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SPIKING REPORT

1.0 Introduction and Background

Background: WeStates Carbon (WeStates) owns and operates an activated carbon re-generation facility located in Parker, AZ. Because
wastes, which meet the 40 CFR 261 (RCRA) definition of hazardous waste are managed in this unit, it is subject to the RCRA Regulations
(40 CFR 280 through 271). Since this activated carbon re-generation unit does not meet the RCRA (40 CFR 260.10) definitions of an
incinerator, a bailer, or an industrial furnace, it is regulated as a (40 CFR 264, Subpart X) Miscellaneous Unit, and is also being held to the
HWC MACT requirements found at 40 CFR 63, Subparts A and EEE. This Performance Demonstration Test (PDT) was planned and
executed to demonstrate that the unit operates in compliance with all applicable (HWC MACT) Environmental Performance Standards.

Test Project Team: To conduct the PDT in compliance with all applicable regulations, methods, protocols, guidance, & policies, WeStates
refained:

1. Focus Environmental, Inc {Focus) fo: {a) plan, (b) manage, and (c) report the results of the test,

2. AIRTECH Environmental Services, Inc (AIRTECH}) for stack gas sampling services, and

3. Engineered Spiking Solutions, Inc. (ESS) for spiking services.

Test Structure, Schedule, & Spiking Requirements: The 2006 WeStates PDT entailed a single, triplicate-run Test Condition {TC}
spiking four {4) materials with eight {8) distinct spiking species:

1. Mono-Chlorobenzene (MCB),

2. Perchlorosthylene {Perc),

3. Organics Solution [A solution of four organic compounds, Methylene Chloride (CHaCla), Ethylene Glycol, Toluene, and Naphthalene], &
4, Metals (Pb & Cri"y Solution [A dilute Aqueous solution of Pb (NOs)z & Cr (NOs3)3e9H:0].

Table 1 provides a summary of WeStates' Spiking Requirements for this test.

Table 1  Summary of the 2006 WeStates PDT Spiking Requirements;

Target Spiking Rates, Lb M or S/Hr
Test Date = 412712006 412712006 4/28/2006
TC#1,Run# = Run #1 Run #2 Run #3
Spiking Materials!, M ¥  Spiking Species!, S ¥ Lb M/Hr Lb SiHr Lb MHr Lb SiHr Lb MiHr Lb 8/Hr
MCB MCB 35 35 35 35 35 35
Perc Perc | 3 [ 3 | 3 | 3 | 3 [ 3
Qrganics Solution 41 41 0
CH:Cl 8 8
Ethylene Glycol 8 8
Toluene 17 17
Naphthalene 8 8
Metals Solution 20 20 20
Pb 0.10 0.10 0.10
Crlt 0.35 0.35 0.35
1. Spiking Material (M) refers to the material which is actually spiked, i.e., a metal solution, a TiOz and/or metal dispersion, and/or a POHC or a
solution of two or more POHCs. Spiking Species (S} refers to that portion of the Spiking Material which is of specific interest in meeting the test
objectives, i.e., elemental metal(s), ash, POHC(s), CI, efc.

ESS Spiking Project Scope: ESS provided the following services in satisfaction of these spiking requirements:
All necessary spiking equipment, tools, and supplies,

All spiking materials,

On-site spiking, and off-site project management, coordination & support services, and

This PDT Spiking Report.
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ESS utilized four spiking systems [e. g., for: (1) MCB, (2) Perc, (3) Organics Solution, & (4) Metals Solution] to satisfy the PDT spiking
requirements defined in Table 1, above. The on-site aspects of this project were completed during a March, 2006 mobilization.

Spiking Report Organization:
Section 2.0  Provides a Description of the Spiking Methods and Operational & QA Procedures ESS used to meet these spiking
requirements;

Section 3.0  Provides the Species/Material Spiking Rate Results in both Absolute {Lb/Hr) and Relative (% of target) Terms, based on two
methods of measuring field spiking rates:
1. The Weight Loss vs. Time Method, and
2, The Mass Flow Meter Method;

Section 4.0  Provides QA/QC Results and a Discussion of these Results in the context of this project; and

Section 5.0  Provides Conclusions related to these QA/QC & Spiking Rate Resulls.

Spiking Report Attachments:

Aftachment | provides the Spiking Plan for the test. The plan identifies the:

1. Spiking species (and spiking materials),

2. The anticipated spiking rate(s) and duration(s),

3. The number and types of spiking pumps, weigh scales, and mass flow meters (MFMs) to be used,

4. The Test Managers Spiking Orders to ESS. (This is an I1SO 9001:2000 QMS related document, which ESS: (a) prepares for each
spiking project based on our understanding of the client’s spiking requirements and (b) requests that the client's test manager review
& approve the document as a means of demonstrating a common understanding of the spiking scope), and

5. Details conceming some of the preparatory efforts (including Work Instructions, Check Lists, Worksheets, & Other Project Preparation
Documentation) which ESS uses to ensure that the defined spiking requirements are consistently met,

Attachment Il documents the composition of the spiking materials used during this project.

Attachment 1| provides a demonstration that the field spiking rale measurement equipment used during this project is accurate as provided
in Attachment IIl documentation of the accuracy of the weighing systems used during the on-site portion of this project. Specifically, ESS
completed (& documented) three separate verifications of the weigh scale calibrations using NIST traceable weight standards:

1. At ESS’ shop prior to mobilization (all scales including spares),

2. Atthe test site prior to beginning the PDT (for scales selected for use during the test), and

3. At the test site after completing the PDT (for scales used during the test).

Aftachment IV provides:

1. The completed Test Manager's Spiking Orders to ESS and other spiking related information (IV.A),
2. Stack sampling start and stop times {IV.B), and

3. Spiking Log Sheets {field data), spiking rate calculations, and results (IV.C).

Attachment V contains two recently published papers!, which discuss the effect of measurement uncertainty on the uncertainty in spiking
rate resuits. The first paper (2004 IT3 Paper 103) documents why the method, which ESS has developed for demonstrating the
composition of spiking material composition? is at least two (2) orders of magnitude more accurate than the most commonly used method?
in the spiking industry.

The second paper (2004 1T3 Paper 102) provides a comprehensive comparison of:

1. The measurement uncertainty associated with the two primary methods of measuring and controlling spiking rate [Weight Loss vs.
Time & Mass Flow Meters (MFMs)],

2. Asummary description of the underlying technology of each measurement method,

3. The resulting operational attributes of each methed, and

4. The combined measurement uncertainly accruing from: (a) compositional uncertainty, and (b) spiking rate measurement uncertainty.

This paper will be discussed further at the beginning of Section 2.0.

. Proceedings of the 2004 International Incineration and Themmal Treatment Technology (2004 IT3) Conference (Papers 103 & 102).
2. The Lahoratory Standard Method, i.e., Prepare the spiking material with the same care & aftention to accuracy as you would in preparing a laboratory standard” for
calibrating a sensitive analytical instrument.
3. Sample & Analyze Method, i.e., one would take a sample of the finished spiking material and analyze it using analytical methods approved by the environmental agency
to which the spiking report would ultimately be submitted.

2
.
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2.0 Spiking Method and Operation & QA Procedures

Comparison of Spiking Methods: Historically, two methods to measure and control spiking rate have been used: (1) Weight Loss vs.
Time (based on mass measurement technology) and Mass Flow Meter (based on technology which measures mass flow using Coriolis
Effects). From the early 1980s until early 2004, ESS (& staff members) used the Weight Loss vs. Time# Method exclusively {See Figure 1).
However, for reasons outlined below {and discussed more thoroughly in the previously referenced 2004 173 Paper 102), ESS is currently
field implementing a spiking system based on the best attributes of both methods.

The Weight Loss vs. Time Method* of measuring & controlling spiking rate provides a quick, efficient, and tangible demonstration of
accuracy using NIST traceable weight standardss. This is due to the mass measurement nature of this technology, e.g., if one places a
certified weight standard on the scale, the measured or indicated weight promptly appears on the weight indicator. One can easily obtain a
straight forward, quick, and definitive comparison of the “indicated” weight lo the "known” weight over the entire operating weight range of
interest. £SS utilizes this approach to demonstrate the accuracy of our spiking rate results with NIST traceabilitys. We believe that
demonstrating the accuracy of ones spiking rate data (with traceability to a nationally recognized standard) is essentfial in the Trial Burn and
PDT context in which spiking occurs.

Conversely, it is very difficult to demonstrate the accuracy of Mass Flow Meters (MFMs with comparable measurement uncertainty),
because of the rate (mass/time, as opposed to mass) measurement basis of the technology. However, the direct and instantaneous
measurement of rate provided by MFMs offers an inherent spiking rate control advantage through a feadback control system. Thus, spiking
rate can be controlled to a uniform target level &for the spiking rate can be changed and quickly brought to a new target during, for
example, a Trial Burn in which runs at different spiking rates are required.

The ESS Spiking Technology: Because of these complimentary characteristics, ESS has developed spiking technology that incorporates

(and benefits from}) both methods:

1. MFM provides an instantaneous measurement of spiking rate to ESS computer based feadback control system, and

2. The Weigh Scale provides spiking rate results with demonstrated accuracy to NIST Standards. Corrections to the control system
spiking rate set point are ¢ascaded from the weighing system to the control system, as needed.

Spiking rate data produced by this dual technology system provides both tight control to the client's target spiking rate and spiking rate
results, which are demoenstratably accurate® based on NIST Traceabls Standards.

4. With the Weight Loss vs. Time Method (as implemented by ESS), a container of spiking material is placed on a highly accurate weigh scale {appropriately sized and
calibrated for the test specific wekght range), and connected with S8, dipess, quick-connect fittings to the metering pump, which is similary cannected to the waste feed
fine. When spiking matertal is pumped out of the container and into the waste feed ling, the mass on the weigh scate will drop. ESS’ computer based control & data
acquisition system: (&) records the weight & time at a rate of 1 data set/second, (b) compares the actual rate to the target-spiking rate, and (c) adjusts the spiking rate, as
needed.

5. E§S verifies the calibration of each scale with ESS’ NIST tracealle weight standards three separate times for each spiking project: (a) at ESS’ shop prior to mobilizing to
the test site, (b) at the test site immediately before testing, and (c) at the test site immediately after testing. ESS' 30 Ib field standards are certified annually by the State
of Texas for a maximum absolute uncertainty of + 0.008 Ib (approx. £ 0.016% RU) of NIST Primary Standards. ESS’ standards were last Cerified on 8/11/2005 as
documented in Attachment lIl.C. Typically, the measurement uncertainty of ESS’ weigh scales is approximately +0.01% to +0.02% of the scale’s upper cafibration
weight, or in terms of the typical 0 to 650 Lb calibration range, +0.065 to +0.13 |b. As a result, measurement uncertainty with the weigh scale technology is typically <
0.1% of the material spiked during a given run.

3
.
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QA Program: There are many factors beyond field spiking rate measurement, which can adversely affect the quality/defensibility of the
overall spiking rate results. ESS has invested a substantial effort to identify and address a wide range of preparation and operational
concerns through a comprehensive, 1SO 9001:2000 Certified Quality Management System (1ISO QMSE).

ESS’ QMS addresses all aspects of ESS’ products and services delivery system with emphasis on the two most mission-critical phases of
ESS’ Products & Services Delivery System:

1. Off-site preparation measures prior to mobilizing to the test site, and:

2. On-site setup & spiking measures immediately prior to, during, & immediately after testing.

Selected aspects of ESS’ QMS are described below.

ESS has developed a number of QA measures to help ensure that client spiking requirements are consistently met. The single most
significant measure is based on the observation that all spiking projects can be subdivided into approximately 40 work functions?. Each
project would require a different subset of these work functions as well as different, project-specific materials, quantities, rates, efc.

While these work functions are individually relatively simple and routine, they must:

1. In aggregate, address all planning, scheduling, execution, & documentalion steps asscciated with meeting the spiking requirements
of any given spiking project (i.e., be comprehensive and accurate}, and

2. Be consistently completed with strict adherence to prescribed protocols and project-specific details (i.e., completed without error).

In an effort to minimize the possibility of errors & omissions during any given spiking project, ESS has developed a generic (40+ page)
Project Planning, Documenting, & Execution Template (Project Plan Template), which is designed fo address all spiking projects, and
includes: Protocols & Work Instructions® {e.g., SOPs), Work Sheetst, and numerous Check Lists® & Log Sheets and Reports??.

In the initial phase of every spiking project, ESS revises this generic template by:

1. Inserting project-specific details into those sections of the template (work functions) which are applicable to that project, and
2. Deleting from the template {or marking as "NA”) those sections which are not applicable.

These changes result in the project-specific Project Planning, Execution, & Documentation Package (Project Plan) for that project.

The Project Plan addresses:
1. Preparation at ESS’ shop prior to mobilizing to the test site including:
A. Spiking materials preparation,
B. Operability & accuracy verification of all equipment selected for a given spiking project at ESS’ shop prior to mobilization,
C. Identification and completion of all "special” project specific equipment, procedures, materials, training, medical requirements,
&for other special pre-mobilization preparation, &
D. Project materials, tools, equipment, supplies, etc. checklists, and equipment trailer & truck safety checklists Operability &
accuracy verification of all equipment? selected for a given spiking project at ESS’ shop prior to mobilization.

6 ESS Quality Manual, Rev 1, June 30, 2005.

7. Examples include: (a) weighing out a quantity of spiking material, dispersant, &/or carrer/solvent, (b} mixing a solution of soluble metal salt in an agueous solution, {c)
preparing a dispersion, (d) calibrating or verifying the calibration of a measurement instrument with NIST Traceable Standards, (e) documenting welght 8/or rate data, {f}
assembling equipment, tools, supplies, elc. for transport to the test site, (9) assembling the equipment into spiking systems at the test site, (h) testing operability of
spiking equipment/systems prior to mobilization and at the test site, (i) preparing spiking materials (which are almost always hazardous materials under US DOT & IATA
requirements) for comimon carrier transport, etc.

8 Protocols & Work Instructions (e.g., SOPs), and Work Sheets include: (a) Materials Prep Instructions, {b) Raw Material Weights, & Materials Preparation Work Sheet, {c)
Multiple-Packet Preparation lastructions, (d} Equipment Operability Verification & Pre-Mobilization Instructions, (g} Transition Fitting Installation & Use Instructions, (f)
Field-Scale Set-Up, Adjustment & Calibration Verification Reports, (g){i) Po/Cr! Solution & (ii) Organic Solution Preparation & Composition Calculation Instructions &
Work Sheets.

9. Check Lists include: {a} Project Plan Component Transmittal & Acceptance Check List, {b) Cverall Project Preparation Check List, (¢) Materials Preparation Component
Check List, {d) Direct Ship Materials Chack List, (e) Materials Preparation Check List, {f} Equipment Operability Verification Check List, (g) Malerials Release for
Shipment Check List, (h} Multiple-Packet Preparation Check List, (i} Multiple-Packet Information Check List, (j} Pre-Travel Project Preparation Equipment Operations and
Maintenance Check List, (k) Pre-Travet Safety Check List, (1) Spiking Plan Transmittal & Acceptance Check List, (m) Overall Test Execution Check List, and (n} Field-
Scale Set-Up, Adjustment & Galibration Veitication Check List.

10. Log Sheets and Reports inciude: (a) Shop Scale Calibration & Calibration Verification Reports, (b) Laboratory Scale Calibration & Calibration Verification Reports, {c)
Pre-Mobilization, Equipment Operabilly (@ Test Conditions) Verification & Certification Log Sheets, (d) Tentalive & Final Product Refease for Shipping Log Sheets, (e)
Daily Activity Log Sheets, {f) Pre-Mob and Pre-Test 8 Post-Test Field Scale Calibration & Calibration Verification Reports, {g) Equipment Operation & Maintenance Log
Sheets, (h) Equipment Adjustment Log Sheets, and (i) Spiking Rate Data Log Sheets [{i) 1! Sheet, & (ii) 2~ Sheet,

5
. ______________________________ U
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2. Mobilizing to the test site;
Equipment set-up and operability & accuracy verification at the test-site (including pre-test and post-test scale & MFM calibration
verifications);
Spiking during the test;
Documentation of all QA steps & spiking rate results, &
Equipment Decontamination and Demobilizing.

4
5

6.

The Project Plan Provides Standard Log Sheets, Worksheets, Check Lists, Instructions, etc. for:

1. Spiking Materials Preparation, which include QA requirements, formal product release protocols, and DOT shipping requirements,
2. Pre-Mobilization, Pre-Test, & Post-Test Weigh Scale and MFM Calibration Verifications,
3
4
5
6
2

w

Pre-Travel Project & Safety Check Lists,
On-Site preparation of aqueous solufions,
. Spiking Data Collection, and
. Daily Spiking Operalions.

ESS provides all personnel with all necessary:
1. Detailed, project-specific information,

. The spiking materials, methods, & equipment,

3. Training for every plausible health & safety refated exposure,

4, Training on all spiking functions for which they are responsible, and
5. Feedback from detailed project assessments following every project.

To help ensure that all client spiking requirements are safely & consistently met.

Additionally, “lessons learned” during each project assessment are used to further improve the Generic Template, Equipment
Fleet, Methods, Training, etc.

6
- __________________________________
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3.0 Spiking Rate Results ‘
Determining Spiking Rate: ESS used two methods to measure and control spiking rate during this PDT project:
1. The Weight Loss vs. Time Method, and
2. The MFM Method.

Weight Loss vs. Time Method: With the Weight Loss vs. Time Method, ESS calculates the average spiking rate utilizing weight loss
data:

1. When spiking and stack sampling have both occurred,

During the port change in the middle of each run if spiking continued during the port change,

During brief interruptions (typically, <20 — 30 minutes) of stack sampling if spiking continued during the interruptions, and

During brief spiking interruptions (typically, <20 - 30 minutes), if stack sampling continued during the interruptions.

Not included in these calculations are periods:

. Prior to the beginning of stack sampling,

. After stack sampling on a given run is completed,

. During port changes and/or other brief stack sampling interruptions when spiking was not occurring, or
4.  During longer interruptions (typically, >20 — 30 minutes} of either the sampling or spiking functions.

A review of the ESS Spiking Log Sheets in Attachment IV.C will further clarify these procedures.

MFM Method: The spiking rate with the MFM Method was calculated as the average spiking rate over the same period(s) as described
above.

Spiking Rate Results: Tables 2, 3, & 4 provide the Average, Abselute {Lb/Hr) and Relative (% of Target) Spiking Rate Results for TC #1,
Runs #1, #2, & #3, respectively, based on both methods of measuring field spiking rate. Table 5 provides a summary of the spiking
rate results from Tables 2, 3, & 4.

2
3
4
1
2
3

Inspection of these tables indicates two consistent findings:

1. The spiking rate results are very close fo corresponding fargets,

2. The two spiking rate measurement methods agree within very close folerances. This is not surprising, since the MFMs were calibrated
to the mated weigh scale (after the scale had been calibrated with NIST Traceable Standards).

7
- _______________________________

E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com



WO DUNIISSTOISE 081212 (192} Xed LL0Z-1Ly (182) 1LGLL SBXO) ‘BHOdeT ‘0L1 BHNS “AN0S 9F| AMH 00Z) m mm

L __________________________________
8

‘(1 91021 998) ey bunyidg 19bse) Gujpuodsawed ayj jo Jusdad & Se passaldxg ajey DUNIGS AIERY G
uoesLed (a0adg} saye a1 ‘sjer Bunyids (g) aivads Buyidg i
"0 Al UsWy2ERY Wl sjeayg Bor Buiyidg aLp Loy palenaeD uonoauca (a1edg) o ajer Bunads () reusien Buidg ¢
"20UBjSLINDID Jsa} Joads e s steudoidde syun Jepwis Jo [eualel 4TS B se passaldxs aq Alleuoisesoo [im (210905) pUE UOHRALBAIE]) JSAIMOK "SUCHIE] SSEW SE passaidxa ale SUus) Uoiaauos, syl J0 Ino e “Aensn

(slemeuasaidas Louabe AoyenBar BuipucdsaLion Jiai) pue SusNd 1o o) Jsalaul
Jo st yaiym ‘ajel Bunjids a129dg Bupyidg Buipuodsawoo sy} o) sjuswainsealw ajel Buiids play wol peuluuap st yaiym ‘sjes Buds |susieyy BuYIdS su) LISAUOD 0] JoJJE) LOKISLOD JlefaA0 ue se pasn st (a199dg) Analuoyoio)g x
fung x uoeRusouo) = (a10adg) :suoijoauos paguosap Ajsnotrard sally] ay) Jo JaRposd [EaleLUBYIEW Sy} SE pauysp S1 pue (Uaioel SSBw Jo ‘eusiely q/eieds q se passaidxa Ajensn) vonenuassues avads ay) sajealpul {avedg)

{eofjoanod Answoraiols jo sanos Alewud no Se Xapu| Y 9Y) S9N $$3) pUnodwuos |EloL B Ul JUSIND [EJLL [EIUSWLBIS Bl 0 Q1ad Uf JUSUOS 1) ay) sidwexs 1oy ‘punodwod sy) Ul jsasiul

40 3193ds 3Y} O JUSIUOI OLFBLIOIYHOIS U} 0 SI3jeN ARBUICIYO]S "LORBIUSIUCD PRXSSP 8U} 0} LN|oS SUb dn SyBwI 0] pasn ‘aiduunexa Jo} Punodwos [E1aW Jo DHOJ a4t jo Aund o “Azsse ayj o} sigjal Aund -9)3 ‘uonnjos snoanbe

UE | punodwos [ejau e 1o} Aidde pnom s58001d SeUIS Y YSY JOj ULINIOS UORERUBOUCSD SU} L LONORL SSEUI TRY Jajua pue (JUSIUOS aINJSION Joj UoNSatoa o “34) Aynd %001 Suwnsse uoisiadsip au ul JUasaid 2011 Jo Whiom
18U ay) apLp pinom am ‘uoisiadsic] 2011 & Ul 2011 Sidwexa Jo) Japisuod am §j “Aund 9,001 sey punodwod Buitunsse [eusiel Buds ay) Ul sala JO pUnodWOS B 10 LCIEAUSOLDD SU) J0) UKISALGD BU) 0 Siajal uoneuaNIon Z

98 10 ‘(S)IOHOJ ‘yse {s)ielaw |euawsape ay) =11 'sanalqo 159} ay) Bujeaiy w
13591 21p123ds Jo S YoluM ‘eisien Bupiidg ai jo uoiod eyt o) suagal (S) sa10ads Bunids “DHO & 10/pue ‘UoisIads|P [B1eUI JO/PUE 2011 & “UORNIOS Ejow & “a7 ‘paxids AIIBMIE SI yoIyMm 'BLslew sy} o) siajal () [eueleny Bumds -

$3)0UJ004

0z66 | 9240 [882600°0| coee0 | 9001  [ozeeo (/985000 osee0 [es.100 | 66240 | 80000H | ZiBEELO ) L Uny

1166 116600 | 269100°0] G0£€'0 | S00L  ]JSo0L0 [+291000] 0%ee0 |966v000] 95200 | 0000°L | 62620070 0d L#uny

:uonnjog sfejen | 1# uny

£9'68 062 | 8zeb0 | 21890 | soob | th08 | ovELO | €890 | 08610 00007 | €6660| 186L0 ausfeyiyden L# uny

£9'66 y6°91 | €¢820 | 21890 | soor | e0ZL | sv820 | €890 | vy 00000 [ 66660 9pl¥0 auenjo] L# uny

89'66 vi6L | 6210 | 21890 | 900L | ov0's [ ipel0 | €890 J1s6L'0 | ooooL | 96660 19610 [00A1 BUBIAYIT L uny

8966 yi6L | 62€10 | 21890 | 900L ] ov0'8 | IvEL0 | €890 | 1s6L0 | 00001 [ 66660| 1G6L0 | |PPUOIUD SUSKuEl L# uny

:uonnjog soweblg | 1 uny

Loor ]| vose | oves0 | evego | Ao0L ] vze | z/gg0 | o850 [wze660 [ 00000 [v6660] 00001 | oJad | oled | L#uny

8v'66 | z8ve | coeg0 | €086'0 | ov'e6 | 18e | 20850 [ 20850 [ozee660] 0000t [0/66660 00007 | gon | 80N |L#uny

1#0L

0L % | WH/S a1 Lvss_a A feuturin 0] 1ebiel % fulH/s a]UIAYS 4] ewiAvi o [efenods) bAneworioiois] zAiund puopenussuop [ W rietele ]S 45omadg] 4 uny

S anjelRY ajey bupidg ejnjosqy sHS eMeRY]  aley bunjids ajniosqy 110} 7SUOROBLIOY 1oupiids #oL
18|\ MO[d Ssep Aq ajey bupids 7 BWI] sA 5501 JuBIoM Aq aleY bupids °|

SeJey bupiids-pia!J buunsesy Jo SPOBIN AW SUL 7 9 OUIL 'SA S50 JUBISA @UL '| UD paseg | UNY | # L 0} SiiNsay] oley BUMIGS SAEIRY 3 SINiosqy ebelany 7 ojgeL
i
9007 ol
aday Buyidg |qd
7V sed " 9 ssleigem



WoSBunIdsSIOIISE 081211y (182) ¥ed 120212 (182) 1161/ sexa] ‘BuodeT ‘041 S4Ng ‘LInoS o) AMH 00Z) mmm

..,

8

(1 2iqeL sog) slex buyds 1abie) Buipuodsanod eyl jo JU22sSd e SE passandxg ojey bUIDS aneRy g

“Uonoauion (aicedg) sale o1 ‘ejes Bupids (S) aloadg Bumds

"J'Al TUBUIYdERY Ul spaug So Buridg s woy pajenoien uooaneo (a195dS) Inoyum sie Buiyds () euale Buiids ¢
SauejsinaD jse) ayiaeds 2 Juf sleudosdde syun JeiS Jo jeuslel /S B se passaidxa 9 Afeuoisea0a M (9edS) pUE LOKEZUSIUCD ‘SOABMOH "SUOHIRY SSEW SB passaidxe ale suuaj U0NaLC), 543 J0 Inoj ||e “Allensh
‘(sloneuesaider Aouabe Aojeinbay Buipuodsewos Jioy) pue swals e of jsasalul
40 sl yaiym ‘ated Bupyids aioadg Bungds Butpuodsawos ayy of suawwaInseaL sje) SuIdS piay WOy pauILERP SI YoM ‘Sje) Buiids {eualey Bumyids sy LaAUCd O} J0}0B) UORIBLI0D (IRIBAC UE SB pasn s (215908) “AlawoIyaiols X
Aung x uonenuacuo]) = (3153ds) ;Suofiteund paquasep Aisnoiaaud aaul) sy} 10 1oNpoid [BOJEWSYIEW B4} SB PRUNEp SI PUE {uongey sseul Jo ‘eusien q/a199ds g7 sk passesdxa Ajlensn) uoeduasues aveds ay) SajEIpU (a109dg)
{uonzanoy Atewoiyalols jo samos Aewisd ino se Xapuj ¥oIs 341 S3SN §5:3) punodos [E1a B Ul uajU0D [E10wW [EJUBLUBIS L 10 DI Ul JU3I02 -7 au ajdwexs Jof ‘punoduias ay} ul 1sasul
40 31930s By} 0 WRUCD JUHOINLIS BUY 0} SI3J3) ARSWOIAICS "UOEALSMICT PaUISSP By} 0} OIS 2y} N axew o} pasn ‘ajdwexa Joj ‘punoduwion [e33t 10 DJHOJ 43 Jo Alund Jo ‘Aesse au o} sigja) Aung *319 ‘uonnios snoanbe
Ue uj punodiad [gfaw e Joj Aidde pmom sseoord JBILIS Y "YSY J6} ULINIOS LICIEAUSILOS) aUE U UONOBY SSEW JEY} J8JUS PUB {JUSIU0D SNMJSIOLU 10) UOIIRLICD OU “#1) Aund 9001 Buinsse uaisiadsip ay) ul Juasaid 2011 4o JyBlam

13u 3} pyap piRom am ‘ucisiadsig 2011 B wl Z0LL Siduexa Joj Japisuod am 3 *Aund 9001 ey punoduios Buiunsse jeuslel Burids au) Ui 158:91U1 J0 punoduwiod Sl 40 UONBALBI0S U JO) UONISLOD BU) 0} SIYDI UONERUAIU0T '
318 112 ‘(SYOHOJ ‘use ‘(s)ielew [euawaps ey} “o ‘saandslqo 158} ay Suneaw u)

Isasaul 0y103ds 4o 51 Yoy ‘Jeuajeny Burids au jo uoniod ay) o) siejal (S) sai9adg BUMIAS “DHO © Jo/PUE ‘UoISIadSIP B0t JOJPUE 011 B ‘UoIN|oS Fejaw @ “o1 ‘paxids Aflenoe st YA 'fealew sy} o) susjal (W) euaey Buridg |

$8)0U}004

6004 CESE'0 | /88500°0| 856€0 | 0101 |veSe0 [0686000] 09e€0 [€SZL00 | €62L0 | S000L | ¢vRPELO k) Z#uny

L001 0010 [8/9100°0] 856€0 | 8001 80010 [6291000] 09¢e0 [866¥000| 95290 | 0000t | 6862000 ad Z# uny

-uonnjos sielsp | z# uny

G9'66 2i6L | 6eel0 | 890 | 1866 | 9862 | 1eeL0 | czeon [ osslo 00001 | €6660| 1G6L0 ausjeyjydeN Zi# uny

99°66 ¥691 | £2820 | 1890 | 2866 | 2691 [ 92820 | sz890 | #wiv 0 00000 | 66660 9bLyD ausnjo). 24 uny

1166 96, | 62€10 | vi8o0| 2866 | 6862 | zesi0 | Sz890 | 1610 0000 {86660 19610 [00A15) SUSAYT g# uny

1L 66 9/6'2 | 62€10 | v1890 | 2866 | 6862 | 28610 | 52890 | 15610 0000V [ 66660 | 19610  [BPuOYD susifyian z# uny

UoRNjog sauebl | z# uny

100y | z06e | 98860 | 96860 | +'00L | 9i'Ge [ 69860 | 19880 | #Z6660 | 0000 | 926660 0000} | 29 | ood |g#uny

0oL | sose | eves0 | zves0 | 100t | S0'SE [ zv8S0 | cves0 [9/66660] 0000} loz6666 00001 | gon | 9oW [z#uny

L#DL

19051 % { wH/S a1 [ruinyS afeuiiiw 41| 1e02e1 % FoH/S QUIN/S G cUAN 01 [-{e103ds) praswoIlolg] cAlund [cuojenusouod | W IBLOEIN  |S (seKedg] #unyg

YIS aAleley sjey buyidg ajnjosqy cHS anleRY|  eiey bulyidg ejnjosqy -0} ;SUOIIBLID ' OUDiIAS #90L
Jolo MOl4 SSe AG ajey bunjidg 7 “alllL 'sA $S07 JUDIOM Aq ey mc_v_aw 1

sajey bunidg-pia!d DuLNsea|y j0 SPOLAIN NN BUL °Z B "L "SA 5507 14BIoM BUL | :UO PaSes z# UM | 0.1 0} SIsayl ojey DUNINS SATERY 3 SIM0say o0eiony £ 9|qeL

900¢ uorEn

Hoday Buydg 10d
7y __._mvtm& ) 7) SBIBISIM



Wod BUHIGSSTDIAST 0812-1L (182) Xed 110¢-L4v (18Z) 116G/ SexaL SHOdET ‘0Z) NS ‘Yinog gp| AMH 00Z1 mmm
e

OF

(1 aiqey 285) ajey buiyds 19bie | buipuodsauoa ay) jo Juaoiad  se passaldxg aley buyIdS aIERY G

"uonvBaLeD (219945) Jsiye o) ‘ojes Bupnds (S) aiadg Bumds

“O°Al Jusunoely i si5ayS Bo Bumidg sy} woy pajemofed uoRaLIos (sioads) oy sle Bunyds (W) leuslen Bupidg g
‘oueisunonNg 159} uloads e Joj sjeudosdde syun Jewis 1o [Buleyy q7/S B se passaidxs ag Ajeuoisesos (M (3199dS) pUB UOIBNUEIUOD) JOASMOH ‘SUODRY SSEW SE pessadxa ale Suua) JEON0a102, AU J0 oy | ‘Allensh
{slenejussardas Aouabe AiojejnBar Buipuodsauoo Nay} pue sJuslD N0 o} 513Ul
Jo sl yoym 3jes Bupyds aioadg Buryids Buipuodsauca ay) o] sjuawaIRsesw sjes Buiyds pily WOy paulLualap st yaiym ‘ale) Burids [euaiey Buids ay) PeAL0D o) JOJ0B) UDIISMOT [EIOA0 UE SE pasn i (210adg) ~Alswoiydiols x
Aung x vonenuasouod = (919948} :suoioanoo pagquosap Asnaisaud Saiy) eyl Jo Jnpoid [BOBWAY]EW ay) SE PAULp S| pUB {uonoey ssew Jo ‘eusjepy qT/a109ds 4T se passasdxa A|ensn) UORBILSIUOD Hi9ads a4} sajealpul (a1oadg)
(uonoaneg) Ajswoiyaiols jo ainos Aselwud o se xapuj ¥yl ay3 SN §S3) PUNCAWOD BB € Uf JUSlU0a [Ejot [EJUSLISIS k) 10 218y U UAIU0D 1) a4} sjduexe Jo) ‘punodwos Y} U1 1salaur
10 2199ds a4} J0 Juuco aUIBLIOIDICIS BY) 0} SRl ABLOMIINNS “UOHEAUBOUOS Pasap aU} 0] UOIN|OS 5y} dn Syl 0} pasn ‘eidwexs oy ‘punodwiod [B1BW Jo JHOJ au 1o Alund Jo 'Aesse au) o siagal Aung -gl@ ‘'uonnjos snosnbe
ue ul purtoduiod [ej3u € Jo} Aidde pinom 53001 JEIWIS Y "ySY JO} ULIRIOD UDHEIRIBOLOT S} U UOJORY SSEW ey} Jsjua pue (JUSuod aInjSiow 1o} Uo3auos ou “a1) Ajund %001, Bulunsse Uoisiedstp auy ut juasaid 2015 4o Tibiam

13U 3y} apIMp pnom am ‘Uoisiadsiq Z01L & Ul 2011 ajdwexs Jof Japisucd am g *Aund %001 Sey punodwos Buiunsse elsleyy Buryidg syl ur Iseisiul jo pUnadwoo al) J0 UKNEIUAOUOS BUY 6} LOGIALIOD Y] 0} SIgjal uoneNuAe) 7
98 10 4S)OHOC 'use '(s)eaw euawale ayl a1 ‘sanioaigo 159) auy} Bunsai w

Isaiajul aaads J0 s yanm ‘leustel Bupiidg ay) jo uoiued syl o} siajal (S) servads Buds *DHOJ B Jojpue ‘Uoisiadsip [Elow J0/pUE 2011 B ‘UOINOS [ejaw B 31 ‘payids AlIEMok S| YoM ‘Eustew ay) o) siajel () jeusiep Buydg |

‘Sajoujooy

9566 | 9vB¥E'0 | 808500°0| €16€0 | 2266  |6L6PE0 [028500°0] 020 |g£szi00 | e62L0 | 8000°L | Z¥8KELD O £4 U

GE'6 | 686600 | 9991000] €1e€'0 { 9566 |6660°0[669L00°0] 0zec0 [966#000| 99290 | 0000') | 6862000 0d £# UnY

uefnjos sielei | € uny

Lee6 | <v6/ | vzel0 | 89290 | ooor | 000 [ esel0 | see90 JoseLo | 0000t | €686°0] 1G6L0 ausfeLjydeN £ uny

8266 889 | €1920 | 88290 | ow0ob | 004 | #2820 | 8890 | #vi¥0 | 0000 | 66660 9ripO auan|o] £# uny

££'66 ov6'L | vzel0 | 88790 | 100k | S008 | veel'0 | 8€89°0 | 1e6L0 | 00001 | 96660 | 15640 [09AI9) aus A3 £4 Uny

£E'66 ov6'L | tZEL'0 | 88/9°0 | 100k | G008 | ¥€€40 | 8e890 [ 16600 | 0000 {68660 16640  [ePuOND eUCKUieN g4 uny

‘uonnjog solueblpy | g uny

oge8 | v8ve | 20850 | 60850 | 26%66 | J6'E [ 8¢850 | OF8S0 | ¥/6660 | 0000'L |#Z6660] 00000 | 18] | aed  [e#uny

voor [ coge | 1850 | 1v8c0 | 9001 | ozse [ 29860 | 9850 Jose6660] 0000  [9/6666°0 0000 | gon | goW [e#uny

1#0L

1900 L % | wiH/S 07 [yUIN/S AT JeulW/W 1] 19DIBL % [+IH/S G [UIN/S 1] WA/ 01 |(e0a03) kAswoIolg] zAjund [suoeusouc) [ W 'eusieW |S 'isamadg] # uny

syS orleRy|  Aley bunidg anjosqy  kuS aMlejey|  aley buyids ejnjosay 10} z8U0JOALOY ' DUNI0S 1#0L
118N MO|4 SSEIN Aq ajed Bumids al[] "sA 5507 1B Aq 8)Ed BUDIKIS |

sajey] bupiids-pretd buunsesyy jo SPOURIN WA SUL Z '8 ‘oWl ] 'SA $507 JUDIOA BUL |, :UO Poseg g# UM 'L D1 10} SHINSaY o)ey DUBIAS SARE(aY § oMNjoSay ‘aDeiany ¥ S1de]
i
9002 4o/el
yoday Buiyids 1ad
ZvV jieq O SeRISaM



WeStates Carbon, Parker, AZ
PDT Spiking Report

March 2006
[ |

Table 5 Summary Spiking Rate Results

Spiking Target AvesfAver
Specie, Spiking Rate, 1. Weight Loss vs. Time Method 2. Mass Flow Meter Method % 100%,
S LbSHr [Run#1 [ Run#2 | Run#3 | Average: | Run#1 | Run#2 | Run #3 | Averages %

MCcB | 35 | 9946 | 1001 | 9099 | 9985 | 9857 | 1004 [ 1001 | 9959 | o974

Perc | 35 | 100.7 | 1004 | 9992 | 1003 |} 9985 | 9983 | 1000 | 9989 | 99.59

CH:zClz 8 1006 [ 1002 | 100.1 100.3 99.68 100.1 100.0 99.93 99.63
Ethyl Glycol 8 1006 | 1002 | 100.1 100.3 99.68 100.1 100.0 00.93 99.63
Toluene 17 100.5 | 100.1 100.1 100.2 09.63 100.1 | 99.95 99.89 99.69
Naphthalene 8 100.6 [ 100.1 100.1 100.3 | 99.63 100.1 | 99.85 99.89 99.59
Pb 010 1005 | 100.8 | 99.86 100.4 99.11 100.7 | 99.95 99.92 99.52

Cril 0.35 1006 | 100.9 | 99.97 100.5 99.20 | 1008 [ 10041 100.0 99.50

Average = | 1004 | 100.4 [ 1000 | 1003 | 9942 | 1002 | 1000 | 9987 | 9961
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4.0  QA/QC Resuits and Discussion

Quality Infrastructure: As a part of ESS’1SO 9001:2000 Quality Management System (QMS) and as a means of ensuring that client

spiking requirements are met or exceeded on every spiking project, ESS has developed an extensive and fully integrated quality

infrastructure, which includes:

1. A comprehensive, project-specific Project Plan for each spiking project,

2. Ongoing classreom & OJT fraining;

3. The most extensive fleet of highly accurate & reliable equipment in the spiking industry including: (a) materials preparatmn equipment,
{b) metering pumps, {c) weigh scales, (d) MFMs, () computer based spiking rate control & data acquisition equipment, (f} extremely
flexible, steam-heated, organic HAP vaporizers, and ofher spiking equipment plus both general & specialized tools, supplies, &
support systems; and '

4, Conducling a thorough, crilical assessment of each spiking project:

A, To evaluate the adequacy of ESS’ quality infrastructure to consistently meet or exceed all client spiking requirements,
B. To confirm adherence of ESS efforts to the QMS requirements, and
C. Toidentify & implement refinements to the quality infrastructure based on actual project results™.

