaw contact your hi representative 
indicated below or OUT 001~0rute amcS. 

YOUR COCAL:REPR~NTATIVE IS: 

Kdnt Mortbr 
KJ. BaW'Cbmpany 

1761 9 P&th E& .67th Ct 
Redmod, We:.' 98052 

Fax: (426) 8-522 

Thank you for the &porbnky to be of &rviw towardo your VOC reduction 
objectives. We look forward t6 working c b d y  with you. 

Sincerely, 

PhOM: (425)'@1-1128 

ANGUIL ENVIROY&NTAL ~YSTEMS;INC. 

Brett Archambeau 
National Accounts Mhnager 

Enclosure 

! I  
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i ANOUIL MOML 10 CATALYTIC OXIDIZER 
'BUDGETAkY PRICING 

FOR FLU-DANTEL NORTHWEST 
. . .  

S 79,327.00 

.. , 
.'I 
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ANOUIL MODEL 10 CATALYTIC OXIDIZER 

B C D E 

4'-2' B' -.r 13'-0' 6-2' 

SYSTEM INLET FLANGE 1 

Wright 
Ib.. 

4.500 

?KAT CXCHANCER ACCESS PANEL 

Burnrr fwll!mln Sptwn Comb M u  Inlot Stack 
BTUfir 812r Flli Fan Catalyst Dlamrtu Dlrmrter 

m r  ?Motor Votumr 

325.000 1' 10hp ' NA sv 10' 12' 

CATALYST 

ill 

FRONT VIEW 
[ D30R 0 4 O W  OPEN ) 

Pkn I EloWon Vbw 

Aliguil Environmmhl Syabmm, Inc. 
8855 No1th;65lh Slrmt- MMuL.i i  Wl w 5  41438M400 Fax 414-365-6410 

Issue 3/4/89 
P W E ~ ~  
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w o w  ne*wuARTw 

8855 N. 55th street 
Milwaukee. Wiosonsin 53223 

UnlUd 9L.t.. ____ 
phoru: 414 36S4400 
Fac4t43656410 . .- 

E-& desOulgull.com 
Web .%e - http~Avww.anpull.com 

ANGUIL ASIA 
Eumx Co.. Ud. 

Tllvnn 
F a r  (02)2709-0448 

mall: eumxOms8.hlnel.net 

Phonr:(02)TmC2ee6 . 

http://desOulgull.com
http://eumxOms8.hlnel.net
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TULSA, 
Telephone 

East Avenue 
d- 

4470 south 

9 . t  

Fluor Dadd N o m  
Am: Mr. Jack Nlcholron 

Fax 509.5769166 
ph: sown-ioti 

. .  From: S8mGinnrn 
! Technlul Sales 

i 
I 

Housing with Connection 

S 18,275.00 S 36,550.00 

1 . 2  DFA 1608/C=66R 8" Detonation 

wJth 316 Wua 
Elementhrmbly . 
Approi Welgbt Each 1 1 , f O O  Ibr 

Ship D.tr: 10 u) 12 weeks receipt of approved order. 
SEE ATTACHED 

EX WORKS FACTORY - 
NOTES: 

I .  Ben Regar&, 

i 

i 

i 
1 .  
1 :  

I 
. 

. i . 
Page E76 
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DFA-2412 
DFA-2814 
DFA-SO16 
BFA-3418 

....... , ., 

12- 24' \ 36' WW' . 
70- 14. 28' :a 4o.'/r' 

16' 30' . 43' 79' 
1 8. u- * 47-!4' 89. 

. .. 

c 

I I A' I a I :  c I D 1 
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Enardo Manufacturing Company a 4470 S. 70th E. Avo. - Tulsa, C#lahbmr 74145 
i .  

A k F l o w ( l 0 0 0 ' 8 S ~  
v 

Ah flow (low8 F F H l  

8 
PRESSURE < 

d DFA 'Y 6OWC Page E71 
Detonation Flame Arrestor 

'$ 



c= BMIWOMI Element <* US. Coast duardAmpted <.? Removable Element 
<s Mlnimal Pnrrun  Drop <* Type 1 Flame StrbllI@lon Rating <.? Mlnimrl Clogging 

i’ m m A V O b l  FLAME ARRESrORS 
represomthuNmru in (tunn UnmnentpmrdiwL 
They plovide pooltive prctecbn against flame 
roprOation in plplno system that arm manblded or 

Rave long m. These uresiors w M-direalonrl end 
can ctop an ignited nimmable vapor mixture 
approuhlng from nllher dtrealon that can bn traveling 
at ruboonit or mupwsonie vrbctties. Enudo utllhes an 
elnfnem assembly h t  dampens the high velacilies and 
pressures associHed wkh deflagtetions and 
detonations, whih quenching the flame tronl. Our 
drJpn i8 uniqw in thr rbllily to provide larger flune 
channels which requkes Inu  trequent mointenanu md 
greatu o w  in cleaning wkm WW~N h required Thr 

COdSTRUCTION 
&mdud MI: Hw&p b ASTM A-234 Md 
’ A S N  A.38 welded carbon steel wHh ANSI B18.5 6 150 m. ~ W W  900 ~b. flanger. 14rrsrr0r u r r m y  

h AIS1 304 or 316 ttainleu steel mnerhl wHh 
ASTM A-M arbon steel shell. RH minimum 
; MESG is O.ODmm for NEC Group D or IEC Gmup 
, iandIIAnporr. 

dptlons: All rt.intws steel matertds, sped& alloy 
. materials, flanged or NPT finlngs for dreins, 
pressure mpa, tnmperature probes &or 
deanlnp portr. Eccenwic and custom designs for 
untque appliutior#. Auxiliary systems for flmb 

: s n m  notb!bn, shutdown. ineftinn and or 
nkmmt b 60 unlqw that thorn in pmonl pmndng on 
our d n k n .  This unR often maximum flow to wessurn 

.: enriching systems. 

drop &aUnrktka enhancing th valun of &r produd 
w w r y r i r m  

SPECIFE”& Our models haw been 
indrpvdmtly Iestea to the U.S. SWard as published 
in the F . d m l  Regbbr; Appendix A to 33 CFR Put 154 
and mrivrd roaptrnce fromthe U.S. cmsl c)uvd. 
They VI rated T m  ’I for flame Wlhrtkn and an 

ORbERlNa INFORMATION 
Cof@UR Ennrdo ulns anginemn WiVI specmc 
apdlaka bnr for model c e h ~ n .  Inlormotion 
req ired wuld include; Connrctlon sire. . 
O J  raMg@kimum raie of flow, system pressurn, 
dedred psuurn drop, Gas group. Hwsllng and 
EIemmnl materials, Optlons ckslred. 
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The folidwing specifications apply to Model DiA 1608/C-66R 

INLET PRESSURE Atmos . 
Mol. W t  . 29-(air)  
TEXPERATURE 

CALCULA E D  : 
60-F (ainbiknt)' __ _ _  . . _ _  . 

PRESSURE DROP - 3.2 ~ n R 2 0  

MAllCRLUS AND DESIGN: 
1.1 xowiag m d  flange material: ASWmbA-240  316L Stainless  s t e e l  

1.2 D O t O ? ~ a t i O n  flame element: Crimped:ribbon type wound from A I S 1  316 

1.3 Interior flange gaslreta: 1/16" t k ,  Compressed non-asbestos. 

painted w i t h  a s t a i n l e s s  s t e e l  imwegnated paint .  

stainlasm s t e e l  material. 

1.4 rastenars on t h e  body section: S t  iriless steel studs and nuts. It 

1.5 Options: None specified. 1 .  

FEATURES AND SPECIFICATIONS: 1 

does not include end connection f d e n e r s  o r  gaskets. 
I 

2 . 1  The detonation flame arrestor  el.dant is removable using jack s tuds  
t o  8prOad the .unit while maintaining the  i n t e g r i t y  of the piping 
when rrmoving the flame arrestor  dlement assembly and w i l l  include 
a l i f t i n g  lug. 

norli i i ig & s s & i Y y  providing easier jand quicker inspection and 
maintenance. 
P h r P N A F 3 0  detonation flame a r r e d o r  is U.6 .  COAST GUARD ACCEP2ZD 
as bi-directional and will prevent detonation flame propagation 
when i n s t a l l e d  i n  a piping systmiwith M i n i t i a l  pressure l e s s  
than o r  equa1:to 2 0 . 7  psia .  
continuous bur'ninq against the  21b. cell  element is limited t o  15 
minutes. 

a n  0.64 mm 
shut-off of t h e  gas flow or by di lut ion of t h e  gas flow. 