QA/QC Assessment Results: All applicable aspects of ESS’ QMS System and Project Plan were implemented for this project including

the post-project (pre-report) QA/QC assessment with the following findings:

1. Each applicable aspect of the Project Plan was initiated by the ESS Project Manager (PM) & implemented by the Field Services
Manager (FSM) &for PM. Many of the pages of this documentation package contain useful information concerning the details of

- project planning, preparation, & execution and are provided in appropriate sections of Attachments |, I, Ill, & IV for convenient
reference and project documentation reasons.

2. Spiking materials were prepared to fight compositional tolerances and consistent with the client's requirements. Manufactures' CoAs
and related QA documentations are provided in Attachment Il for all eight spiking species. ESS prepared Certificates of Composition
(CoCs) for the Metals & Organics Solutions based on this information and included them in Attachment I1.

3. ESS utilized two methods for measuring & controlling field-spiking rates during this project: (a) the Weight Loss vs. Time Method, &
(b) the MFM Method. In both cases, all measurements were taken with equipment for which calibrations were recently verified with
NIST traceable standards.

4. The equipment required to successfully meet the on-site spiking requirements was: (a) selected, (b) operability verified before
mobilization to the test site, (c) set-up & tested at the test site prior to beginning the test, and (d) met all client spiking reqmrements

5. ES$’ personal were fully frained, equipped, and able fo meet all project requirements.

6.  All ESS activities related to the satisfaction of client's spiking requirements for this project were completed without work related
illness, accident, reportable incident, property loss, or mishap of any kind.

7. All client defined spiking requirements were fuily satisfied.

8.  No significant omission or deficiency in ESS’ Quality Infrastructure was observed.

11.  During the 32+ months since ESS formally implemented the first component of our QMS, ESS has made at least one improvement to the Quality Infrastructure as a result
of the lessons leamed from each spiking project completed.

. 12
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5.0 Conclusions: '

1. As part of its 1SO 9001:2000 Quality Management System, ESS has developed thorough, rigorous, and effective procedures
for planning, preparing for, executing, documenting, and reporting the results of every spiking project. These procedures
were consistently implemented during the execution of each phase of the March 2006 WeStates Parker, AZ PDT Project.

2. In the preparation of this report, ESS conducted a thorough assessment of every aspect of ESS’ efforts, which led to the
successful completion of the on-site spiking activities and report preparation described herein. This “audit” included review
of the: :

{a) Spiking materials preparalion,

{b) Cther pre-mobilization preparations,

{c) Equipment selection, testing, and test performance,

{(d) Demanstrating field spiking rate accuracy through:
1. Measuring device calibration & calibration verification results,
2, Certification {with NIST traceability) of measurement device calibration standards, and
3. All of the calculation steps necessary to produce the spiking rate results.

The spiking results reported herein have passed every QA/QC test,

4. As a result of the findings from this review, ESS believes the spiking rate results presented in Section 3.0 to be true,
accurate, and representative of the spiking activifies which occurred during the March 2006 WeStates Parker, AZ PDT
Project.

W R (Bill) Schofield, PhD, PE Date
ESS Project Manager
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ATTACHMENTS

Attachment | Original Spiking Plan, Preparatory Work Instructions, & Check Lists:
A. Spiking Plan: Spiking Species, Materials, Rates, & Durations, and Schedule;
B. Test Manager Spiking Orders to ESS; and
C. Preparatory Check Lists, Work Instructions, Worksheets, & Other Project Preparation Documentation.
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Attachment | Original Spiking Plan, Preparatory Work Instructions, & Check Lists:
A, Spiking Plan; (1) Spiking Species, Materials, Rates, & Durations, & (2) Test Schedule;
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Attachment | Original Spiking Plan, Preparatory Work Instructions, & Check Lists:
B. Test Manager Spiking Orders to ESS; and
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IV.E. Client Test Manager’s Spiking Orders! to ESS:

Section | Initial Spiking Orders':

Spiking: Spiking Rate, Lb/Hr Pum Spiking Specie/Mat'l Reqr'ed!
) ’ : P - Mat! Provided,

Specie Material As Specie | As Mat'l TypelSize Duration, Hrs Lb/Lb/# Drums

POHCs:
MCB MCB 35 35 Neplune #3 32 1,120/1500/3-500 [Netj Lb Drums
CoCla CaCls 35 35 LMI#10 32 1120/1400/2-700 [Net] Lb Drums
Metals:
Pb Pb/Cr Solution A 20 LMI &7 32 3.2/640/1-640 [Nef] Lb Drum
ca PbiCr Solution 35 20 LM #7 32 11.2/640/1-640 {Net] Lb Drum
Qrganic Mixiure:
Organi¢ Mixture 4 Neplune #4 32 1312Lb-2 @ 451(Net] Lb Drum1@ 410 [Net] Lb Drum
Toluene i7 32
CHaClz 8 32

Naphthalene 8 32

Et Glycol 8 32
Approved by Client/Test Manager: | Date: 1 200
Section Il Revised Spiking Orders?:
Revision 1:
Approved by Client/Test Manager: | Date: [ 200
Revision 2:
Approved by Client/Test Manager: [ Date: 1 /200
Revision 3:
Approved by ClientiTest Manager: | Date: | {200

Section lll Critique, Suggestions, and Comments®:

by Client/Test Manager: | Date: | 1200

Footnotes: 1. Section | contains ESS’ understanding of the spiking requirements (Spiking Orders) for this test. Please review, revise (as necessary),
and initialidate to indicate that the Spiking Orders {as revised} are correct.
2. Section Il is provided for field revisions to the Spiking Orders by the Client/Test Manager, as needed.
Please document the required changes, and initia/date the new orders.
3. Please provide a critique of £S5’ performance on this test, offer suggestions for improving the value of our products and services to you,
andfor (if warranted) identify aspecl(s) of our products and services with which you are pleased.

The information centained in this document is confidential and proprietary to ESS. Itis provided fo the user for speified and limited use. It may not be reproduced,
exhibited, transferred, or used for any other purpose {all or in parl) without the express written permission of ESS.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 {281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
Rev 2, 10/14/2004



WeStates Carbon, Parker, AZ

PDT Spiking Report

March 2008
e

Attachment|  Original Spiking Plan, Preparatory Work Instructions, & Check Lists:
C. Preparatory Check Lists, Work Instructions, Workshests, & Other Project Preparation Documentation.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com




Project Plan: Phase IIl.A. General Project, C. Equipment, & E. Pre-Travel Preparations:

Proiect ID: 2006 Westate CPT. Date PreBared: 311312006

ltl. Phases llf & IV Prep Plan Transmittal Completeness Checklist & Acceptance Form:

Project Prep Plan Components by Phase/Sub-Phase: ApplAtted?

Accapted?

Project Phase lILA. Overall Phase Il SOP & Checklist

Project Phase lIL.B. Materials Preparation Instruction Package

Project Phase HI.C. Equipment Prep Package

Project Phase II1.D. Product Release & Prepare for Shipping Package

Project Phase lIL.E. Pre-Travel Checklists

SNENANENENRN

Project Phase 1V, Spiking Plan

Special Test Specific Conditions &/or Requirements:

Other Information (specify): _

[ W)
Prep & Approved by ESS PM: | Date: | Accepted by ESS FSS: oA Date: ¥

llIl.A. Overall Phase Ill Preparation SOP & Checklist:

Materials Purchase &for Prep:

Carefully review the *Direct Ship” List & Materials Prep Package (/11B. B.1 thnt B.6).

Co-ordinate w ESS PM & Spiking Ceordinater (SC) for timely delivery of: (1) "Direct Ship® Materials to the Test Site, (2) Full QA Doc Package (CoA, Shipping
Papers, & Invoice with matching Lol #s) to E$S, & (3) Netification of the client's on-site representative that the materiats are being shipped w ETA.

Compare the quantity of each raw material required with the comesponding Raw Materials Invantory Sheet. Piace orders for raw materials [as necessary}
using the spiking materials Purchase Order Preparalion SOP [With full QA Doc Package, as applicable].

When all required raw materials, equipment, & manpower are available, prepare these materials using applicable SOPs, forms, &for work sheets (II1.B.3 thru
B.6). Record all weights and document completion of each procedure step.

Provide all the mateals prep information to the PM and review this QA Package together. If the materials, as prepared, will meet all clisnt requirements, the
PM will tentatively release the materials for shipment and will provide information for preparing the materials for shipment (H1.C. & D.1). Othenwise further
plans will be prepared jointly to modify the materials so that they will mest the client's requirements. Make such revisions and review the results with the PM.

After the material has been tentatively released, prepare the materials for shipment to the test site in accordance with the materials labeling & shipping
instructions (11.D.2, 3, & 4). Review preparations with PM & get final product release.

Coordinate client notifications & shipping with the £588 $C, as appropriate.

Equipment Prep:

Carefuly review the Equipment Prep (Ill.C} and Spiking Plan {IV) Packages provided herein.

Verify Operability of Assigned Equipment (g.g., verify that each pump, weigh scale, mass flow meter, and computer equipment assigned to this project
including spares is operational and is capable of performing the assigned function under the project specific material, through-put, and back pressure
conditions).

Assemble & load all required equipment, supplies, tools, documentation, ete. for transpon to the test site.

Co-ordinate identification & satisfaction of any special requirements with the ESS PM & 5C:

Off-site safely training & documentation.

Special medical monitoring &/or drug screens.

Speciat equipment such as EP/S classified equipment.  Bring Pressure Feed System.

Unusual operating, safety, test conditions, elc.

Pre-Travel Checklist:

Complete the final project prep checklist {IILE.1).

Complete the Truck & Trailer Inspection & the Pre-Travel Safely Inspection Checklist (IH.E.2).

SR AR AT SN

Preparations Were Completed per these Mat'ls & Equip Prep Instructions & SOPs:

ill.B. Checklist: Project Plan, Materials Prep Component: Agplicabla?

Accepted?

_111.B.1 "Direct Ship" Malerials List o - o B | v 1 v

IIL.B.2 Materials Prep Instructions & Checklist v

v

[1.B.3 Materials Prep Instructions, Raw Materials Weights v

v

[11.B.4 Multi-Packet Materials Prep Instructions NA
111.B.5 Applicable Weigh Scale Calibration Verfication Log Sheets v

Y/
/

111.8.6 DM & Dispersion Prep SOP & Worksheet NA,

WA

1I1.B.1 “Direct Ship” Materials List (Get MSDSs trom Spiking Mat'ls Tech Info Files & Review.) Required? | Ordered?

Received?

1. v v

w

2.

3.

Prepared & Approved by ESS PM: | Date: | Accepted by ESS FSS: Q.gm Date: ¥

2

The information contained in this document is confidential and proprietary to £8S. Itis provided to the user for specified and limited use. It may not be reproduced, exhibited,

transferred, or used for anz other purpose sall orin pan‘ without the express written pemmission of ESS.

ESS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax {281) 471-2180 BSPE@ESSpiking.com
Rev 2. 10/14/2004



Project Plan: Phase iILA. General Project, C. Equipment, & E. Pre-Travel Preparations:

Pro'lect ID: 2006 Westate CPT. Date PreEared: 3132006

IILB: Equipment Operability Verification Information Transmittal & Acceptance Form:
Project Plan Component: . Aftached? Accepled?
I11.C.1. Equip Operability Verification SOP v o
{11.C.2. Equip Operability Verification Test Conditions, Checklist, & Gertification Form v v,
‘IVF. Project Equip Assignments {included with phase IV packet) s v Voo
{ Prepped/Approved by PM: | Date: | Accepted by FSS: !{D Iy Date:

HII.C.1. Equipment Operability Verification & Pre-Mobilization Preparation SOP
The purpose of this SOP is to confimn that: (1) Each piece of equipment assigned to this project is in good operating condition, (2) the pumps have fhe
capahility to perform the the assigned spiking function with the project specific spiking malerial and af the project specific spiking rate & back pressure, [This
verification is especially critical for pumps in dispersion dufy], and (3) the assigned equipment when combined info a spiking system parforms as intended.

Scale Check-Out: All testing, including equipment testing begins with NIST Traceable Standards.

1. Verify the operability and calibration of each assigned weigh scale & its mated indicator by calibrating the scalefindicator to the maximum weight expecled to be seen
during this project {I11.C.2) using our standard field scale calibration procedure. and ESS’ NIST traceable standards.

2. Then verify the calibration using the weight build up & break down procedure & Logsheet (tV.K.3).

3. If the scale & indicator set is found to be out of catibration, recalibrate # using E5S° Field Scale Calibration SOP including the Comer Test Procedure {IV.1} & Logsheet
{IV.K.2), § necessary.

4. Document the results on the Equipment Oparability Checklist & SOP (ill.C.2).

5. If after appropriale calibration, & adjustment, a given scale (& associated indicator) fails fo perform fo ESS' standards (within x 0.1 Lb for 90+% of the 50 Lb increment
calibration verification readings), then® (see footnofe 1 below).

Pump Assignments & Operability Verification: The spiking pumps selected for & assigned to this project are identified in Section IV.F of the Spiking
Plan. These pumps were selected because:
e The pump materials of construction are chemically compatible with the spiking material,
«  The pump has the capacity lo:
o  Deliver the assigned spiking material (liquid or dispersion),
o Althe assigned spiking rate (Lb M/Hr)
o  Against the existing the back pressure.

However, ESS has found that the only method to be cerlain that a spiking pump will perform as intended is to verify its operability at the project specific test
conditions prior to mobilizing to the test site.

Follow the following steps to confirm that each pump identified in IIL.C.2 is completely functional and actually delivers the flow specified against the back
pressure specified.
1. Set-Up and operate ESS’ Dynamic Test Stand as follows:
2. Test Materal:
a)  Use water as Ihe pumping fluid for pumps assigned to aqueous solution or organic liquid duty, or
b)  Usethe actual dispersion for pumps assigned to dispersion duty.
3. Test Conditions:
a)  Back Pressure: Adjust the test stand back pressure seiting to match the specified (1l.C.2) back pressure value.
b)  Capacily: Adjust the pump rate setting until the specified (target) spiking rale value is achieved.
4, Document the results on the Equipment Operability Verification Checklist (I11.C.2).
5. Notify the ESS PM if any equipment does not achieve the required thru-put &/or pressure levels.
Mass Flow Meter Check-Out:
1. Verify that each assigned mass flow meter (MFM} is operational and its accuracy is verified against one or both of the following two methods:
a)  Weigh scale {with NIST Traceable calibrations] based weight gain vs. time method, or
by  Comparison to our factory calibrated and frequently verified [via method a above] reference MFM.
2. Document the results of these tests on the Equipment Operability Checklist & SOP (III.C.2).
Special Supplies/EquipmentTools: Based on the Spiking Plan provided to you {plus discussions with the ESS PM & the client’s representative, as
——needed); prepare-a checklist-of-any special hardware/supplies/equipmentiools’ [e-g-—valves;-cheek valvespressure gauges, tubing; quick connects, spare
parts, spill kit supplies, PPE, tools, supplies, etc.] required to successfully meet the clients spiking requirements. Use this checkiist to place orders for any
items not instock, assemble for packing in the ESS equipment trailer, and confirmation that each item has actually been packed &/or loaded into the ESS
equipment trailer for transport to the test site.

If problems occur with any aspect of these preparatory efforts which you can not address, notify the PM.

t |f any equipment fails to meet ESS’ accuracy & operational refiability requirements, then that equipment:
al  Must be removed from the active equipment fleet,
b} A RED waming tag aftached to if, and

¢}  That scale/indicator sef will not be used for client profects [not readmitied to the active equipment fleet] untif # has been validated to be accurate & operationally
refiable.

2 ES$ maintains large amay of tote bins in which all standard equipmert, tools, supplies, etc. are stered and !ranspohed. This check list refers to special items beyond what
we take on all ESS projects.

The information contained in this document is confidential and proprietary to ESS. Itis provided to the user for specified and limited use. It may net be repreduced, exhibited,

transferred, or used for anz other purpose Eati ofin parti without the express written permission of ESS.

E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281)471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
Rev 2, 10/14/2004



Project Plian: Phase lILA. General Project, C. Equipment, & E. Pre-Travel Preparations:
Project ID; 2006 Westate CPT. Date Prepared: 3/13/2006

! B

| 1.C.2. Equipment Operability Verification Checklist & Certification

Calibrate | Verified Standards Comer Test Count#A=+0XLh Cert'ed’
Weigh Scale (ID#) To,lb | ¢ Used Reqd, ¥ JAded v ] 00 | 01 ] 02 ] 03 [ >3] ¥
1. F-1 500 - | Esst e
2. F-2 600 v | Ess &~
3. F-3 600 | . | ESSH =
4, F-4 800 « | Ess# e
5 F5 600 | ESs# L’
6. F-6 800 " | EsS#t
Footnote: 1. Certdly a scate if 90% of its deviations from the weight standards are equal to or less than + 0.1 Lb (A < + 0.1 Lb}.
Equiprment ldentification: Project Specific Conditions Verify Operability (*'}
Mat’l for P, Rate, | Tested | Passed | Certed
Pump Capacity/Capability/Name (ID#) For Actual Test: | For Verifying Op: psig | Lb/Min A A
1. Neptune 11 gph #3 -~ Ha 2 v |~ [«
2. Neptune 18 gph #4 7 0 AT,
3. LMI#7 v B 1 N
4. LIMI#10 v i ST
5. Neptune #5 v ‘- b A
8. LMI#8 < L "/’ |
Footnote: 1. EP = Explosion Proof &for Intrinsically Safe. VS = Designed for Pumping High Viscosity Fluids.
Operability Verification! Method Used (¥) Tested Meas Uncertainty Cert'ed
MFM Size (ID#) Wit Change vs. Tima Ref MFM Mat'l v Demo'ed, 1% v
1. MFM10-1 v HO v, 7,
2. MFM10-2 v H20 - g
3. MFM10-3 v Hz0 , P
4, MFM10-4 v H0 v i
5. MFM10-5* v HL v [
6. H0 Y4 "¢
Footnote: 1. Verify @ project specific spiking rates.
Cert'ed
Spike Manager © TC Setups? Confrols? Data Logging? Overall System v
System #1 v v o - v
System #2 NA
* Designated Spare /) L
Certified By ESS FSS: W | Date: ]2 {1200
| = L]

The information contained ir this decument is confidential and proprietary to ESS. It is provided o the user for specitied and limited use. It may not be reproduced, exhibited,

{ransferred, or used for anz other purpose Eall orin part: without the express written pemission of ESS.

ESS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 {281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
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Project Pian: Phase Ill.A. General Project, C. Equipment, & E. Pre-Travel Preparations:

Pro'lect ID: 2006 Westate CPT. Date PreEared: 311312006

lILE.1. Pre-Travel Project Prep (PPE, Tools, Supplies, & Equipment) Checklist | Done?

Verify that the following project related tems are packed &/or have been addressed:

1. | AIPPE required for the project:

« ESS Standard PPE: hard hat, safety glasses, leather gloves, steel toes boots, chemical gloves, tyvek suite, face shield, steel toe

rubber boots, half face respirator and both PM & Organic Vapor Canisters; and /

« Project specific PPE, & Medical Menitoring, if any. L

All pumps assigned for this job including spares have been tested, & loaded with spare parts kils. " .

Assigned scales including spares with their mated indicators have been tested, & loaded with spare parts kits and weight standards. e .
e
7/

Assigned Micro Motion Meters including spares & repair kits.

Camile System with Laptop PC & memory stick. Verify that Spike Manager © TC set-ups and Camile/Laptop hardware have been

checked.

Extension cords, ground fault protectors, and equipment grounding cabling w clamps. /

7. | Drumstands, hoses including spares, drum bung feed & recycle fittings, Tee fitting for tandem scale configuration if needed, cha:rs and /

folding table, tarpsttent, too! box, spill pads, magnetic £SS identification signs, and 5 to 10 gallons of MSO.

8. | If dispersion will be used: {a) dispersion suction & discharge hoses, (b) dedicated dispersion pumps, {c) dispersion pressure feed '/
/

/

G| | N

o

assembly & air compressor, and {d) dispersion mixer motor & blades,.

9. | Special project specific equipment.

70. | Job specific documentation has been loaded along with SOPs, Spiking Orders, Spiking Plan, Log Sheets, DOT Documentation Kit, £S5
I} plus Operation Manual, memory stick for backup data files, clipboards, calculator, and test clock.

1Il.LE.2. Pre-Travel Safety Inspection Checklist: | Done?
Pre-Trave! Tow Vehicle Checklist: Inspect/check and correct as needed:

1. | Fluid levels are within safe operating range. v /-
2. | Windshield and side windows are clean. 4 f

3. | Tire pressure (per owner's manual) and tire conditionAread depth. S
4. | Lights (Head lights, tum signals, brake lights, and reverse lights). v/

5. | Towing ball for proper size and tightly secured to hitch. v,
6. | Receiver hitch for unusual wear and hitch pin installation. 4
Pre-Travel ESS Equipment Trailer Checklist: Inspect/check and correct as needed: .

1. | Tire pressure (per owner's manual) and tire conditionftread depth. s J

2. | Wheel lug nuts for lightness. }/ /

3. | Coupler/ball for: {a) wear/condition, {b) proper seat, and () snug coupler/ball lock. ,

4. | Safety chains for wearicondition and securely fastened to low vehicle. y f,

5. | Breakaway battery charge (Pull switch pin & check light).

6. } Even load distribution. ,

7. | Load secured to £-Tracks (in floor) &/or D-Rings (along the walls). |/;

8. | Doors secured. f

9. | Lights (Tum signals and brake lights). (V4 /
10. | Wheel bearings (Grease before traveling and at 1,000 mile |ntervals) ) . V‘
Cerification of Checklist Completion: @ yy> A.-“—V | Date: B/ 5[ 2%

The information contained in this decument is confidential and proprietary to ESS. Itis provided to the user for specified and limited use. It may not be reproduced, exhibited,

transtemed, or used for anz cther purpose Eall or in parti without the express written permission of £SS.
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WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
Attachment [l Spiking Material Compesition Information;
A, Mono-Chlorabenzene (MCB) & Perchlorosthylene (Parc)
B. Solufion QA Information;
1. Verification of Weigh Scale Calibration, &
2. Mass of Raw Material Used in Organic & Metal Solutions;
C. Organic Solution:
1. Dichtoromethane,
2. Ethylene Giycol,
3. Toluene &
4. Naphthalene; and
D. Metals Solution:
1. Lead Nitrate [Pb (NOg)s] &
2. Chromium Nitrate [Cr (NO3)»-9H2C].

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com




WeStates Carbon, Parker, AZ
PDT Spiking Report

March 2006
|

Attachment Il Spiking Materiali Compaosition Information: _‘
A. Mono-Chlorobenzene (MCB) & Perchlorosthylene (Perc)

.
E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com



DocId: 1859649 ProdNo: 501500 LotNo: Allé

MAR-2@-2886 13:43 FROM:

TO:Univar Houston P.3718

/a m NERGIINDUSTRIESy INC.

UNIVAR USA INC
SHIP TO 777 BRISBANE

CERTIFICATE OF ANALYSIS I
NOTICE OF SHIPMENT

03/15/2006 ©2:36 P.M.
DATE {SSUED

BY MARK J. SINCLAIR

HOUSTON TX 77861 CUSTOMER QUALITY ASSURANCE DEPT
(3G4-455-6701)
FRA®: 713-644-1139
DATE 2HIFPED DER NGO, CUSTOMER ORDER NOC. GUSTOMER PRODUSY CODR
o Y e e (FTENR %  |“HSe1z2530
TRUCK
FREIGHT  |TOTAL WEIGHTS (Bulk Only, Billing Shown It Applicable)
BILLING
183496 PED GROSS TARE HET
BT
TJeds PRIME INCORPORATED

‘PRODUCT DESCRIPTION:

£o1%0n
LOT WNUMBER: Al36 QUANTILTY :
e g
UNIT OF
FROFERTY MEASURE
Hen xWT
Hz20 ZWT
APHA COLOR AS IS

PRODUCT DESCRIPTION: CaAU S0DA PELSG

This is to certify that the products shipped below by PPG Industries, Inc. meet or exceed all analysis standards.
HONOCHLOROBENZENE

139575
LOT NUMBER: BnZ96 QUANTITY:
UNIT OF
PROPERTY HEASURE
NAOH %WT AS IS
. NARZO %YWT AS IS
. NAZCOD3 BWT
- NACL EWT
§ FE PPH

(580 LB NRUYH)

16
PFG SPECIFICATIONS
REGULT MINIMUM MARIMUNM
99,9976 $9.949
&.02846 g.6280
L8 3@

(58 LB BAG)

628

PPG SPECIFICATIONS
RESULT HINIHUH MAXIHUM
g8 .88 96.0
76.88 4.4
0.47 1.6¢
a2.a0 2.20
1 15

«:z-—.m,wx-'#zrﬂ.sea‘c‘mwf_—: AT T
.

MARK J. SINCLAIR

SIGNATURE
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06/11/2004 12:35 FAX 7136728587 CHEMCENTRAL S¥._HOUSTON

[ SR S R,

doo4
Certificate 1983685 The Dow Chemical Company Page 1
Date: 05/14/2004 Certificate of Analysis
Quality Assurance
CHEMCENTRAL SOUTHWEST LP Fax:
11235 FM529
HOUSTON TX 77007-0000 UNITED STATES
Cust P.O.: 216193 Dlvy Note: 68695647 10
Material: PERCHLOROETHYLENE INDUSTRIAL Spec: 0005%009-5
Cust Mtl:
Vehicle: 662
Ship from: THE DOW CHEMICAL CCMPANY PLAQUEMINE LA UNITED STATES
This material meets the regquirements of the specification.
Resultg Limits
Feature Unics T1030514 Miriimum Max imum
Water ppm 14 el 30
Color, Pt-Co - 5 - 15
Non Volatile Residue pem 3 - 10
Alkalinity {as NaOH) ppm 20 15 30
Perchloreethylene % 99.974 99.900 -
Typical Properties:
Specific Gravity, 25/25: 1.518 - 1.622
Source of Data:
Non Volatile Residue (results based on quarterly analysis)
; Ay — . .
Lot 72 {20 -
Lo 0y _f%g:} é:) §;‘£7((;;9 ) . ,ZRCg) (f)

Clant Qualizy Coordinator

For inquiries please contact Customer Service or local sales.
English: 800-232-2436 french: B0{-565-1255
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fj ORIGINAL UNIVAR PHOENIX

PO. BOX 34325 50 SOUTH 45TH AVENUE
UNIVAR  seatiie, wa 98124-1325 INVOIC PHOENIX AZ 85043-3907
602-272-3272

WWW.UNivarusa.com
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WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
Attachment [l Spiking Material Composition Information:
B. Solution QA Information; _
1. Verification of Weigh Scale Calibration, &
2. Mass of Raw Material Used in Organic & Metal Solutions;

T ——
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Project Plan: Phase 1l1.B. Spiking Materials Preparations:

Proiect ID: 2006 Westate Parker, AZ CPT, Date PreBared: 3108/2006 '

i1.B.5 (d) ESS Scale Calibration & Calibration Verification Report

ESS Scale #:L-3 (15Lb)

7_

FiL
Applicaticn: Weigh out be’glace in large plastic sample bottles for transport to Westate for on-site preparation of P

olution.

Calibration Verification: Date7 #4/200¢=

Calibration Verification: Date: 7 /$@200 {e

+ TestWeight, Lb | - Indicated Weight, Lb | = Deviation, Lb + Test Weight, Lb | - Indicated Weight, Lb [ = Deviation, Lb
Linearity Check Before: v/ Linearity Check After: _
Voo IR el 2. T o oo P £ T 2P o
7. [ -7, Yoo o . oC8 AT = T D DD
S iore 151200 & oo 4 CLODD | T ooe . OO =
7 .-So2 2.52° o.DeZ 7 b2 -7 5982 o OP P
o .OFF Do oz T T4 s P
Span Check Before: If Applicable Span Check After:
Calibration Verification Before: v/ Calibration Verification After: v
oo P oLo=° A ) T o0 S, 00D
-1 {82, (DD O.oe=> | B oo 7o oo O DD 2
A== t L7022 o oD | 57 Of0 /. 57000 D DD
o .oo@ 2 Oy D22 = I OO tO- 09O )
S 2 OO CwvD | D OO0 <, OO &> <00

Notes, Comments, Data for the Record:

ESS Technician:

| Dae:S /00, |

The information contained in this document is confidential and prapristary to £88. Itis provided to the user for specified and limiled use. It may not be reproduced, exhibited,

transferred, or used for anz other purpose (all or in part) without the express wriiten permission of £SS.
E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com

Rev 2, 10/14/2004



Project Plan: Phase lil.B. Spiking Materials Preparations:

Proiect ID: 2006 Westate Parker,AZ CPT. Date PreEared: 3/08/2006

H1.B.5 (a) ESS Scale Calibration & Calibration Verification Report
Shop Weigh Scale #: S-1 ' | Calibrate & Veiify Calibration to: ~ "Lbs
Application: 1. Weigh containers @ Lilly prior to CPT.

2. Set weigh head up for computer logging of weight data.

Pre-Test Calibration Verification: Date: 3 / /4/200 & Post-Test Calibration Verification: Date; % £200&
Test Load, Lb | - Indicated Wt, Lb [ =Difference, + 0.2 Lb | TestLoad, Lb | - Indicated Wi, Lb | = Difference, + 0.2 Lb
Build Up in 50 Lb Increments: Buitd Up in 50 Lb Increments.
0.0 Q.0 o O 0.0 Iz = =
50.0 5.0 oL 50.0 Sv. 2 o
100.0 SEr O OO 100.0 Jop 2 e
150.0 15 & & O 150.0 e ¥= =y
200.0 Pt L D O 200.0 Zow O .o
250.0 3 epif o —s 250.0 250, SO
300.0 Zev.o PN 300.0 T 4 v b
350.0 e & A -t 350.0 250 oo
400.0 . F - O 400.0 2HGF. 7 — ot
450.0 & Ts o = 450.0 s X Y
500.0 S LT G — 2 5000 ~9%. % - e !
Break Down in 50 Lb Increments: Break Down in 50 Lb Increments:
500.0 Loy F —_y 500.0 Vw B ~
450.0 Yz D 450.0 "ef 46, 5 —o./
400.0 255 —_— oot 400.0 44 4 —eya
350.0 2SR o O 350.0 944.9 —cn, 1
300.0 2 GF.F - 300.0 2 o0 0. 0
250.0 A B - 250.0 25n.0 = £
200.0 == -yt 2000 140~ 5.1
150.0 /5. e e o 150.0 16834 -, |
100.0 9T, ey 100.0 1. O o . O
© 500 T A e 500 AT o2
0.0 Pl =) - 0.0 & P L)
Accuracy Assessment & Comments. =
£ Vi
ESS Technician: ¥ , 87 £ /Eib{ | Date: 3 1 & 12004~
ha gl Py

The information contained in this document is confidential and proprietary to ESS. Itis provided to the user for specified and limited use. It may not be reproduced, exhibited,
transferred, or used for any ofher purpose (all or in part) withoul the express writlen permission of ESS.