XQSQLaL 
A l l  welding w i l l  be i n  accordknce.vith A M E  SECTION V I I I ,  Div. I. 
The u n i t  w i l l  be pressure tested $0 10 psig.  U n i t  design pressure 
is 315 ps ig .  
No pos t  weld heat t r e a t  and no raiioqraphy t e s t ing  included i n  tho 
base price. 
Material and workmanship are guar 
date. The Enardo warranty provide 
p a r t  FOB Tulsa, OX., incidental d 

2.2 . The elexaunt assembly is hinged t o  fallow it t o  swing free of the 

2.3 

Tbhis:'unit 3s USCG r a t e d  Tpe I?. 

If burning against t ha  lement for an extended period of 
time i 8  possible  the f l o w  would n ed t o  be extinguished by e i ther  a 

2.4 
2.5 

2 . 6  

2 . 7  f o r  12 months from ship 

2 . 8  Approval drawings w i l l  be 
order. 
approved drawing, unless t h a  dc.ign,.approval is vaived by the 
customkr. . $  

No shipping, third par ty  inspectibn,: duty or taxas are included i n  

Tha auo ta t ion  is va l id  f o r  90 davb from auotation date. 

"he manufacturing w i l l  be in upon r e tu rn  rece ip t  of the 

NOTATIONS: 
3.1 

3 . 3  

the r i c i n g .  ! 
3.2 No f 9 eld i n s t a l l a t i o n  by Enardo Manufacturing Company. .: 

lKeQKm& 'i - 
THE CONNECTINQ PIPING SHOULD BE DTIGNED TO SUPPORT THE WEIGHT OF 
THIS UNIT. iD-3mI)I 



c I.’ 

I1 

I 
! 

‘I 

, ’  



i 

i 0 

I I 

4 

I I  

I )  I 

I 

I 
I 
I I  

l i  I I I  

I I i  
l i  I 

l i  I 

I l i  
l i  I 

I I  

I I  

I I  
I 

! I  I I  

I I  

I I  



4 

-1 
I 
I 

.. .. 

.------ I ! - :  

i 

I 



4 

\ i 

\ 
\ 

t \ 
\ 

\ 
\ 

\\\) \ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 

qq \\ 

\ 

. 

I 



. .  

.' . . ..L 

i 

r- 
i 

.. . 

,I,.. ., 

4 



. .  

'. .. 

4 

-1 
I 
I 

I I  
I I  
I I  

I 
t I $  
f 

I 



--7 L 



HNF-4245 
Rev. 0 

OPTION 9 - COMBINED WET SCRUBBER & CARBON BED 

1. 37-gdonportableEyewash, 7601.37 

HAWS $4,150 

2. Safety Storage Building - Sharon Rodgers 1-800-344-6539, Model 15, -16' long, 9' wide, 
9' A tall 

cost $13,000 
add lights, 
temp control SlaQ!B 

$23,000 

FOB CA Freight s 1,500 

3. Carbon Adsorber Bed - Cameron: 1 each TSU-l000R,$7,995 

4. Flame Arrestor - EnuQ Mfg. Co.: 2 each DFA 1608/C-66R, $18,275 each 

Total $36,550 

3400 lbs (for two) shipping weight from Tulsa, OK 

5. Ammonia Scrubber - Ceilcote Air Pollution Control: 1 skid-mounted scrubber system with 
fan, duct, pump & piping = $32,000. Need to add shipping from Ohio. 

Includes: 
vertical packed tower scrubber exIlwstfon 
recirculation pump interconnecting ductwork 
recirculation piping selected instrumentation & control panel 

6. Veat Piping &om existing ventilation system to wet scrubber (fiberglass-reinforced plastic), 
and between the scrubber and the exhaust stack shall be 304L schedule 10s and welded 
construction. 

7. Liner - under scrubber, recirculation pump and piping, 304L stainless 1/4"-thick plate 
welded joints, assume 1 A. tall. 

8. Insulation and Heat Trocbinstall on scrubber and recirculation piping. Note: an immersion 
heater/thcrmostat is provided on scrubber sump. 

9. C G  Fire Suppression System for activated charcoal adsorption bed. 

E-88 
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To: JACK NICHOLSON 

From: Diane Roth 

Date: 3/4/1999 

Page 1 of 3 
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07602.1 O @  
10 plbn capaclty 
07602.lOTW 
10 plbn capaclty wllh heater and InsUalJw 
jacket for tarpemd waler 

Speclfloatlont 
RnL: 10 gallon capclty wlth 7% gallons of 
usabb watec stalnbrr steal wlth c- 
handb. Ak p m s w  f h d  though Utu-type 
vahra to d n d e d  87 PSI. h w  
gauge, safely miel v a k  (sat at 120 PSI), 
and tin-type valve a n  murled on the tank 
Addllbnal relbf v a h  bulil Into tank coyer. 

Hndr: Twin Soft-Fb* patented ABS p!aslJc 
anti-surge eyewash h d s  In Safety Gtwn 
(Modd S P l 2 ) .  Dust mm prdd b d s  and 
aulornatblty &sa wIth water ~ESM 

Heath Sydem Modd 7602.10.21w ow,'\ 
600 wan tank b t e r  wkh dual ttnmDstats '8 

and thtrmJIurer safely lwps water 
terrpsratun tetwwn 654 and 854 (18% to 1 
29%). Includes imustirg jackn Requirer 

........................................... 

- _2-._..--- 

j 

... IBA.C. tooperata . ........-..--J ......- . 

Aclhntbn: Stahksr steel push bo 
operates a stay open chom plaid brass 
ball vak that k eqrlpped wlth a stahless 
stad ball and stem 
Stmm Conlml: Steady water fbw d e r  
varying prasura asrued wilh dual 
automatic pmssura compensatbn devias. 
Hydrnrrp: Bacteriostatk addklvs to pernJI 
stora~e of water for ss~ta l  rm~Ihs (Model 
90.91). See page 84. 

Measummardr: Overall height 43'. 
12%' diameter 

Details 

Shipping W~lald: 7802.1 0 -25 Ib.. 
7602.10lW-27 Ibr. 
For ASME Coded stahless she1 tank sa8 
Model 7601.10.2 

OUtlOIIS (Addilbnal Cmt) 
0 Modal 9007: Carl for ease of nmbUHy. 
78021 0 
0 Modal (9016: '~ EysnaCe and bdy 

SPRY wlth ABS Plartlc Feall-er-Ao** 
spray head wkh Inlspml fllp top durl 

open s q m m  hvsr handle vabe muntnd 
on 6' hnavy diAy rubber hDIk 

cover (Model SF-21) operated wtm slay 

-FWW a a,mv.ais --mw IY. a.6w.a 

-' 
.".LAC. m-.- .Y- .L ."* . rn  
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SAFETY STORAGE 
Nationwide Manufacturer of Prefabricated 
Chemical and Hazardous Material Storage Buildings 
Businesses and insthilions must 
comply with federal, state, and kcal 
regulations, minimize liability, safeguard 
personnel and faciliiies. and keep our 
communities safe from hazardous 
waste and toxic chemicals. 

Safety Storage buildings offer a 
comprehensive response to compliance 
requiremenls. Because they're from a 
company experienced in-and dedicated 
tosolving chemical and hazardous 
material challenges. A company with a 
network of field engineers who under- 
stand the complexities of compliance 
regulations. Backed by many years of 
manufacturing know-how and plants on 
both U.S. coasts, they're people able lo 
tailor precise solutions to your slorage 
requirements. 

Safety storage relocatable weather- 
proof 5rildin;s 2:e p::!e:: :h'cqhout 
the country, in all climates and wiih 
virtually every hazardous material. They 

demonstrate what no others can-solid 
environmental and chemical engineer- 
ing know-how. Hazardous chemical 
and material handling, storage. and 
transportation is our only business. 
We know our business. And that's 
made us first choice among people 
who know theirs. 
Our staff of profcsslorUr tield 
engineers am available natlonwlde 
for Infomuilw pmsentatlons on 
repurrtion oompllanw stntegrs. 
and attematlves. 