ESS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 {281) 471-2071 Fax (281) 471-2160 BSPE@ESSpiking.com
Rev 2, 10/14/2004



Project Plan: Phase Ill.B. Spiking Materials Preparations: :
Pro'lect iD: 2006 Westate Parker,AZ CPT. Date PreEared: 3/08/2006

lIl.B.2. Materials Preparation Instructions & Checklist:

Material Description:

General Prep Instructions:

ID SOPs/Instructions/Workshests: Applicable ? = v | att?] Get | Done? | Notes, Comments, 8/or insiructions:
1. Review all Mat'ls Prep information for this project. v v v
2. MSDS(s) v v | | Get MSDSs from Mat'l Tech Files & Read.
3. Malerials Prep Instructions, Raw Mat'| Weights (111.8.3) ] <
4. Mulli-Packet Mat'ls Prep Instructions (Iil.B.4) NA] NA Y /4 | See attached detailed instructions.
5. Scale Calibration & Calib. Verification Report {lil.B.5) iVl o
6. DM & Dispersion Prep SOP (IILB.6) NA | NA NIt
7. Shipping Instructions (IIL.D) v 1 K4
8. Bill of Lading {w go by) v v |V
9. Conlainer Shipping Label &/or go by v v I/
10. Container Waming Label v v |
11. Other {ID) R v v | v Ground Drums During Mixing Process .
Approved by: ), \\ /S, | Date: ZI@ Foold Accepted by: Date: Completed per SOP: ¥/ | Date: 2] [f1 24
(11.B.3. Materials Prep Instructions, Raw Materiat Weights, & Prep Worksheet:
Raw Mat'| = Toluene CH:Cly Naphthalene ET Glycol
Batch Lot#= HS026870341 05-01-0117 031411 05-02-0280
¢ Drum Purity = 0.9999 0.9939 0.9993 0.9998
" UseScale#= | S-1(1000Lb) | S-1(1000Lb) $1 (1000 Lb) $-1 {1000 Lb) Lb) L- ([ (b
Calibrated on = {1 [ fd [ ! [
Sub-batch = A* B* c
Target Wt (Lb) = 187.00 B88.00 §8.00 88.00 * * * *
1 Actual Wt (Lb) = 187 P& o W oo
A{Lb) = O &, LD O o 2, >
Target Wi {Lb) = 187.00 88.00 §3.00 88.00
2 Actual WE{Lb) = &7 0o o0 Ji-of S . om
Allb)= W &, gy 00 ODE >
Target Wt (Lb) = 170.00 80.00 80.0¢ 80.00
3 Actual Wt (Lb) = [70.0 Z0.0 o= gl
Allb) = ¢l v Pele=l-4 > OO VR ==
< ) -
(TG s ae]
Target Wt (Lb) = =5/7 925 '
7/ Acval WD) = | 3. 51S =9 .28
Aflb)= o ) L o 4n
Target Wt (Lb) = *
y: Actual Wi (Lb) =
4 () = :
* Please Note: Balches may be subdivided for convenience as fong as the total weigh of all sub-baiches malches the total quantity indicated.
III.B.4. Multi-Packet Materials Prep Instructions:  See attached detailed instructions. v?

1. Prepare

individually labeted, consecutively numbered, pre-weighled {

Lblg £ Lbfg), heat-sealed packels.

2. Verify the calibration on the  weigh scale daily with ESS” NIST traceable standards before each work day &
Calibration & Calibration Verificalion Report (I1.B.4)

e results in the attached ESS Scals

3. Place the appropriate quantity of material into the packet. Determine the net weight o
Weight Log Sheet in the space adjacent to the packet #.

and record that exact weight on the label and the Packet

fe}hmﬂk&'f

£

el

_ Initial & date each Packet Weight Lo Sheet and Calibration Verificalion Log Shepbdaily to ceitify the accurfcyﬂ)f 1he log.

(34

. Keep the packels in numerical order and bundle them in convenient si;e/d,hﬁﬁ:hes. Pack the batchesdnt
the containers from #ito# . Attach cne Container Shippinw font) and three Haz Mat Con

indicated in the instructions).

aﬁtffﬂainer(s)l in reverse numerical order. Mark
ng Labels per container (front, back, & top, if

6. Place the Site Contact Information Package {ll.D4.a} o

p
containers in a tight group just inside the shop docywm?k{
view. Coordinate shipping with the PM and SC.

of the packets inside of Container #1. Securely fasten the contalner lid(s). Assemble the
Container #1 in front. Place the Transporfers Information Package on top of Container #1in clear

The information contained in this document is confidential and proprietary to ESS. itis provided to the user for specified and timited use. It may rol be reproduced, exhibited,
transferred, or used for any ather purpose (all or in part} without the express written permission of £ESS.

ES'S 1200 twy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com

Rev 2, 1011472004
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WeStates Carbon, Parker, AZ
_ PDT Spiking Report
: March 2006
Attachment |  Spiking Material Composition Information:
C. Organic Solution:
1. Dichloromethane,
2. Ethylene Glyco,
3. Toluene &
4. Naphthalene;

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281)471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com




WeStates Carbon, Parker, AZ

_ PDT Spiking Report

March 2006
ﬂ

ESS Certification of Composition for WeStates Organic Solution

Spiking Material: Organic Solution
Spiking Application: POHC Spiking Source for Westate PDT

Production Date: 3102006
Quantity Produced: 1312 Lb Net Weight Solution
Compositions: [CH2Clz] = 0.1951,

{Ethylene Glycol] = 0.0.1951,
[Toluene] = 04144, &
[Naphthalene] = 0.1950.

Based on the information available to me concerning the manufactures’ CoAs for CH:xCls, Ethylene
Glycol, Toluene, & Naphthalene and the procedures and equipment ESS used to establish the
quantity of each ingredient used to make the final solution, | certify that the CH:Cly, Ethylene
Glycol, Toluene, & Naphthalene concentrations provided above are true and accurate to the best
of my knowledge and belief.

Signed:

W.R. (Bill) Schofield, PhD, PE Date
ESS Project Manager

E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com




3“ P
..+2006 estafe Par er,

General Prep [nstructlons .
1D SOPsIlnstruct:onsMorksheets - Applicable ? = v | atiz | Get | Done? | Notes, Comments, &for instructions: - -
*1. Review all Mat'ls Prep information for this project. v v v ) T
2. MSDS(s) v v | | Get MSDSs from Mat Tech Files & Read.
3. Materials Prep Instructions, Raw Mal'l Weights (I1L8.3) ardrdrd
4. Multi-Packet Matlis Prep Instructions (ll.B.4) NA | NA /V/4_ | See attached detailed instructions.
5. Scale Calibration & Calib. Verification Report (I!1.B.5) vy )
6. DM & Dispersion Prep SOP (lIL.B.6) NA| NA pY/Z
7. Shipping Instructions {I1.D) v v
8. Bill of Lading (w go by) v [ %4
9. Container Shipping Label &for go by v v i/
10. Container Warning Label v v | v
11. Other (1D} v v |v Ground Drums Buring Mixing Process
Approved by. . \\W<, | Date: ﬂ%'\ﬁxq Accepted by: Date: Completed per SOP: J{ZJ/ | Date: 2 [H 2 sles
lI.B.3. Materials Prep Instructions, Raw Material Weights, & Prep Worksheet
Raw Matl = Toluene CH:Clz Naphthalene ET Glycol
Batch Lot# = HS026870341 05010117 031411 05-02-0280
Or Drum Purity = 0.9999 0.999% 0.9993 0.9998
# Use Scale # = §-1 (1000 Lk} S-1 {1000 Lb) $-1 (1000 Lb} $-1{1000 Lb} L- { Lo L- { Lb)
Calibrated on = [ [ [ [ [ I
Sub-balch = A* B* c
Target Wt (Lb} = 187.00 88.00 88.00 88.00 ‘ .t * ¢
1 Aclual Wi {Lb} = 107 FE. o LT = p i ==
A{Lb) = Y= & D0 O- o & O
Target Wt (Lb) = 187.00 86.00 $8.00 88.00
2 Actual WE(Lb) = ] %a o Pl Y08 |«D o=
A(Lb)= ) - &, Opy 0 oS
Target Wt (Lb) = 170.00 80.00 £0.00 80.00
3 Aclual Wt (Lb) = [70.0 Z0 .0 =Yl g’ﬁ_o
A{Lb}= ¢). o0 £ D S O PR =
CCEEAL ) 2l 0
Target Wt (Lb) = =3/7 S, S '
- Actual Wt {Lb) = .51 3 4 % faY '
A(Lb) = 2 ) < OO
Targel WE{Lb) = *
Actual Wi {Lb} =
AfLh)= :

* Please Nole: Batehes may be subdivided for convenience as long as the total weigh of all sub-batches malches the total quantity indicated.

11.B.4. Multi-Packet Materials Prep Instructions:  See attached detailed instructions. v'7

1. Prepare individually labeled, consecutively numbered, pre-weighted {  Lbig+  Lbig), heat-sealed packets.

2. Veiify lhe calibration on the  weigh scale daily with £S5 NISY traceable standards before each work day & e results in the attached ESS Scale
Calibration & Calibration Verification Report (111.B.4)

3. Place the appropriate quantity of material indo the packet. Determine the net weight ofe}hgaekﬂ and record that exact weight on the fabel and the Packet
Weight Log Sheet in the space adjacent to the packet #,

4. Inilial & date each Packet Weight Lo Sheet and Calibrafion Verification Log She ;l»dall y to certify the accur’cyﬁf lge log.

5. Keep the packets in numerical order and bundle them in convenient size ches. Pack the balchesfnt iner(s) in reverse numerical order. Mark
the containers from #1 lo # . Atftach one Container Shippint‘w{g\d three Haz Mat Con ng Labets per container (front, back, & top, it
indicated in the inskructions).

6. Place the Site Contact Information Package {I11.D.4.a} ontdp of the packets inside of Container #1. Securely fasten the container lid(s). Assemble the
containers in  light group just inside the shop door wifh Container #1 in front. Place the Transporters Information Package on tap of Container #1in clear
view. Coordinate shipping with the PM and SC,

The infermation contained in this document is confidential and proprietary to ESS. ILis provided to the user for specified and limited use. It may not be reproduced, exhibited,

1

ransferred, or used for any other purpose (all or in part} without the express writlen permission of E5S.

ESS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax {281) 471-2180 BSPE@ESSpiking.com

Rev 2, 10/14/2004




; 2814856129

CERTIFICATE OF ANALYSIS

-800-622—3990

'Dlstlllatlon Range oC
L B P.
D.P.

3

TR

Date of Sh1pment. 4/21/2005 3 Product: . :"‘-Methylene Chlorlde'

Customer AMPAC Chemical Batch Number: '05;01-.01 17 _

BilI of' Lading: 241579 Quantity: 1 dmm
_;_INS:EECTION:_; B TEST METHOD: E
W :ght, Lbs / Gal @ 60°F D1'2.'5.0-80

:_ Refractwc Index @ 25°C |

Speciﬁc Gravity @ 60° F D-1298-80 - 1.32 .

Purily, Wt. % | o099 —~4— fodd LQ\er
'N\{Rﬂrppm <ip |
| Wate'r, ppm <22

Amdlty {as HCL), ppm . None ﬁljeiected

.Appearancc Clear. |

Color, Pi=Co.




CERTIFICATE OF  ANALYS s ‘%ﬁk\{ e Q(}Q ol

Ch

Date .of Shipment: 4/2 1/2005 Product: Ethyl_ene Glycol
Customer: AMPAC Chemlcal Batch Number: 05-02-0280
Bill of Lading: 241579 Quantity: 1 dram
II;JSPECTI.ON: TEST METHOD:  ANALYSIS:
WT in Pounds/Gallon & 9.31
Refractive Index 1.4303
Specific Gravity @ 60° F D-1298-80 1118
Purity, Wt. % R 9908  4— |Tyget OLa
Acidity, Wt. % <0.002
~ Water, Wt. .% . <0.04
Color [ - R §—- — i
Appearance Clear and Free
Distillation, @°C ' D-86-78
18P >196
DP <199

Date Approved: =0 /~0F
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— —7EFH"H:BENZENE_VTF%

© CERTIFICATE Of NELvsas

PRODUCT: TOLUENE

MANUFACTURER:  TAUBER

PRODUCT CODE 363900

LOT NUMBER/PACKAGE/DATE: H$02687034‘1 55 GL DRUM 021 7/2006

TEST OESCRIPTION

COLOR, SAYBOLT
COLOR;PTCO
APPEARANCE@ 65-78
"DEGF
RELATIVE DENSITY

15.56/16.66 DEG C
APl GRAVITY @ 60 DEG F
DISITILLATION RANGE

18P
DRY POINT
COPPER CORROSION
ACID WASH COLOR
- ACID LAYER
OIL LAYER
ACIDITY .

TOLUENE CONTENT WT.%

_BENZENEWT.%

XYLENEWT.%
C 8 AROMATICS,WT%

NON AROMATICS, WT%
. VOL%

WATER CONTENT,PPM WT.

SULFUR CONTENT,WT

SULFUR DIOXIDE &

HYDROGEN SULFIDE

1,4 D[OXANE PPMWT.

‘ NITRATION GRADE QUAUTY

C '.Wc a(c lh':, ﬁn;l chojce. ] ' .
Weanumpazc dp' vide the bcs:mwstomcr-valuod dlsmbutmn scmcw_ ey

ANALYSIS RESULTS

+30
3

CLEAR & FREE

0.8747
30.8

0.9

110.4
111.0
PASS (1A)

o
NO DISCOLORATION
PASS{NO FREE ACID)

0,006

0.025
0.017
0.042
0.042
0.059
138
<1.0

FREE
<5 .

.'COMPLIES




Attentior ' ]chael Yared

¥ Tulstar Producls Inc {Dr.T.Nature)

Customer
Product . “"'t'Refined Naphthalerie Crystals
Lot # 2 031361, 031411

CERTIFICATE OF ANALYSIS

PROPERTY - TEST RESULT  SPECIFICATION  TEST METHOD

Lot 031351
:10-01-000

: 80.11 79.8 min.
~ Color ( (AF’HA) 8 50 max  NA3h410-03.000
’ ; GG Anaiys:s (%wfw)
- Naphthalene 99.93 9.0 min. N-Ql-4.10-02-000
Thicnaphthene 0.07 0.50 max. N-’QMJMz-ooo
Lot 031411
Cryst/Solid, :F'tA((‘wIc) . 60.10 ~ 79.8 min, N-Qll-4.10-01-000
Colos (APHA) : 6 50 max. N-Ql4.10-03-000
Naphthalene -‘: ' 99.93 | 99.0 min. - N-QI4.10-02-000
Thaonaphthene . 0.07_ 0.50 max. N-Ql-4.10-02-000
- Approved : ﬁ-ma/% o Date %, "2003/06/30

] ooe e wrssion: savniont - - | aoproved withapruen om0

Bl iy 400




WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
Attachment I Spiking Material Composition Information:
D. Metals Solution:
1. Lead Nitrate [Pb (NO3)z] &
2. Chromium Nitrate [Cr (NO3)s9H20

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com



WeStates Carbon, Parker, AZ

PDT Spiking Report

March 2006

[rom—————————— . _______________________________________________|]

ESS Certification of Composition for WeStates Pb/CRII Solution

Spiking Material: Pb/CR! Selution

Spiking Application: Spiking Source of Pb/CRM (SYM) for 2006 WeStates PDT
Production Date: 312612006

Quantity Produced: 440.0 Lb Net Weight Solution

[Pb] = 0.004998
[Cril] = 0.01753

Composition:

Based on the information available to me concerning the manufactures’ CoAs for Pb(NOs): & Cr |
(NO3)39H:0 and the procedures and equipment ESS used to establish the quantity of each
ingredient used to make the final solution, | certify that the Pb concentrations provided above are
true and accurate to the best of my knowledge and belief.

Signed:

W.R. (Bill) Schofield, PhD, PE Date
ESS Project Manager

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com



Project Plan: Phase IV.J. Solute Specific Solution Preparation & QA Procedures;

Pro'lect ID: 2006 Westate MB #3. Date Prepared: 2/1/2006
IV.J.2 Pb Solution Preparation, Data Collection, & Composition Calculation SOP, & Worksheet

Partinent Background Project and Technical Information:
1. The Spacified Lead (Pb):
A.  Spiking rate = 0.1 Lb PbMr, and
B. Spiking duration = 22 Hrs.
C.  Thus, the total quantity of Pb required is 2.2 Lb Pb.
2. E5$has provided the lead as Lead Nitrate, Pb{NOx), which will be used by ESS’ Tech to prepare an aqueous solution on-site.
3. Technical Data for Pb{NOa)z: :
A, Pure Ph{NOa}): is 62.56 wi% Pb (Merck Index, 13t Edition);
B.  Solubiity: {1} One part Pb{NOs}, is scluble in 2 parts cold Hz0, & {2) Sclubility increases with increasing temperature (Merck Index); &
C. The specific production lot2 of Ph{NCa)* which was used for this project {Loba Chemie Lot #v0580031) has a 100.0 wt% purity? (Loba CoA, Also, see the footnote
below for an explanation of the * symbol as used herein).
4. With this information, we can c¢alculate the quantities of lead nitrate needed as follows:
A.  Spiking Rate: 0.1 Lb Pb/Hr = 0.1598 Lb PB{NGs)"Hy, and
B.  The quantily of Pb{NOs)." required is 3.517 Lb Pb{N(Os)2%/22 Hrs.
Pre-Mobilization Preparation:
5. Modify ESS’ On-Site Pb Solution Prep SOP based on the project specific requirements.
6. Assemble, load, and transport all standard equipment/supplies required for this project plus:
A.  Prepare an appropriate shipping container w 3.517 Lb Pb{NOs)* labeled w “Pb{NQOs).*", the actual net weight, the date weighed, and your initials, and ship the
container to the test site.
B.  Onelange, clean, plastic laboratory funnel,
C.  Acopy of this procedure, and
D.  Amange for a sultable Pb solution prep drum {i.e., lined steel or heavy-duty plastic, closed-top) to be available on-site.
On-Site Solution Preparation:
7. Preparation:
Prepare secondary containment for the field spiking equipment.
Retrieve the Ph{NOa)* Solution Drum.
Retrieve PPE, i.e., latex gloves, tyvex smock, apron, or suit, and face shield.
Retrieve the Pb{NGa}" container.
Record the exact net weight of Pb{NCs)" from the container label here: 3.71 S o Pb{NCn}*.
. Verify weigh scale calibration, i this has not already been done.
Note: Sofu Prep Frocedure [N must be completed vithin secondary containment.
8. Weighthe empty drum, and record the drum tare weight here: 5 7 T Lb (drum tare weight).
9. Add approximately 100 Lb of water to the empty drum.
10.  After donning PPE {See Il above), carefully add water to the PH{NOsk." container until it is approximately % full. Tightly secure the lid, and thoroughly mix the
contents.
11, Using the funnel, carefully pour the Pb{NO3)* solutior: from the container into the 100 Lb of water in the solution drum. Repeat |ERJEEIIIEE 2s necessary to ensure
that all of the Pb{NOs),* is dissolved. Rinse the container and funnet thoroughly with water, pouring all of the rinse water into the solution drum.
12.  Add water to the solution drum until the gross weight of the drum pius the solution is approximately 440 Lb.
13.  Agitate the Pb{NOs )" solution in the drum with the felding prop mixer to ensure that the solution is thoroughly mixed and of uniform composition. Wipe up any water from
the outside of the drum and the top & sides of the scale.
Calculation of the Solution Spiking Rate:
14, Weigh the drum and Pb{NQa}* solutien, fo get: izz & 1b (gross weight of solution plus drum.
15, Subtract the drum tare weight (from - above.) from this {gross) weight, to get: W e 1 {net weight of solution).
16.  Toget the weight of Pb now in the solution, multiply the exact we'ght cghe Pb{NO3)s* (from above) as follows: !,ﬂfl_b Pb{NOs}* X {0.6256 Lb Pbf1.0 Lb

moomeE

-

Pb{NOs}2)} X (1.0 Lb Pb{NOsk/1.0 Lb PB{NO3p* =), to get: LbPh.
17.  Divide the weight of Ph (g Pb from by the net weight of solution (from [EEERR) to get the Pb concentration in the solution:
. Mé LbPb/Lb Solution.
18.  Calculate the %so!uﬁon spiking rate by dividing the target Pb spiking rate of 0.1 Lb Pb/Hr (from Step 1.A.) by the solution concentration {i.e., Lk Pb/Lb Solu, from
. o Y{ Lb SoluHr (should be very close to 20.0 Lb SoluHr).
19,  Divide the hourly spiking rate by 60 Min/Hr to get the farget pounds of solution per minute” spiking rate: 0. TE=E s Lb Solu/Min (Should be very close o
————3:3336tb SclufMiny— - - T T T T T T -
QA Checks:

20. Complete a careful QA/QC check on each step above, and call the E$S PM (@ the ESS office or 713-452-5714) for a joint review of all figures, and calculations. Please
signify that the QA/QC Check was satisfactorily completed with your initials:
ESS Tech/PM:
F

o .

1 The Pb{NQs}):" to be used in this test has an actual purity of 1.000 %. The use of the symbol * in the chemical fomula Pb{NQs}" indicates the actual [less than 100%
purity] spiking material.

The information contained in this document is onfidential and proprietary to E8S. Itis provided to the user for specified and limited use. 1t may not be reproduced, exhibited,

transferred, or used for anz other purpose Sall orin paﬁ! without the express written pemission of ESS.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
Rav 2, 10/14/2004



Project Plan: Phase IV.J. Solute Specific Solution Preparation & QA Procedures:
Pro'lect ID: 2006 Westate MB #3. Date PreEared: 21112006 aman

v.J

4 Cr'" Solution Preparation, Data Collection, & Composition Calculation SOP, & Worksheet

Pertinant Background Technlcal and Profpct Information:

1.

The Specified Chromium (Crit):

A.  Spiking rate = 0.35 Lb CrifHr,

B.  Spiking duration = 22 Hrs, and

€. Thus, the total quantity of Crlll required is = 22 Hr x 0.35Lb CrHr= 7.7 Lb Cr

ESS is providing the Cr* as Chromium Nitrate {11}, Cr{NOs)»8H:0.

Technicat Data for Cr{NOa)s*9H0:

A Pure Cr{NQs)a+9H20 Is 12.99 wi% Cr (Merck Index);

B.  Solubility Data: CrNOs}9Hz0 is: {1) "soluble” (Merck Index & Perry's), (2) “very scluble” {CRC Handbook}, and {3} 208 g of Cr(NO3)s+3H2C is soluble in 100ml HO
{Lange's Handbook); and

C.  The specific production lot of Cr{NQs)a+9Hz0" from which we were supplied for this project has a 100.08 wi% purity* (PraChem CoA, Also, see the focinole below
for an explanation of the * symbo! as used herein).

With this information, we can calculate the:

A CH{NO:)»9H0* spiking rate = {0.35 Lb CriHr){1.0 Lb Cr{NO3)s*8H20/0.1299 Lb Cr)(1.0 Lb Cr(NO3}#9H,0*100.08 Lb Cr{NO3)»9H:0) = 2.697 Lb Cr{NOs)»9H0"
fHr; and

B.  Quantity of Gr{NOs)»¥Hz0" required = 59.32 Lb Cr{NOa)»8H,0%22 Hrs.

Required Pre-Mobilization Preparation:

5.
6.

Medify the general ESS On-Site Metal Solution Prep SOP for the project specific Cr requirements.

Assemble, load, and transport all standard equipment/supplies required for this project plus:

A, Prepare an appropriate shipping container w 59.32 Lb Cr{NOy)38H0" tabeled w “Cr(NOs)x+9H,0"", the actual net weight, the dale weighed, and your initials, and
ship the container to the test site.

8. Onelarge, clean, plastic laboratory funnel,

C.  Acopy of this procedure, and

D. Amange a suitable G Solution Prep Drum (i.e., ined steel or heavy-duty plastic, closed-top} to be available on-site.

On-Site Solution Preparation:

1.

NOTI
8.

9.
1C.

1.

12
13.

Preparation:

Prepare secondary containment.

Retrieve the Cr Solution Prep Drum.

Relrieve PPE, i.e., laex gloves, tyvex smock, apron, or suit, and face shield.

Retieve the Cr{NO3)»*3H:0" container.

Record the exact weaight of Cr{NOs)*0H0" from its container label here.s_' i- 3 2.

. Verify weigh scale calibration, if this has not already been done.

E: Sol Prep Procedure EiRERBRIGAIGONN must be completed within secondary containment.
Weigh the empty drum, and record thal weight heregz, Lb (tare weight).
Add approximately 100 Lb of water to the empty drum.
After donning PPE (Seo EXHIIE- above), carefully add water 1o the Cr{NOs)a»3H;0" container unfil it is approximately % full. Tightly secure the lid, and thorougnly mix
the contents.
Using the funael, carefully pour the Cr{NOs)8H20" solution from the container into the 100 Lb of water in the drum. Repeat EESREEENN -5 nocessary lo ensure that
all of the salt is dissolved. Rinse the container and funnel thoroughly with water pouring all of the rinse water into the sclution drum.
Add water to the solution drum until the net waight of the solution is approximately 440Lb.
Agitate the Cr{NO3}x*9H.0" solution with the folding prop mixer 1o ensure that the salution is thoraughty mixed and of uniform composition. Wipe up any water from the
oulside of the drum and the tap & sides of the scale.

"Moo ®>

Calculation of the Solution Spiking Rate:

14, Weigh the drnum and Cr{NO3)3*8H20* solution, and record that weighthere:f’)?' 2 {gross weight).

15.  Subtract the empty drum weight {from above.) from this (gross) weight 1o get: fzt% & b (net weight of salution).

16.  Mulliply the exact weight of the Cr(NOs}g-QHzOImem}ﬁg above) as follows: 550 32 Lb CriNOs}»9H0" x (01293 Lb Crit 0 ib Cr{NO3}*9HzO}1.0008 Lb
Cr(NO3)*8H01.0 1b CriNQ3)*8H20"=) to gel: 7 Lb Cr.

17.  Divide the weight of Cei" {from EERERRE) by the net weight of sotution (from EIGEEE) to get Lb CriLb solutiog.

18. Calculate the hourly spiking rale by dividing 0.35lb Cri'/Hr by the solution concentration {from ) to gel:-‘ﬁ Lb solutionMr (This nurber should be very
close to 20 Lb solHr).

-=-19; ~~Cwide the hourly spiking rate by 80 Min/Hr to get thetarget spiking rate; and record the resuit'heresrg.-%%a@b solution/Min,- -~ --—-—- -
QA Checks:
21. Complete a careful QAIQC check on each step above, and cali the ESS PM (@ the ESS office or 713-542-5714) for a joint review of all figures, and calculations. Please

signify that the QAIQC Check was satisfactorily completed with yous initials:

ESS Tech/PM: .
&3S POl ATy

* The symbol * in the chemical formula Cr(NOs)s*9H20" indicates the actual 160.08 % purity Cheomium Nitrate which will be used on this test.

The information centained in this document is cenfidential ang proprietary to ESS. tis provided to the user for specified and limited use. It may not be reproduced, exhibited,
transferred, or used for anz other purgose (all of in partz without the express written permission of ESS.

E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (231) 471-2071 Fax (281) 471-2180 BSPE@ES Spiking.com

Rev 2, 1041412004



v .
s RPN v | Get MSDSs from Mati Tech Files & Read
23 Materials Prep lnstmchons, Raw Mat' Weights {iil.8.3) A ES L4 I OR
4 Multi-Packet Mat'ls Prep Instructions (11l.B.4) NA| NA} & /L See atlached datalled Instructions.
-~ 5. Scale Calibration & Calib. Verificaticn Report {Il1.B.5) vl vy o
- 6. DM & Dispersion Prep SOP (lILB.6) - NA| NA| = [ a74
7. Shipping Instructions (111.D) v |V
8. Bill of Lading {w go by} v v iV
.-9.‘Container Shipping Label &for go by v v |
--10. Container Waming Labe! v A | &
v {1, Other (ID} v 14 4 Ground Drums Durlng Mixing Process
Approved by: L\Qg | Date: 'ﬂ%\'}mﬂ Accepled by: Date: Completed per SOP _4@/ | Date: 7_,][‘]
III.B.3. Materials Prep Instructions, Raw Material Weights, & Prep Worksheet:
Raw Mat'| = Toluene CHzCl Naphthalena ET Glycol
Batch Lot#= HS8026870341 05-01-0147 031411 05-02-0280
or Drum Purity = 0.9999 09999 0.9993 0.9998
4 Use Scale #f = $-1 (1000 Lb} $-1 (1000 Lb) $-1 (1000 Lb) S-1 {1000 Lb) L- { Lb) L- { Lb)
Calibrated on = [ [ { ! i [
_ Sub-batch= | .. Sk At B* [
- s 4 . TargetWt{Lb)= - 18700 88.00 . -BB.D0 - 88.00 * ! * *
s AcualWiby=1 - 707 P& .o o= | . oo
A= | 2,70 < P20 =y & O
; : TargetWi(Lb)= | -~ 187.00 88.00 8,00 ¢ 88.00
2 Actual Wi {Lb) = %p o L F o0 Yo T g—
Al = ) &, 0p OO0 Y Ao
. Target W (Lb) = 470.00 80.00 80.00 80.00
3 Actual Wi (Lb) = 7.0 Z0.0 [Ro> Ge.c
AfLb) = €. oY pel=l-4 O O N
TagetWi(Lb)= | =2.5/7 o - :
- AcualWi(b)= | 3.519 % '
Target Wt {Lb) = : o *
Actual WH{Lb} = e
Aflb) =
_ * Please Note: Batches may be subdwnded for convenlence as long as the total weigh of ai sut»balches matches ihe total quanlity indicated.
liL.B.4. Muiti-Packet Materials Prep Instructions: See attached detailed instructions. v'?
1. Prepare - individually labeled, conseculively numbered, pre-weighted {  Lblgt  Lbig), heat-sealed packets. o
2. Verify the calibration on the  weigh scale daily with ESS’ NIST traceable standards before each woWe results in the attached ESS Scale
. Calibration & Calibration Verification Report (I1LB.4)
3. Place the appropriale quantity of material into the packet. Determine the net wexghl OW and record that exact weight on the 1abel and the Packet
Weight Log Sheelin the space adjacent to the packet #.
4. Initial & date each Packet Weight Lo Sheet and Calibration Verificalion Log Sh }k}‘a’l y to certify the aocur'cyyﬁf the log.
5. Keep the packe!s In numerical order and bundle them in convenient size ches. Pack the balche: atﬁfﬂamer(s) in reverse numerical order. Mark
~“the containers from #1 to # . Aftach one Conlainer ShspplﬂWd three Haz Mat Con ng Labels per container (front, back, & top, if
-ndicated in the instiuctions}.
6. Piace [he Site Contact Information Package {III.D.4.a) on4dp of the packets inside of Container #1. Securely fasten the container lid(s). Assemble the
. containers in a fight group just inside the shop doa Container #1 in front. Place Ihe Transpoﬂers Infarmation Package on top of Container #1in clear

View. Coordlnale shlppmg with the PM and SC.

“The mformahan contalned in lhls documeni is confidential and propriatary to ESS. tis prowded to the user for spectﬁed and limited use. It may not be reproduced, exhibited,
-fransferred, or used for any other purpose (aII or in part) without the express written permission of ESS. L L

281) 471 207 Fax (281) 471-21 80 BSPE@ESSkamg com

E SS 1200 Hwy 146 South, Suite 170, Laribhé,' Texas 77571
P Domnmtel U Ce " Rev 2, 1011412004



Ref: LOBA]COAN

ER'I'IFICATE OF ANALYSIb

“LEAD NITRATE PURE

Product Name L
Codeno . ST 4377
Batthno . i s V0580
Mol. Formula © v . PbNOs3)
Mol. Weight I 33121 .
Sr. Tests - Specification Results ~
No -
1 Description - White crystalline powder White crystalline powder
2 Assay (min) B 99% 1000% . oo
3 - | Chloride (Cl) <0.005% - | <0.005% 0 i
4 ‘Copper-(Cu) <0.001% ) o 1 <0001%. ¢ s
5 Iron (Fe) ' <0.001% ) <0.001%
. This above product comphes as per ‘the specification of LOBA CHEMIE '

For LOBA CHEMIE PVT. LTD.

J— 7"4,H‘fm(" Thisis document Hasbeeii produced-electronically-and itisvalid-without signature: *}




COnslgnee . A

ENGINEERED SPIKING SOLUTIONS
1200, HWY 146"
SUITE 170
LAPORTE X

INC(ESS)

| Country of Final Distination

[Il SlA'
Pre-Carriage by Place of receipt by Pre-Carrier | Yorms of Dalivery asd Payment
J.N.P.T.{IRDIA) o
Vessel/Flight ¥o. Port of Loading '
' 'J;N.PﬂTﬂ(INDIA)
Port of Dischargs .| winal Dsstination
HOUSTON | "HOUSTON * S L
rk'& Nos./. ©; No. & Kind Despcription~ | Quantity |Nett Wt.| Gross Wt.
'm’tainer Now iy of Packages of Goods . ‘ AR (Kgs.} (Kgs.)
ENGINEERED SPIKING 48 PKGS OF LABORATORY
SOLUTIONS, INC,(ESS) CHEMICALS
LAPORTE, HOUSTON USA
DRUM- NO. 1T026V*' BATCH NO
SODIUM DICHROMATE (DIHYDRATE) V1695041 20x25KG| 500.000 540.000
DRUM NO.21T028". |
-CHR@M&QM—{{{I)—G%%BE—GREEN—* V1697041 8%25KG| 200-008 216 .-000
DRUM NO 29T04O
LEAD NITRATE PURE V0580031, - 12x25KG| 300.000{ ~ 312,000
DRUM "HO. 417048 | b
V1026041, 8x25KG|- 200.000{ . 208.000

142765

1 200 OQO KGS'

276.000




Specifications ‘ Results
Chromium.......... e 12.7% min. 13.0%
H20 Insolubles........................0010% max 0.000% . . e
CTChIeRde 0.05% max 6.001%
Sulfate(SO4)....ccvr e .0.01% miax 0.001%
lron(Fe)..................,..:4_._._.._.._._. ..... e 0.020%max 0.004%. R S
D S aTo e S~ o7
WU = e g D, oo o Ty
o 284

ProChem ine

"We react”

N
(oh

Cerificate of Analysis

Praduct name: Chromium (I11) Nitrate Hydrate, 98+%
ChemicalnFormula: Cr(NO3)3.XH20 :> N
LOT#1031390 " (‘\BO‘-’B{) QR0
Quantity: 100 ibs. '

CAS#: 13548-38-4

= RDCZ"D%)

.ﬁ

O 299 1S MASS thtnmb Cr-

WO O (00e) - Gl

826 Rovsevelt Rd. » Hackford, fL 61109 (815) 388-1788 « Fax [B13) 398-1810

High Purity Inorganics  + Research Blochemicals - Custom Synthesls

ounessed 2 ESS IS



PROCHEWM, iNC.
826 ROOSEVELT Rpy.
ROCKFORD, IL 671092025
(815) 398-1 788

INVOICE:

L he), 5/

invoice f: 00013999
il Ta: Ship To:
“ngineered Spiking Solutions ki Lily & Compan,
1200 TTwy. 146 5. 1650 Lily Road
~treet 170 Lafayette, IN 47907
taPorte, TX 77571 Attn: Miguel Gonzales
 saEsPen o e S T o BATE o ) g )
RIS ) omdeAno [ swewa  [oolero | supoa | _TEWS L
e OVERNITE 9/14/05 2% 10 Net 30 9/14/05 |}
arv. ITEM NO. T oesonpnion PRICE UNIF | DISC% | EXTENDED PRICE | 1x
00 | 1476 Chromium Nitrate, 99+%, L3
Hydrate, Lot #1031390
— - S N R
SALE A OUNT 0.00
FR2GHT .00
SALES TAX L00
TOTALAYOUNT 0.00
PAID § ODAY .00
- BALANGE DUE 2.00

DACGEZ & 47



WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
Attachment Il Documentation of Accuracy of the Field Spiking Rate Measuring Equipment Used during this Project:
A. Pre-Mab, Pre-Test, and Post-Test Calibration Verification Reports, and
B. Curment Certification of Weight Standards with NIST Traceability.

E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com



WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2008
|
Attachment Ill  Documentation of Accuracy of the Fisld Spiking Rate Measuring Equipment Used during this Project:
A. Pre-Mob, Pre-Test, and Post-Test Calibration Verification Reports,

E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281)471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com




Project Plan: Phase lil.B. Spiking Materials Preparations:
Project ID: 2006 Westate Parker,AZ CPT. Date Prepared: 3/08/2006

1.B.5 (a) ESS Scale Calibration & Calibration Verification Report

Shop Weigh Scale #:

.t

| Calibrate & Verify Calibration to: 358 Lbs

ALl

Application:. . 1)
[

Pre-Test Calibration Verification: Datezz {#7 /200 @

Post-Test Calibration Verfication: Date3 #7200 &>

Test Load, Lb |

- Indicated Wt, Lb

| =Difference, £ 0.7 Lb

Test Load, Lb

| - Indicated Wt, Lb

| = Difference, 0.7 Lb

Build Up in 50 Lb Increments:

Build Up in 50 Lb Increments:

0.0 Y Vi) £ a2 0.0
50.0 a7 O .2 50.0
100.0 { e, O -y 100.0
150.0 1Y & — 150.0
200.0 [ 22 R - ! 200.0
250.0 2 e¢aqg . - 250.0
300.0 Z59G.X -~ ./ 300.0
350.0 27 o ) 350.0
400.0 Ly = 400.0
450.0 gﬁ‘f e, ! 450,0
500.0 ¥ i -7 500.0
[
Break Down in 50 Lb Increments: Break Down in 50 Lb Increments;
500.0 (/32.7 —od 500.0
450.0 LArP. P — ¢ 450.0
400.0 269Y — O, ¢ 400.0
350.0 =49.5 co. ’ 350.0
300.0 Zafy 9 e, ! 300.0
250.0 —Z 1oy < —c2 250.0
200.0 /19 -, 200.0
150.0 9a-9 -~/ 150.0
100.0 4 et | 1000 _ I o
50.0 . -, ( 50.0
0.0 —_ —O.¢ 0.0
Accuracy Assessment & Comments:
ESS Technician: MW | Date: 5 " 71200.,

The infonmation contained in this document is confidential and proprietary to ESS. It is provided to the uses for specified and limited use. Itmay not be reproduced, exhibited,

transferred, or used for anz other purposg iall orin parti without the express written pemmission of ESS.
E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com

Rev 2, 10114/2004




Project Plan: Phase II1.B. Spiking Materials Preparations:
Prolect ID: 2006 Westate Parker,AZ CPT. Date Prepared: 3/08/2006

I1.B.5 (a} ESS Scale Calibration & Calibration Venﬁcatlon Report
Shop Weigh Scale #:  {-"+2. [ Calibrate & Verify Calibration to; €4 Lbs
Application: f';ly
Pre-Test Calibration Verification: Dateg /21200 Post-Test Calibration Verification: Date: / /200
Test Load, Lb | “indicasted Wi, Lh | = Difference, £ 0.7Lb | TestlLoad, Lb | - Indicated Wt, Lb | = Difference, + 0.7 Lb
Build Up in 50 Lb Increments: Build Up in 50 Lb Increments:

0.0 0.0 0.0

50.0 =P O 50.0

100.0 1> < 100.0

150.0 W= =N 150.0

200.0 Zre. O 200.0

250.0 20 ! 2500

300.0 ) 3000

350.0 3‘% / 3500

400.0 Sop, 400.0

450.0 LS./ 450.0

500.0 =20./ 500.0
Break Down in 50 Lb Increments: Break Down in 50 Lb Increments:

500.0 " > W4 500.0

450.0 7 i 450.0

400.0 AN - & 400.0

350.0 ISP .o 350.0

300.0 = e f 300.0

250.0 P D 250.0

200.0 2\ 200.0

150.0 JX G 150.0

1000 | {O2.Q 1 00 | ..

50.0 T D 50.0

0.0 . D 0.0
Accuracy Assessment & Comments:
2 =

ES$S Technician: W [ Date: 71 727200 &

The information contained in this document is confidentfal and proprietary to £8S. Itis provided to the user for specified and limited use. 1t may not be reproduced, exhibited,

transferred, or used for anz other puipose !all or in parti without the express written permission of ESS.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ES Spiking.com
Rev 2, 10/14/2004



Project Plan: Phase IIl.B. Spiking Materials Preparations:

Pro'lect [D: 2006 Westate Parker,AZ CPT. Date PreEared: 3/08/2006

IIl.B.5 (a) ESS Scale Callbration & Calibration Verification Report
Shop Weigh Scale #:. € — % [ Caibrate & Verfty Calibration to: /2> Lbs

Application: . 1 p £ M olo

Pre-Test Calibration Verification: Date: "</ [32000 Post-Test Calibration Verification: Date: / /200
Test Load, Lb | Indicated Wt Lb | = Difference, £ 0.7 Lb | Testload, Lb | - Indicated Wt Lb | = Difference, + 0.7 Lb
Build Up in 50 Lb Increments: Build Up in 50 Lb Increments:
00 P 0.0
50.0 =50 .o 50.0
100.0 \e o> 100.0
150.0 | &5 o 150.0
200.0 2EZ O 200.0
250.0 e 250.0
300.0 e e, = 300.0
350.0 = ag . 350.0
400.0 Qo= < 400.0
450.0 & D2 450.0
500.0 o !l 500.0
x¢e.D L=, O
(e .
teSE&0 o8&/
or.p - ©
R 20, (
/to.O (=0
Break Down in 50 Lb Increments: Break Down in 50 Lb increments:
|_repo =)
7t ¥a 782 ¢
| A D -
e | CeSB./
- & 2 =
2] £SO,
500.0 Ny, 500.0
450.0 (g Tim) 450.0
400.0 < 400.0
350.0 e Tave) 350.0
300.0 Femn O 300.0
250.0 FEA O 250.0
200.0 ZeN D 200.0
150.0 (> O 150.0
100.0 [ O - 1000 o -
50.0 =V 50.0
0.0 e -] 0.0

Accuracy Assessment & Comments:

/A
ESS Technician: N 7 el & [ Date: 3 7200,

The infosmation contained in this document is confidential and proprietary to ESS. It is provided to the user for specified and limited use. It may nct be reproduced, exhibited,

transfermed, or used for an; other purpose iall or in parti without the express written penmission of ESS.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281} 471-2180 BSPE@ES Spiking.com
Rev 2, 1011412004



Project Plan: Phase |II.B. Spiking Materials Preparations:
Project ID: 2006 Westate Parker,AZ CPT. Date Prepared: 3/08/2006

iI.B.5 (a) ESS Scale Calibration & Calibration Verification Report
Shop Weigh Scale#: &' - 5~ | Calibrate & Verify Calibration to. 520 Lbs
Application: . ? Lt ich
Pre-Test Calibration Verification: Datef V71200 & Post-Test Calibration Verification: Date: / /200
Test Load, Lb | -Indicated W, Lb | = Difference, + 0.7 Lb | TestLoad,Lb | - Indicated Wt, Lb | = Difference, + 0.7 Lb
Build Up in 50 Lb Increments: Build Up in 50 Lb Increments:
0.0 D 0.0
50.0 VX ] 50.0
100.0 7 az B A 100.0
150.0 /. SHD 150.0
200.0 oA 200.0
250.0 Z%8.0 250.0
300.0 Low LD 3000
350.0 =56 .< 350.0
400.0 <39 Sr 400.0
450.0 LD O 450.0
500.0 0,0 500.0
Break Down in 50 Lb Increments: Break Down in 50 Lb Incremenits:
500.0 “o O 500.0
450.0 (Lt (39 4500
400.0 zaG .7 400.0
350.0 ZH, 350.0
300.0 7 e 3000
250.0 = o 250.0
200.0 /T =2 200.0
150.0 /82 ) 1500
100.0 [/ OD O 100.0 - - )
50.0 O 50.0
0.0 T DD 00
Accuracy Assessment & Comments:
ESS Technician: T g e St [ Date: Zi7 R0

The information contained in this document is confidential and proprietary to ESS. It is provided to the user for specified and limited use. i may not be reproduced, exhibited,

transferred, or used for anz other purpose Sall orin part‘ without the express written peanission of ESS.

E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
Rev 2, 10/14/2004



Project Plan: Phase lIL.B. Spiking Materials Preparations:

Pro'Iect ID: 2006 Westate Parker,AZ CPT. Date PreEared: 3/08/2006

1II.B.5 (a) ESS Scale Calibration & Calibration Verification Report

Shop Weigh Scale #: - | Calibrate & Verify Calibration to: S"&>Lbs

Application: A L

Pre-Test Calibration Verification: Date: % £7 12008, Post-Test Calibration Verification: Date¥ #4200 &

Test Load, Lb | - Indicated W, Lb | =Difference, + 0.7 Lb | TestLoad, Lb | - Indicated Wt, Lb | = Difference, + 0.7 Lb
Build Up in 50 Lb Increments: Build Up in 50 Lb Increments:

0.0 y oo 00 0,8 & O
100.0 el o, O 100.0 0. & <. o
150.0 B - O 150.0 /2;:0 O D
200.0 T2 D oD 2000 Zexn & &.o
260.0 2.47 7 = 2500 2 £ 0O O
300.0 27,7 -, { 3000 Zernd )
X0 | A S —o. ! 3500 REDO o2
400.0 7 -1 400.0 (iow, © =, O
450.0 e D o.& 450.0 /50, / el
500.0 TR Pl 500.0 Aoty / o 7

Break Down in 50 Lb Increments: Break Down in 50 Lb Increments:
500.0 “Z0.Z A~ 500.0 he. 7 o 7
450.0 54 N 450.0 ¥, 7 .t
4000 / 9 - o, ? 4000 4&9,9 ) :O
350.0 22/3 F -t 350.0 B & >0
300.0 7799 - 300.0 4.6 OO
250.0 299 g - e ! 250.0 2Ne & o &
200.0 Vi - e 2000 2w W
150.0 Je/2. G — e, 150.0 /53 77 g.ﬁ
1000 49.9 - ! 1000 10 2.7 1
50.0 A4 - 50.0 o) )
00 _f'_él / ot E‘ ‘ 00 00 =~ . &

Accuracy Assessment & Comments:

Fa)
ESS Technician: ATy )eget | Date: 3 1%/ 2006w

The information contained in this document is confidential and proprietary to ESS. It is provided to the user for specified and limited use. it may not be reproduced, exhibited,

transferred, or used for anz other purpose Eall orin pana without the express written permission of ESS.
E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ES Spiking.com

Rev 2, 10/14/2004



Project Plan; Phase lll.B. Spiking Materials Preparations:

Pro'lect ID: 2006 Westate Parker, AZ CPT. Date PreEared: 31082006

11.B.5 (a) ESS Scale Calibration & Calibration Verification Report

Shop Weigh Scale #:__(— G [ Caliorate & Verify Calibration to: P& Lbs

Application: &/-:,.4.1'4; - e

Pre-Test Calibration Verffication: Date: % 1221'2004_ Post-Test Calibration Verification: Dat 200

Test Load, Lb | . Indicated W, Lb [ = Difference, + 0.2 Lb_| TestLoad, Lb | - Indicated Wt Lb 2 = Difference, + 0.7 Lb
Build Up in 50 Lb Increments: Build Up in 50 Lb lncrements:

0.0 7.8 2 .= 0.0 . gﬁ
50.0 o I~ 24 2.2 50.0 <, T 2.2
100.0 ro¥ . & 0 100.0 PN 0.2
150.0 /.S, o 7, 150.0 yAY .YV .
200.0 2w ./ &, [/ 2000 A0, [ .
250.0 % & o 250.0 D& ~.D
300.0 =, & .2 300.0 20 £ D
350.0 Z2325. © o.&2 350.0 252D &.0
400.0 |2 -4 -/ 400.0 D . W7
450.0 GrSD O o O 450.0 F] 2.2
500.0 Soo . O o. 9 500.0 =P el no

Break Down in 50 Lb Increments: Break Down in 50 Lb Increments:
500.0 P 2.0 500.0 Vo) N
450.0 a=X= ) 450.0 ;@2) 7.
400.0 o o 400.0 / s {
350.0 S aY) Al 350.0 %23 D
300.0 N2 Y= 300.0 =245,29 7. 0
250.0 X X2 D0 7500 Z3D9 Db
200.0 o -l O ! 200.0 Zoe. / r=Yv4
:50.0 ,{bg 0. 3 150.0 =Y’ )

[ 1000 ] . yo.€2 | p.gl) 00| el . .
50.0 %D £l o 50.0 = >%) ‘% 5
0.0 o) .o 0.0 €D 2D 2.0
Accuracy Assessment & Comments: ~
/) 7.
ESS Technician: W | Date: ; 12 /1200L,

The informatian contained in this document is confidential and proprietary to ESS. 1t is provided to the user for specified and limited use. It may not be reproduced, exhibited,

transferred, or used for anz cother purﬁose Saﬂ orin pan‘ withoul the express written Eermission of ESS.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281} 471-2071 Fax (281) 471-2180 BSPE@ES Spiking.com
Rev 2, 1011412004



Project Plan: Phase ll1.B. Spiking Materials Preparations:
Pro'lect ID: 2006 Westate Parker,AZ CPT. Date Prepared: 3/08/2006

1{1.8.5 (a) ESS Scale Calibration & Calibration Verification Report

Shop Weigh Scale #:¢ B2 | Calibrate & Verify Calibration to: €L bs
Application: . Tzpe.

Pre-Test Calibration Verification: Date:2; 27200 G
Test Load, Lb | - Indicated Wt, Lb | =Difference, + 0.7 Lb
Build Up in 50 Lb Increments:

Post-Test Calibration Verification: Daté® 5720
Test Load, Lb | - Indicated Wt, Lb
Build Up in 50 Lb increments:

= Difference, £ 0.7 Lb

0.0 5.0 0.0 P
50.0 = .o 50.0 =50
100.0 |0, © 100.0 fooo (
150.0 {SP.Oo 150.0 7.
200.0 2c0.© 200.0 2000
250.0 ALY 250.0 Z2.3D. >
300.0 20,0 300.0 P (
350.0 23D, ( 350.0 300.¢
400.0 L. 400.0 P/
450.0 LX) 4500 = {
500.0 S00.0 500.0 S0, (

ISP 5o, ( 735 et
Wz Cce . ( 6500 (oo T
(SR o P -X 2 .o oD |

7000 2o 72, O Fexo.
752.0 280 7fe. o 255, 1
fo.o =00.1 oo, o Pro. i
Break Down in 50 Lb Increments: Break Down in 50 Lb increments:
o0 LI, ( O fco.rs
Do | 750 ( 755.© Z30.(
el e | 7o vl
| CoJbo @m,s &S0 PR
LDz @D, (@ . © oo A
TE®D =0 { &38 9 L
500.0 e, | 500.0 3%2, 7
4500 2L 450.0 e, 7
400.0 o . ( 400.0 oo,
350.0 X7y O 350.0 295D
300.0 2Ce.O 300.0 - . ¢
250.0 j S5O 250.0 rd X
200.0 2w O 200.0 2. 2
150.0 ( .o 150.0 7 GD.7
100.0 o - 1000 /O r | o
50.0 AF < 50.0 . {
0.0 Vo) 0.0 —g__[

Accuracy Assessment & Comments:

ESS Technician:

4
A AL il

| Date: =7 AL

The informalion contained in this document is configential and proprietary to ESS. ILis provided to the user for specified and limited use. It may not be reproduced, exhibited,

transferred, or used for anz other purpose :all or in parll without the express written permission of ESS.

ESS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ES Spiking.com

Rev 2, 10/14/2004




Project Plan; Phase lIl.B. Spiking Materials Preparations:
Project |D: 2006 Westate Parker,AZ CPT. Date Prepared: 3/08/2006

lll.B.5 (a) ESS Scale Calibration & Calibrafion Verification Report

Shop Weigh Scale #: - | Calibrate & Verify Calibration to: 2s<ed bs
Agplication: . Phyfea,s 1t¢ < od 7o
Pre-Test Calibration Verification: Date: % /24200 (.~ Post-Test Calibration Verilication: Daté2E#200 €=
Test Load, Lb | - Indicated Wi, Lb | = Difference, £ 0.7Lb | Testload,Lb | - Indicated Wt, Lb | = Difference, £ 0.7 Lb
Build Up in 50 Lb Increments: Build Up in 50 Lb Increments:
0.0 & . O 00 O o

50.0 D, 0O 50.0 s o

100.0 Joen . O 100.0 oo, O

150.0 @D 1 150.0 /5.0

200.0 Zoo 200.0 J5y. G

250.0 25 © 250.0 25Ah o

300.0 ZOHo &2 300.0 Peay

350.0 kL 350.0 %q, &

400.0 0.0 4000 ¢

450.0 47 450.0 LGS .O

500.0 % I 4 500.0 B0 D
Break Down in 50 Lb Increments: Break Down in 50 Lb Increments:

500.0 STo. P 500.0 )

450.0 LT, O 450.0 LT

400.0 zaq, < 400.0 509 &

3500 e B 350.0 =500

300.0 ~2Ires. O 300.0 B O

250.0 X ) 250.0 2500

200.0 294, ( 2000 . O

150.0 [ B, 0O 150.0 /£,

_100.0 (<o | I O YN - o
50.0 P, o 50.0 E&.0
0.0 5D 0.0 P ) [

Accuracy Assessment & Comments:

ESS Technician: %Wc;}éf [ Date: 7 1 31200 &

The informaticn contained in this document is confidential and proprietary to £S8S. It is provided to the user for specified and limited use. It may not be reproduced, exhibited,

transferred, or used for anz cther purpose ‘all orin pad‘ without the express written pemission of ESS.

ESS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
Rev 2, 10/14/2004



WeStétes Carbon, Parker, AZ
PDT Spiking Report
) March 2006
Aftachment Il Documentation of Accuracy of the Field Spiking Rate Measuring Equipment Used during this Project:
B. Current Certification of Weight Standards with NIST Traceability.

E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com




e

PEIS

SUSAN COMBS, COMMISSIONER

REGULATORY DIVISION
CONSUMER PROGRAM
METROLOGY LABORATORY
REPORT OF TEST
ENGINEERING SPIKING SOLUTIONS Test Date: 08/11/2005
1200 Hwy. 146 South, Ste. 170 Phone Number: 281-471-2071

I.a Porte, Texas 77571 County: Harris

Rzgion: 3
Total Pounds Sealed:  Weights Sealed ~ Weights Rejected  Measures Sealed: Measures Rejected:
1250.00000 25 0 0 0

This is to certify that the physical standards described below were on this day compaied to the standards
of the State of Texas which are directly traceable to standards of the National Institut: of Standards and
Technology.

test descripiion #sealed  H rejected test description #sea'ed  # refected

50 Ibs. 25 0

*See attachment

TEXAS DEPARTMENT OF AGRICULTURE TestNo: GOOOODLIST

Metrologist




505 .
TDA C279E

rest Completed

08/11/2005

EXAS METROLOGY LABORATOR!
:__'CERTIFICATE OF CALIBRATION

Cast Iron Test Weights

NT:OF

it

For

Submitted by

ST

ik

Engineered Spiking Solutions
1200 Highway 146 South, Suite 170

La Porte, Texas 77571

Test Number
G-000001191

fhe standards described below have been compared to the standards of the State of Texas (N.1.S.7. Test # 40093, 251996)
ind were found to have the following mass corrections:

remperature Range: 15°C - 30°C
1umidity Range:

30% - 60%

30P Used: Mod. Sub., SOP-8

Nominal
Value Serial /1D #
50 LB ESS7
50°LB ESS16
50 LB ESSZ24
501B ESS19
50 LB ESS25
50 LB ESS22
50 LB ESS20
50 LB ESS1i8
0 1LB ESS13
50 LB ESS23
50 LB ESS9
50 LB ESSS
50 LB ESS10
50 LB ESS1
50 LB ESS11
50 LB ESS17
50 LB ESS15
50 LB ESS33
50 LB ESS12
50 1B £SS2
50 LB ESS14
5018 EsSS8

--—504B—— - —£5521-
50 LB ESS6
50 LB ESS4

The effect of air bouyancy has been considered negligible.

State Standards Cal Date:
State Standards Cal Due Date: 1:2/2005

As Found As Left
Mass Correction Mass Cotrection
{Milligram) {Milligram}
1527.000000 457.000000
4227.000000 327.000000
4387.000000 567.000000
6417.000000 557.000000
3697.000000 487.000000
3757.000000 347.000000
1297.000000 537.000000
2767.000000 597.000000
6497.000000 537.000000
3767.000000 517.000000
1497.000000 507.000000
2787.000000 357.000000
2097.000000 357.000000
1857.000000 347.000000
3337.000000 387.000000
2587.000000 467 .000000
2217.000000 577.000000
3117.000000 547.000000
5330.000000 497.000000
1767.000000 557.000000
1757.000000 577.000000
_3337.000000 . _.._ 607000000 =
5667-000000— 637000000
1727.000000 297.000000
6737.000000 427.000000

1242004

Expanded

Uncertainty Tolerance Tolerance

{Milligram) Class (Milligram)
157 F 2300
157 F 2300
157 F 2300
1657 F 2300
157 F 2300
157 F 2300
157 F 2300
i57 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300
157 F 2300

167 R _.2300 .-

157 F 23000
157 F 2300
157 F 2300

The expanded uncertainty given here is in compliance with NIST Technical Note 1297 ("Guidelines for Evaluating and
Expressing the Uncertaity of NIST Measurement Results"} with a coverage factor of two, representing a 95% confidence level.
This report is not to be used to claim product endorsement by the Texas Department of Agriculture or any agency of the U.S,

Government. This document shall not be re
" ~riculture Metrology Laboratory.

S:\Giddings Metrelogy Lab\Spreadsheet Programs\SOP-8,doc

N S

produced, except in full, without the written asproval of the Texas Department of

Laboratory Metrologist



WeStates Carbon, Parker, AZ

PDT Spiking Report

March 2006

- -

Attachment IV Field Spiking Data
A. Executed Test Manager Spiking Crders to ESS and other operations logs,
B. Stack Sampling Start/Stop Times, and
C. Field Spiking Log Shests {Field Data) and Spiking Rate Calculations for:
1. Test Condition #1, Run #1:
{a} Mono-Chlorobenzene,
{b) Perchloroethylene,
{c) Organics Solution, &
{d) Metals Solution,
2. Test Condition #1, Run #2;
(@) Mono-Chlorobenzene,
(b) Perchloroethylene,
(c) Organics Solution, &
(d)} Metals Solufion, and
3. Test Condition #1, Run #3;
{a) Mono-Chlorcbenzene,
{b) Perchloroethylene,
{c) Organics Sclution, &
{d) Metals Solution.

NS,
E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com



WeStates Carbon, Parker, AZ
PDT Spiking Report

March 2006
[ e  —————

Attachment IV Field Spiking Data
A, Executed Test Manager Spiking Orders to ESS and other operations logs

R ——
E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281)471-2180 BSPE@ESSpiking.com



IV.E. Client Test Manager’s Spiking Orderstto ESS:

Section I Initial Spiking Orders!:

Spiking: Spiking Rate, Lb/Hr Pump Spiking SpecieMat'| Regr'ed/
. . . , S Durati Mat'i Provided,

Specie Material As Specie | As Mat'l TypelSize uration, Hrs Lb/Lbé Drums

POHCs:
MCB MCB 35 35 Neplune #3 32 1,12041500/3-500 [Nef] Lb Drums
C2Cly CoLls 35 35 LMI#10 32 1120/1400/2-700 [Net] Lb Drums
Metals. _
Phb Pb/Crll Solution A 20 LMI#7 32 3.2/640M1-640 [Net] Lb Drum
ce Pb/Crll Solution 35 20 LMI#7 32 11.2/640/1-640 [Net} Lb Drum
Organic Mixture:
Organic Mixture 41 Neptune #4 32 13120b-2 @ 451[Net] Lb Drum1@ 410 [Net] Lb Drum

Toluene 17 32

CHLClz 8 32
Naphthalene 8 32

Et Glyco 8 32
Approved by Client/Test Manager: ~~ W | Dater? (2212004,
Section Il Revised Spiking Orders:
Revision 1:
Approved by ClientTest Manager: [ Date: 1 1200
Revision 2:
Approved by ClientTest Manager: | Date: /7200
Revision 3:
Approved by Client/Test Manager: I Date: [ 1200
Section | Critique, Suggestions, and Comments*:
by Client/Test Manager: [ Date: 1 /200

Footnotes: 1. Section [ contains ESS’ understanding of the spiking requirements (Spiking Crders) for this test. Please review, revise (as necessary),
and initialidate to indicate that the Spiking Orders {as revised) are comect.
2, Section I} is provided for field revisions to the Spiking Orders by the Client/Test Manager, as needed.
Please document the required changes, and initial/date the new orders.
3. Please provide a critique of ESS’ performance on this test, offer suggestions for improving the value of our products and services to you,
and/or (if warranted) identify aspect(s) of our products and services with which you are pleased.

The information contained in this document is confidential and proprietary to £8S. it is provided to the user for specified and limited use. It may not be reproduced,
exhibited, transferred, or used for any other purpose (all or in part) without the express written pemnission of ESS.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
Rev 2, 10/14/2004
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Project Plan: Phase IV, Spiking Plan Transmittal Checklist, A. Contact Info, & B. Proj Execution SOP:

Project ID: 2006 Westate CPT. Date Preeared: 3113/2006

IV.A. General Project iD & Site Contact Information:

1. Test Type: CPT

2. Test Dates Week of 3/27/2006 (Mab on 24t & Spike on 26 through 31%1)
3. Test Location Parker, Az @ US Filter (See maps, etc.)

4, Contact Name & # Drew Boyard {928) 668-5758

5. Other Information

IV.B. Project Phase IV: Test Execution SOP & Checklist

Test Day = -1: Travel to the Test Site: v?
Safely drive fo the test site obeying all traffic laws and applicable DOT requitements inciuding the DOT Time Log/imits. Stop for
coffee/coke &for rest, as needed. Plan to amive in the vicinity of the test facility on the day prior to the equipment set-up day to get a good
nights rest.

Test Day = 0 {Mob or Equipment Set-Up Day):

Arive at the gate early wearing PPE and ESS logo appare!, as appropriate. Place magnetic ESS signs on truck doors. Check in at the
gate. Receive any site provided safefy or other training.

Make contact with the client representative & clarify any uncertainties about the test schedule, spiking rates, management of
contaminated materials, & establish the method of communications.

Check into the unit control room, obtain required pemmits, and synchronize Spike Manager © clock.

Locate all spiking materials; confirm lof numbers, drum counts, condition of containers, efc. When there are multiple drums of a given
material {say N drums), mark each drum numerically from 1 to N and then use the drums in numerical order.

Confirm availability of: (a) required utilities, (b) a flat, level, hard surfaced work area, and (c) reasonable access to the spiking injection
point.

Ask for fork Iift or other assistance, as needed, to off load equipment and relocate to the spiking area. Use ESS’ dolly &/or hand truck,
&for request assistance from operatorfest manager, as needed, to protect your back from stains.

Set-up secondary containment (if not already available). Lay down impermeable barrier to protect the work surface from possible
contamination, even if secondary containment is available. Only apen spiking maferial confainers when the conltainers are inside the
secondary confainment area. .

Set-up and verify calibration of weigh scales. Set-up the spiking pumps, MFMs, drums on the drum dollies, and make connections from
the drum, through the pump and to the injection point. Prime the pump in recirculation mode. Verify Spike Manager © operahility.

After obtaining agreement with the site operations, test operability of the complete spiking system by pumping all spiking materials into the
injection point using Spike Manager © with the most demanding project specific TC. Thoroughly document the equipment assignments.
Thoroughly agitate all dispersion drums.

When all necessary preparations have been satisfactorily completed, roview alf Log Sheet documentalion for clarity, completeness, and
accuracy.

If the Client's Spiking Orders to ESS have not already been signed, have the Test Manager review & approve the spiking rates, durations,
elc. with revisions if appropriate. Please keep the ESS PM informed of any ravisions as soon as reasonably practical after they are made.
Check out with the test manager, from the control room {closing out any safety permits}, and at the gate. Remove the magnetic ESS
signs from the truck doors.

Call in a status report to the ESS office daily. Leave voice mail message if no problems have surfaced. Contact the SC &for PM if
problems have surfaced, especially if you need assistance. o B . I

NAAVANANIRNASASANANIA

A

The information contained in this document is confidential and proprietary to ESS. It is provided to the user for specified and limited use. It may not be reproduced, exhibited,
transferred, or used for any other purpose {all or in part) without the express written permission of £3S.
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Project Plan: Phase IV. Spiking Plan Transmittal Checklist, A. Contact info, & B. Proj Execution SOP:
Project ID: 2006 Westate CPT. Date Prepared: 3/13/2006

Each Test Day (TestDay =1, 2, ....). Spiking

Arrive al or before the set start time each day. Wear all appropriate PPE and ESS logo apparel as appropriate. Put E8$ signs on truck
doors. Check in at the gate.

At the unil control reom confim clock synchronization “daily, check in and obtain all required work permits. Observe alf cffent
safely/operational requirements.

Quickiy verify that all equipment remains in working order. Thoroughly agitate all dispersion drums.

NANINE

Mainlain close contact with the fest manager. Start spiking sufficiently early that the unit will be conditioned before stack sampling is
scheduled to begin. Obtain & record the same stack fesfing start & stop times as the Test Manager.

Record the spiking data - if manually, no less often than 1 data point/10 Minutes per spiking system. Record all times military time [e.g.,
00:00 to 24:00 Hours}. Use the same Test Condition & Run numbering sysfem as the Test Manager. Stay outside and in the spiking area
whenever a run is in progress or is about to stat. Document the spiking material drum # being used on each spiking system at the
beginning of each run. Record any changes in equipment assignments.

Keep your work area neat, clean, & orderly. Frequently inspect the spiking area & alf fines for feaks/drips, and clean any indication of even
a minor leak immediately.

To insure that we cover the entire sampling period, continue spiking for 5 or 10 minutes after the declared sampling stop time or untii you
see the last sampling probe has been remaved from the stack, or you are able to confirm that all sampling has finished by some other sure
method.

After all spiking has been completed for the day, review all fog sheets for completeness, accuracy, dates, signatures, efc. Police up the
spiking area before leaving the area. Double check all valves. Inspect for leaks, drips, efc. and clean them up immediately.

NN

Confirm the schedule & fest plan for the next day.
Check out with the Test Manager, the contro! room {closing out all work permits), & gate.
Remove the ESS signs from the truck.

Call in a stafus report to the ESS office daily. Leave voice mail message if no problems have surfaced Contact the SC &/or PM as
needed if problems have surfaced, especially if you need assistance.

Demob Day: After all testing is completed, decontaminate & pack equipment, & travel. Check in as usual.

Thoroughly decontaminate all equipment by pumping MSO {for organics & dispersions) and water (for agueous solutions) through the
pumps & hoses. Wipe down all equipment to remove any evidence of leaked/spilled spiking material.

Load the equipment, tools, etc. into the ESS equipment trailer taking special care to avoid damage fo the electronic equipment, electrical
wiring, & weigh ceills.

Police up the spiking work area thoroughly. Leave your work area clean and orderly.

Coflect any polentially contaminated ftems and dispose of them per client's directions.

Record how each piece of equipment performed. |D its application, spiking rate, line back pressure, Identify any equipment maintenance &
supplies restocking required.

NEANEIAN

Request that the Test Manager crifique ESS’ performance before leaving the site.
Check out with the Test Manager, the control room {(closing out all work pennits), & gate.
Remove the ESS signs from the truck.

Drive back to the ESS shop with care to observe defensive driving practices, DOT hour limits.

Stop for rest, coffee, and sleep, as needed/required.

Call in a status report to the ESS office daily. Leave voice mail message if no problems have surfaced. Contact the SC &/or PM as
needed if problems have surfaced, especially if you need assistance.

Re-stock the equipment at the ESS shop. Let the SC know about any supplies which need to be ordered. Complete &for schedule
equipment maintenance, as needed.

ANENAN

" ideas, & suggestions.

Provide a complete spiking leg package to the ESS PM with the pages in order (e.g., TC #1, Runs #1#2, & #3, TC #2, Runs # 1, efc.) by

spiking material {i.e., all MCB sheets together & in order, all Cal Verffication Logs together & in order) with a briefing of events, problems]

/
File all equipment log shests into their respective ghuipment specific files L7
Spiking Technician's Confirming Signature: | Date: Zm

The infermation contained in this document is confidential and proprietary to ESS. Itis provided to the user for specified and limited use. |t may not be reproduced, exhibited,
transferred, or used for any other purpose {all or in part) without the express wiitlen permission of ESS.
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Project Plan: Phase IV. Spiking Plan Transmittal Checklist, A. Contact Info, & B. Proj Execution SOP:

Pro'lect ID: 2006 Westate CPT. Date Preﬁared: 31312006

>

¢

Engineered Spiking
Solutions IncC

ESS Standard Operating Procedure: Tie-In of ESS” Spiking Material Delivery Line to Owner's Process

Purpose: The interface of ESS’ equipment and our dlient’s process is a sensitive step with potential operational, safely, and liability
concerns. The purpose of this SOP is to define the physical interface between ESS” and our client's (owner's) process equipment and the
respective responsibilities for safely managing the injection of £SS’ spiking materials into the owner's process line.

Process Tie-In Fitting: ESS has prepared this SOP and a Process Tie-In Fitling [as described in the table & sketch below] to provide:

1. Aclear line of demarcation between the parties’ areas of responsibility and control.

2. Aclearly defined, convenient, and safe means of: (a) connecting ESS’ spiking material delivery line to, {b) controlling the spiking
material flow into, and (c) disconnecting the delivery line from the owner's process line.

The Process Tie-In Fitling is made up of five (5) %" nipples NPT E/E, two (2) ball valves, one (1) check valve, one (1) Y-strainer, and one
(1) quick-connect, dripless coupler assembled in the following order:

[tem # Description. Controlled by:

1 quick-connect, dripless coupler ESS

2 ¥2" threaded nipple ESS

3 ball valve "A" ESS
4 %" threaded nipple Interface
5 ball valve ‘B" Owner
] 2" threaded nipple Owner
7 check valve Owner
8 Yo" threaded nipple Owner
9 Y-slrainer Owner
10 2" threaded nipple Owner

Sketch of Process Tie-In Fitting
[tem #:

—
Procedure:
T # | ActionBy: | Actonr —~ T T T T i When: |
1. ESS Provides this SOP to Owner. Pre-Mob
2 ESS Provides Process Tie-In Fitting to Owner. Meob Day
3 Owner Instafis Process Tie-In Fitting at agreed injection paint in owner's process'. Mob Day
4 ESS Connects spiking material delivery line to quick connect coupler. Mob Day
5. Owmer Opens Valve “B". Mab Day
6. OCwmer May close valve “B” when spiking is discontinued &/or when necessary for safety. Thru-out Test
7 ESS Opens valve "A” after starting spiking pump & closes valve "A" prior to stopping pump, Thru-put Test
8. ESS Flushes delivery line & Process Tie-In Fitting. Disconnects delivery line from fitting. Demob Day
9. Owmer Disconnects the Process Tie-In Fitting from the pracess & retums it to ESS. Demob Day
Footnote: 1. The 2" nipple (Item #10) on the Process Tie-In Filting is connected to the process.