Safety Storage sales representa- 
lives, located in most US. industrial 
communiiiis, are trained to help you 
attain safe hazardous material storage 
objectives. They will assess your 
chemical storage needs. prepare 
detailed storage-mil sketches and 
specifications. and orovide wrinen price 
quotations. Call today for the name of 
the representative neared you. 

SAFETY 
STORAGE 'I 

SAFETY STORAGE, INC. 
2380 South Bascom Avenue 
Campbell. CA 95008 
Phone: 408t559.3901 
Fax: 4081559-3218. 1 . 
1-8001344-6539 
. leds Lln, Si.n"* I_ .I# 110". W",W 
Sam" SI0,I.p.. 1. a !I"* man D( s8- sl4r.p. 4.c 
SS tM YC n 1 4 m  U 5 A 88s 

Snm *I. annnanidp.n alIom9iiiom uodnvhib, thb inlmnwimmd wpro6uar. 01th. pmducu of 
almr mnuluiunn in cnmbin8lim wnh OUT poduna. MY be used. w. a m p t  w nrpwomcQ IN rnult. 
m i n d  byl tu  lpplicnion d thii i n l m i o n  or- ulelv and wUbiNy ol wrprc4ws. M u a M  N 
in mmbiMlion wlh olhar pmduat. U u n  an adv!sed 10 ML. their om Un1 Io dnennin lha u t M y  
QKI aviubllhy d e.ch such pmdua fw  heir om plrpar. Unbu ahanvise . p r d  h nhhp. vm nu th. 
po6ucD *ntMul warranty, and and uun usurn Y ntponribiwty QKI WiIy lor lou u bnug. 
arising lrom the handling and use 01 our DfOdUC11. whether urod alone or in combination with 
ahn poqs. Y 
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14955 Spregue Rd.. SMto 2h Ceilcofe Air Pollution Coflirol StmnQ8VIlkOH 44138-1758 

Mucb 3,1999 

FhmrDanidNodmst 
M.irstopB4-57 
1200 Jldwip A V ~ U O  
P.O. b 1050 
R ~ ~ I I &  W- 99352-1050 

Tel440.245.0700 
Fax 440243.9854 

PROPOSAL NO. IPG22486 
BUDGET 
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PropoPal No. IPG-22486 
FlUCUDSnidNCathUKU 
hkrcb3,1539 
plps20f4 

Y 

NO.EEE P.2/4 

~~ 

P- . 1.000 A C M  6" SPWC. 2087 RPM 1.46 BHP 
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CONTROL PANEL 
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CEILCOE AIR POLLUTION CONTROL 

=%?-- chrirtapbcr w. Poling 

p r o a u e t ~ - E D o i n c e r s d ~ y d e m ,  

om/& 
hoclowcr: Bull& 12-2, Bull& 114 

&ns Air EneincCriag Co. 
3822 S.W. COW Am 
Porhpnd, 0- 972014388 

cc: 

TJ: (503) 228.7296 
F S  (503) 228.7351 

c 
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Acrivulrrl Carboil . Palluflon Conrrol Sysrdm 

and lYusrr Maiiogemrnr Scrvlces 

CAMERON 
ENVIRONMENTAL, MC. 
527 Van Ness Ave. Torrance, CA 90501 
Tel: 310.212.0610 Fax: 310.212.7222 , 

m a  1.4,. '.,.It 

Fax Cover Sheet 

TO: Dan Evans 
COMPANY: Fluor Daniel 
FAX #: 509-373-5712 9 

PHONE #: 509-373-2688 

FROM: Chuck Jamecke 
DATE: December 15,1998 ' 
PAGE: 1 OF3 
QUOTE: 1843 

P . Q I  

Dear Mr. Evans, 
I .  

' r e  

1 liavc sonic options for ;our consideration for stalnless steel carbon filters. , .  

Option 1: (Highly recommcnded to kccp thc static pressure low for a smaller An) 

2 each TSU-1OOOR Staiiiless Steel radial flow carbon adsorbers filled with 

. . '  - \ 5% 
standard CEI-R 4x6 mesh activated carbon 5 7.995.00 each f 15990.00 

2 each TSli-1000R Statinless Stielradial flGx carbon adsorbers fillcd with 
CEI-NHC citric acid inipregiiatcd carbon for 
Ammonia reinoval S 8,750.00 each S 17.500.00 

Option 2: 

2 each TSU-1000S Stainless Steeldccp bcd cnrbon ndsorbers fillcd with 
startdard CEI-R 4x6 mesh activated carbon S 9.750.00 cach f 19,500.00 

1 each TSU-1000S Stainless Steel deep bed carhoii adsorbcrs fillcd with 
CEI-NHC citric acid impregnated carbon for 
Ammonia reinoval S 10,505.00 each S 21,010.00 

The other option is too expcnsivc and is on largcr stdinless steel vesscls (5 16,000.00 per vessel 
plus carbon). I highly recommend thc TSU-IOOOR vessels based on the fact that thc static 
pressure across this unit is less than 1" W.C. llyou nin 4 of these units in sen'cs, thc estinuled 
slatic prcssurc across all of the units should be ICSS., than 10" including interconncctiiig 
ductitrglpiping. 

I can fabricate these units in  tlmc to ship to you by the mlddle of January only If 1 can get 
you to Issue'a purchase order no later than the cnd of tlilr wcek. I f  we don't get an order by 
then, I won't be sble'to guarantee dclivcry by the 3" week in January. Please call me to discuss 

. . . .. . .. .%. , . ~ . ~ t l i i s  . . funher.if youNould like. Once you niakc a decision, Dave McKciizic with Cincinnuti Fan 
should be notified so that he can adjust therizcof hit fan selection io mect your needs?- ' 

' " '  : .. 

PeE97 
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You rcqucstcd information on the result of ammonia pnssing through our CEI-MIC imprcynated 
carhon. The ammonidCE1-NHC reaction that takes place rcsults in the fomiation of sodium 
citrate. . 
I have included 811 actual shop drawing of the TSU-1000s stainless stecl unit for your 
considcration. The spccification sheet is slightly difkrcnt and tlic shop drawing docs not show 
the 4" FNPT connection ports which will bc located in thc same position as thc specification 
shect indicates. Call me to discuss this funlicr if you wish. I will bc in thc office all day todny. 
Thanks for your request for quotation on our products. I look forward to talking with you soon 

Best regards. 
Cameron Environmental. Inc. 

Director of Sales and Marketing 

- p w  E98 
..,*-. . - ... .-. -- .-. .-__ ,__._ .... , ......... .- ..I_- ........... . . . . . . . .  .. . .  .... . . . . . . . . . . . . . . . .  . . .  .-...-.- -c. ._: ... I- . . . . . .  , . . .  . . .  
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Aeriwrcd Carbon . Pollutiun Control Sprcms 

and Wuste Mmngentent Scmires 

CAMERON Rev.o 
ENVIRORMENTAL. INC. 
527 Van Ness Ave. Torrance, CA 90501 
Tel: 310.212.0610 Fax: 310.212.7222 m a  ""1 @:",a 

Fax Cover Sheet 

TO: Dun Evans 
COMPANY: Fluor Daniel 
FAX #: 509-373-57 I2 
PHONE #: 509-373-2688 

FROM: Chuck Jamccke 
DATE: December 15, I998 
PAGE: 1 OF 10 

Dear Mr. Evans, 
+. 

Per our discussion this morning, plcasc find the specification sheets on a couple of our vapor 
phase activated carbon unit. I will be providing you the pricing later today on your options foi ' 
eithcr of these units in stainless steel. Pcr our discussion, I think it best to possibly consider the 
TSU-1000R if at all possible if indccd you plan to run (4) units in series. Two of the unit with 
carbon and two with the ammonia carbon our CEI-NHC. 

If you select (4) of the TSU-1000R units and run them in  strics, the stntic pressure across the (4) 
units combined would bc an esfimatcd 4 inches, however interconnecting ducting wodd also add 
to thc equation. I would estimate somewhere around 8 - 12 inches of total static pressure 
depending on how many eibows, etc you have figured into the connective piping. 

1 have included a general graph on static pressure through 12" ofcarbon of various mcsh sizes at 
various vclocitics. I have also included our spccification on thc CEI-NHC impregnated carbon 
ns well as R couple of shon articles on activated carbon. I will bc back with you a bit later for 
funlier discussion. 