The information contained in this document is confidential and proprietary to £85. Itis provided to the user for specified and limited use. It may not be reproduced, exhibited,
transferred, or used for any other purpose {alf or in part) without the express written permission of E§S.
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WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
|
Altachment [V Field Spiking Data
B. Stack Sampling Slart/Stop Times, & Run Durations

TC# Test Sampling Start/Stop Times, & Run Durations
Runit Date Stat | End | Run Duration, Min
TC #1/
Run #1 3/28/2008 12:10 16:44 274
Run #2 3/29/2006 11:15 17:.00 345
Run #3a 3/30/2006 11:50 12:39 49 318
Run #3b 3130/2006 15:30 19:59 269

e —
E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77671 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com



WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006

Attachment 1V Field Spiking Data
C. Field Spiking Log Sheets (Field Data) and Spiking Rate Calculations for;
1. Test Condition #1, Run #1:
{(a) Mono-Chlorobenzene,
{b) Perchloroethylene,
{c) Organics Solution, &
{d) Metals Solution.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com



FOOLIPLIOL 2 A9y

woo BumdsSIDIASE 0847-12v (182) Xed 120Z-4.y (182) LLGLL SBXBL 'SUOdE] "0L) SHNS NOS 9yl AMH 00et §S

.r "§S3 J0 uoissiuuad UanUM SSadxE By}
nouim (ued u; o fig) ssodind Jayjo Aue J0) pasn J0 ‘peisgysued) 'pANGIYXD ‘paonpoidal 30 JoU ABW )| 88N pEIW pue payloade Lo} 12sn ay) 0} papinoid s1Y 'S6F O Aejaudold pue jeiuspyuco SIJUAlLRI0E SIY) Ul PALIBIUOD UOHELLIOWI 8y |

0 B2 | S OIEQ _ %%\ SINEUbIS VB3, BUDIS SST
A0 L S B 7 83 QLUP | w7 Eh? A - AR Y.L
§ BN | TSI F58 SN AV TR me AWK
e SN v e E T b L hmmﬁ ol d B £Y59 P TAVE
W 2 ol X LW T A AN B N A AS Q1A%
4 7 AN U LTIV ﬁu@w@# x lw&\mﬂ o7 Al
V 442 - e \x\%wqm b5 b Vel 44774 JWW Z 205 SOIE[|w
=3/ | LT e | (WE A aS'@ | Vel i AL AY O UK
=" LS| A, 25 Al ze7) Nw\ww o /TS ! Ll
T m LS| A @ ol aAv| & o reifqLe
22 A 25 O et z @SN3 | wvel | B G| LS YIF A
A A .\Wuﬁnv eS| ok B2 '@ prve]| A5 ATBS| S0/
sz NI P ¥ \m% L3 @ @/ | LS| T #ES| S|l
6742 ST e oA B as g oheol Fel kel LRl
4 /7% S| rhaeb | b £S5 oo/ IAX N A " 1R A IIED
W24 _ S5 (gl S8 &Eﬂ Z1]5
5 1/ LES e o:w% S/p 1S&') ) =27
M\% mmnr.m‘ml Taysld do.. Pl -7, 27 £
’ " [\d 4 | A2 2l /U
EBEET )| X .J..MNW XA
- Al ol e 7 AN A A K s AN X AT AT
MJK;W.O hﬂsvv“ﬁ‘w </ M.-NM“W 8
L&' 2 | ’ e 8
| 1852 Ay A A ;
s - Gz e /A28 9
L5 = \gumw "L oS 5% g
s o || | $7 776 v
i e | | T2 n\aw.& g
Zrze :
!
§y 244 0
SUOIBAISSY()/SIUBLILIOY TV MIVIT = 9AY uny VT NV UVINY ='9ied JAY) 1A% a1 !
Y. %/ d > : abelany uny wn?) abeleny Wial-Hoyg ‘() ssep
Q1 Lk.wnm. m :suofjenafes) ajey bunjidg ‘BjE( 8jey Dunjidg
_ EEL 2
‘S910N
~A AP~y SUOHPUOY JBUIESM \ ) 2 5904 sue sl Beg bundg
7 =G ENIN J -4:#8eag ubam | ——— HOUAOY | & geundoN | HIA gidwng | g~ :#@sebeuey bupjds .1 judwdinb3
2. j08bed I :{Q) reusjely bucs J #uny |/ #0L ] QI eeq
L 27 (139ys s} } 193yg uoneoyRUSP] UNY B PO buNjids B'GY'Al

900Z/8/¢ :paledaid 21eQ " 1d2 2)LISIM 9002 Qi 18loid
:sya3yg Bo7 Bunyidg pjald “WAl aseyd ur - 3foud




FO0Z/LIOL ‘T A

woo buprdss30ILST 0812

L2y (182) Xed L2021y (

I8¢

) 11G// SeX8] ‘BU0deT ‘0L BUNS YOS 9p| AmH 00Z) mwm
i
"$53 10 Uoissiwsd uapum ssa1dxa au)

WoWIM (Led Ut 2o |[2) esodind Jaujo Aue 10} PASN J0 'PaLB)SUBI) PSIIGIYXA 'PeoNpo.ds: aq Jou A2Ul || &SN pajiwl pUB payloads Jc) 1SN AU} O] papiraid SIY| 55T O} Aejaudaid pue [BHuSpHLO ST IUAWNI0P SIYY Ul PBUIRILIOD UCKEULIOML 34|

g

PORE 2 & FEQ

2P WRE

:aInjeubis uedILyda| buyids §§3

7

4L/, g | TS A3
\N\Ql.“\. m s ' A ﬂ%\ﬁ.“\.. IS w.\\.)l
Y 74 _ b2S <= 22 257 2. ® | oarel| 'S
¥ &l AL 2 23 kT Eo|] 270 | /S| =
A 259 NT | es8'a e C-D (a7 LT
ﬂ»ﬂ.ﬁ\ =< =z [ eEVvSRE] B P | IO | B
& 7hk/ =N e A CE2ZT SR | e | oS
il 259 X X N £ 48 'S
& S =2 .
S8 e
o / o [mwea ) o
St &0 5 LA m&u, |m§.vMH.|o 777 | &5 U
, ' ~7 S| pat pard/ v .
F ST AR E N 5
SUONBAIBSO(/SILUBWLWO . 1V W MV ='9Ay Uny f_\ 'z Wy IVMNY = 8ley TRv; WY n._. 00:00
\»\v )l 2l _ abesany Uy wn abelany WdL-Hoyg ‘(W) ssew | (1) awi)
ozl AplS _ :suopjeqnajed ajey Bupjds ‘ejeq ajey bunpds
£ 10 &abed | & 2777 (an) 1eusiep Buxds | 7 #und| 7 #0L]  2N0D¢ £98a] aleeq
{un1 y2es 1o} Sjpays Juanbasqns 9 pug} Do DUMIAS GG WAL

900Z/8/¢ :pasedaid e 1dD LISIM 900 :M 193[old
:sjaayg Bo Bupyidg plald WAl 9seyd :u:

wload



Project 1D: L)eSkste BT TC# L Rungt_\ Date 3{23(2@6

Material: A& [3 Based on  Sadle. £\ Rates

~Start Time__\LM©

~End Time__|to: 4

ATime = \(ordf - (21O = 274 Min

. Start Mass ieu .25 +<'3|}-u~> @0 .15 /bfayp = /_5’%‘/&) ={A2.7F s

- End Mass 45/ & - (lecews & .59 /é/y,ﬂ . o SF O s &Y

-.Start Mass

~.End Mass

AMass = LA 2. TS« /57 .2 = /=8B 72 b

Spiking Rate = /5, 78S b= ©.S8O2  LbiMin X60 = T 8/ Lb/Hr

27¢  Min
Target Spiking Rate for Test Condition __ 5.5 ©~°

Spiking Rate fo,g { Lb + Target Spiking Rate 39592 Lb =% %7 % of Target Rate

Project ID: LedeFlgebe. PDT To# L rRunt | Date_ 3/2s7Zecle

Material: Based on A7t A (¢ = Rates

~.Start Time |24

~End Time__\{ o it

ATime= e cfd o]l 1O = 2% Min

- Start Mass_ /2 &5 Brmr-p 8 @257 b0 - /,s:z[é):: /7206

~.End Mass_ [éf.-"'-"(ffﬁm/ (é_’gf?/éé« ot Sl "J: /70, 276

- oStaftMass - o= - T )
. End Mass
AMass = __ /7887 ~//,©7 - = 4S¥L b
Spiking Rate = __ /8D b= @ SPD3Z LbMinX60=_J¥.ZZ _ LbHr

Q7o Min
Target Spiking Rate for Test Condition 35-0 /é#‘/

Spiking Rate 24.BL _ Lb + Target Spiking Rate 2=:© b -THB, of Target Rate
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Project ID; eeshube FUT TCH#H Run# |\ Date_2f28|2eols
Material: Perec. Based on _ Seude, F-3 Rates

. Start Time_ /27 1<

ey ZI;Z 120 = &7% win

“StartMass___ 535, S 4/ ypir> ERO.5%lbfnrs = o:sz;fbw\: 53/ 0=
~End Mass__ "B 5 -GCZ.,/ﬂoG?. o KBlG/rirs ':-//6/-3: SR

- Start Mass

- End Mass
AMass=__S3] ole —~ 2370 . <, = Mol 62 Lb
Spiking Rate = _/&/-€Z b= €O08lb X60=_36.24_ b

A7 Min Min Hr
Target Spiking Rate for Test Condition 25 0®

Spiking Rate ZS-ZA.b + Target Spiking Rate Z&'é‘?Lb = /D :Z % of Target Rate

Project ID: {_sDe Sadd <. ?DT TCH#_| Run# | Date_S‘&&&L__oﬂ-

Material: 'Pc.rc, Based on  AAEH# T (O-2., Rates
~Start Time 72 /&2

~End Time gé_,:ﬁ

ATime=__ Jg. 2674 ~72 Yt = 27/ _Min

- StartMass___22.3 '(Iua,.o @g,bl/fq/aau%g’.ﬂlbxz 2198
-.End Mass lzg.av&a.«o élo,SB/é/t&(xJ : /z/’é'(é):’ /BB

- StartMass — - - e—— o
-.End Mass
AMass = [l BE —2(2& = /e, 0 b
Spiking Rate = _1&0¢r Lb= . BB¥2 b X60=_33. />3  ib

2,74 Min Min Hr
Target Spiking Rate for Test Condition ‘!57'9
Spiking Rate 35"35’Lb + Target Spiking Rate 38,2 Lb =/88, / % of Target Rate
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Project ID: WWjZE TcH# 4 Run#_{ Date_F/zes(Zoct
Material: Mﬂﬂb Safeo 7ot Based on Yeafec. F -2 Rates

~.Start Time [f&¢/©
~End Time_ 24r: %<

ATime=_ plr i ~ 12419 = 27%  Min
..Start Mass y X . _
“EndMass__2.33.BA(lrcr.0) @ .69 lbfbcird > %beB z 2324%
.. Start Mass |
~.End Mass
AMass = _#24-& =237.9% = 2ok b
Spiking Rate = 182 %e | b= 0LL8731b X60=_42-9e 1p
279 Min Min Hr

Target Spiking Rate for Test Condition ___“H .o

Spiking Rate N AU Target Spiking Rate_&#1.od Lb =FLFe® % of Target Rate

Project ID: (ocitute PPT Tc# L Run# { Date ?/zs/aaoé
Material: £/t i Ser Lttfort Based on _LLriet /0 - Rates

~.Start Time_/ 212

~End Time | (¥ ,

ATme= e —~ (24O =2 7% Min

~.Start Mass__ /9Y: 7 + {"fﬂfﬂ/@é//é/{/@‘):%”/@xj: [ 775

~.End Mass_"FF7. / ((Yu @é’?&”f%ﬂ:ﬂ_?@[@di‘ AV

T StartMass — ] - T S T
-.End Mass
A Mass = 33‘1/‘(/—-' /7. 75’ = /%w Lb
Spiking Rate = //%vé-f’ b= QCHAlb X60=_4.E87 __Lb
A7¢” Min Min Hr

Target Spiking Rate for Test Condition F, o2

Spiking Rate ffdz Lb + Target Spiking Rate ¢7o”r Lb =ﬁﬁ % of Target Rate
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Project ID: TCH# Run# L Date_2[=z
Material: Pfes S altctlan Based on -5&4(‘. [y Rates

- Start Time \2=.\o
~End Time \Cs'. 4
ATime = (o' A% ~(2' 1O = 2z Min

- Start Mass__ 45 +Q2urces @ 025 Whren > o so o)z H 7.
~End Mass__FE€ .G (2-tce v @ 0"39‘%/"’ = O-k-blb) T FEES

.. Start Mass

-.End Mass
AMass= Y72C. 1 - 38¢.,3 = Y. 8 b
Spiking Rate = G2 b= O.3350 LbMinX60=_ K210  LbHr

Q7Y Min
Target Spiking Rate for Test Condition .00

Spiking Rate 20 4 & b + Target Spiking Rate_Zp ©@ Lb =(0o.S"% of Target Rate

Project ID: @CM'PbT T Run# L ﬁej%ztdl&(o

Material: ‘bec(th Sleklon Based on _ L L Fo f
~.Start Time_ {21\ -
~End Time_ \tot &4
ATime=__ jlonfc - (Ll = 22¢  Min
~SlatMass___ Z3.4r t+(92er @ .34 Yoy = 4. W’//)" Atz
~.End Mass__/F%.c0 o. Meed T O-Golb) = ['BST
T Start Mass o T S o R
~.End Mass
AMass =_{ 8T lo 95 LE = Fas& b

_ Spiking Rate = D05 _\n= g.3705 LoMinX60= /983 Lo

274 Min

Target Spiking Rate for Test Condition &2 <

- Spiking Rate /4. ag Lb + Target Spiking Rate_ Z2é&& b= F715" 9, of Target Rate

t



WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
Attachment IV Field Spiking Data
C. Field Spiking Log Sheets (Field Data) and Splkmg Rate Calculations for:
2. Test Condition #1 Run #2;
{a) Mono-Chlorobenzene,
"(b) Perchloroethylene,
{¢) Organics Solution, &
{d) Metals Solution.

“

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
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Project ID: (yeSfat=. TV TC#_\ Run#_2- Date 3[23\,?@4’
Material: p &2, Based on  Seale J-\ Rates

~Start Time  A\\L\S
~End Time \"\.©< _

A Time = L7 00 ~ A\ = *g¥<  Min
-, Start Mass /_gcr'.? o *"('Z.V«-«. P, o L\ t’ﬁ/u-“ﬁ.l 3 {2;2((4):%9{ &2

S End Mass ¥ (. R —(3M~M@)® s=f b/—cwo = mcf/b)- e300

- Start Mass

- End Mass

AMass = _{olo - @2 ~La> ol = 2e1.5G 1b

Spiking Rate = _ 2ot Ao Lb = ©.584 2.  LoMin X60= 35705~ [b/Hr
ro:g_'lzs Min

Target Spiking Rate for Test Condition ~JFJ. <2 =

Spiking Rate Xos b= Target Spiking Rate 392 & Lb=/e@Z % of Target Rate

Project ID: L.:D(S‘L‘“‘ff— P27 TC#L Run# 2. Date 3/3?/%00 &
Material:  jfeC &, Based on g/ KF#H7 Rates

~.Start Time_ /208"
LEnd Time ¢ P

A Time = 1 D> ~ IS = 2% Min

~.StartMass__23.p0 ~ éum/ 6’04@1EBL¢4(&MDLMU'

..End Mass V&‘(?-‘-(gzﬂ/ﬂ MBA‘N: ICEQCQ% '2—33:;[&

T Start Mass 7 T S T
- End Mass
AMass= 23%.3 -3 = 21.5% b
X3 g2
Spiking Rate = _ 2e(,.$¥ Lb = - Lb/MinX60=225. 05 LbHr

h1744 Min
Target Spiking Rate for Test Condition 352

Spiking Rate 33.©% L b + Target Spiking Rate_39782 Lb = /84 { % of Target Rate
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Project ID: K/!’J‘M# 7 TCH L Run# 2o Date_3[2920°C
Material: Pere. Based on S asle £-2 Rates
~Start Time__27:¢5"
z:\'..'[?irge-r;me //'77:'?3— NS = 3%5/ Min
. Start Mass 7o/ Lo
-.End Mass So — <% o\ C = = Sez2.d
. Start Mass
..End Mass
A Mass = 7594/.é7~§OZvY/ = 7Z&2..72Llb
Spiking Rate = _Z02 .2 b= OQ.58\Lb X60=_25./4 1b
23¢45” Min Min Hr
Target Spiking Rate for Test Condition el

Spiking Rate ﬂ:/? Lb + Target Spiking Rate_ €570 Lb = /2229 % of Target Rate

Project ID: "U"‘*SMC‘ PDr

Material: Pe/é-

TC# ]

Based on

LUt O T

Date 3/39(2@:,65
Rates

Run# 2.

~Start Time___ //: /3

~.End Time S, 20
A Time = oiag — s )SS = &5~ Min
~.Start Mass /ﬁ & /5
~.End Mass 223 2 {fmzﬂ@o.%ly/rajﬂﬁ 33195 =22le
~StatMass—— — — S -
~.&nd Mass
AMass= Zllle -\R. & - 2ot b
Spiking Rate =_2el. % b= 65838 1ph x60=_335i03 b
S5 Min Min Hr
Target Spiking Rate for Test Condition ‘?;0‘9

Spiking Rate 35’@3 Lb + Target Spiking Rate S0 .20

Lb =42,/ % of Target Rate
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Project ID: L)—-:S’M-C PDT— TC# | Run#~ 2. Date ..
Material: Dn?-dh‘s.. Solactlovy  Basedon Sedle. -2 Rates

-~ Start Time_ WS
~End Time \77.0O

ATime= 1 weo ~ WIS = 3«3 Min
~.Start Mass ﬁ?&’.%d///qw &op. (% Hhlce st DR ‘92‘ 29,2/

~.End Mass _ﬁg,_(g‘:@-w/pg ".Mi /.26

. Start Mass

~.End Mass

A Mass = 423,70 - fBv. 26 = 235 & b

Spiking Rate = 2.35. 957 b -&O€225 LbMnX60=_$©, &  LbHr

;‘6’ Min
Target Spiking Rate for Test Condition '
Spiking Rate4@.93” (b + Target Spiking Rate S7O | HRTHPT % of Target Rate

Material: éﬁ?’ﬂl‘c Sa Based on -7 0 ~ = Rates

Project ID: L xE e [% . TCH ! Run#2  Date < re /200l

- Start Time_ 27-78”

~End Time ¢/ 7Z/<o<e —

ATiMe= /P> = f7 25 = 3Y3 Min

~.Start Mass 77.6*(/@““& @ 0.0 Mfeer s 0,724)5 783

- End Mass=2F}, 2 4 (/éawé oS /@/w;p < ¢os/éj.r 3/3.88

- ’Start Mass

..End Mass
AMass= DIZ T8 7.7 = Z357OR Lb
Spiking Rate =235:09 b= O.&B/¥lbMnx60= YORE  LbHr

2SS~ Min

Target Spiking Rate for Test Condition % [ #4

Spiking Rate ‘7& 85 b+ Target Spiking Rateén//;D Lb ﬂWf% of Target Rate

G
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Project ID: L.)AM: ?b'T TC# L Run# 2_ Date 5‘23 ‘Zer.{o
Material: Tf lc,f « 'Soup‘b'f\ Basedon _Sadle & -5 Rates

~Start Time WL \S
~End Time 177,00
A Time = e ~ IVAS = 248 Min

- Start Mass__ 339. & +( Ugrow @& €371l = 9,5?/65: Fol S
-.End Mass__226. © *Q/A,.«) @ o5 luver = 1. 7&{9) e Z22v.2Y

.. Start Mass

.. End Mass
AMass= A (o, (‘7—-22.\(-2.\( = //S. %7 ib
Spiking Rate = __ 2/, 93 b= £330 _bMinX60=_2o./&  LbHr

BgS Min
Target Spiking Rate for Test Condition __ @ .©<

Spiking Rate 22, /& b + Target Spiking Rate 22,52 L b =/8, 8 % of Target Rate

Project ID: c—aeﬂ-ﬂ{t PD7 Tc# [ Run# A Datg Ké?/éoa(’
Material: fbbf'“ Soluflon Basedon  Af/ietr /2- % _ Rales

~Start Time_ 1L S

~End Time {7:o%

A Time = Do ~(1sS = S¥S Min

- Start Mass .3 -(/W-M' @D-?/(c(‘v{ckt«) c 055(»(@'3 zS. 9‘1/

~End Mass__120.0 H{ fperw) RS htare> = RACEV T

TrStart Mass ’ T S s
-~ End Mass
AMass=__/S2.8 - 255/ = (55 b
Spiking Rate = _ (/5,86 b= ¢,3358 (bMnX60= 2D,/ _Lb/Hr
3¢7S Min

Target Spiking Rate for Test Condition __ote) €2
Spiking Rate JO, Q Lb + Target Spiking Rate B OF b =§Hp 7% of Target Rate




WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
Attachment IV Field Spiking Data
C. Field Spiking Log Sheets {Field Data) and Spiking Rate Calculations for:
3. Test Condition #1, Run #3:
{a) Mono-Chlorobenzene,
(b) Perchioroethylene,
{c) Organics Solution, &
{d) Metals Solution.

E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
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Project ID: L)Jf‘h*‘&‘ UL TC#A_ Run# ~% Date _?/3 O / 20a(
Material: =~ ¢ o Basedon . Sl =1L Rates

.. Start Time }{. &5 /,5:33

e e S (959 -/5:39) = 3\ i
~Start Mass_ IE2..24(Siwr @ 0,.5% /p,é..,.d 5245"/05: SIS 28
~EndMass__ Se23.73

~Start Mass__ F2.f, ~(tere, o0 q-{Z/é%/ﬂew = &) 5’/5) - ¢2c .0t

~EndMass__ #7/. &

T2 o o
A Mass = (555 25 -«,5%3,3>4— &2(,..67. *-2‘7/.#) = Lb
¢ GG
Spiking Rate = _ b= &L{3&7 |bMnX60=_ ZFJ, 20 Lb/Hr
FIE8  Min

Target Spiking Rate for Test Condition 32+

Spiking Rate 35,20 Lb+ Target Spiking Rate FO Lb =2 & _% of Target Rate

Project ID: f’d’f“% pD! Tcu Run#_% Date_ 3 /?;-P/éao o
Material: +Z€2£3 Based on Lt s ¢ Rates

~Start Time_/3% 1/5'13-

~End Timel 278% /)4, 57

ATime={¢t a;q-n;;z,)i{ﬁwvlﬁ Sa) = =Z4E Min

-.Start Mass_2%. o 4—,@71«.# &> ST Glecers= 2 .‘35'/4): .95
-.End Mass 473 x4

- Start Mass__/¢a® . G HE#t e @é,&’?/@/éf)ﬁf TRy 2% A
-End Mass__ /8.7 :

A Mass =(?/01’) ~/é/-9)n‘(:’,3 4'3/-755 = = /8588 b

Spiking Rate =) 85 BS~ _lb= @ LB¢¥ 1bMinX60=_TI. 0@ __ Lb/Hr
/& Min

Target Spiking Rate for Test Condition 8\3’:9

Spiking Rate 2307 b+ Target Spiking Rate S @ b=/ Z % of Target Rate



FOOZFLI0L 2 ABY

woo BudsS30IJSe 0812-1/7 (182) Xed 120Z-LLp (182) LLGLL Sexa] ‘auodeT ‘0L) SN 'yinoS 9L AMH 00T} mm.m

i "$53 0 uoissiusd ualjum $531dxa au
Sos_gc_mac:o__mvmmoesqaﬁo‘,cm‘_o_nmm_.:o,um:m_mcmz,uo_éﬁm _wmo:noaemfo:\,ms:.83vng__ucmnwm_uoafotmm:mﬁoﬂnovsoam_,:.mmmeasm_aeaucm"m_EoEcoom:cmEzoonm_£sum:_scooco_uméo_:_w;._.

R IEEES : 704 § BINEUBIS UERIUY0A) DUNIOS S8
LT TEs D 2t A7 R R A i B A % A VR AR % VA T
&1L , - kil By & ~ol 2> 10 0cs] LyrL/ %
s FZy @ P | LT o= el | B L M TSel| XLt
L iz, e NN WXl e~ L5 o/ 76 728, L7407 | %
ghal— oo S0 T S gea
z- e : _ 25" T2t \ e LA
srTH! =2 S i e ~VOT Wtw 3 | Lo LT
7%, P F | =T 7 £ 5L A s 5 49T | £S5 g/
2157 , 527 Y ~A7 T L6 | LT £ |12
5587 DS = S [2087 = AW A N A TV AWASE /AN
T L7 AN~ HITTEH S BT R | TS L L2/ (st
XA PR I | 2OLE TS e v | L5 m“mwm L7 |8
kX34 Bl oS Tl N 7l | ¢ o | &kl | LCI@T U
=M1 SL50 F. | Lo gp mw e ol | A G |z | Lo |
S LA H 27 | DT = ~ol |79 |2z Lir.Cl |4
: AR 2 | @l T e | Ao S e | (8 -5
5 _ N =7 A RN RAANR IR
/ _ = 8 a9 Z7 P y ez m\_m@ [
Tzl LA AW 354
5% =27 9 o7 | SSTL 2] F2ef e T/l
m - W7 T8 L8
[ oBS P | PPl STl Sks < wrrel| 7 .m. z? ww“ 8
7 {2l L
n.mm SO e R N4 =55 777 | 575 | oSt Mm“\\ 9
¢ O, , DN > P/ B | 5 A THATS
)% , Y @2 | 7 /T | 7 #75 56 AV
A G/ 'S | eSs YE&IAE
AT a cZ | b/ | £7e2% 7 M|
P2 K< SZ | 7wl R 32/ 2 W |
£ .Q\\.P a\\ tw/ |0
SuoReAI9sqQ)/S cmEEom riC HVT MVIT =By Uny UAVAC NV LV = BieY gAY WV a7 00:00 t
sl 02 MV\MM \\ 2 G m abelany uny Wy abeloAy W3] -HouS Wyssew | (L)awl
b N 2o _ 'SUOIIRINORY d)BY bubjidg - :pjeq ajey bupidg
" P77 el = 7797
l $310N
! WS ) “SUORIPUOD JaUIEaM JY2L 72U awen o) 4 eieq bupids
- OF NN T #OUAOW | gounjday | #1 | —  aldwng w ' @Jebeuepy buppds | Q) uauKdinbg
~. 10| abeg , 7 Q) leusiey budg | S munyg |} #dL | S 00F% i AEaQ | aleeq
{1991s 15|} }93YS UONEOYNUAP] UNY § DO DUINIAS B'G'W'AL

9002/8/¢ :paledald a1eQ " 1dD S1BISIM 900 ‘@l 1d2loid
:s300yg Bo7 Bumidg pretd WAl aseyd 1w sfoud



POOZ/PLIOL ¢ ARy

woo HupiidsSIVAdST

0812-127 {182) Xed 1L0g-14y (L8T) LLGLL SEX®L ‘BUOdET "0} BUNS "YINOS 9F} AMH 00T | mwm

'$§3 10 uoissiusad uanum ss3idxa au}

Wnoym (Ued Ut o jj2) asodind sauio Aue o) pasn Jo ‘pauiajsuel) 'paliqlyxe 'pacnpoidal 8q jou A2w )| asn payw)| pue palioads 10} 1330 2y} 0} papiroid 813 "§§3 0 Alejaudoad pUe [eqUSPLUDY §1UALINIOP S Ul PAUIZILOD UGB! B )

PN0UE £, e Al ‘2Unj2ubIS Uelojuyde L Bunds §S3
AT —f
|
|
l
W24 eSS | 9ZE 1o\ | By o |[pFPr 4 Lgtsy
2 TEE 22852 | e mﬂ&ﬁidlgHwHw 157 b1
FSIE 64T < DPZ eS8 gLl PRl Vbl L LRt
= < . S8 o DeZ (IL°tL ARVl cddd 'S Lz
Y4 L SE = =P C (£ 2.7 @ | o 2 S L2epl
IS 7 _ \w\m%\m P DFL 7L LS P |l Ay L7774
=0 =2 F7Z z 57/ &S Y 7/ 2 7478
7 S Ced.y 7 257 | A PANTZ |l | : YA 14
=15 B & Z) A7 E i L& = 25 - VX4
oS5NC — e 7 SEC zd LES a3 & VRIIFAS & . C _.ﬁQW\a&\m\\.
Z b CEed & DLZ 7 L5/ oS & ol | e | TS LEY
AECT E A5 7 D7 2777 &L B ezl | b | B Ll | L
T o> EZC Tr | L] L. 267 | [0/
SUONIBAIBSGQ)/SIUSLULLOT) VT MNVIX = ey uny ALY WV LVANY ='9ey g8Y WV q1 00:00
bSie) L. abelany Uy Wn)) Sbelany WIS 1-HoUS () ssew | (L) o)
:suone|nated ajey bunyidg :ejeq 2jey Bumidg
2 102024 | 2k {G1) leusjely bupydg | cHuny |/ #L| “A0ziz4 -2 | areeq
=~ {unJ yaea Joj s39ays JuANhasYNS B puz) 607 BuBIdS Q6 WAl

900Z/8/¢ :paedaid 21eq ' LdD dJeISaM 9007 Q) 10slold
'speayg Bo Buiyidg prald ‘WAl 9sEUd 1w

29[0.d



Project ID: (,Dos(‘t“‘ Pﬁa e | Runt B Date Z8L/ 204

Material:  JLre- Based on _3J z A3 Rates

- Start Time_1352 /15730
~.End Time 1 2/ %ﬁ/lq =5

ATlme—gz 3G -41385 - még ' F . g:’icﬂ-— S{g_ Min

. Start Mass___ 435 #(Seriws & o585 [bbtend= LS T V3 eSS
- End Mass__ 4oln,\

- Start Mass__ 34,9 — o. = r02/0)> 328
~End Mass 159 ,5 ~ (e 0 @ o LRI = /MA"— IS
sMass = (42 45406 ) (33 222 - 5B a0) = - 2R

Spiking Rate = | 5.3 o= £.5830 LomMinxe0=3%98  tomr
"3\ Min

Target Spiking Rate for Test Condition 35,00

Spiking Rate 48 _Lb = Target Spiking Rate_S5. 02 _Lb =7, % of Target Rate

Project ID: L)’/M"%T TCH | runt S Date 3/38/200 &

Materiat: ‘?gaa Based on MLl fo> ~ T2 Rates

. Start Time //‘5?/53' Y

~.End Time_#2174 /19 5%
A Time —C’ﬂgsg NI P @1?9 /iS5 B = 2l Min

StartMass 22 2 AP 12 &2 o5, S boltct0 = g.g's*/b§-= /¥. 08

- End Mass_ Y& _ |

- Start Mass /SN, 88 sir g0 p.Sw byl = 1, &2 /65 s J2PFET
- End Mass_ 241l

A Mass { 221 e - B5 B)IHefet o (<€ as,\ =J&r23 b

Spiking Rate = Y73 b= &5B0F LbMnX60=3%25  LbMHr
2 139 Min

Target Spiking Rate for Test Condition _ 3 3o

Spiking Rate H. 2~ b +Target Spiking Rate33 L b =ﬂ%ﬁ4’/o of Target Rate
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Project ID: u>€.a’b¢’£‘¢—?b T T L Run# 3 _ Date_ 2 I?b l Pl

Material: cD(‘gu.yuc_. Lalas &N Based on 5:45:(:&.. F-2 Rates
~.Start Time_ NSO/ B30
~End Time {2739 /
A Time {(2‘7;9 1( gok-l—("l ,S‘ﬁ_&‘f;"ﬁ;cb = S{(® M
~.Start Mass ry;.g;(m,,a @ o. 57 (bleci = Lo (FS - ¥¥288
~End Mass__ ¥Pé&. ©

F5T
.Start Mass__ 3. ¢ - é’/unu"m%&wb » Trags
~End Mass_/€7- 8 "(}A s~ & o ;ZQ-/ﬁ,Aqw' y Pl /b)—" L Llnt7 3
A Mass =(W/232-¥a_-6>4 6?&@3-{&535= 227Y e b

Spiking Rate = _ 2 2-%¢ Lh= OCBZ8 LbMinX60=_¢7.03  LbHr
31L Min

Target Spiking Rate for Test Condition _ ¥%Z 2

Spiking Rate ¢/-© 3 b+ Target Spiking Rate l.o  (p=tleo | o of Target Rate

Project ID: &= ét; ' ?21- * o TC# {_ Run#t 3 Date S/ P20k
Material: & <FAN, < St Based on A e/fHlt seo— & Rates
- Start Time r(,lb/f 3o

~End Time/2:7%/ /3.2
A Time = ¢z2:39- 15OV 19:5% /573 = 3R’ Min

- Start Mass_ {22 # 2te, 0 & 2, S ke = /://ﬁ)‘ Glr
.. End Mass /ﬁ2 dv"

st ass £/ 4 veee o7/ ITELR) .58 T
- End Mass 18394—(314110@ OL.D Mm.o > 'Z.a’)/la} 4+ - g

A Mass :@ﬁ‘??-//,fé?{p? L -d-f.’b =215.89 b
Spiking Rate = 2.(S:®A_Lb= 26?%% LbMinX60=_&&. P23 LbHr
212 Min

Target Spiking Rate for Test Condition %0

Spiking Rate_¥2:7.3_Lb + Target Spiking Rate_ #7222 _Lb G % of Target Rate

(o
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Project ID: oS é"{‘ l').) Tc# ./ / Runt 2 Date ?/éa/Zsroé
Material: Pb/é/ ¢ S» b Based on __ Sebtfe F~ 5 Rates

- Start Time_¢t.48/, 5270

~.End Time_¢2:29/ f«S"‘?
ATlme— R A ffL ?1-—//1'5¢) 7;[’ Min
. Start Mass _?9('9-.‘(4/,“”@03//4[«. yor = - foféj" S9&8.rs”
~.End Mass 36’9- %
~Start Mass_ S35 f Zuce, /& ﬂ;ga/é,{-*-w::— e . B0(5 )" 2230.7
- End Mass_2<€., Vel ¢ et g . 33 /é/v“m/ &, 3%) 2¢e% 37

A Mass Cﬁ r-723. 7&(33‘2 '1%437) /a3 €7 b

Spiking Rate = _ /e S 5" > b= ©.3322  1biMnX60= /FG2Z  LbHr
313 Min

Target Spiking Rate for Test Conditon __ 28, <€

Spiking Rate #2-#2 _ Lb + Target Spiking Rate Zoo L * 9% of Target Rate

Project ID: £.& 27 TCH (. runt 3 Date 3/Fefpoe &
M;)tjgrcl:al Pé (44 5.(«.347"’4 Based on 4//[1"2‘( /o & Rates

- Start Time t/: o/ 173 2

; Eﬁeﬁ:z:zg:{;;?:rézm id «'.S‘GL‘ = 3‘ S in

- Start Mass. 2 —~(tlmt o @ tolblae )= 1.2 4bud) 250

~End Mass__ 435

St Mass_ FHg $(0ueen @ p 73l 02 275 0] = 7538
~End Mass_ {86! (gm0 & & 32 pats= o ?z/b): I 8.2
A Mass ff_‘é(p-VZ— 4.5'.3‘:?} Grr-3 - 3:)'.08 = feas . ZY b

Spiking Rate = /25 3% b= @373 1bMnx60=_ 1488  LbHr
2/%  Min

Target Spiking Rate for Test Condition do.c
Spiking Rate {4-&& b + Target Spiking Rate_Z%. € Lb =#-FFF% of Target Rate




WeStates Carbon, Parker, AZ

PDT Spiking Report

March 2006

- -

Attachment IV Field Spiking Data
A. Executed Test Manager Spiking Crders to ESS and other operations logs,
B. Stack Sampling Start/Stop Times, and
C. Field Spiking Log Shests {Field Data) and Spiking Rate Calculations for:
1. Test Condition #1, Run #1:
{a} Mono-Chlorobenzene,
{b) Perchloroethylene,
{c) Organics Solution, &
{d) Metals Solution,
2. Test Condition #1, Run #2;
(@) Mono-Chlorobenzene,
(b) Perchloroethylene,
(c) Organics Solution, &
(d)} Metals Solufion, and
3. Test Condition #1, Run #3;
{a) Mono-Chlorcbenzene,
{b) Perchloroethylene,
{c) Organics Sclution, &
{d) Metals Solution.

NS,
E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
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Attachment IV Field Spiking Data
A, Executed Test Manager Spiking Orders to ESS and other operations logs
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IV.E. Client Test Manager’s Spiking Orderstto ESS:

Section I Initial Spiking Orders!:

Spiking: Spiking Rate, Lb/Hr Pump Spiking SpecieMat'| Regr'ed/
. . . , S Durati Mat'i Provided,

Specie Material As Specie | As Mat'l TypelSize uration, Hrs Lb/Lbé Drums

POHCs:
MCB MCB 35 35 Neplune #3 32 1,12041500/3-500 [Nef] Lb Drums
C2Cly CoLls 35 35 LMI#10 32 1120/1400/2-700 [Net] Lb Drums
Metals. _
Phb Pb/Crll Solution A 20 LMI#7 32 3.2/640M1-640 [Net] Lb Drum
ce Pb/Crll Solution 35 20 LMI#7 32 11.2/640/1-640 [Net} Lb Drum
Organic Mixture:
Organic Mixture 41 Neptune #4 32 13120b-2 @ 451[Net] Lb Drum1@ 410 [Net] Lb Drum

Toluene 17 32

CHLClz 8 32
Naphthalene 8 32

Et Glyco 8 32
Approved by Client/Test Manager: ~~ W | Dater? (2212004,
Section Il Revised Spiking Orders:
Revision 1:
Approved by ClientTest Manager: [ Date: 1 1200
Revision 2:
Approved by ClientTest Manager: | Date: /7200
Revision 3:
Approved by Client/Test Manager: I Date: [ 1200
Section | Critique, Suggestions, and Comments*:
by Client/Test Manager: [ Date: 1 /200

Footnotes: 1. Section [ contains ESS’ understanding of the spiking requirements (Spiking Crders) for this test. Please review, revise (as necessary),
and initialidate to indicate that the Spiking Orders {as revised) are comect.
2, Section I} is provided for field revisions to the Spiking Orders by the Client/Test Manager, as needed.
Please document the required changes, and initial/date the new orders.
3. Please provide a critique of ESS’ performance on this test, offer suggestions for improving the value of our products and services to you,
and/or (if warranted) identify aspect(s) of our products and services with which you are pleased.

The information contained in this document is confidential and proprietary to £8S. it is provided to the user for specified and limited use. It may not be reproduced,
exhibited, transferred, or used for any other purpose (all or in part) without the express written pemnission of ESS.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
Rev 2, 10/14/2004
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Project Plan: Phase IV, Spiking Plan Transmittal Checklist, A. Contact Info, & B. Proj Execution SOP:

Project ID: 2006 Westate CPT. Date Preeared: 3113/2006

IV.A. General Project iD & Site Contact Information:

1. Test Type: CPT

2. Test Dates Week of 3/27/2006 (Mab on 24t & Spike on 26 through 31%1)
3. Test Location Parker, Az @ US Filter (See maps, etc.)

4, Contact Name & # Drew Boyard {928) 668-5758

5. Other Information

IV.B. Project Phase IV: Test Execution SOP & Checklist

Test Day = -1: Travel to the Test Site: v?
Safely drive fo the test site obeying all traffic laws and applicable DOT requitements inciuding the DOT Time Log/imits. Stop for
coffee/coke &for rest, as needed. Plan to amive in the vicinity of the test facility on the day prior to the equipment set-up day to get a good
nights rest.

Test Day = 0 {Mob or Equipment Set-Up Day):

Arive at the gate early wearing PPE and ESS logo appare!, as appropriate. Place magnetic ESS signs on truck doors. Check in at the
gate. Receive any site provided safefy or other training.

Make contact with the client representative & clarify any uncertainties about the test schedule, spiking rates, management of
contaminated materials, & establish the method of communications.

Check into the unit control room, obtain required pemmits, and synchronize Spike Manager © clock.

Locate all spiking materials; confirm lof numbers, drum counts, condition of containers, efc. When there are multiple drums of a given
material {say N drums), mark each drum numerically from 1 to N and then use the drums in numerical order.

Confirm availability of: (a) required utilities, (b) a flat, level, hard surfaced work area, and (c) reasonable access to the spiking injection
point.

Ask for fork Iift or other assistance, as needed, to off load equipment and relocate to the spiking area. Use ESS’ dolly &/or hand truck,
&for request assistance from operatorfest manager, as needed, to protect your back from stains.

Set-up secondary containment (if not already available). Lay down impermeable barrier to protect the work surface from possible
contamination, even if secondary containment is available. Only apen spiking maferial confainers when the conltainers are inside the
secondary confainment area. .

Set-up and verify calibration of weigh scales. Set-up the spiking pumps, MFMs, drums on the drum dollies, and make connections from
the drum, through the pump and to the injection point. Prime the pump in recirculation mode. Verify Spike Manager © operahility.

After obtaining agreement with the site operations, test operability of the complete spiking system by pumping all spiking materials into the
injection point using Spike Manager © with the most demanding project specific TC. Thoroughly document the equipment assignments.
Thoroughly agitate all dispersion drums.

When all necessary preparations have been satisfactorily completed, roview alf Log Sheet documentalion for clarity, completeness, and
accuracy.

If the Client's Spiking Orders to ESS have not already been signed, have the Test Manager review & approve the spiking rates, durations,
elc. with revisions if appropriate. Please keep the ESS PM informed of any ravisions as soon as reasonably practical after they are made.
Check out with the test manager, from the control room {closing out any safety permits}, and at the gate. Remove the magnetic ESS
signs from the truck doors.

Call in a status report to the ESS office daily. Leave voice mail message if no problems have surfaced. Contact the SC &for PM if
problems have surfaced, especially if you need assistance. o B . I

NAAVANANIRNASASANANIA

A

The information contained in this document is confidential and proprietary to ESS. It is provided to the user for specified and limited use. It may not be reproduced, exhibited,
transferred, or used for any other purpose {all or in part) without the express written permission of £3S.

. ]
E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com




Project Plan: Phase IV. Spiking Plan Transmittal Checklist, A. Contact info, & B. Proj Execution SOP:
Project ID: 2006 Westate CPT. Date Prepared: 3/13/2006

Each Test Day (TestDay =1, 2, ....). Spiking

Arrive al or before the set start time each day. Wear all appropriate PPE and ESS logo apparel as appropriate. Put E8$ signs on truck
doors. Check in at the gate.

At the unil control reom confim clock synchronization “daily, check in and obtain all required work permits. Observe alf cffent
safely/operational requirements.

Quickiy verify that all equipment remains in working order. Thoroughly agitate all dispersion drums.

NANINE

Mainlain close contact with the fest manager. Start spiking sufficiently early that the unit will be conditioned before stack sampling is
scheduled to begin. Obtain & record the same stack fesfing start & stop times as the Test Manager.

Record the spiking data - if manually, no less often than 1 data point/10 Minutes per spiking system. Record all times military time [e.g.,
00:00 to 24:00 Hours}. Use the same Test Condition & Run numbering sysfem as the Test Manager. Stay outside and in the spiking area
whenever a run is in progress or is about to stat. Document the spiking material drum # being used on each spiking system at the
beginning of each run. Record any changes in equipment assignments.

Keep your work area neat, clean, & orderly. Frequently inspect the spiking area & alf fines for feaks/drips, and clean any indication of even
a minor leak immediately.

To insure that we cover the entire sampling period, continue spiking for 5 or 10 minutes after the declared sampling stop time or untii you
see the last sampling probe has been remaved from the stack, or you are able to confirm that all sampling has finished by some other sure
method.

After all spiking has been completed for the day, review all fog sheets for completeness, accuracy, dates, signatures, efc. Police up the
spiking area before leaving the area. Double check all valves. Inspect for leaks, drips, efc. and clean them up immediately.

NN

Confirm the schedule & fest plan for the next day.
Check out with the Test Manager, the contro! room {closing out all work permits), & gate.
Remove the ESS signs from the truck.

Call in a stafus report to the ESS office daily. Leave voice mail message if no problems have surfaced Contact the SC &/or PM as
needed if problems have surfaced, especially if you need assistance.

Demob Day: After all testing is completed, decontaminate & pack equipment, & travel. Check in as usual.

Thoroughly decontaminate all equipment by pumping MSO {for organics & dispersions) and water (for agueous solutions) through the
pumps & hoses. Wipe down all equipment to remove any evidence of leaked/spilled spiking material.

Load the equipment, tools, etc. into the ESS equipment trailer taking special care to avoid damage fo the electronic equipment, electrical
wiring, & weigh ceills.

Police up the spiking work area thoroughly. Leave your work area clean and orderly.

Coflect any polentially contaminated ftems and dispose of them per client's directions.

Record how each piece of equipment performed. |D its application, spiking rate, line back pressure, Identify any equipment maintenance &
supplies restocking required.

NEANEIAN

Request that the Test Manager crifique ESS’ performance before leaving the site.
Check out with the Test Manager, the control room {(closing out all work pennits), & gate.
Remove the ESS signs from the truck.

Drive back to the ESS shop with care to observe defensive driving practices, DOT hour limits.

Stop for rest, coffee, and sleep, as needed/required.

Call in a status report to the ESS office daily. Leave voice mail message if no problems have surfaced. Contact the SC &/or PM as
needed if problems have surfaced, especially if you need assistance.

Re-stock the equipment at the ESS shop. Let the SC know about any supplies which need to be ordered. Complete &for schedule
equipment maintenance, as needed.

ANENAN

" ideas, & suggestions.

Provide a complete spiking leg package to the ESS PM with the pages in order (e.g., TC #1, Runs #1#2, & #3, TC #2, Runs # 1, efc.) by

spiking material {i.e., all MCB sheets together & in order, all Cal Verffication Logs together & in order) with a briefing of events, problems]

/
File all equipment log shests into their respective ghuipment specific files L7
Spiking Technician's Confirming Signature: | Date: Zm

The infermation contained in this document is confidential and proprietary to ESS. Itis provided to the user for specified and limited use. |t may not be reproduced, exhibited,
transferred, or used for any other purpose {all or in part) without the express wiitlen permission of ESS.

ESS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281} 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com




Project Plan: Phase IV. Spiking Plan Transmittal Checklist, A. Contact Info, & B. Proj Execution SOP:

Pro'lect ID: 2006 Westate CPT. Date Preﬁared: 31312006

>

¢

Engineered Spiking
Solutions IncC

ESS Standard Operating Procedure: Tie-In of ESS” Spiking Material Delivery Line to Owner's Process

Purpose: The interface of ESS’ equipment and our dlient’s process is a sensitive step with potential operational, safely, and liability
concerns. The purpose of this SOP is to define the physical interface between ESS” and our client's (owner's) process equipment and the
respective responsibilities for safely managing the injection of £SS’ spiking materials into the owner's process line.

Process Tie-In Fitting: ESS has prepared this SOP and a Process Tie-In Fitling [as described in the table & sketch below] to provide:

1. Aclear line of demarcation between the parties’ areas of responsibility and control.

2. Aclearly defined, convenient, and safe means of: (a) connecting ESS’ spiking material delivery line to, {b) controlling the spiking
material flow into, and (c) disconnecting the delivery line from the owner's process line.

The Process Tie-In Fitling is made up of five (5) %" nipples NPT E/E, two (2) ball valves, one (1) check valve, one (1) Y-strainer, and one
(1) quick-connect, dripless coupler assembled in the following order:

[tem # Description. Controlled by:

1 quick-connect, dripless coupler ESS

2 ¥2" threaded nipple ESS

3 ball valve "A" ESS
4 %" threaded nipple Interface
5 ball valve ‘B" Owner
] 2" threaded nipple Owner
7 check valve Owner
8 Yo" threaded nipple Owner
9 Y-slrainer Owner
10 2" threaded nipple Owner

Sketch of Process Tie-In Fitting
[tem #:

—
Procedure:
T # | ActionBy: | Actonr —~ T T T T i When: |
1. ESS Provides this SOP to Owner. Pre-Mob
2 ESS Provides Process Tie-In Fitting to Owner. Meob Day
3 Owner Instafis Process Tie-In Fitting at agreed injection paint in owner's process'. Mob Day
4 ESS Connects spiking material delivery line to quick connect coupler. Mob Day
5. Owmer Opens Valve “B". Mab Day
6. OCwmer May close valve “B” when spiking is discontinued &/or when necessary for safety. Thru-out Test
7 ESS Opens valve "A” after starting spiking pump & closes valve "A" prior to stopping pump, Thru-put Test
8. ESS Flushes delivery line & Process Tie-In Fitting. Disconnects delivery line from fitting. Demob Day
9. Owmer Disconnects the Process Tie-In Fitting from the pracess & retums it to ESS. Demob Day
Footnote: 1. The 2" nipple (Item #10) on the Process Tie-In Filting is connected to the process.

The information contained in this document is confidential and proprietary to £85. Itis provided to the user for specified and limited use. It may not be reproduced, exhibited,
transferred, or used for any other purpose {alf or in part) without the express written permission of E§S.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ES Spiking.com




WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
|
Altachment [V Field Spiking Data
B. Stack Sampling Slart/Stop Times, & Run Durations

TC# Test Sampling Start/Stop Times, & Run Durations
Runit Date Stat | End | Run Duration, Min
TC #1/
Run #1 3/28/2008 12:10 16:44 274
Run #2 3/29/2006 11:15 17:.00 345
Run #3a 3/30/2006 11:50 12:39 49 318
Run #3b 3130/2006 15:30 19:59 269

e —
E SS 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77671 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com



WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006

Attachment 1V Field Spiking Data
C. Field Spiking Log Sheets (Field Data) and Spiking Rate Calculations for;
1. Test Condition #1, Run #1:
{(a) Mono-Chlorobenzene,
{b) Perchloroethylene,
{c) Organics Solution, &
{d) Metals Solution.

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
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Project 1D: L)eSkste BT TC# L Rungt_\ Date 3{23(2@6

Material: A& [3 Based on  Sadle. £\ Rates

~Start Time__\LM©

~End Time__|to: 4

ATime = \(ordf - (21O = 274 Min

. Start Mass ieu .25 +<'3|}-u~> @0 .15 /bfayp = /_5’%‘/&) ={A2.7F s

- End Mass 45/ & - (lecews & .59 /é/y,ﬂ . o SF O s &Y

-.Start Mass

~.End Mass

AMass = LA 2. TS« /57 .2 = /=8B 72 b

Spiking Rate = /5, 78S b= ©.S8O2  LbiMin X60 = T 8/ Lb/Hr

27¢  Min
Target Spiking Rate for Test Condition __ 5.5 ©~°

Spiking Rate fo,g { Lb + Target Spiking Rate 39592 Lb =% %7 % of Target Rate

Project ID: LedeFlgebe. PDT To# L rRunt | Date_ 3/2s7Zecle

Material: Based on A7t A (¢ = Rates

~.Start Time |24

~End Time__\{ o it

ATime= e cfd o]l 1O = 2% Min

- Start Mass_ /2 &5 Brmr-p 8 @257 b0 - /,s:z[é):: /7206

~.End Mass_ [éf.-"'-"(ffﬁm/ (é_’gf?/éé« ot Sl "J: /70, 276

- oStaftMass - o= - T )
. End Mass
AMass = __ /7887 ~//,©7 - = 4S¥L b
Spiking Rate = __ /8D b= @ SPD3Z LbMinX60=_J¥.ZZ _ LbHr

Q7o Min
Target Spiking Rate for Test Condition 35-0 /é#‘/

Spiking Rate 24.BL _ Lb + Target Spiking Rate 2=:© b -THB, of Target Rate
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Project ID; eeshube FUT TCH#H Run# |\ Date_2f28|2eols
Material: Perec. Based on _ Seude, F-3 Rates

. Start Time_ /27 1<

ey ZI;Z 120 = &7% win

“StartMass___ 535, S 4/ ypir> ERO.5%lbfnrs = o:sz;fbw\: 53/ 0=
~End Mass__ "B 5 -GCZ.,/ﬂoG?. o KBlG/rirs ':-//6/-3: SR

- Start Mass

- End Mass
AMass=__S3] ole —~ 2370 . <, = Mol 62 Lb
Spiking Rate = _/&/-€Z b= €O08lb X60=_36.24_ b

A7 Min Min Hr
Target Spiking Rate for Test Condition 25 0®

Spiking Rate ZS-ZA.b + Target Spiking Rate Z&'é‘?Lb = /D :Z % of Target Rate

Project ID: {_sDe Sadd <. ?DT TCH#_| Run# | Date_S‘&&&L__oﬂ-

Material: 'Pc.rc, Based on  AAEH# T (O-2., Rates
~Start Time 72 /&2

~End Time gé_,:ﬁ

ATime=__ Jg. 2674 ~72 Yt = 27/ _Min

- StartMass___22.3 '(Iua,.o @g,bl/fq/aau%g’.ﬂlbxz 2198
-.End Mass lzg.av&a.«o élo,SB/é/t&(xJ : /z/’é'(é):’ /BB

- StartMass — - - e—— o
-.End Mass
AMass = [l BE —2(2& = /e, 0 b
Spiking Rate = _1&0¢r Lb= . BB¥2 b X60=_33. />3  ib

2,74 Min Min Hr
Target Spiking Rate for Test Condition ‘!57'9
Spiking Rate 35"35’Lb + Target Spiking Rate 38,2 Lb =/88, / % of Target Rate
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Project ID: WWjZE TcH# 4 Run#_{ Date_F/zes(Zoct
Material: Mﬂﬂb Safeo 7ot Based on Yeafec. F -2 Rates

~.Start Time [f&¢/©
~End Time_ 24r: %<

ATime=_ plr i ~ 12419 = 27%  Min
..Start Mass y X . _
“EndMass__2.33.BA(lrcr.0) @ .69 lbfbcird > %beB z 2324%
.. Start Mass |
~.End Mass
AMass = _#24-& =237.9% = 2ok b
Spiking Rate = 182 %e | b= 0LL8731b X60=_42-9e 1p
279 Min Min Hr

Target Spiking Rate for Test Condition ___“H .o

Spiking Rate N AU Target Spiking Rate_&#1.od Lb =FLFe® % of Target Rate

Project ID: (ocitute PPT Tc# L Run# { Date ?/zs/aaoé
Material: £/t i Ser Lttfort Based on _LLriet /0 - Rates

~.Start Time_/ 212

~End Time | (¥ ,

ATme= e —~ (24O =2 7% Min

~.Start Mass__ /9Y: 7 + {"fﬂfﬂ/@é//é/{/@‘):%”/@xj: [ 775

~.End Mass_"FF7. / ((Yu @é’?&”f%ﬂ:ﬂ_?@[@di‘ AV

T StartMass — ] - T S T
-.End Mass
A Mass = 33‘1/‘(/—-' /7. 75’ = /%w Lb
Spiking Rate = //%vé-f’ b= QCHAlb X60=_4.E87 __Lb
A7¢” Min Min Hr

Target Spiking Rate for Test Condition F, o2

Spiking Rate ffdz Lb + Target Spiking Rate ¢7o”r Lb =ﬁﬁ % of Target Rate
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Project ID: TCH# Run# L Date_2[=z
Material: Pfes S altctlan Based on -5&4(‘. [y Rates

- Start Time \2=.\o
~End Time \Cs'. 4
ATime = (o' A% ~(2' 1O = 2z Min

- Start Mass__ 45 +Q2urces @ 025 Whren > o so o)z H 7.
~End Mass__FE€ .G (2-tce v @ 0"39‘%/"’ = O-k-blb) T FEES

.. Start Mass

-.End Mass
AMass= Y72C. 1 - 38¢.,3 = Y. 8 b
Spiking Rate = G2 b= O.3350 LbMinX60=_ K210  LbHr

Q7Y Min
Target Spiking Rate for Test Condition .00

Spiking Rate 20 4 & b + Target Spiking Rate_Zp ©@ Lb =(0o.S"% of Target Rate

Project ID: @CM'PbT T Run# L ﬁej%ztdl&(o

Material: ‘bec(th Sleklon Based on _ L L Fo f
~.Start Time_ {21\ -
~End Time_ \tot &4
ATime=__ jlonfc - (Ll = 22¢  Min
~SlatMass___ Z3.4r t+(92er @ .34 Yoy = 4. W’//)" Atz
~.End Mass__/F%.c0 o. Meed T O-Golb) = ['BST
T Start Mass o T S o R
~.End Mass
AMass =_{ 8T lo 95 LE = Fas& b

_ Spiking Rate = D05 _\n= g.3705 LoMinX60= /983 Lo

274 Min

Target Spiking Rate for Test Condition &2 <

- Spiking Rate /4. ag Lb + Target Spiking Rate_ Z2é&& b= F715" 9, of Target Rate

t



WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
Attachment IV Field Spiking Data
C. Field Spiking Log Sheets (Field Data) and Splkmg Rate Calculations for:
2. Test Condition #1 Run #2;
{a) Mono-Chlorobenzene,
"(b) Perchloroethylene,
{¢) Organics Solution, &
{d) Metals Solution.

“

E S S 1200 Hwy 146 South, Suite 170, LaPorte, Texas 77571 (281) 471-2071 Fax (281) 471-2180 BSPE@ESSpiking.com
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Project ID: (yeSfat=. TV TC#_\ Run#_2- Date 3[23\,?@4’
Material: p &2, Based on  Seale J-\ Rates

~Start Time  A\\L\S
~End Time \"\.©< _

A Time = L7 00 ~ A\ = *g¥<  Min
-, Start Mass /_gcr'.? o *"('Z.V«-«. P, o L\ t’ﬁ/u-“ﬁ.l 3 {2;2((4):%9{ &2

S End Mass ¥ (. R —(3M~M@)® s=f b/—cwo = mcf/b)- e300

- Start Mass

- End Mass

AMass = _{olo - @2 ~La> ol = 2e1.5G 1b

Spiking Rate = _ 2ot Ao Lb = ©.584 2.  LoMin X60= 35705~ [b/Hr
ro:g_'lzs Min

Target Spiking Rate for Test Condition ~JFJ. <2 =

Spiking Rate Xos b= Target Spiking Rate 392 & Lb=/e@Z % of Target Rate

Project ID: L.:D(S‘L‘“‘ff— P27 TC#L Run# 2. Date 3/3?/%00 &
Material:  jfeC &, Based on g/ KF#H7 Rates

~.Start Time_ /208"
LEnd Time ¢ P

A Time = 1 D> ~ IS = 2% Min

~.StartMass__23.p0 ~ éum/ 6’04@1EBL¢4(&MDLMU'

..End Mass V&‘(?-‘-(gzﬂ/ﬂ MBA‘N: ICEQCQ% '2—33:;[&

T Start Mass 7 T S T
- End Mass
AMass= 23%.3 -3 = 21.5% b
X3 g2
Spiking Rate = _ 2e(,.$¥ Lb = - Lb/MinX60=225. 05 LbHr

h1744 Min
Target Spiking Rate for Test Condition 352

Spiking Rate 33.©% L b + Target Spiking Rate_39782 Lb = /84 { % of Target Rate




p00Z/PLI0L T A9Y

woo buidsSI0ILST 0812-1.7 (182) xed 1/0Z-1 L% (182)

L1G2/ SBX8] 'SHOdET ‘04) SUNS 'UINOS 9F L AMH 00Z1 mmm

: "£67 Jo uoIssiwlad uaylim sSaidxs ay)
noup (ped ul 1o e} a5odnd 1340 Aue 10y B2SN O ‘PALAISURS; 'PalgIuXa 'paonpo:dal 8q Jou ABW }| 8SN PSKLWY pue payiaads 10} 1asn al) ol papiaoid 817 "§§3 o) Aeleudosd pue [eRUAPYUCD S JUSNZOD SIY) W PSUIEJUCO UCHRULIOJ 8Y |

\VS.Q L1 ZBea : \V\\v‘.m W.Jr\\“ ﬁ “2INjRUDIS UEDILLDE] DUMIOS 553
_ - 7 [ 62
_ Lo , ) A EZ
77 52! LI 4 2 YAW AV /4 4 V724 /D 1z pas ol hl |k
2 e K-S o¥’ | L/ LS ~\ LS | 507 | arrl|%
YA (AN >/ &l % & [V OV B | 87 wqq.wﬁ, &2
87/ 22 (=a?)] o5 " oy | e | B | _S.S.5ln
23/ Hay <= oS /| S L5 & |[areg | HpT .WVNMW\ =z wa £Z
. ﬁ _ ) On £l |z
m& FEaS o e V| Z2-7% N ol 2 N E - A AR AN
- BE5S = QL | S e PG | A S e | A SYue o
L e 55 el/| /23 £ 5’ G| 2T | BbEE7 S22 %] sl
=Y IA A s/ A &L LS | oS | Lo Ny, > - &/ |8l
& & L 6O = AN 12 | S T _JABL7 1
e W%W\Q =" v O @ (VTP o ey |5 X8 /ALD
B ) N W ke & - AR < 2 [P 2G| BY-A0Z4
@0l L L T ] e - W e A VA 1 o AR AL
\.W a5 = Ru«amﬁ_ & T £ /| 27 (R | XPTET] ¢
1 e /7 L5 r BNy b - v/ | 6.5 | 18 S5 LY
Z°Le SN @ | | Fl4/ ST |G | RS /AR
P 452D @772 | S/ - & O |/ [ o *) | H oF
T PZ »S"F | el - = | AN N - ZAP =
i ) e | OITO] | A LS
o 57 B YA =S L
74 = &7 (o) | L e 5
Fiii —e ) TS TS
e dina e/ =7 v
by @T ™™ L z/ £
ST pr? 2 /7 Z
o P ﬂul‘ﬂNlmlm“rq : )
0
SUGIBAIBSqQ)/SIUaLILIOT) VE VT = BAY uny VT WV UVINV = 9ley 'V 4\% a 00:00 !
oozl Jeis abelany umy wny abeJany Wia [-HoyS ‘(W) ssep "(1) swr]
Q) el 'SUORE[NO[E]) 9jey PulyIdS - 'eJe ajey buiyidg
78T S BT CE
SSI0N
'SUCIPUOY JaLjEaM T 12L PP TBWEN 3)id EIEq] BUIGS
~2 ~GANIN FARE EETIE —  HOUAD | gounidoN | #N0 | = aldung | =7 # sebeuey bunids | Q) uewdinbg
*Z, 10 | abeg ad @) [2ustep buos Hung |/ #0L | 2] 000,20 | 0l EIEQ
199Ys s|) 199YS uoneanuap) uny 3 507 bupidg E'G YAl

9002/8/¢ :pasedaid ajeq 14D 9)eISapM 9002 :Qi 128lo1d
:sjpayg Bo7 Bumyds platd WAl aseyd uer  foud




PO0ZIVLI0L "2 A0y

anoupw {ued ul Jo ||g) ss0dind Jsui0 AU JOj pasn Jo ‘pauIgjsUEd 'payl

wooBumidsSIBISE 0812-+2r (182) Xed 102-1Ly (18T} LLGLL SBXBL "9UOdET 0L} BUNS "ANOS or| AmH 0021 wmm

"g§3 JO Usissiuad usplm ssaidxa ay

@ﬁm \paonpeidel 4 10U KB J| "3SN PaIILY Pue paylaads 10} 188N ay) 0} papia0id 13| '$§3 0} fiejaudaid pue [BRUSPRLOD S1 JUBWNTOP SIY) U PAUIIUOD UGHEBLUTIL 84 |

D bS L 2ra _ % P “SIMeubIS Ueiuya] buIdS S
M bl L] \
2 2l [+ =% = bl ) S ([ aps sl
TS _ =y & =y st N R 3= 4 XTI ‘
o' L/ £, _ =E=ST%? d.w_ ST | anpo] | e | B IS
Kl R =i TR k=) B St MG VAR s | \t%ﬁﬂ“
LT e Oz 777R/| (S |[pHh A7 | B | BTELD m«l&\_
_ e 2 IFx’ -
o' i~ G2 | 2 f J=r= g a1 o) |97 g SOPNH
& L/ ok OS5z &0/ S < =l WG | L 9 S5
/ &L/ PR N o2 7 | SBSI| o T T g | S | S
7 I d P 2 P & o PR =3NS
2 - S47 k= SSE | D/ e =4 o) | Q7| S Ee mw..bm_
] DES P SAZ A=A P/ D | A 7745
XU 9B, T =2 iQ%MN A/ ) 7 237 IR A I
J 347 SBes P @2 T gl a9 | wel | DS | £ AL s6A
2, 72 225 &7 =1Z Yy 2l &5 7= — ST | & ARELSh A,
252 -—p o2, | & L/ ;m .w,u P eyl | Sr O7 | L LSS | Sz
. A _ &,/ | oo/ Z S 7
SUOIEAIBSQ/SIUALILIOD LY ANTIE =13AY Uy BAvicd WV HVINY ='oled v WV q1 00:00
w2l deds aPelany Uny Wn) aDeIoAY Wis]-HOuS ‘(W) ssew | (1) awrL
5170 LIS :suone|noje) ajey buniidg ‘ejeq ojey Buppdg
= 102.30Bd | =721 {al) [eusien bupds | 2. and | | #L[ FP0tis2i sea] dieed
{uni yoea Joj s19aYs Juanbasqns ) b0 BUByids q'G YAl

900z/9/€ -patedald a1eQ "1dD 23EISSM 9002 "1 102104d
~asfo1d

:s193yg 607 Buiidg piald YAl 8seud U




Project ID: K/!’J‘M# 7 TCH L Run# 2o Date_3[2920°C
Material: Pere. Based on S asle £-2 Rates
~Start Time__27:¢5"
z:\'..'[?irge-r;me //'77:'?3— NS = 3%5/ Min
. Start Mass 7o/ Lo
-.End Mass So — <% o\ C = = Sez2.d
. Start Mass
..End Mass
A Mass = 7594/.é7~§OZvY/ = 7Z&2..72Llb
Spiking Rate = _Z02 .2 b= OQ.58\Lb X60=_25./4 1b
23¢45” Min Min Hr
Target Spiking Rate for Test Condition el

Spiking Rate ﬂ:/? Lb + Target Spiking Rate_ €570 Lb = /2229 % of Target Rate

Project ID: "U"‘*SMC‘ PDr

Material: Pe/é-

TC# ]

Based on

LUt O T

Date 3/39(2@:,65
Rates

Run# 2.