Best regards, 
Canieron Environmcntal, Xnc.' 

W 
Chuck larnecke 
Director of Salcs and Mnrke~ing 
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C A M ~ E R ~ N .  
Eh'VIRONMENdL. INC. 

TUB SCRUB UNIT 
TSU-IOOOS - TSU-2000s - 

z 
The TSU-1000s and TSU-2000s Tub Scrub carbon adsorber unls are designed for Ihe emdent purification of 
your contaminated vapor waste or process stream. In service nationwide, these adsorbers have a proven 
ability to remove organic contaminants to nondetectable levels. 

To provide long life and superlor corrosion resistance, these vessels are constructed of heavy duty mild steel, 
and are lined with a high thlckness fusion bonded epoxy coating. Up-flow operation Is recommended. These 
unlts are also equipped with forklift channels to ease the process of vessel maintenance and carbon servicing. 

These adsorbers will arrive from our warehouse ready for connection to your process plplng: filled with high 
quality activated carbon. Once the carbon is 'spent". Cameron Environmental provides a number of service 
and disposal options to mee! each site's specific needs. Please call our service department whe+ carbon 
chanaeout Is needed. . .  

I 

SPECIFICATIONS: TSU-1000S TSU-2000s 

InleVOutlet Connections (fnpt): 4" 4" 
Manway 16" 16" 
Height: 64" 88' 
Diameter: 46" 46" 
Maximum Flow (cfm) 600 600 
Maximum Pressure (psi): 15 15 
Maximum Temperature (OF): 175 175 
Carbon Capacity 

Volume (cubic feet) 34 67 
Weight (Ibs) 1,000 2,000 

Approximate Shipping Weight (ibs) 1,800 2,950 TSU-2000s . 

1 5 1  10 :// I )  

6 

100 200 300 400 600 600 
& '  

7 1 7 1 1 ~ t n  G... ctn 7 1 7  7?>> 
Page€!-101 ... U.- U..... A",..." 7Lm.-.u ............ 
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TUB ,SCRUB UNIT - TSU-10OOR A TSU4500R - 
The radial flow Tub Scrub carbon adsorber unlts are designed for the ehicient purification of your 
contaminated vapor waste or process stream. The shallow carbon bed in these uniquely deslgned vessels 
ailowsfor the processing of high flows at extremely low pressure drop. In service natlonwide, these adsorbers 
have a proven ability to remove organlc contamlnants to non-detectable levels. 

To provide long life and superior corrosion resistance, these radial flow vessels are constructed of heavy duty 
mild steel, and are lined wlth a high thickness epoxy coatlng. The adsorber lnternals conslst of a distributor 
tube and retention screen for hlgh quality activated carbon. Inlet vapors enter the distributor tube, then 
proceed horizontally through the carbon bed, and then through the retention screen to free air space Inside Ihe 
canister wall. The purified vapors then travel to the upper collection are to exil the outlet duct. Theskunits ar8 
also equlpped with forklift chsnnels to ease the process of vessel maintenance and carbon servicing; 

These adsorbers will arrlve from our warehouse ready for connection to your process piping; filled with high 
quality activated carbon. Once the carbon Is 'spent", Cameron Environmental provides a number of servics 
and disposal options to meet each site's specific needs. Please call our service department when a carbon 
changeout Is needed. 

L 4 0 . 5 ' 4  
I 1 

SPECIFICATIONS: TSU: 1000R 1500R 

InleVOutlet Connections (duct): 
Height: 
Diarneier; 
Maximum Flow (cfrn) 
Maximum Pressure (psi): 
Maximum Temperature (OF): 
Carbon Capacity 

Approximate Shipping Weight (Ibs) 

Volume (cubic feet) 
Weight (Ibs) 

I O "  I O "  
9 0  90" 
28" 48" 

4,500 3,000 
3 3 

170 170 

33 50 
1,000 1,500 
1.650 2,150 CAMERON 

ENVIROKYENTAL 

TSU-1000R 
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CAMERON 
Environmental, Inc. Acdrorrd Carbon & Potluttor Control Sjrtrm 

CEI-NHC Activated Carbon 

Cameron Environmental's CEI-NHC activatcd curbon is impregnated with citric ucid and is 
designed to efficiently remove ammonia vapon. This cnrbon is a high activity specially treated, 
activated carbon. 

I .  .e*, 

PHYSICAL PROPER~IES: 

m!LMmu 
Carbon Tctrachloride Activity (CTC): 
Apparent Density (Ibs./cu. !I.) 
Hardness (Ball Abarasion): 
Moisture Content: 
Mesh Sizes*: 

60 minimum 
30 avcrrge 
95 minimum 
4% maximiiiii 
4 ~ 8 . 4 ~ 1 0 ,  Gxl2 

+custom sizing availablc 

u a t m e n t  
Apparent Density (1bslcu.R.): 
Moisture Content: 
Ammonia Removal Capacity: 

44 average 
10% maximum 
16%' minimum 

This equals 30% of the weight of  Llic husc aclivated carbon before treatmcnt. 

. .  L' 
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4470 South East Avenue 
TULSA, 741454607 U.S.A. 

Telephone 0 Far 1-918-622-0004 
. I  

r 

f 
QUOTATION NO. 9966646 
REFERENCE: RFQ - Detonation Arrestor 

Date: February 4,1999 
Page : 1 ~f 5 

Fluor Daniel Nortbnert 
Attn: Mr. Jack Nicholson 

Fu: 509-316-9166 
Ph: 509-371-1656 

. .  From: SamGarman 

! 
Technical Sales 

! .. 

Housing with l5Olb Connection 
with 316 Stainless 
Element Assembly . 
Approx. Weight Each 1,bOO Ib, 

S 18,275.00 S 36,550.00 

1. 2 DFA 160UC-66R 8" Detonation 

Shlp Date: 10 ro 12 weeks 
SEE ATTACHED 

EX WORKS FACTORY - A, OICLAHOMA 
; I  

. NOTES: 

. .  
Ber Regards, 

Sam Garman 
Technical Sales 

, .  

IT YOU DO NOT mcmm u PAGI~S AS INDICATED ABOVE PWE CALL! 
m.maoc ! L '  

_ I  
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EN-0 FLAME ARRESTOR WCIFICATION AND NOTATION DATA 

OPERATING CONDITIONS: (split Plow - j 2  units required) 
MAX. GAS FLOW 500 scrm ! 
INLET PRESSURE Atmos. 
Mol. Wt. 29 (air) 
TEMPERRTURE 60 F (ambient)' 

CALCULATED: 
PRESSURE DROP - 3.2 iM20 

MATERIAIS AND DESIGN: 
1.1 Rousing 8nd flange material: As~l4.A-240 316L stainless steel 

1.2 

1.3 Interior flange gasket.: 1/16'' tk, compressed non-asbestos. 
1.4 Fasteners on the body section: St inless steel studs and nuts. It 

1.5 Options: None specified. 

2.1 

painted with a stainless steel imqregnated paint. 
Detonation flame elgment: crimpedzibbon type wound from ASS1 316 
Stainless steel material. 

does not include end connection f st'eners or gaskets. 
' .  .. 
! 

The detonation f lema arrestor eledent is removable using jack' ktuds 
to spread the,unit while maintaining the integrity of the piping 
when removing the flame arrestor alement assembly and will include 
8 lifting lug. 
The element assembly is hinged to:allow it to swing free of the 
housing assembly providing easierjand quicker inspection and 
maintonance. 
-0 detonation flame arresior is U . 8 .  COAST WARD ACCEPTED 
a8 bi-directional and will prevent detonation f1ax.e propagation 
when installed in a piping eystemiwith an initial pressure less 
than or equa1:to 20.7 psia.  
continuous burning against the flame cell clement is limited to 15 
minutes. loment for an extended period of 
time is possible the flow would n ed to be extinguished by either a 

s unit shut-off of the gas flow or by difution of the gas flow. Xkai 
i s  desianed for NPC C-rour, C cz s cf no creater than 0.65 mm MESG 
X?&?Qx& 
All welding will be in accordance.with ASHE SECTION VIII, Dlv. I. 
The unit will be pressure tested $0 10 psig. Unit design pressure 

No post weld heat treat and no rahiography testing included in the 
base price. 
Material and workmanship are guar nteed for 12 months from ship 
date. The Enardo warranty provide replacement of the defective 
part FOB Tulsa, OX., incidental d ma e8 are not covered. 

order. The manufacturing will be in upon return receipt of the 
approved drawing, unless the desi n.approva1 is waived by the 

No  hipp ping, third party inspectibn,i duty or taxes are included in 

'C' 

1 
FEATURES AND SPECIFICATIONS: I 

2.2 

2.3 

This:wit is USCG rated Type 11, 

If burning against the t 
2 . 4  
2.5 

2.6 

2.7 

is 375 psig. 