~Start Time___ //: /3

~.End Time S, 20
A Time = oiag — s )SS = &5~ Min
~.Start Mass /ﬁ & /5
~.End Mass 223 2 {fmzﬂ@o.%ly/rajﬂﬁ 33195 =22le
~StatMass—— — — S -
~.&nd Mass
AMass= Zllle -\R. & - 2ot b
Spiking Rate =_2el. % b= 65838 1ph x60=_335i03 b
S5 Min Min Hr
Target Spiking Rate for Test Condition ‘?;0‘9

Spiking Rate 35’@3 Lb + Target Spiking Rate S0 .20

Lb =42,/ % of Target Rate
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Project ID: L)—-:S’M-C PDT— TC# | Run#~ 2. Date ..
Material: Dn?-dh‘s.. Solactlovy  Basedon Sedle. -2 Rates

-~ Start Time_ WS
~End Time \77.0O

ATime= 1 weo ~ WIS = 3«3 Min
~.Start Mass ﬁ?&’.%d///qw &op. (% Hhlce st DR ‘92‘ 29,2/

~.End Mass _ﬁg,_(g‘:@-w/pg ".Mi /.26

. Start Mass

~.End Mass

A Mass = 423,70 - fBv. 26 = 235 & b

Spiking Rate = 2.35. 957 b -&O€225 LbMnX60=_$©, &  LbHr

;‘6’ Min
Target Spiking Rate for Test Condition '
Spiking Rate4@.93” (b + Target Spiking Rate S7O | HRTHPT % of Target Rate

Material: éﬁ?’ﬂl‘c Sa Based on -7 0 ~ = Rates

Project ID: L xE e [% . TCH ! Run#2  Date < re /200l

- Start Time_ 27-78”

~End Time ¢/ 7Z/<o<e —

ATiMe= /P> = f7 25 = 3Y3 Min

~.Start Mass 77.6*(/@““& @ 0.0 Mfeer s 0,724)5 783

- End Mass=2F}, 2 4 (/éawé oS /@/w;p < ¢os/éj.r 3/3.88

- ’Start Mass

..End Mass
AMass= DIZ T8 7.7 = Z357OR Lb
Spiking Rate =235:09 b= O.&B/¥lbMnx60= YORE  LbHr

2SS~ Min

Target Spiking Rate for Test Condition % [ #4

Spiking Rate ‘7& 85 b+ Target Spiking Rateén//;D Lb ﬂWf% of Target Rate

G
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Project ID: L.)AM: ?b'T TC# L Run# 2_ Date 5‘23 ‘Zer.{o
Material: Tf lc,f « 'Soup‘b'f\ Basedon _Sadle & -5 Rates

~Start Time WL \S
~End Time 177,00
A Time = e ~ IVAS = 248 Min

- Start Mass__ 339. & +( Ugrow @& €371l = 9,5?/65: Fol S
-.End Mass__226. © *Q/A,.«) @ o5 luver = 1. 7&{9) e Z22v.2Y

.. Start Mass

.. End Mass
AMass= A (o, (‘7—-22.\(-2.\( = //S. %7 ib
Spiking Rate = __ 2/, 93 b= £330 _bMinX60=_2o./&  LbHr

BgS Min
Target Spiking Rate for Test Condition __ @ .©<

Spiking Rate 22, /& b + Target Spiking Rate 22,52 L b =/8, 8 % of Target Rate

Project ID: c—aeﬂ-ﬂ{t PD7 Tc# [ Run# A Datg Ké?/éoa(’
Material: fbbf'“ Soluflon Basedon  Af/ietr /2- % _ Rales

~Start Time_ 1L S

~End Time {7:o%

A Time = Do ~(1sS = S¥S Min

- Start Mass .3 -(/W-M' @D-?/(c(‘v{ckt«) c 055(»(@'3 zS. 9‘1/

~End Mass__120.0 H{ fperw) RS htare> = RACEV T

TrStart Mass ’ T S s
-~ End Mass
AMass=__/S2.8 - 255/ = (55 b
Spiking Rate = _ (/5,86 b= ¢,3358 (bMnX60= 2D,/ _Lb/Hr
3¢7S Min

Target Spiking Rate for Test Condition __ote) €2
Spiking Rate JO, Q Lb + Target Spiking Rate B OF b =§Hp 7% of Target Rate




WeStates Carbon, Parker, AZ
PDT Spiking Report
March 2006
Attachment IV Field Spiking Data
C. Field Spiking Log Sheets {Field Data) and Spiking Rate Calculations for:
3. Test Condition #1, Run #3:
{a) Mono-Chlorobenzene,
(b) Perchioroethylene,
{c) Organics Solution, &
{d) Metals Solution.
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Project ID: L)Jf‘h*‘&‘ UL TC#A_ Run# ~% Date _?/3 O / 20a(
Material: =~ ¢ o Basedon . Sl =1L Rates

.. Start Time }{. &5 /,5:33

e e S (959 -/5:39) = 3\ i
~Start Mass_ IE2..24(Siwr @ 0,.5% /p,é..,.d 5245"/05: SIS 28
~EndMass__ Se23.73

~Start Mass__ F2.f, ~(tere, o0 q-{Z/é%/ﬂew = &) 5’/5) - ¢2c .0t

~EndMass__ #7/. &

T2 o o
A Mass = (555 25 -«,5%3,3>4— &2(,..67. *-2‘7/.#) = Lb
¢ GG
Spiking Rate = _ b= &L{3&7 |bMnX60=_ ZFJ, 20 Lb/Hr
FIE8  Min

Target Spiking Rate for Test Condition 32+

Spiking Rate 35,20 Lb+ Target Spiking Rate FO Lb =2 & _% of Target Rate

Project ID: f’d’f“% pD! Tcu Run#_% Date_ 3 /?;-P/éao o
Material: +Z€2£3 Based on Lt s ¢ Rates

~Start Time_/3% 1/5'13-

~End Timel 278% /)4, 57

ATime={¢t a;q-n;;z,)i{ﬁwvlﬁ Sa) = =Z4E Min

-.Start Mass_2%. o 4—,@71«.# &> ST Glecers= 2 .‘35'/4): .95
-.End Mass 473 x4

- Start Mass__/¢a® . G HE#t e @é,&’?/@/éf)ﬁf TRy 2% A
-End Mass__ /8.7 :

A Mass =(?/01’) ~/é/-9)n‘(:’,3 4'3/-755 = = /8588 b

Spiking Rate =) 85 BS~ _lb= @ LB¢¥ 1bMinX60=_TI. 0@ __ Lb/Hr
/& Min

Target Spiking Rate for Test Condition 8\3’:9

Spiking Rate 2307 b+ Target Spiking Rate S @ b=/ Z % of Target Rate
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Project ID: (,Dos(‘t“‘ Pﬁa e | Runt B Date Z8L/ 204

Material:  JLre- Based on _3J z A3 Rates

- Start Time_1352 /15730
~.End Time 1 2/ %ﬁ/lq =5

ATlme—gz 3G -41385 - még ' F . g:’icﬂ-— S{g_ Min

. Start Mass___ 435 #(Seriws & o585 [bbtend= LS T V3 eSS
- End Mass__ 4oln,\

- Start Mass__ 34,9 — o. = r02/0)> 328
~End Mass 159 ,5 ~ (e 0 @ o LRI = /MA"— IS
sMass = (42 45406 ) (33 222 - 5B a0) = - 2R

Spiking Rate = | 5.3 o= £.5830 LomMinxe0=3%98  tomr
"3\ Min

Target Spiking Rate for Test Condition 35,00

Spiking Rate 48 _Lb = Target Spiking Rate_S5. 02 _Lb =7, % of Target Rate

Project ID: L)’/M"%T TCH | runt S Date 3/38/200 &

Materiat: ‘?gaa Based on MLl fo> ~ T2 Rates

. Start Time //‘5?/53' Y

~.End Time_#2174 /19 5%
A Time —C’ﬂgsg NI P @1?9 /iS5 B = 2l Min

StartMass 22 2 AP 12 &2 o5, S boltct0 = g.g's*/b§-= /¥. 08

- End Mass_ Y& _ |

- Start Mass /SN, 88 sir g0 p.Sw byl = 1, &2 /65 s J2PFET
- End Mass_ 241l

A Mass { 221 e - B5 B)IHefet o (<€ as,\ =J&r23 b

Spiking Rate = Y73 b= &5B0F LbMnX60=3%25  LbMHr
2 139 Min

Target Spiking Rate for Test Condition _ 3 3o

Spiking Rate H. 2~ b +Target Spiking Rate33 L b =ﬂ%ﬁ4’/o of Target Rate
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Project ID: u>€.a’b¢’£‘¢—?b T T L Run# 3 _ Date_ 2 I?b l Pl

Material: cD(‘gu.yuc_. Lalas &N Based on 5:45:(:&.. F-2 Rates
~.Start Time_ NSO/ B30
~End Time {2739 /
A Time {(2‘7;9 1( gok-l—("l ,S‘ﬁ_&‘f;"ﬁ;cb = S{(® M
~.Start Mass ry;.g;(m,,a @ o. 57 (bleci = Lo (FS - ¥¥288
~End Mass__ ¥Pé&. ©

F5T
.Start Mass__ 3. ¢ - é’/unu"m%&wb » Trags
~End Mass_/€7- 8 "(}A s~ & o ;ZQ-/ﬁ,Aqw' y Pl /b)—" L Llnt7 3
A Mass =(W/232-¥a_-6>4 6?&@3-{&535= 227Y e b

Spiking Rate = _ 2 2-%¢ Lh= OCBZ8 LbMinX60=_¢7.03  LbHr
31L Min

Target Spiking Rate for Test Condition _ ¥%Z 2

Spiking Rate ¢/-© 3 b+ Target Spiking Rate l.o  (p=tleo | o of Target Rate

Project ID: &= ét; ' ?21- * o TC# {_ Run#t 3 Date S/ P20k
Material: & <FAN, < St Based on A e/fHlt seo— & Rates
- Start Time r(,lb/f 3o

~End Time/2:7%/ /3.2
A Time = ¢z2:39- 15OV 19:5% /573 = 3R’ Min

- Start Mass_ {22 # 2te, 0 & 2, S ke = /://ﬁ)‘ Glr
.. End Mass /ﬁ2 dv"

st ass £/ 4 veee o7/ ITELR) .58 T
- End Mass 18394—(314110@ OL.D Mm.o > 'Z.a’)/la} 4+ - g

A Mass :@ﬁ‘??-//,fé?{p? L -d-f.’b =215.89 b
Spiking Rate = 2.(S:®A_Lb= 26?%% LbMinX60=_&&. P23 LbHr
212 Min

Target Spiking Rate for Test Condition %0

Spiking Rate_¥2:7.3_Lb + Target Spiking Rate_ #7222 _Lb G % of Target Rate

(o
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THE EFFECT OF MEASUREMENT UNCERTAINTY ON SPIKING MATERIAL
COMPOSITION AND SPIKING RATE UNCERTAINTIES

Bill Schofield, PhD, PE
Engineered Spiking Solutions, Inc.
LaPorte, Texas 77571

Anthony R. Eicher
Focus Environmental, Inc.
Knoxville, Tennessee 37923

Sean O’Brien
TRC Environmental Corporation
Houston, Texas 77043

ABSTRACT

It is not unusual for an agency, a client, or even a supplier of spiking materials to assert without
Justification that the only way to “know” the composition of a spiking material is through sampling and
analysis of that spiking material. While this approach [which will be identified herein as the sample and
analyze method) offers the advantage of determining composition independently of the spiking material
supplier, it suffers the disadvantage of large measurement uncertaintics resulting from inherent limitations
in the analytical methods employed. However, there is another, fundamentally different, approach which
is based on long standing principles of analytical chemistry and provides spiking material compositions
with significantly smaller uncertainties. Conceptually, this approach is analogous to an analytical chemist
preparing a laboratory standard for calibrating a sensitive analytical instrument. This approach, which
will be identified herein as the laboratory standard method for preparing spiking materials, provides very
accurate spiking specie concentrations.

Estimates of compositional uncertainty with the laboratory standard method developed herein are based
on: (1) the test-specific details of a Case Study (e.g., a 2003 TB conducted at a private, US based HWC
Unit), and (2} a series of worst case assumptions rélated to both the magnitude and direction of individual
measurement uncertainties to produce the largest cumulative compositional uncertainty. Conversely, the
assumption was made that no blatant operator mistakes were made since: (1) all measurements affecting
composition were straight forward weight measurements using non-interpretive digital indicators, (2) the
material preparation procedures were simple, and clear, (3) the documentation and record keeping
procedures used were thorough, comprehensive, and consistently followed; and (4) the preparation
procedure had buili-in cross checks which included the utilization of two independent measurement
observers and data recorders for most measurements. The premises on which the uncertainty analysis is
based are explicitly identified, and rationales provided for their validity in the HWC Spiking context.
Also, due to the small magnitude of all first-order uncertainties, second order uncertainties were ignored.
Using first-order uncertainties developed for the case study example, the validity of this assumption was
demonstrated.

The compositional uncertainty with the laborarory standard method is smaller {e.g., on the order of £
0.1%) than is possible with the sample and analyze method using commercially available analytical
methods. Depending on the method, matrix, and specie, the measurement uncertainty with commercially
available analytical methods could vary from £ 5% up to  50%, assuming no uncertainty associated with
sample collection and preparation.
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This paper: (1} describes the spiking material preparation procedures used, (2) develops the apparent
conceniration of each spiking specie using the laboratory standard method, (3) describes the calculation
procedures used to estimate uncertainty and presents the resulting estimates of uncertainty of spiking
specie concentrations, (4) presents the impact of compositional uncertainty on spiking rate uncertainty,
(5) estimates measurement uncertainty for the analytical methods most likely used to analyze spiking
material composition in a HWC testing context, (6) presents the resulting impact on spiking rate, (7)
presents a comparison of the composition and spiking rate uncertainties based on the laboratory standard
method to those based on the sample and analyze method, and (8) proposes an approach for verifying
spiking material composition independently of the material preparation firm should that be required in a
reguiatorily sensitive circumstance.

INTRODUCTION AND BACKGROUND

It is not unusual for an agency, a client, or even a supplier of spiking materials to assert that the only way
to “know™ the composition of a spiking material {e.g., a metal solution, an organic solution, a dispersion,
and/or a “neat” POHC) is through sampling and analysis of that spiking material. While this approach
[which will be identified herein as the sample and analyze method)] offers the advantage of determining
composition independently of the spiking material supplier, it suffers the disadvantage of large
measurement uncertainties resulting from inherent limitations in the analytical methods employed.
However, there is another, fundamentally different, approach which is based on long standing principles
of analytical chemistry and provides spiking material compositions with significantly smaller
uncertainties.

Conceptually, this approach is analogous to an analytical chemist preparing a laboratory standard for
calibrating a sensitive analytical instrument and requires that one:

1. Know, with as much accuracy as possible, the purity of each reagent used in the preparation of a
laboratory standard; especially as it relates to the chemical specie to be analyzed;

2. Use highly accurate, and carefully maintained measuring devices which are calibrated prior to use
with NIST traceable standards; and

3. Maintain careful records for each step in the preparation of the laboratory standard.

This approach, which will be identificd herein as the laboratory standard method for preparing spiking
materials, provides very accurate spiking specie concentrations. The concentration uncertainty with this
approach is smaller {e.g.. on the order of £ 0.1%) than is possible with commercially available analytical
methods (i.e., which, depending on the method, matrix, and specie could vary from + 5% up to + 50%
without consideration of possible sample collection and preparation uncertainties).

Large concentration uncertainties are especially likely in spiking applications in which the use of SW846
and similar “low [analyte concentration] level” methods is required. As a result of large dilutions, these
methods are generally not suitable for obtaining highly accurate analyses of the high analyte
concentrations frequently encountered with spiking materials. Further, the laboratory standard method is
expected to have smaller uncertainties than commercially available analytical methods which have been
designed for analysis of samples with high analyte concentrations, due to the very large magnitude of the
uncertainty advantage compared to low level methods, and since all of the analytical method uncertainties
remain with high level methods except those associated with sample dilutions.

Estimates of compositional uncertainty with the laborarory standard method developed herein are based
on: (1) the test-specific details of a Case Study (e.g., a 2003 TB conducted at a private, US based HWC
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Unit}, and (2) a serics of worst case assumptions related to both the magnitude and direction of individual
measurement uncertainties to produce the largest possible cumulative compositional uncertainty.
Conversely, due to fact that: (1) all measurements are made with an absolute measurement method [based
on the most fundamental parameter, ¢.g., gravity = mass, paraphrased from Reference (4)], (2) the use of
non-interpretive digital indicators for all measurements, (3) the simplicity and clarity of the material
preparation procedures used, (4) the use of thorough record keeping for each procedural step and
measurement, (5) the experience and training of the personnel weighing the ingredients and preparing the
finished spiking materials, and (6) built-in procedural cross checks including the utilization of two
independent measurement observers and data recorders for most measurements; blatant operator mistakes
are assumed fo not be present. Also, due to the small magnitude of all first-order uncertainties, second
order uncertainties were ignored.

Please note that a significant number of calculations are made in this uncertainty analysis. To avoid
rounding errors and to retain the integrity of the uncertainty estimates developed herein, a relatively large
number of significant figures are carried through the calculations and presented in the tables. The authors
are not claiming the accuracy &/or precision in these figures that would normally be implied by the
standard significant figures rules.

Engineered Spiking Solutions, Inc. (ESS) was retained to provide spiking materials as well as all
necessary spiking equipment, and services for a Trial Burn (TB) which was conducted on a confidential,
non-commercial, HWC Unit during 2003. The spiking materials used were: (1} a TiO; Dispersion (@ a
nominal 25wt% Total Ash), and (2} a Naphthalene in Toluene Solution (@ a nominal 27wt%
Naphthalene). The laboratory standard method was used in the case study with excellent results.

This paper: (1) describes the spiking material preparation procedures used, (2) develops the apparent
concentration of each spiking specie using the laboratory standard method, (3) describes the calculation
procedures used to estimate uncertainty and presents the resulting estimates of uncertainty of spiking
specie concentrations, (4) presents the impact of compositional uncertainty on spiking rate uncertainty,
(3) estimates measurement uncertainty for the analytical methods most likely used to analyze spiking
material composition in a HWC testing context, (6) presenis the resulting impact on spiking rate, (7)
presents a comparison of the composition and spiking rate uncertainties based on the laboratory standard
method to those based on the sample and analyze method, and (8) proposes an approach for verifying
spiking material composition independently of the material preparation firm should that be required in a
regulatorily sensitive circumstance.

Description of the “Case Study” Trial Burn

The Case Study TB consisted of two Test Conditions (TC) which were defined as follows: (1) TC #1:
Maximum Waste Feed, and (2) TC #2: Minimum Temperature (DRE). The spiking materials’ consisted
of a 27% Naphthalene in Toluene Solution [Nap Sol] and a 25% TiO, Dispersion. The testing/spiking
schedule is summarized as follows:

Test Condition c ]I:iate d Spiking With:
onducte Nap Sol Dispersion
TC #1 2003 v v
TC #2 2003 v

The spiking function for this TB involved three spiking_sptaciesi (e.g., Total Ash, Naphthalene, and
Toluene) which were contained in two spiking materials' (e.g., TiO, Dispersion and Naphthalene in
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Toluene Solution). The dispersion was used as an ash surrogate with ash contributions from both the
TiQ; (primary) and the proprietary dispersing agent (secondary). The Naphthalene in Toluene Solution
spiking material contained both POHCs, e.g., Naphthalene and Toluene.

Conceptual Basis for the Laboratory Standard Method to Demonstrating Spiking Material

Composition

The laboratory standard method for preparing and demonstrating the composition of spiking materials is
analogous in concept to the approach employed by analytical chemists to prepare a laboratory standard
for use in calibrating sensitive analytical instruments:

1. Make every effort to know, with as much accuracy as possible, the purity of each ingredient used
in the preparation of a spiking material; especially as it relates to the specie being spiked, e.g.
Naphthalene, Toluene, or Total Ash.

2. Have and carefully maintain a range (e.g., 1 Lb, 10 Lb, 50 Lb, 300 Lb, and 1,000 Lb) of highly
accurate (Measurement Uncertainty = £ 0.01% of Full Scale Capacity, or better) weigh scales for
accurately determining the quantity of each ingredient used. Use the most accurate (smallest)
scale practical for a given application. Calibrate each scale with NIST traceable weight standards
prior to each use.

3. Carefully record every spiking materials preparation step to facilitate documentation of the
resulting spiking material composition, and QA audits.

Premises [with Supporting Rationales] on which this Uncertainty Analysis Was Based

The following premises were used as a basis for the Uncertainty Analysis provided herein. A rationale
which demonstrates the validity of each premise in the HWC Testing/Spiking context is also provided:

1. Premise:

Rationale:

2. Premise:

Rationale:

No Chemical reactions will occur between the raw materials used to prepare a
spiking material,

The two spiking materials used in the Case Study Trial Burn (e.g., Naphthalene in a
Toluene solution, & TiO; in a mineral oil based dispersion) are typical of spiking
materials in general, in that they well known in terms of chemistry and have been
successfully used many times over a period of more than a decade. Naphthalene
does not react chemically with toluene. Similarly TiO; and the proprietary
dispersing agent are both chemically inert and furthermore would revert back to the
same ash producing Ti & Si oxides in the combustion chamber if chemical reactions
were to occur. Other systems, such as metal nitrates in an aqueous solution, will
produce a weak nitric acid which could very well react with an unlined steel drum,
will require special containers (lined or plastic drums) to ensure that such reactions
do not occur.

Precipitation of spiking species out of solutions will not occur.

The solubility of the vast majority of spiking species (Naphthalene in Toluene, and
metal salts in aqueous solutions) is well known (Merck Index, Perry’s, etc.), and
have been successfully used many times over a period of more than a decade.
Solutions are never prepared at >90% of saturation (where cost has an impact, such
as a Naphthalene in Toluene solution) and usually <50% of saturation (where there
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3. Premise:

Rationale:

IT3-103

is essentially no cost impact, such as aqueous solutions). Whenever there is any
uncertainty, metal salts are not combined into the same solution as a means of
ensuring that common ion and similar solubility effects do not bring composition in
doubt.

Vapor Losses will have negligible impact on composition, or can be easily corrected
for.

All solutions are prepared in closed top drums which are kept sealed except when
solute is added and mixed. Almost all spiking material solutions are aqueous
solutions prepared at concentrations which are far from saturation. Thus, mixing
times and associated vapor losses from the closed top drums are modest. For
solutions prepared with higher vapor pressure solvents (e.g., Toluene), the quantity
of vapor losses can be determined (by weight loss) and, if necessary, corrections
made.

Measurement Uncertainty with Weight Measurements

All spiking material quantity measurements [which could affect the composition of the spiking materials
discussed in this paper] were made using two weigh scales: (1) a 50 Lb bench scale, Model #: CQ25R33
manufactured by Ohaus Corporation, and (2) a 1,000 Lb floor scale, Model: Survivor FB2424-1000
manufactured by Rice Lake Weighing Systems. Selected (accuracy related) specifications for both of
these scales are provided in Table I.

Table I Weighing Equipment Specifications

Specification Units “Eﬂh Scale Manufacfurer
Ohaus | Rice Lake
Capacity @ Full Scale (FS) | Lb (Kg) i 50 (25) I 1,000 (500)
Divisions' (d)/FS
NTEP? d/FS 5,000 5,000
Non-NTEPF* d/FS 10,000 10,000
Lb/Division (%FS/d)
NTEP* Lb/d (%FS/d) 0.01 (0.01%) 0.02 (0.02%)
Non-NTEP? Lb/d (3%FS/d) 0.005 (0.005%) 0.01 (0.01%)
Non-Linearity 0.03%FS NA 0.03% FS
Hysterises 0.02% FS NA 0.02% FS

Footnotes: 1. The number of divisions/FS is an indication of scale sensitivity. For example, a division is the

- NTEP is a quasi govemmental organization established to regulate weights and measures used for

smallest weight increment discemable by the weighing system according to a given set of
accuracy, calibration frequency, and environmental condition requizerents.

commercial purposes. NTEP certified equipment has a conservative classification to properly
reflect how measuring equipment may be used in commerce [i.e., infrequently calibrated, handled
roughly, operated in a wide range of environmental conditions) while still providing acceptable
accuracy. For the purposes of weighing ingredients for spiking materials with very frequent
equipment maintenance & calibrations, and in controtled conditions of temperatures and humidity,
the Non-NTEP division count is generally considered to be representative of scale accuracy. This
observation has been confirmed by extensive pre-use and post-used calibration verifications with
NIST traceable standards which consistently demonstrated deviations fron: the standards of <
0.01% or equivalently d/FS > 10,000.
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PREPARATION OF SPIKING MATERIALS: TiQ; DISPERSION

This section provides: (1) a description of the TiO, Dispersion preparation procedure, (2) the calculation
procedure for determining Total Ash concentration and the calculated results, (3) the calculation
procedure for estimating uncertainty in the apparent Total Ash concentration and the calculated results,
and (4) the Certification of Composition for the TiQ, Dispersion.

TiO; Dispersion Preparation Procedure (Summarized)

1. Setup and calibrate the 50 Lb % 6.01 Lb, and 1,000 Lb # 0.1 Lb weigh scales using NIST
Traceable Weight Standards;

2. Add Mineral Seal Oil (MSO) to the Dispersion Matrix (DM) blend tank. Weigh each drum
before and after the MSO transfer with the 1,000 Lb weigh scale. Record the drum gross and tare
weights;

3. Weigh out the dispersion agent (DA) in four (4) batches on the 50 Lb £ 0.01 Lb weigh scale.
Record the tare and gross weights;

4. Slowly add the dispersion agent to the biend tank and mix with maximum shear;

5. Weigh out the activator in five (5) batches on the 50 Lb + 0.01 Lb weigh scale. Record the tare
and gross weights;

6. Slowly add the activator to the blend tank and mix with maximum shear until the dispersing
system is fully developed,;

7. Drum off the DM per the Drum Weight Schedule provided. Weigh each numbered DM drum
(Drum # 1-6 for the TiO, Dispersion) before and after adding DM and record the tare and gross
weights;

8. Prepare six (6) batches (numbered 1-6) of TiO, for addition to the corresponding six (6)
numbered drums of the TiO, Dispersion being prepared. Determine the quantity of TiO, in each
batch on the basis of 0.3228 Lb TiO»/L.b DM in the corresponding DM drum. Prepare each batch
of TiO, in three sub-batches, (numbered as 1A, 1B, 1C; 24, 2B,.....6B, 6C), record each tare and
gross weight;

9. Slowly add each TiO, sub-batch to the corresponding drum of DM and shear thoroughly; and

10. Tightly seal, label and prepare each drum for shipment to the test site.
Calculation of Dispersion Matrix (DM) Composition
The DM composition data {e.g., the weights developed in procedure steps 2, 3, & 5 above) were compiled
and summarized in Table II. Table iI provides the DM composition information on weight (Lb}, and
weight percent (wt%) bases with corresponding uncertainty estimates. The term “indicated” as used

herein refers to the apparent weight or weight percent of a substance as “indicated” on the digital readout
devices [indicators] employed in this work.



IT3°04 Conference, May 10-14, 2004 Phoenix, Arizona

Table I Composition of Dispersion Matrix
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DM' #1 Composition By:
Constituent’ Weight, Lb Weight Per Cent, Wi%
Target Indicated Unecertainty’ Target Indicated Unecertainty
MSO! 4,862.00 4,832.70 + 2.60% 94.16 94.12 + (.0506
DA* 146.64 146.94 + 0,087 2.84 2.8618 + 0.0016
Activator 154.91 154,98 +0.10% 3.00 3.6183 + (.0019
Total 5,163.55 5,134.62 + 2,78 100.00 160.00 + 0.0541
Foomotes:

1. DM = Dispersion Matrix, MSO = Mineral Seal Qil, & DA = Dispersing Agent.
2. Basis: A. Obtaining the total MSO weight involved a total of 26 individual weight measurements (e.g., gross and tare weights for 13 drums),
cach with an estimated measurement uncertainty of 0.1 Lb/weight measurement.
B. Obtaining the total DA weight involved a total of 8 individual weight measurements (i.e., tare and gross weights for four batches of
DA), each with an estimated measurement uncertainty of 4: 0.01 Lb/weight measurement.
C. Obtaining the totat Activator weight involved a total of 10 individual weight measurements {i ¢ , tarc and gross weights for five
batches of activator), each with an uncertainty of + 0.01 Lb/weight measurement.
D. Each weight measurement is assumed to have measurement uncertainties in the direction which would produce the largest

cumulative positive or negative uncertainty.

Calculation of the Total Ash Drum Concentrations

The TiO, Dispersion composition data from procedure steps 7 & 8 above, and Table I are summarized in
Table III. Additionally, measured values for ash concentration (mass fraction ash) in the TiO, and the
dispersion agent were provided by their respective manufacturers. These values were used to calculate
the total ash content (expressed as Lb ash/Drum, and wt% ash) for each drum of finished TiO, Dispersion.

Estimated Uncertainty in Total Ash Concentration

The uncertainty in the total ash concentration (wt%) in a given drum is comprised of four primary
components of uncertainty which were estimated as follows:

1. The measurement uncertainty in determining the net weight of Dispersion Matrix (DM) per
drum: This measurement uncertainty is estimated as the sum of the uncertainties in the two [tare
and gross] weight measurements obtained in preparation procedure (step 7 above) and is
calculated as follows:

* DM Uncertainty = 2 [weigh measurements] x & 0.1 Lb DM |[the uncertainty associated with
cach measurement].

Thus, the net weight of the DM present in Drum #1, for example, [see Table III, column (4)], is
estimated to be:

s  DM/Drum =283.97 Lb + (0.2 Lb DM/Drum.
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Table II1 Ti0, Dispersion, Total Ash Concentration
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Indicated DM Wt, Lh/Dr Net Weight, Lb/Drum
Drum Weight , Total Ash,
# Tio, Ig) isp Target | Indicated| 1 pa Total Wit %
Lb/Dr Target | Indicated] Ask® | Indicated| Ash® Ash
' {2) (3) (4) (5) (6 {7 3 9 (10) {11)
| 375.53 283.9 283.9 91.63 91.63 90.44 8.12 4.30 94.74 25.23%
2 375.53 2839 2839 91.63 91.63 90.44 8.12 4.30 94,74 25.23*
3 375.53 2839 283.9 91.63 91.63 90.44 8.12 4.30 94.74 25.23¢
4 375.53 283.9 283.9 91.63 91.63 90.44 812 4.30 94.74 25231
5 376.72 283.9 284.8 91.92 91.92 90.73 8.15 432 95.05 25231
6 374.87 283.9 2834 91.47 91.47 90.28 .11 4.30 94.58 25.234
Ave 375.62 2839 283.97 91.65 91.65 50.46 §.12 4.303 94,77 25.23
Footnotes: Information Sources:

L. The bracketed numbers, i.e. (1), (2) ...(11), in this row signify
the Column nuembers which are used in the calculation
explanations to the right.

1. Values provided in Columns (4) and (6) are based on measured weights.
2. Values provided in Columns (3) and (5) are targets provided in the detailed

dispersion preparation SOP.

2. The TiO; is 98.7 wi% ash based on manufacturer’s CoA. Calculations:
3. The DA is 52.96 wi% ash based on manufacturer’s CoA. 1. Weight TiO,; Disp {Column 2) = Columns {4) + (&)
4. These values range from 25.2283% for Drums #1, 2, 3, & 4; 2. “Ash” content of TiO; (Column 7)= Column (6) x 0.987%.
to 25.2309% for Drum #5; and 25.2301% for Drum #6, for an 3. DA content (Column 8) = Column (4) x 0.0286°
average of 25.2290 wt % and a range of -0.0007 wt % to + 4. Ash content of DA (Column 9) = Column (8) x 0.5296°.
0.0019 wt %. 5. Total Ash{Column 10)= Columns (7) + (9).
5. Mass fraction of DA in DM from Table IL 6. Total Ash, wt % (Colurn 11) = Column (10) + Column (2) x 100%.

2.

The measurement uncertainty in the ash contribution from TiQ,: This uncertainty is
estitnated as the sum of’

(a) the weight measurement uncertainty in the quantity of TiO, added to each drum is estimated
as follows:

+ Ash (Lb ash/Drum) = [two weight measurements per TiQ, sub-batch] x 3 [three
sub-batches/drum] x + 0.01 Lb [the uncertainty per weight
measurement] x 0.987 [the mass fraction of TiQ, which is
ash]

== 0.0592 Lb ash/Drum), and

(b) the uncertainty in the Lb ash/drum due to uncertainty in the % ash in Ti0O, measurement.
This uncertainty is estimated to be 98.7% =+ 0.1% ash (or 0.987 + 0.001 expressed as a mass
fraction) in the ash content measurement times 91.65 Lb TiOy/Drum [from Table III, column

(6)], or:

# Ash (Lb ash/Drum) = (91.65 Lb TiOy/Drum) x (& 0.001 Lb ash/Lb TiO;)
=4 0.09165 Lb ash/Drum.

The total estimated uncertainty in the mass of ash per drum from the TiO, is then £ 0.1509 Lb
ash/Drum (e.g., & 0.0592 Lb ash/Drum + 0.09165 Lb ash/Drum = + 0.1509 Lb ash/Drum).

Note: Consistent with the assumption that second-order uncertainties can be ignored, these two
first-order uncertainties are simply added. The validity of this assumption is demonstrated below.
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3. The measurement uncertainty in the weight of TiO; per drum: Following the logic [and the
TiO, related math] of step 2(a) above, the weight measurement uncertainty in the quantity of TiO;
added to each drum is estimated as follows:

+ TiO; (Lb ash/Drum) = 2 [two weight measurements per TiQO, sub-batch]

x 3 [three sub-batches/drum]
X £ 0.01 Lb [the uncertainty per weight measurement]

Then, following the format of step | above:
TiO»/Drum = 91.65 Lb + 0.06 Lb TiOs/Drum.

4. The uncertainty in the ash contribution from the dispersing agent: Following the logic of
step 2 above, this uncertainty is estimated as the sum of:

(a) the uncertainty in the DA content per drum (+ 0.08 Lb DA [from the fourth column from
the left in Table 11] divided by the number of DM drums produced in this DM lot [19
drams]) x (0.5296 Lb ash/Lb DA), or:

+ Ash (Lb ash/Drum) = (£ 0.08 Lb DA/19 Drums) x (0.5296 Lb ash/Lb DA)
== (1.0022 Lb ash/Drum, and

(b) the uncertainty in the weight loss on ignition measurement which was estimated at 52.96
% £ 0.1 % (or 0.5296 + 0.001 expressed as a mass fraction) times 8.12 Lb DA/Drum

[From Table IIT, column (8)]), or:

+ Ash (Lb ash/Drum) = (+ 0.001 Lb ash/Lb DA) x (8.12 Lb DA/Drum)
=+ 0.00812 Lb ash/Drum.

The total ash contribution from DA is + 0.0103 Lb ash/Drum (+ 0.0022 Lb + 0.00812 Lb
ash/Drum).

Uncertainty in the Total Ash Content per Drum:

The uncertainty in the total ash content per drum is then:

Ash Content Uncertainty from TiQ, =+0.1509 Lb ash/Drum
Ash Content Uncertainty from DA =+0.0103 _Lb ash/Drum
Total Ash Content Uncertainty ==+0.1612 Lb ash/Drum

The uncertainty in ash concentration (expressed on a wt% basis) is estimated as follows (Drum #] is
used as an example):

Uncertainty in wi% Ash = + 0.1612 Lb ash/Drum x 100%
(283.97 £ 0.2 Lb DM/Drum) + (91.65 £ 0.06 Lb TiO»/Drum)

Note that wt% uncertainty is maximized when the DM weight is assumed to be the indicated weight
minus the measurement uncertainty. [The smaller DM weight will minimize the denominator which in
turn maximizes the wt% uncertainty.] Therefore, the maximum:
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Positive Uncertainty in wt% Ash = +0.1612 Lb ash X 100% =+ 0.0429 wt % ash.
(283.77Lb + 91.71" Lb)

Negative Uncertainty in wt% Ash = - 0.1612 Lb ash X 100% =- 0.0429 wt % ash.
(283.77Lb + 91.59" Lb)

Thus, the TiO, Dispersion is 25.23% + 0.0429% which was revised upward to 25.23% + 0.045% to
compensate for the minor drum to drum ash concentration difference described in Table III, footnote 4.

Certification of Composition for the TiQ, Dispersion:

Based on this information, a Certification of Composition (CoC) for the TiO, Dispersion was prepared
(Sce Fig. 1 for a highly abbreviated version of the TiO; Dispersion CoC).

Fig. 1 CERTIFICATE OF COMPOSITION: TiO, DISPERSION (Highly Abbreviated Format)
Product: TiO, DISPERSION
Composition: Total Ash: 25.23 wt %'

CERTIFICATION OF COMPOSITION:
I hereby certify that the composition information provided above and in the footnote is true and accurate to the
best of my knowledge and belief.

Signed:

W.R. (Bill} Schofield, PhD, PE Date
ESS Project Manager

Footnotes:
' Based on an anatysis of:
(a) the measurement uncertainty of weigh scales uscd to produce this material,
(b) the raw materigl composition information provided by the manufacturers, and
(c) the procedures which ESS used to produce this material;
I have concluded that the composition of this TiO, dispersion is 25.23% % 0.045 wi% ash.