2.8 Approval drawings will be provideb. 4 w thin one week fron receipt of 

customer. . .  I : &- 

NOTATIONS: 
3.1 - . - - 

the pricing; ! 

IMPORTANzr ! 

3.2 
3.3 

No fi-eld installation by Enardo Manufacturing Company. 
The quotation is valid for 90 day) from quotation date. 

. ._ 
i.. LA..,.: .:, THIS UNIT. 

. . . THBCONNECTING PIPING SHOULD BE D$6lQNED TO SUPPORT THEWEIGHT.OF 
m~uac&.oDru .m 
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<* Bi-dlrsctional Element 
<= Minlmal Pressure Drop 

<a U.S. Coast Guard Accepted 
<* vpe I Flame Stabilifatlon Rating 

<a Removable Element 
(= - Minimal Clogging 

(-' ENARDO OETONAnON FLAME ARRESTORS 
represent the ultimate in flame arremnent proredon. 
They provlde DosWe Droteetmn aaalmt flame 
ropagation in piping syslem thai are manifolded or 

!ave long runs. Thew arrestors are bidirectional and 
can stop an ignited iiammabie vapor mixture 
approaching from either dlrealon that can b traveling 
at subsonic or suporsonic velodties. Enardo utilizes h:, 
element assembly that dampens the hQh velocities and 
pressures associated wiih deflagratlons end 
detonations, while quenching the flame front. Our 
design is unique in the rbility to provide larger flame 
channels which requires less frequent maintenance and 
greater ease in cleaning when service Is required. The 
element is SO unique that there is a patent pending on 
our design. Rits unlt offers maximum flow to pressure 
drop characteristics enhancing the value of our product 
to any system. 

SPECIFICATIONS: Our models have been 

COI~MRUCTION 
aanderd Materials: Housing lo ASTM A-234 and 
.. ASTM A-36 welded carbon steel with ANSI B16.5 
!: 150 ib. and/or 300 Ib. flanges. An8smr ussembly 
I is AIS1 304 or 31 6 stainless sted mated81 whh 

ASTM A 4 6  carbon steel shell. T?G izi6i4rd7 i MESG is O.9Omrn for NEC Group D or IEC Group 

Optlons: All stainless steel materlats, special alloy 
. materials, flanged or NPT fittings for drains, 
' pressure taps, temperature probes .Mor 

cleaning ports. Eccentric and custom designs,for 
.. unique applications. Auxiliary system for flame 
: sensor notification. shutdown. inarting and or .. enriching systems. 

I -..A l l n  1,11".1 
, I _ . I"  ..I. ...F"I-. 

ORDERING INFORMATION 
Coflsult Enardo sales engineen with speclfic 
ap@ication data for model selection. lntormation 
rewired would include; Connection size, ' 

independently tested to the US. Standard as published 
in the Federal Register; Appendix Ato 33 CFR P a 1 5 4  
and received acceptance fmmthe US. Coast Guard. 
They are rated Type 1 for flame stablliutlon and M 
iniiid operating pressure ot 22.7 psia (or gases and 
vapors that have a MESG not less than 0.9Omm. They 
have also been teated to the Canadian Standard 
Association (CSA) 2343 Rv. 12. The resulo psDve our 
design meets or Brceeds all crlteria All welding Is 
wrforrned In eccordance wlth ASME Boller and 

Op&rating/Maximum raie of flow, system pressure, 
dadred pressure drop, Gas group, Housing and 
Element materials, Options desired. 

' . 

Tui a, Oklahoma 74101 

(eo ) 336-2736 US. 6 Canada 
CA 104 R\ m=..nn,tA 

(91 ) 835-6974 B 
Pressure Vessel Code Sedtion Vlll - -_ ~ 

FA-1 4 , _  

P 'd ItlljoIltMMlNI o(IW3 WdE1:SB 66. PB 833 
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KEY TO ENARDO DETONATION FLAME ARRESTOR! MODEL NUMBER 

000 

.-,' 

Indicates 8' Detonation Flame Arre?rtor with e 12. carbon sieel h ing, ANSI 1.50 Ib. raised face f l q e  connections. 
and I stalnlesr steel element It also has options of daln ma. ups and a temperature probe connection. - 
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ESTIMATING SHEETS FOR VENTILATION AGA OPTIONS 
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WETSCRUBBER - OPTKMl 5 BACKUP INFORMATION 

HRS I 
MAJOR UNITS S PER HR M O R  SALES 
rTEMS SUPPORTlNG E t 4  OESCRIFTION EA OR UNIT SUBTOTALS AOOERS TAX TOTAL 
M E  WASH s 9,150 s . s 332 s 9,482 

I 
EYE WASH UNIT 
FREIGW 

1 I 4.150 S 
1 s 5 . m  s 

SMEW STORAQE BUILDING ' S  
BUILDING 1 S 24,& S 
CEMEMFOOllNGShFLOORlNG 9 S 200 S 
INSTALUTlON UBOR 9 0 1  4 2 s  

CAWON AESORBTlON BE0 S 
U R B  ABSORBTION BE0 1 S 7.995 S 
BE0 INSTALUTlON 100 S 42 S 

OUPLU FUME ARRESTORS S 
b OET FUME ARR 2 S 18,275 S 
U B O R  =46 HRS X 2 EA W S  4 2 s  

f 

SKI0 MOUNTED AMONIA SCRUBBER S 
SCRUBBER 1 S 32.W S 
SHIPPING FOR SCRUBBER 1 s 2500 s 
INSTALUTlON 480 S 42 S 

AJR TREAWEN'WUME ARReSTOR W I N  6 LINER S 
CEMENT BASIN 3 3 s  2 w s  
U 8 0 R  I 10 MHWCY 330 S 42 S 
STAINLESS STEELE LINER 288 S 52 S 
INSTAL M O R  = 2.5 MHWSF 7 2 0 1  4 2 1  

FIRE SUPPRESSION SYSTEM S 
FIRE SUPPRESSION SYSTEM 1780 S 2 S 

Ysuunw 6 HEAT TRACE S 
FORSCRUBBERhRECRH:PlPlNG 1 S 2 5 . m  S 

4.1M s 332 
s.000 

30,080. S 953 S 2.104 S 
24.500 s 1.m 
1.wo I 1 u  
3.780 s 953 

12.195 S 1,058 S 640 S 
7.995 s 840 
4.200 S 1.058 

40.582 s 1,018 s 23% s 
lE.550 I 2.92b 
4.032 S 1,010 

s3,820 I 4,869 s %wo s 
32.wo s 2.so 
2.500 

10,320 S 4.889 

6S,678 S 11.113 S 1.728 S 

?%MI0 S 3.403 
6.800 I 528 

14,078 s 1.198 
M.240 S 7,020 

53.872 S - S 4,310 S 
1.872 s 110 

25,000 s - s 2,000 s 
25.000 s 2 . m  

33,137 

13,893 

44,522 

e1.m 

78,515 

58,182 

27.000 

PRE-VARIABLE SUBTOTAL S 325,979 I 
ROTAR FANS (IpPUCABLE TO AW, AN, W s %Ma s tn s 10 s a.581 

ALLOW12 H R S  EAX 2 W S 42 S 2.M8 S 877 
ALLOWMISCUNLX~ 2 s  1 0 0 s  200 s 18 

DUCTWORK S 11,509 S . S 1,009 S 13118 
FIEERGUSS DUCT WORK m s 467 s 9 . ~ 0  s 747 __  _- _ _  - -. . . . 
STUNLESSSTEELEOUCTWDRK 7 S 467 S 1.280 s 202 
IWET SCRUBBER SUMMARY TOTAL FOR AP (FAN ROTATE INCL) s 343,4781 

DUCTWORK S 19,147 S - S 1.532 S 20,679 
FIBERGUSS DUCT WORK 25 S 467 S 11.675 s o w  
STUNLESSSTEELEOUCTWORK 18 S 467 S 7,472 s son 
IWET SCRUBBER SUMMARY TOTAL FOR AN (FAN ROTATE INCL) s ssot39( 

DUCT WORK s 16,345 s - s 1,101 s 17.653 
FIEERGUSS DUCTWRK 1s s 467 s 7.w5 1 5 w  . - _ _  . . . -. .. . ~.~~~ 
STUNLESSSTEELEOUCTWORK 20 S 467 S 9.340 r 747 
IWET SCRUBBER SUMMARY TOTAL FOR AW (FAN ROTATE INCL) S 347.213 I 

DUCTWORK S 39.89S S - S 3.176 S 42,871 
FIBERGUSS W C T  WORK 70 s 467 s a w  S 2,015 
STUNLESSSTEELEWCTWORK 15 S M S 7.005 s w o  
[WET SCRUBBER SUMMARY TOTAL FOR A Y I U  s M8,8SO I 

DUCTWORK S 17,746 S - S 1420 S 19.166 
FIBERGUSS WCT WORK 50 S 487 S 14.010 s 1.121 
STAINLESSSTEELEOUCTWORK 8 I 467 S 3.m $ 2 9 9  
IWET SCRUBBER SUMMARY TOTAL FOR SY s % f 4 5 )  

- 
SRYOO t 3 l P M  
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CATALYTIC THERMAL OWDIZER - OPTION 7 BACKUP INFORMATION 

H K 3  I 
M O R  UNITS SPERHR LABOR SALES 
ITEMS SUPPORTING ITEM DESCRIPTION EA OR U N r  SUBTOTALS ADDERS TAX 
39 10" ROUND DUCT. VALVES. ETC s u.262 s mi s 2120 s 37 .~83  

TOTAL 1 
.~ ~ - - -. - _.___ - -. ___ 

DUCT FlmNGS 35' X 436 35 S 436 i 15,260 s 1.221 
VALVES 6, 5 415 S 2.490 s 199 

DUCT SPTS 3 S 5 . W  S 15,000 s 1.200 
LABOR = 8VALVES @ 6  HRS EA 36 S 42 . S  1,512 S 361 

DUPLEX FLAME ARRESTORS S 40,582 S 1,016 S 2.924 S 44,522 
8' DET FLAME ARR 2 S 18.275 S 36,JSO S 2.924 
LABOR 148 HRSX2 EA 96 S 42 S 4.032 S 1.016 

CATALYTIC OXIDIZER S 09.3'27 S 8.040 S 8.346 S 110.713 
SST UNIT 
LABOWCRANE TIME 

PROPANE TANK PAD 
CEMENT = SX14X6" = 1 CY 
LABOR = 10 MHWCY 

BOLLARDS 
(INCL REBAR 3x10) 

PROPANE TANKS 
TANK 1.WO GALLON 
LABOR=16HRXlTANK 

AIR COMPRESSOR 
10 HP COMP 120 GC TNK 
LABOR FOR COMP/TNK INST 
CONTROL PANEL 
LABOR FOR PANEL INST 
MOISTURE SEPARATOR 
LABOR FOR SEP INST 
DRYER 
LABOR FOR DRYER INST 
SKID MOUNT 8 PIPE 
LABOR FOR SKID MTIPIPE INST 

BURIED AIWQAS LINE (AY/AZ) 
TRENCH M W X Z '  = 3 CY 
WVBF 4 HRS PER FT OF TRENCH 
MATERIALS $3 PER F T X  2 LINES 

FANS 
15 HP FANS 
LABOR FOR FAN INST @ 20 HRS 
FAN PAD 6X8X5' 
LABOR FOR PAD IOMHWCY 

. .  
1 S 79,327 S 79,327 S 6.348 

200 s 100 s 20,000 s 5.040 

s 
1 s  2 0 0 s  

10 S 42 S 
s 

6 s  3 W S  

s 
1 s 1.500 s 

16 S 42 S 

s 
1 $ 6.175 S 

27 S 42 S 
1 s 2,000 s 

100 S 42 S 
1 S 3,200 S 
3 5  4 2 s  
1 s 2.800 s 
2 s  4 2 5  
1 s 1.wo s 

100 S 42 S 

s 
3 S 1,726 S 
80s 4 2 s  
40 5 3 s  

s 
2 S 25.296 S 

40 S 42 S 
1 s  2 0 0 s  

10 S 42 S 

3,020 
200 
420 

2.400 

2,172 
1,500 

672 

24,919 
6,175 
t.134 
2OOO 
4,200 
3.200 

126 
2,809 

84 
1,000 
4,200 

8,664 
5,iM 
3,360 

I20  

s 
5 

s 
s 
s 
s 
s 
$ 

s 
s 
s 

52.272 S 
SO,SSZ 
1.680 s 

200 
420 S 

106 S 
s 

lo6 

s 
169 S 

s 
169 

2.455 S 
s 
s 

2ea 

1.058 

32 

21 
s 
s 

1,058 

2,153 s 
1.306 

a47 
5 

829 s 
s 

423 
s 

lo6 

208 S 3,334 
16 

192 

I20  s 2.461 
120 

If14 S 28,586 
494 

180 

258 

224 

80 

10 s 10,827 

10 

4.063 S 58,865 
4,047 

16 

 CATALYTIC THERMAL ox SUMMARY TOTAL FOR AYM S 294,573 I 

Page E126 

,s 

Tank Ventilation (WFDkE OPT 7 BU 



"P-4245 
Rev. 0 

CATALMIC THERMAL OXIDIZER - OPTION 7 BACKUP INFORMATION 

M O R  UNITS SPERHR LABOR SALES 
ITEMS SUPPORTING rtEM DESCRIPTION EA OR UNIT SUBTOTALS ADDERS TAX 
ROTATE FANS (NOT APPLICABLE TO AYIAL) S 2.W S 677 S 16 S 3.561 

TOTAL 

ALLOW32 HRS EAX 2 6 4 5  4 2 s  2 . W S  6?7 
W O W  MlSC w n x  2 2,s loo s 200 s 18 

THIS ITEM IS APPLICABLE TO ALL FARMS MCEPTAYlAZ . 

I HRS / i 

BURIED AWQAS UNE (AP) S 12.132 S 3,012 S 14 S 15,156 
TRENCH j o w x T = 4 C Y  4 S 1.728 S 8,912 S 1.742 
EXUBF4HRSPERFTOFTRENCH 120 S 42 S 6,040 S 1,270 
MATERIALS $3 PER FTX 2 LINES 60s 3 s  180 5 14 

ICATALYTIC THERMAL OX SUMMARY TOTAL FOR AP S 302,486 I 
BURIED AIWQAS LINE (AN) S 142,092 S 35,308 S 156 S 177.559 

TRENCH 33UWX2' = 49 CY 49 S 1.728 S 84.672 S 21,337 
U(CJBF4HRSPERFTOFTRENCH 1320 S 42 S 56,440 S 13,971 
MATERIALS $3 PER FTX 2 LINES 880 S 3 s 1,980 5 158 

ICATALVTIC THERMAL ox SUMMARY TOTAL FOR AN S 464,8861 

BURIED AIRMW UNE (AW) s 25.992 S 6.459 S 29 S 32.480 
TRENCH 60" = 9 CY 9 S 1,728 S 15,662 5 3,919 
EXCJBF4HRSPERFTOFTRENCH 240 S 42 S 10,080 S 2,540 
MATERIALS $3 PER FTX 2 LINES 120 S 3 s  360 $ 2 9  

  CATALYTIC THERMAL ox SUMMARY TOTAL FOR AW S 319,808 I 
BURIED AlWGAS UNE (SY) S 54,416 S 6,612 S 19 S 43.048 

TRENCH 8 0 " X Z '  = 12 CY 12 s 1.728 s 20.738 s 5.225 
U(C/BF4HRSPERFTOFTRENCH 320 S 42 S 13.440 5 3.387 
MATERIALS $3 PER FTX 2 LINES 80 s 3 s  240 s 19 

  CATALYTIC THERMAL ox SUMMARY TOTAL FOR SY S 330,375 I 
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VENTILATION VOLUMETRIC FLOW EVALUATION 

F- 1 



HNF-4245 
Rev. 0 

APPENDIX F 

VENTILATION VOLUMETRIC FLOW EVALUATION 

F.1 INTRODUCTION 

Three major assumptions in this AGA that affect the conclusion are: 

1. A nominal flow rate of 1,000 scfm from each emission point will be realized 
(Section 2.1.7), 

2. There will be no more than three simultaneous in-tank activities (Section 7.1.6), 
3. Ventilation treatment/control will be provided on a farm basis (Section 2.1.3). 

However, for an existing or upgraded primary ventilation system to operate with 
the added heat loads from privatization support operations, the measurement of the 
primary ventilation air from each tank (controlled and infiltration) is required. 
Measurement devices are required for balance and control and should be installed in 
conjunction with the existing flow control valves in each ventilation pit throughout the 
farm. The monitoring and readout of flows should be included in the upgrades to the 
existing or new ventilation system. 

F.2 FLOW MONlTORING 

A report titled “Test Report of Evaluation of Primary Exhaust Ventilation Flow 
Meters for Double-Shell Hydrogen Watch List Tanks” (Willingham 1996) documents the 
results of testing four different flow meters using three different technologies for use in 
the primary exhaust ventilation ducts of hydrogen watch list DSTs. A selection was 
recommended, and installation of these flow meters is expected to be complete in fiscal 
year 1999 for the 241-ANHydrogen Watch List Tanks. Based upon success in AN farm, 
that selection should also be applied to the other DSTs. Control could range from local 
readout of flow with manual adjustment of the existing flow control valves to an 
integrated control system with remote readout of flow and adjustment of valves. 

F.3 EFFECTS OF INCREASING THE NUMBER OF SIMULTANEOUS 
IN-TANK A-S 

For DST farms where there is the possibility of several simultaneous mixer pump 
and waste receipt operations (proposed caac 6 of the TWRSostup~ukbride et al. 
1999]), performance of thermal analysis is required to determine individual primary 
ventilation flow rates for each tank. Also required is an analysis of the primary 
ventilation underground ductwork system to determine if the current configuration could 
support the primary ventilation flow rates for the specific tanks within the tank farm. 

F-2 
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F.4 RECOMMENDATIONS FOR ASSESSING TBE STRU- 
INTEGRITY OF THE BURIED DUCIWORK 

The structural integrity of the existing primary ventilation below-grade ductwork 
should be investigated to determine its current condition and estimate if it will maintain 
structural integrity throughout the waste feed delivery campaign supporting privatization. 

An internal visual inspection of the primary ventilation below-grade ducting 
should be initiated as near to the primary tank entrance as possible. This area would have 
the highest-temperature tank vapor and condensate, and should present a region of 
highest corrosion in the ventilation duct. A potential entrance for the remote inspection 
could be in a ventilation pit with the probe extended to near the entrance of the primary 
tank duct. Cutting into the existing primary ventilation duct would present an ignition 
source for flammable gas, therefore, access into the existing primary ventilation duct in 
the ventilation pits should be investigated. 

Two methods are available to examine the primary exhaust duct (welded pipeline) 
to investigate corrosion for the purposes of determining the remaining strength of these 
areas. These methods are discussed below. 

F.4.1 CerV Eumination Syatem 

The CCTV examination consists of a laser-ring followed by a camera pushed into 
the transfer pipe for approximately 100 feet using a push pole. The laser-ring illuminates 
a circumferential circle on the internal surface of the pipe. These circles, which take the 
form of the pipe contour, are compared with a standard pipe contour to measure corrosion 
or scaling of the pipe material. While the laser-ring paints a contour, the camera provides 
a direct view of the internal wvface condition. The product of the exam is the 
information gained by direct viewing of the laser-ring and the internal surface of the pipe 
wall through the monitor in the field. Videotape of both the direct viewing and the laser- 
ring information is available for further examination and evaluation to determine the 
probability of significant piping material degradation. 

F.4.2 Eddy Current System 

The Eddy Current instrument with remote field option is used for a broad range of 
tubing and piping applications in the petroleum, chemical, and power generation 
industries. The probe is hand fed and pushed through the ventilation duct. Power and 
signal data cables are connected to equipment adjacent to the point of entry of the probe. 
A vector analysis of the data is used to estimate pitting depth, length, and general wall 
thinning. 
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Both the CCTV Examination System and the Eddy Current System require 
cleanliness of the line slated for examination. Sludge buildup within the pipe will 
prevent the CCTV fiom accurately revealing pitting corrosion, and will cause the Eddy 
Current to function improperly. 
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APPENDIX G 

SPECIAL ANALYSES 

G.l COST COMPARISONS FOR INSTALLATION OF A NEW 702-AY SYSTEM 

During the analyses to complete this AGA, the possible need to upgrade the 702-AZ 
system was identified. This appendix examines the possibility of installing a parallel system 
with the existing 70242 system (approximately equal to W-030 Project minus the control 
room). 

G 2  



! "F-4245 
Rev. 0 s 

G3 



HNF-4245 
Rev. 0 

G.2 ROUGE IMPLEMENTATION S-DULES COMPARISONS FOR DESIGN AND 
CONSTRUCTION OF NEW /UPGRADED VENTILATION SYSTEMS 

Various methods of effectively deploying ventilation system upgrades are possible. Four 
of these are shown in Figure H-1. 
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6.3 COST COMPARISONS FOR UPGRADING THE EXISTING LAW HEPA 
PLENUMS 
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Lawvntug.qlr 

QuickBLCC (QBLCC 2.5-98) 04-08-1999/14:33:54 

QBLCC filename = LAWVNTUG.QI 
Analysis type = Federal Analysis--Projects Subject to OMB A-94 
Project name = Ventilation An Farm 
Base date of study = 1999 
Service date = 2003 
Study Period = 20 years 
Service Period = 16 years 
Discount rate = 3.7% 
Annually recurring costs and energy costs discounted from middle of yea 
r. 
DOE energy price qscalation rate file = ENCOST98 

Number of alternatives in file = 7 
Number of groups in file = 1 

Note: Project alternatives displayed in increasing order of investment 
cost 

Group code: 
Alternative 

Name _ _ _ _ _ _ _ _ _ _ _  
Short Stack 

Tall Stack 
Adsorb Bed 
Dilution 
Cont Vent 
Wet ScrubLCB 
Catyalic TOX 

-MIN LCC 

Present-Value Costs---------------- 
Investment OMLR Energy Total Life- 
costs* costs costs Cycle Costs 

--_-_-___________ 

------------ -------____ ----------- _____--_____ 
$22786715 $0 $0 $22786715<- 

$23197068 $0 $0 $23197068 
$24426161 $2359073 $112393 $26897 621 
$25044324 $155662 $280983 $25480969 
$26133081 $0 $0 $26133081 
$27511568 $4190410 $51088 $31753065 
$21542246 $0 $211418 $27753664 

Comparative measures are only calculated for the alternative with lowes 
t 
LCC relative to alternative with the lowest present-value investment co 
St. 

* Investment costs include capital replacements (if any). 
Residual values are not calculated. 
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QBLCC filename = LAWINPUT.QI 
Analysis type = Federal Analysis--Projects Subject to OMB A-94 
Project name = Ventilation An Farm 
Base Date of Study = 1999 
Service Date = 2003 
Study Period = 20 years 
Discount rate = 3.7% 
Inflation rate = 0.00% 
Cap replacements and residual values (if any) included as investment co 
sts. 
Residual values NOT calculated for capital components. 
Residual values NOT calculated for capital replacements. 

9 

Common energy data #1 #2 #3 
Energy type: Electric LPG 
Units: ( kwh ) (MBtu) 
Price per unit: $0.065 $4.360 
Escalation type code: 2 2 

# 4  

Data for DOE escalation rates: 
DOE Escalation Rate File = ENCOST98 
Rate Schedule Type = 3 
State Abbreviation = WA 

DOE Price escalation rates for Electric 
Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(% 
) ---- ----___ ---- - -_____ _ _ _ _  _____- _-_- _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ - _ _  
- 
1999 -3.2186 2009 -0.0870 2019 0.0000 
2000 -2.1655 2010 -1.3055 
2001 -1.1858 2011 -1.5873 
2002 -0.1600 2012 -0.8961 
2003 -1.5224 2013 -0.9042 
2004 -1.7087 2014 -1.3686 
2005 -1.6556 2015 -0.8326 
2006 -1.1785 2016 -0.4664 
2007 -1.5332 2017 -0.8435 
2008 -0.5190 2018 -0.6616 

DOE Price escalation rates for LPG 
Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(% 

__-- ----___ ---- ------- -___ _____-- _ _ _ _  _ _ _ _ _ _  1 _ _ _ _  ---____ 
- 
1999 0.3802 2009 1.4035 2019 1.3746 
2000 0.3788 2010 0.3460 
2001 -0.3774 2011 -0.6897 
2002 0.3788 2012 0.6944 

G 9  
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2003 0.0000 2013 0.0000 
2004 0 .3774 2014 -0.6897 
2005 1 . 8 7 9 7  2015 -0.3472 
2 0 0 6  1 . 8 4 5 0  2 0 1 6  0.3484 
2007 2 .1739 2017 0.0000 
2008 1 .0638 2018 1 .0417 

Number of alternatives in file = 7 
Number of groups in file = 1 

VAL OM&R 
ALT ALTERNATIVE - - - - - - - - 

# NAME 
COST($) 

- - - - - - - - 
1 Tall Stack 

0 
2 Dilution 

2550 
3 Cont Vent 

0 
4 Adsorb Bed 

0 

CAPITAL ANNUAL NON-ANN 

GROUP LIFE INITIAL REPLACEMENTS OM&R ------- 

CODE (Y/M) COST($) FREQ* COST($) COST($) FREQ* 

f 

2 0 / 0  26825512 0 / 0  0 0 o / o  

2 0 / 0  28961713 0 / 0  0 9900 0 / 6  

2 0 / 0  30220771 0 / 0  0 0 o / o  

2 0 / 0  28246858 0 / 0  0 224850 0 / 0  

5 Short Stack 2 0 / 0  26350973 0/0 0 0 o / o  

6 Catyalic TOX 2 0 / 0  31850355 0/0 0 0 o / o  
0 

0 

0 
7 Wet Scrub&CB 2 0 / 0  31814878 0/0 0 399400 0 /0  

*FREQ = Frequency of occurrence (in years/months) 

ALT ALTERNATIVE 
# NAME --- -__--------- 
1 Tall Stack 
2 Dilution 
3 Cont Vent 
4 Adsorb Bed 
5 Short Stack 
6 Catyalic TOX 
7 Wet Scrub&CB 

ANNUAL ENERGY USE 
GROUP Electric LPG 
CODE (kWh) (MBtu) _ _ _ _ -  ---#I--- ---#2--- 

0 0 
481800 0 

0 0 
192720 0 

0 0 
97985 3154 
87600 0 

AN. ELEC. 
DEMAND 

CHARGE ( $  ) 

G10 
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QuickBLCC (QBLCC 2.5-98) 04-08-1999/15:46:10 

QBLCC filename = HLWVNTUG.QI 
Analysis type = Federal Analysis--Projects Subject to OMB A-94 
Project name = Ventilation AY/AZ Farm 
Base date of study = 1999 
Service date = 2003 
Study Period = 20 years 
Service Period = 16 years 
Discount rate = 3.7% 
Annually recurring costs and energy costs discounted from middle of yea 
r. 
DOE energy price escalation rate file = ENCOST98 

Number of alternatives in file = 7 
Number of groups in file = 1 

Note: Project alternatives displayed in increasing order of investment 
cost 

Group code: 
Alternative 

Name ----------- 
Short Stack 

Tall Stack 
Adsorb Bed 
Dilution 
Cont Vent 
Catyalic TOX 
Wet ScrubLCB 

-MIN LCC 

Present-Value Costs---------------- 
Investment OM&R Energy Total Life- 
costs* costs costs Cycle Costs 

----------------- 

------------ ----------- ----------- ------_----- 
$17736508 $0 $0 $17736508<- 

$18063110 $0 $0 $18063110 
$19041328 $2572500 $112393 $21726301 
$19533318 $155662 $280983 $19969963 
$19851496 $0 $0 $19851496 
$20777397 $0 $211418 $20988814 
$21027622 $4190410 $51088 $25269119 

Comparative measures are only calculated for the alternative with lowes 
t 
LCC relative to alternative with the lowest present-value investment co 
st. 

* Investment costs include capital replacements (if any). 
Residual values are not calculated. 

Gll 



HNF-4245 
Rev. 0 

Hlwinput.qid 

QBLCC filename = HLWVNTUG.QI 
Analysis type = Federal Analysis--Projects Subject to OMB A-94 
Project name = Ventilation AY/AZ Farm 
Base Date of Study = 1999 
Service Date = 2003 
Study Period = 20 years 
Discount rate = 3.7% 
Inflation rate = 0.00% 
Cap replacements and residual values (if any) included as investment co 
sts. 
Residual values NOT calculated for capital components. 
Residual values NOT calculated for capital replacements. 

Common energy data #1 #2 #3 
Energy type: Electric LPG 
Units: ( kwh ) (MBtu) 
Price per unit: $0.065 $4.360 
Escalation type code: 2 2 

#4 

Data for DOE escalation rates: 
DOE Escalation Rate File = ENCOST98 
Rate Schedule Type = 3 
State Abbreviation = WA 

DOE Price escalation rates for Electric 
Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(% 
) ---- -______ ---- ---___ _ _ _ _  _ _ _ _ _ _ _  ---- _--____ _ _ _ _  _ _ - _ _ _ _  
- 
1999 -3.2186 
2000 -2.1655 
2001 -1.1858 
2002 -0.1600 
2003 -1.5224 
2004 -1.7087 
2005 -1.6556 
2006 -1.1785 
2007 -1.5332 
2008 -0.5190 

2009 -0.0870 2019 0.0000 
2010 -1.3055 
2011 -1.5873 
2012 -0.8961 
2013 -0.9042 
2014 -1.3686 
2015 -0.8326 
2016 -0.4664 
2017 -0.8435 
2018 -0.6616 

DOE Price escalation rates for LPG 
Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(%) Year Rate(% 
) _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  ---- _ _ _ _ _ _ _  _-__ _--___ _ _ _ _  _ _ _ _ _ _ _  
- 
1999 0.3802 2009 1.4035 2019 1.3746 
2000 0.3788 2010 0.3460 
2001 -0.3774 2011 -0.6897 
2002 0.3788 2012 0.6944 
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2003 0.0000 2013 0.0000 
2004 0.3774 2014 -0.6897 
2005 1.8797 2015 -0.3472 
2006 1.8450 2016 0.3484 
2007 2.1739 2017 0.0000 
2008 1.0638 2018 1.0417 

Number of alternatives in file = 7 
Number of groups in file = 1 

CAPITAL ANNUAL NON-ANN 

ALT ALTERNATIVE 'GROUP LIFE INITIAL REPLACEMENTS OM&R ------- 
UAL OM&R 

- - - - - - - - 
# NAME CODE (Y/M) COST($) FREQ* COST($) COST($) FREQ* 

COSTIS) 
--- ------------ ---- ----- --------- ----- -------- ------- ----- 

- - - - - - - - 
1 Tall Stack 20/0 20,888,510 0/0 0 0 o / o  

0 
2 Dilution 

2550 
20/0 22588685 0/0 0 9900 0/6 

3 Cont Vent 2 0 / 0  22956632 0/0 0 0 o / o  

4 Adsorb Bed 2 0 / 0  22019739 0/0 0 245200 0/0 

5 Short Stack 2 0 / 0  20510821 0/0 0 0 o / o  

6 Catyalic TOX 2 0 / 0  24027360 0/0 0 0 o / o  

0 

0 

0 

0 

0 
7 Wet ScrubLCB 20/0 24316725 0/0 0 399400 0/0 

*FREQ = Frequency of occurrence (in years/months) 

ALT ALTERNATIVE GROUP 
# NAME CODE 

--- ------------ ----- 
1 Tall Stack 
2 Dilution 
3 Cont Vent 
4 Adsorb Bed 
5 Short Stack 
6 Catyalic TOX 
7 Wet ScrubhCB 

ANNUAL ENERGY USE 
Electric LPG 

(kWh) (MBtu) 
---#I--- ---#2--- 

0 0 
481800 0 

0 0 
192720 0 

0 0 
97985 3154 
87600 0 

AN. ELEC. 
DEMAND 

CHARGE ( $ ) 

G13 
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