Demonstrating the Validity of the Assumption that Second-Order Uncertainties Can Be Ignored

This analysis of measurement uncertainty is partially based on the assumption that second-order
uncertainties can be ignored. Using the first-order uncertainties calculated above, we can demonstrate the
validity of this assumption. For example, we demonstrated above that the uncertainty in the quantity of
ash from TiO: (1) due to weight measurement uncertaintics was + 0.0592 Lb ash/Drum, and (2) due to
ash concentration measurement uncertainty was % 0.09165 Lb ash/Drum. We will now calculate the
second-order ash content uncertainty due to both TiQ, weight measurement uncertainty and ash
concentration uncertainty as follows:

+ Ash (Lb ash/Drum) = [( 0.0592 Lb ash/Drum)/(0.987 Lb ash/Lb TiO,)] x (£ 0.001 Lb Ash/Lb
TiO;)
= [£0.0600 Lb TiO,/Drum] x (x 0.001 Lb Ash/Lb TiO,)

= £ 0.00006 Lb Ash/Drum
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Obviously, an uncertainty of 6 parts in 100,000 parts is not significant even in the HWC Testing context.
Similarly insignificant results would occur with other second-order uncertainties, simply due to the very
small first-order uncertainties present,

PREPARATION OF SPIKING MATERIALS: NAPHTHALENE IN TOLUENE SOLUTION

This section provides: (1) a description of the Naphthalene in Toluene Solution preparation procedure, (2)
the calculation procedure for determining Naphthalene and Toluene Concentrations and the calculated
results, (3) the calculation procedure for estimating uncertainties in the apparent Naphthalene and Toluene
Concentrations and the calculated results, and (4) the Certification of Composition for the Naphthalene in

Toluene Solution.
Naphthalene in Toluene Solution Preparation Procedure (Summarized):

1. Setup and Calibrate the 50.00 Lb + 0.01 Lb, and 1,000.0 Lb + 0.1 Lb weigh scales using NIST
Traceable Weight Standards;

2. Number fourteen (14) closed top “DOT” drums as Drum #1 through Drum #14;

3. Prepare fourteen (14) numbered batches (numbered I through 14) of 100.71 Lb of Naphthalene
Flake. Weigh each batch on the 50.00 Lb bench scale as four sub-batches in sealed containers
which are numbered as 1A, 1B, 1C, and 1D; through 14A, 14B, 14C, and 14D. Weigh each
container before (tare weight) and after (gross weight) adding the Naphthalene and record the
weights;

4. Weigh each drum and record the tare weight;

5. Add each Naphthalene sub-batch to the corresponding numbered closed top drum;

6. Weigh each drum after adding the Naphthalene and record the weight;

7. Add 272.3 Lb of Toluene to each drum and record the weight;

8. Mix the Naphthalene and Toluene contents of each drum thoroughly; and

9. Tightly seal, label and prepare each drum for shipment to the test site.
Calculation of Naphthalene Concentrations:
Table IV below provides the measured or indicated™ weights of cach batch of Naphthalene, and the
Toluene added to each drum; the estimated measurement uncertainty associated with each weigh scale
reading (indication of weight); the Naphthalene purity (per the Manufacturer’s Certificate of Analysis for
the lot of Naphthalene used); and the calculated apparent or indicated Naphthalene concentration (wi%e,
assuming all weight measurements are accurate), as well as the cumulative Naphthalene concentrations
uncertainty (based on the cumulative uncertainties assuming that each measurement was made with the
maximum [error] measurement uncertainty and with the direction of each measurement uncertainty

[error] which would result in largest increased” or decreased” concentrations, respectively, e.g., which
would result in the maximum cumulative uncertainty).
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Table IV Composition of Naphthalene in Toluene Solution by Drum

IT3-103

Nap Indicated Scale Indicated Scale Nap Purity
Batch # Nap . .1 Toluene . . 1| Correction,
& Weight, Uncertainty’, Weight, Uncertainty ', Mass Wi
+Lb +Lb : t% Naphthalene
Drum # Lh/Batch Lb/Drum Fraction Indicated Min? Mad
1 100.71 +0.01 2723 £ 0.1 0.9985 26.96 26.929 26.989
2 160.71 + (.01 272.3 0.1 0.9985 26.96 26.929 26.989
3 100.71 *0.01 2723 0.1 0.9985 26.96 26.929 26.989
4 100.71 +{.01 2723 +0.1 0.9985 26.96 26.929 26.989
5 100.71 +0.01 2723 +0.1 0.99835 26.96 26.929 26.989
0 100.71 +0.01 272.3 +0.1 0.9985 26.96 26.929 26.989
7 100.71 +0.01 272.5 0.1 0.9985 26.944 26914 26.974
i 100.71 £ 0.0] 2723 +0.1 0.9985 26.96 20.929 26.989
9 100.71 +0.01 2723 +0.1 0.9985 26.96 26929 26.989
10 100.71 +0.01 2723 +0.1 0.9985 26.96 26.929 26.989
11 100.71 +0.01 2723 + 0.1 0.9985 26.96 26.929 26.989
12 100.71 + (.01 2723 +0.1 0.9985 26.96 26.929 26.989
13 140.71 * (.01 2723 + 0,1 0.9985 26.96 26.929 26.989
i4 100.71 + (.01 2723 +0.1 0.9985 26.96 26.929 26.989
Average 100.71 + 0.01 272.31 +0.1 0.9985 26.958 26.928 26,988
Footnotes:

1. Estimated measurement uncertainty for a single weight measurement on the weigh scale used.
2. The following assumplions were made in estimating the maximum Naphthalene coneentration for a given drunt:

All four Naphthalene tarc Weights were assumed to be smaller by the scale measurement uncertainty,

All four Naphthalene gross weights were assumed larger,
The Toluene tare weight (drum + Naphthalenc) was assumed larger, and
The Toluene gross weight was assumed smaller.
In Toto, these worst casc assumptions result in the Naphthalene weight being 0.08 Lb larger than indicated wetght and the Toluene weight being 0.2 Lb
smaller than the indicated weights. These assumptions resulted in the maximum Naphthalene concentration. The opposite assumptions would produce
the minimum Naphthalene concentration. See Table V for further explanation.

Estimated Uncertainty in the Average Naphthalene Concentration:

Table V below describes the computational method and information used to estimate the concentration
uncertainty for Naphthalene in the Naphthalene in Toluene Solution.
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Certificate of Composition Naphthalene in Toluene Solution

Based on the information provided herein, the Certificate of Composition (CoC) for the Naphthalene in
Toluene Solution was prepared (See Fig. 2 for a highly abbreviated version of the Naphthalene in Toluene
Solution CoC).

Fig. 2 CERTIFICATE OF COMPOSITION: NAPHTHALENE IN TOLUENE SOLUTION
(Highly Abbreviated Format)

Product: Naphthalene in Toluene Solufion
Composition; Naphthalene': 26.96 wt %
Toluene': 72.95 wt Yo

CERTIFICATION OF COMFPOSITION:
I hereby certify that the composition information provided above and in the footnote is true and aceurate to the
best of my knowledge and belicf.

Signed:

W.R. (Bill) Schofield, PhD, PE Date
ESS Project Manager

Footnotes:

' Based on an analysis of:
(a) the measurement uncertainty of the weigh scales used to produce this material,
(b} the Naphthalene and Toluene manufacturers’ Certifications of Analysis, and
(c) the procedures which were used to produce this material,

I have concluded that the composition of the Naphthalene in Toluene Solution is:

(a) Naphthalene = 26.96 wt % + 0.045 wt %, and
{b) Taluene = 72.95 wit % + 0.045 wt %.

IMPACT OF COMPOSITION UNCERTAINTY ON ABSOLUTE AND RELATIVE SPIKING
RATE UNCERTAINTY

The impact of compositional uncertainty discussed above on the Species (S) spiking rate uncertainty was
calculated on two bases:

1. Absolute Species (S) Spiking Rate Uncertainty, + Lb $/Hr, and

2. Relative Species Spiking Rate Uncertainty [uncertainty expressed as a % of the indicated spiking
rate, £ %RU].

The results are presented in Table Vi and summarized as follows:

Spiking Rate, Specie Spiking Rate Uncertainty:
Spiking Specie (S) Lb S/Hr Absolute Uncertainty, =Lb S/Hr Relative Uncertainty, £% RU
Ash 14.12 + 0.0064 Lb Ash/Hr + 0.045% RU
Naphthalene 26.52 + 0.0119 Lb Nap/Hr + 0.045% RU
Toluene 67.54 + 0.0323 Lb Toluene/Hr + 0.045% RU
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Table VII Effect of Compesition Uncertainty Associated with the Laboratory Standard Method on
Specie Spiking Rate Uncertainty

Effect of Compesition Uncertainty on:
Spiking Mass/Run: Apparent Absolute Specie Spiking Rate [Relative Specie Spiking Rate
Specie, Material Specie Spiking Rate, Uncertainty, Uncertainty,
(8 £Lb | +% xLh | % Lb S/Hr +Lb S/Hr + % RU
Ash! 0.2 0.18 0.05 0.18 14.12 + 0.0064 Lb/Hr + 0.045 %RU
Nap® 0.2 0.06 0.06 0.06 26.52 + 0.0119 Lb/Hr + 0.045 %RU
Taluene’ (.2 0.08 0.15 0.08 67.54 +0,0323 Lb/Hr + 0.045 %RU

1. Total Ash has an indicated composition of 25.23 wt % + 0.045 wt % in 110.49 Lb TiO, Dispersicn/Run (Table IIT)
2. Naphthalene has an indicated composition of 26.96 wi % £ 0.045 wt % in 317.96 Lb Nap Sol/Run (Table V)
3. Toluene has an indicated composition of 72.95 wt % + 0.045 w % in 246.88 Lb Nagp Solution/Run (Table VI)

Inspection of these results indicates that the compositional uncertainty associated with the laboratory
standard method of demonstrating spiking material composition resulted in very modest spiking rate
uncertainties whether on an absolute and relative uncertainty basis.

COMPARISON OF Laboratory Standard Method AND Sample and Analyze Method
UNCERTAINTIES

In order to complete this analysis by comparing the uncertainties associated with the laboratory standard
method to the corresponding uncertainties associated with the sample and analyze method, it is first
necessary to estimate the measurement uncertainties associated with the analytical methods (SW846 or
similar methods) which are most likely to be used to determine the composition of spiking materials in a
HWC Test context.

Three approaches were utilized to estimate measurement uncertainties of the applicable SW846 (&
ASTM) Methods:

1. Reviewing a recent, Agency approved QAPP for guidance using the acceptable analyte recovery
range for a given method in duplicate spiked samples,

2. Reviewing Agency Guidance, specifically QA Objectives for method accuracy (defined for a
given method as the acceptable analyte recovery range in duplicate spiked samples), and

3. Polling Analytical/Trial Burn Experts for opinions based on experience.

Table VIII summarizes the results of that effort.

Table VIII Estimated Measurement Uncertainties for Selected Analytical Methods

Spiking: Analytical Source of Method Uncertainéy Estimates:
Specie Ma(erial Method' Recent QAPP(2) | Guidance(3)> | Expert Opinion(d)®
Ash TiQ, Dispersion ASTM D-482 + 10 % +25% NA
Metals Dispersion or Solution 6010 & 7470 +30 % +30% 6-41 %
Naphthalene Nap & Toluene Solution 8270 -90 to -54,+50 % + 50 % 6-40 %
Toluene Nap & Toluene Solution 8260 -50, +30 % + 50 % 10 - 36 %
Fooinotes: 1. W 846 unless otherwise noted.

2. Reference (3}, QA Objectives for TB, Table III-1, Process Samples.
3. Reference (4), based an low [analyte concentration] level sample analysis.
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Inspection of Table VIII prompts three significant observations:
1. There is a relatively wide range within the measurement uncertainty estimates;

2. The expert opinion estimates of measurement uncertainty are based on low [analyte
concentration] level analyses and, as such, probably under state the measurement uncertainty
which would be present with analysis of high level spiking material samples. Conversely, the
QAPP and Guidance estimates are based on a wide range of analytical laboratories and, as a
result, probably over state uncertainties associated with analytical results from a laboratory with a
strong QA/QC Program; and

3. The level of measurement uncertainty associated with each of these analytical methods (sample
and analyze method) is at least two (2) orders of magnitude larger than the measurement
uncertainty associated with the laboratory standard method (e.g., * 5% vs. % 0.045%).

As a result of the last observation, no further effort was invested to refine the measurement uncertainty for
the analytical methods. As a result of the first two observations, the following method specific
measurement uncertainties were, somewhat arbitrarily, selected:

Method Analyte Uﬁiﬁ:{::;fzz v
ASTM D-482 Ash + 10%
SW8a46 8270 Naphthalene + 30%
SW846 8260 Toluene + 30%

These measurement uncertainty estimates were used to calculate the absolute and relative spiking rate
uncertainties on the same case study basis and with the results were summarized in Table IX, below.

Table IX Effect of Compositional Uncertainty Associated with the Sample & Analyze Method on

Specie Spiking Rate
Spiking Specie, J?p_parent Est'ed Meas].lrement Absolute Spil.(ing Relative Spilfing
S) Spiking Rate, Uncertainty, Rate Uncertainty, Rate Uncertainty,
Lb S/Hr + % + Lb S/Hr + %RU
Ash 14.12 Lb/Hr + 10% + 1.41 Lb Ash/Hr + 10%RU
Naphthalene 26.52 Lb/Hr +30% + 7.96 Lb Nap/Hr + 30%RU
Toluene 07.54 Lb/Hr + 30% + 20.3 Lb Toluene/Hr + 30%RU

The absolute and relative specie spiking rate uncertainties based on the laboratory standard method and
the sample and analyze method were then taken from Tables VIT & TX, respectively, and compiled as a
comparison in Table X. Inspection of Table X reveals significantly larger spiking rate uncertainties with
the sample and analyze method than the laboratory standard method for all species and on both absolute
and relative uncertainty bases.

Table X Comparison of Spiking Rate Uncertainties Associated with the Laboratory Standard
and Sample & Analyze Methods

Spiking Specie Specie Spiking Rate Uncertainty
(S) ’ Abselute Uncertainty, + Lb S/Hr Relative Uncerfainty (RU), £ %RU
Laboratory Standard Sample & Analyze Laboratory Standard Sample & Analyze
Ash +0.0064 Lb Ash Hr + 1.41 Lb Ash /Hr + 0.045%RU + 10%RU
Naphthalene + 0.0119 Lb Nap/Hr + 7.96 Lb Nap/Hr + 0.045%RU + 30%RU
Toluene + (.0323 L.b Toluene /Hr + 20.3 Lb Toluene /Hy + (.045%RU + 30%RU
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Independent Assurance of Spiking Material Composition while Using the Laboratory Standard
Method:

If there are regulatorily sensitive circumstances or other reasons that spiking material composition must
be independently verified, the authors propose the following approach which would incur little or no
additional cost compared to typical commercial analytical costs for GC/MS &/or ICP/CVAA analyses.
The proposed approach would provide for the agency hiring a qualified, independent Professional
Engineer (PE, or similar independent technically qualified individual) based near the material preparer’s
facility to observe the materials being prepared including ali materials packages being opened, all
measurement equipment being calibrated and all measurements being made and recorded, the Certificates
of Analyses (CoAs) for all of the raw materials used, and the placement of a seal on all openings of the
finished materials shipping containers, if required, and to obtain copies of all records related to the
composition of the spiking materials including but not limited to: (1) calibration procedures for all
measurement instrument/equipment, traceability of all standards used, and all applicable calibration
records, (2) CoAs for all raw materials used, (3) all applicable material preparation procedures and
measurement results, (4) all calculations based on the calibrations, standards, measurements, and
procedures used to determine the spiking material composition, and (5) the PE’s notes related to his/her
observation of the materials being made, containerized, and sealed prior to shipment.

CONCLUSIONS
As a result of the information provided herein the authors have derived the following conclusions:

1. The compositional uncertainty of the two spiking materials prepared for the Case Study Trial -
Bum using the laboratory standard method as well as the impact of this compositional
uncertainfy on spiking rate are very modest (e.g., £ 0.045 wt% for each of the three spiking
species: Ash, Naphthalene, and Toluene).

2. The laboratory standard method of demonstrating spiking material composition provides a much
smaller uncertainty (by at least two orders of magnitude) in terms of both spiking material
composition and spiking rate than is cinrently possible with the sample and analyze method due
to inherent limitations/uncertainties of the current complex analytical methods. This uncertainty
advantage is expected to remain even if analytical methods designed for high level samples were
used, due to the very large magnitude of the uncertainty advantage compared to low level
methods, and since all of the analytical method uncertainties remain with high level methods
except those associated with sampie dilutions.

3. Should there be sensitive regulatorily or other circumstances which make independent
verification of spiking material composition mandatory, the use of an independent, technically
qualified observer to confirm the details of the spiking material preparation using the laboratory

standard method would be a logistically and economically viable alternative to the far less
accurate sample and analyze method.
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As used herein Spiking Material (M) refers to the material which is actually spiked, i.e., a metal solution, a TiQ, andfor metal
dispersion, and/or an individual or a mixture of POHCs. Spiking Species (S) refers to the portion of the Spiking Material which
is of specific interest in meeting the test objectives, i.e., individual metals, ash, individual POHCs, CI', etc.

The weight of TiO, per drum assuming that the gross weight measurements for each of the three TiQ, sub-batches were higher
than indicated weight by an amount equal to the full uncerfainty, and all net weight measurements for TiO, were less by the full
uncertainty, which yields a guantity of TiO. = 91.65 + 0.06 = 81.71 Lb TiOx/Drum.

The Lb TiO, /drum based on the opposite assumpticns to footnote ii above, which yields TiO. = 91.65 - 0.06 = 91.59 Lb.
TiOx/Drum,

The term “indicated” as used within herein refers to the apparent weight or weight percent of a substance as “indicated” on the
digital readout devices (digital indicators) employed in this work.

The following assumptions were made in estimating the maximum Naphthalene concentration (e.g., the cumulative positive
uncertainty) for a given drum:

All four Naphthalene tare weights were assumed to be smaller than the indicated weight by the full measurement

uncertainty,

All four Naphthalene gross weights were assumed larger,
The Toluene tare weight {drum + Naphthalene) was assumed larger, and
The Toluene gross weight was assumed smalier.
In toto, this series of wors! case assumptions results in the Naphthalene weight being 0.08 Lb larger than indicated and the
Toluene weight being 0.2 Lb smaller than the indicated weights. These assumptions resulted in the maximum Naphthalene
concentration. The opposite assumptions would produce the minimum Naphthalene concentration. See Table V for further

explanation
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THE EFFECT OF MEASUREMENT UNCERTAINTY ON SPIKING MATERIAL
COMPOSITION AND SPIKING RATE UNCERTAINTIES
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LaPorte, Texas 77571

Anthony R. Eicher
Focus Environmental, Inc.
Knoxville, Tennessee 37923

Sean O’Brien
TRC Environmental Corporation
Houston, Texas 77043

ABSTRACT

It is not unusual for an agency, a client, or even a supplier of spiking materials to assert without
Justification that the only way to “know” the composition of a spiking material is through sampling and
analysis of that spiking material. While this approach [which will be identified herein as the sample and
analyze method) offers the advantage of determining composition independently of the spiking material
supplier, it suffers the disadvantage of large measurement uncertaintics resulting from inherent limitations
in the analytical methods employed. However, there is another, fundamentally different, approach which
is based on long standing principles of analytical chemistry and provides spiking material compositions
with significantly smaller uncertainties. Conceptually, this approach is analogous to an analytical chemist
preparing a laboratory standard for calibrating a sensitive analytical instrument. This approach, which
will be identified herein as the laboratory standard method for preparing spiking materials, provides very
accurate spiking specie concentrations.

Estimates of compositional uncertainty with the laboratory standard method developed herein are based
on: (1) the test-specific details of a Case Study (e.g., a 2003 TB conducted at a private, US based HWC
Unit), and (2} a series of worst case assumptions rélated to both the magnitude and direction of individual
measurement uncertainties to produce the largest cumulative compositional uncertainty. Conversely, the
assumption was made that no blatant operator mistakes were made since: (1) all measurements affecting
composition were straight forward weight measurements using non-interpretive digital indicators, (2) the
material preparation procedures were simple, and clear, (3) the documentation and record keeping
procedures used were thorough, comprehensive, and consistently followed; and (4) the preparation
procedure had buili-in cross checks which included the utilization of two independent measurement
observers and data recorders for most measurements. The premises on which the uncertainty analysis is
based are explicitly identified, and rationales provided for their validity in the HWC Spiking context.
Also, due to the small magnitude of all first-order uncertainties, second order uncertainties were ignored.
Using first-order uncertainties developed for the case study example, the validity of this assumption was
demonstrated.

The compositional uncertainty with the laborarory standard method is smaller {e.g., on the order of £
0.1%) than is possible with the sample and analyze method using commercially available analytical
methods. Depending on the method, matrix, and specie, the measurement uncertainty with commercially
available analytical methods could vary from £ 5% up to  50%, assuming no uncertainty associated with
sample collection and preparation.
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This paper: (1} describes the spiking material preparation procedures used, (2) develops the apparent
conceniration of each spiking specie using the laboratory standard method, (3) describes the calculation
procedures used to estimate uncertainty and presents the resulting estimates of uncertainty of spiking
specie concentrations, (4) presents the impact of compositional uncertainty on spiking rate uncertainty,
(5) estimates measurement uncertainty for the analytical methods most likely used to analyze spiking
material composition in a HWC testing context, (6) presents the resulting impact on spiking rate, (7)
presents a comparison of the composition and spiking rate uncertainties based on the laboratory standard
method to those based on the sample and analyze method, and (8) proposes an approach for verifying
spiking material composition independently of the material preparation firm should that be required in a
reguiatorily sensitive circumstance.

INTRODUCTION AND BACKGROUND

It is not unusual for an agency, a client, or even a supplier of spiking materials to assert that the only way
to “know™ the composition of a spiking material {e.g., a metal solution, an organic solution, a dispersion,
and/or a “neat” POHC) is through sampling and analysis of that spiking material. While this approach
[which will be identified herein as the sample and analyze method)] offers the advantage of determining
composition independently of the spiking material supplier, it suffers the disadvantage of large
measurement uncertainties resulting from inherent limitations in the analytical methods employed.
However, there is another, fundamentally different, approach which is based on long standing principles
of analytical chemistry and provides spiking material compositions with significantly smaller
uncertainties.

Conceptually, this approach is analogous to an analytical chemist preparing a laboratory standard for
calibrating a sensitive analytical instrument and requires that one:

1. Know, with as much accuracy as possible, the purity of each reagent used in the preparation of a
laboratory standard; especially as it relates to the chemical specie to be analyzed;

2. Use highly accurate, and carefully maintained measuring devices which are calibrated prior to use
with NIST traceable standards; and

3. Maintain careful records for each step in the preparation of the laboratory standard.

This approach, which will be identificd herein as the laboratory standard method for preparing spiking
materials, provides very accurate spiking specie concentrations. The concentration uncertainty with this
approach is smaller {e.g.. on the order of £ 0.1%) than is possible with commercially available analytical
methods (i.e., which, depending on the method, matrix, and specie could vary from + 5% up to + 50%
without consideration of possible sample collection and preparation uncertainties).

Large concentration uncertainties are especially likely in spiking applications in which the use of SW846
and similar “low [analyte concentration] level” methods is required. As a result of large dilutions, these
methods are generally not suitable for obtaining highly accurate analyses of the high analyte
concentrations frequently encountered with spiking materials. Further, the laboratory standard method is
expected to have smaller uncertainties than commercially available analytical methods which have been
designed for analysis of samples with high analyte concentrations, due to the very large magnitude of the
uncertainty advantage compared to low level methods, and since all of the analytical method uncertainties
remain with high level methods except those associated with sample dilutions.

Estimates of compositional uncertainty with the laborarory standard method developed herein are based
on: (1) the test-specific details of a Case Study (e.g., a 2003 TB conducted at a private, US based HWC
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Unit}, and (2) a serics of worst case assumptions related to both the magnitude and direction of individual
measurement uncertainties to produce the largest possible cumulative compositional uncertainty.
Conversely, due to fact that: (1) all measurements are made with an absolute measurement method [based
on the most fundamental parameter, ¢.g., gravity = mass, paraphrased from Reference (4)], (2) the use of
non-interpretive digital indicators for all measurements, (3) the simplicity and clarity of the material
preparation procedures used, (4) the use of thorough record keeping for each procedural step and
measurement, (5) the experience and training of the personnel weighing the ingredients and preparing the
finished spiking materials, and (6) built-in procedural cross checks including the utilization of two
independent measurement observers and data recorders for most measurements; blatant operator mistakes
are assumed fo not be present. Also, due to the small magnitude of all first-order uncertainties, second
order uncertainties were ignored.

Please note that a significant number of calculations are made in this uncertainty analysis. To avoid
rounding errors and to retain the integrity of the uncertainty estimates developed herein, a relatively large
number of significant figures are carried through the calculations and presented in the tables. The authors
are not claiming the accuracy &/or precision in these figures that would normally be implied by the
standard significant figures rules.

Engineered Spiking Solutions, Inc. (ESS) was retained to provide spiking materials as well as all
necessary spiking equipment, and services for a Trial Burn (TB) which was conducted on a confidential,
non-commercial, HWC Unit during 2003. The spiking materials used were: (1} a TiO; Dispersion (@ a
nominal 25wt% Total Ash), and (2} a Naphthalene in Toluene Solution (@ a nominal 27wt%
Naphthalene). The laboratory standard method was used in the case study with excellent results.

This paper: (1) describes the spiking material preparation procedures used, (2) develops the apparent
concentration of each spiking specie using the laboratory standard method, (3) describes the calculation
procedures used to estimate uncertainty and presents the resulting estimates of uncertainty of spiking
specie concentrations, (4) presents the impact of compositional uncertainty on spiking rate uncertainty,
(3) estimates measurement uncertainty for the analytical methods most likely used to analyze spiking
material composition in a HWC testing context, (6) presenis the resulting impact on spiking rate, (7)
presents a comparison of the composition and spiking rate uncertainties based on the laboratory standard
method to those based on the sample and analyze method, and (8) proposes an approach for verifying
spiking material composition independently of the material preparation firm should that be required in a
regulatorily sensitive circumstance.

Description of the “Case Study” Trial Burn

The Case Study TB consisted of two Test Conditions (TC) which were defined as follows: (1) TC #1:
Maximum Waste Feed, and (2) TC #2: Minimum Temperature (DRE). The spiking materials’ consisted
of a 27% Naphthalene in Toluene Solution [Nap Sol] and a 25% TiO, Dispersion. The testing/spiking
schedule is summarized as follows:

Test Condition c ]I:iate d Spiking With:
onducte Nap Sol Dispersion
TC #1 2003 v v
TC #2 2003 v

The spiking function for this TB involved three spiking_sptaciesi (e.g., Total Ash, Naphthalene, and
Toluene) which were contained in two spiking materials' (e.g., TiO, Dispersion and Naphthalene in
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Toluene Solution). The dispersion was used as an ash surrogate with ash contributions from both the
TiQ; (primary) and the proprietary dispersing agent (secondary). The Naphthalene in Toluene Solution
spiking material contained both POHCs, e.g., Naphthalene and Toluene.

Conceptual Basis for the Laboratory Standard Method to Demonstrating Spiking Material

Composition

The laboratory standard method for preparing and demonstrating the composition of spiking materials is
analogous in concept to the approach employed by analytical chemists to prepare a laboratory standard
for use in calibrating sensitive analytical instruments:

1. Make every effort to know, with as much accuracy as possible, the purity of each ingredient used
in the preparation of a spiking material; especially as it relates to the specie being spiked, e.g.
Naphthalene, Toluene, or Total Ash.

2. Have and carefully maintain a range (e.g., 1 Lb, 10 Lb, 50 Lb, 300 Lb, and 1,000 Lb) of highly
accurate (Measurement Uncertainty = £ 0.01% of Full Scale Capacity, or better) weigh scales for
accurately determining the quantity of each ingredient used. Use the most accurate (smallest)
scale practical for a given application. Calibrate each scale with NIST traceable weight standards
prior to each use.

3. Carefully record every spiking materials preparation step to facilitate documentation of the
resulting spiking material composition, and QA audits.

Premises [with Supporting Rationales] on which this Uncertainty Analysis Was Based

The following premises were used as a basis for the Uncertainty Analysis provided herein. A rationale
which demonstrates the validity of each premise in the HWC Testing/Spiking context is also provided:

1. Premise:

Rationale:

2. Premise:

Rationale:

No Chemical reactions will occur between the raw materials used to prepare a
spiking material,

The two spiking materials used in the Case Study Trial Burn (e.g., Naphthalene in a
Toluene solution, & TiO; in a mineral oil based dispersion) are typical of spiking
materials in general, in that they well known in terms of chemistry and have been
successfully used many times over a period of more than a decade. Naphthalene
does not react chemically with toluene. Similarly TiO; and the proprietary
dispersing agent are both chemically inert and furthermore would revert back to the
same ash producing Ti & Si oxides in the combustion chamber if chemical reactions
were to occur. Other systems, such as metal nitrates in an aqueous solution, will
produce a weak nitric acid which could very well react with an unlined steel drum,
will require special containers (lined or plastic drums) to ensure that such reactions
do not occur.

Precipitation of spiking species out of solutions will not occur.

The solubility of the vast majority of spiking species (Naphthalene in Toluene, and
metal salts in aqueous solutions) is well known (Merck Index, Perry’s, etc.), and
have been successfully used many times over a period of more than a decade.
Solutions are never prepared at >90% of saturation (where cost has an impact, such
as a Naphthalene in Toluene solution) and usually <50% of saturation (where there
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3. Premise:

Rationale:
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is essentially no cost impact, such as aqueous solutions). Whenever there is any
uncertainty, metal salts are not combined into the same solution as a means of
ensuring that common ion and similar solubility effects do not bring composition in
doubt.

Vapor Losses will have negligible impact on composition, or can be easily corrected
for.

All solutions are prepared in closed top drums which are kept sealed except when
solute is added and mixed. Almost all spiking material solutions are aqueous
solutions prepared at concentrations which are far from saturation. Thus, mixing
times and associated vapor losses from the closed top drums are modest. For
solutions prepared with higher vapor pressure solvents (e.g., Toluene), the quantity
of vapor losses can be determined (by weight loss) and, if necessary, corrections
made.

Measurement Uncertainty with Weight Measurements

All spiking material quantity measurements [which could affect the composition of the spiking materials
discussed in this paper] were made using two weigh scales: (1) a 50 Lb bench scale, Model #: CQ25R33
manufactured by Ohaus Corporation, and (2) a 1,000 Lb floor scale, Model: Survivor FB2424-1000
manufactured by Rice Lake Weighing Systems. Selected (accuracy related) specifications for both of
these scales are provided in Table I.

Table I Weighing Equipment Specifications

Specification Units “Eﬂh Scale Manufacfurer
Ohaus | Rice Lake
Capacity @ Full Scale (FS) | Lb (Kg) i 50 (25) I 1,000 (500)
Divisions' (d)/FS
NTEP? d/FS 5,000 5,000
Non-NTEPF* d/FS 10,000 10,000
Lb/Division (%FS/d)
NTEP* Lb/d (%FS/d) 0.01 (0.01%) 0.02 (0.02%)
Non-NTEP? Lb/d (3%FS/d) 0.005 (0.005%) 0.01 (0.01%)
Non-Linearity 0.03%FS NA 0.03% FS
Hysterises 0.02% FS NA 0.02% FS

Footnotes: 1. The number of divisions/FS is an indication of scale sensitivity. For example, a division is the

- NTEP is a quasi govemmental organization established to regulate weights and measures used for

smallest weight increment discemable by the weighing system according to a given set of
accuracy, calibration frequency, and environmental condition requizerents.

commercial purposes. NTEP certified equipment has a conservative classification to properly
reflect how measuring equipment may be used in commerce [i.e., infrequently calibrated, handled
roughly, operated in a wide range of environmental conditions) while still providing acceptable
accuracy. For the purposes of weighing ingredients for spiking materials with very frequent
equipment maintenance & calibrations, and in controtled conditions of temperatures and humidity,
the Non-NTEP division count is generally considered to be representative of scale accuracy. This
observation has been confirmed by extensive pre-use and post-used calibration verifications with
NIST traceable standards which consistently demonstrated deviations fron: the standards of <
0.01% or equivalently d/FS > 10,000.




IT53°04 Conference, May 10-14, 2004 Phoenix, Arizona IT3-103

PREPARATION OF SPIKING MATERIALS: TiQ; DISPERSION

This section provides: (1) a description of the TiO, Dispersion preparation procedure, (2) the calculation
procedure for determining Total Ash concentration and the calculated results, (3) the calculation
procedure for estimating uncertainty in the apparent Total Ash concentration and the calculated results,
and (4) the Certification of Composition for the TiQ, Dispersion.

TiO; Dispersion Preparation Procedure (Summarized)

1. Setup and calibrate the 50 Lb % 6.01 Lb, and 1,000 Lb # 0.1 Lb weigh scales using NIST
Traceable Weight Standards;

2. Add Mineral Seal Oil (MSO) to the Dispersion Matrix (DM) blend tank. Weigh each drum
before and after the MSO transfer with the 1,000 Lb weigh scale. Record the drum gross and tare
weights;

3. Weigh out the dispersion agent (DA) in four (4) batches on the 50 Lb £ 0.01 Lb weigh scale.
Record the tare and gross weights;

4. Slowly add the dispersion agent to the biend tank and mix with maximum shear;

5. Weigh out the activator in five (5) batches on the 50 Lb + 0.01 Lb weigh scale. Record the tare
and gross weights;

6. Slowly add the activator to the blend tank and mix with maximum shear until the dispersing
system is fully developed,;

7. Drum off the DM per the Drum Weight Schedule provided. Weigh each numbered DM drum
(Drum # 1-6 for the TiO, Dispersion) before and after adding DM and record the tare and gross
weights;

8. Prepare six (6) batches (numbered 1-6) of TiO, for addition to the corresponding six (6)
numbered drums of the TiO, Dispersion being prepared. Determine the quantity of TiO, in each
batch on the basis of 0.3228 Lb TiO»/L.b DM in the corresponding DM drum. Prepare each batch
of TiO, in three sub-batches, (numbered as 1A, 1B, 1C; 24, 2B,.....6B, 6C), record each tare and
gross weight;

9. Slowly add each TiO, sub-batch to the corresponding drum of DM and shear thoroughly; and

10. Tightly seal, label and prepare each drum for shipment to the test site.
Calculation of Dispersion Matrix (DM) Composition
The DM composition data {e.g., the weights developed in procedure steps 2, 3, & 5 above) were compiled
and summarized in Table II. Table iI provides the DM composition information on weight (Lb}, and
weight percent (wt%) bases with corresponding uncertainty estimates. The term “indicated” as used

herein refers to the apparent weight or weight percent of a substance as “indicated” on the digital readout
devices [indicators] employed in this work.
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Table I Composition of Dispersion Matrix
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DM' #1 Composition By:
Constituent’ Weight, Lb Weight Per Cent, Wi%
Target Indicated Unecertainty’ Target Indicated Unecertainty
MSO! 4,862.00 4,832.70 + 2.60% 94.16 94.12 + (.0506
DA* 146.64 146.94 + 0,087 2.84 2.8618 + 0.0016
Activator 154.91 154,98 +0.10% 3.00 3.6183 + (.0019
Total 5,163.55 5,134.62 + 2,78 100.00 160.00 + 0.0541
Foomotes:

1. DM = Dispersion Matrix, MSO = Mineral Seal Qil, & DA = Dispersing Agent.
2. Basis: A. Obtaining the total MSO weight involved a total of 26 individual weight measurements (e.g., gross and tare weights for 13 drums),
cach with an estimated measurement uncertainty of 0.1 Lb/weight measurement.
B. Obtaining the total DA weight involved a total of 8 individual weight measurements (i.e., tare and gross weights for four batches of
DA), each with an estimated measurement uncertainty of 4: 0.01 Lb/weight measurement.
C. Obtaining the totat Activator weight involved a total of 10 individual weight measurements {i ¢ , tarc and gross weights for five
batches of activator), each with an uncertainty of + 0.01 Lb/weight measurement.
D. Each weight measurement is assumed to have measurement uncertainties in the direction which would produce the largest

cumulative positive or negative uncertainty.

Calculation of the Total Ash Drum Concentrations

The TiO, Dispersion composition data from procedure steps 7 & 8 above, and Table I are summarized in
Table III. Additionally, measured values for ash concentration (mass fraction ash) in the TiO, and the
dispersion agent were provided by their respective manufacturers. These values were used to calculate
the total ash content (expressed as Lb ash/Drum, and wt% ash) for each drum of finished TiO, Dispersion.

Estimated Uncertainty in Total Ash Concentration

The uncertainty in the total ash concentration (wt%) in a given drum is comprised of four primary
components of uncertainty which were estimated as follows:

1. The measurement uncertainty in determining the net weight of Dispersion Matrix (DM) per
drum: This measurement uncertainty is estimated as the sum of the uncertainties in the two [tare
and gross] weight measurements obtained in preparation procedure (step 7 above) and is
calculated as follows:

* DM Uncertainty = 2 [weigh measurements] x & 0.1 Lb DM |[the uncertainty associated with
cach measurement].

Thus, the net weight of the DM present in Drum #1, for example, [see Table III, column (4)], is
estimated to be:

s  DM/Drum =283.97 Lb + (0.2 Lb DM/Drum.
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Table II1 Ti0, Dispersion, Total Ash Concentration
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Indicated DM Wt, Lh/Dr Net Weight, Lb/Drum
Drum Weight , Total Ash,
# Tio, Ig) isp Target | Indicated| 1 pa Total Wit %
Lb/Dr Target | Indicated] Ask® | Indicated| Ash® Ash
' {2) (3) (4) (5) (6 {7 3 9 (10) {11)
| 375.53 283.9 283.9 91.63 91.63 90.44 8.12 4.30 94.74 25.23%
2 375.53 2839 2839 91.63 91.63 90.44 8.12 4.30 94,74 25.23*
3 375.53 2839 283.9 91.63 91.63 90.44 8.12 4.30 94.74 25.23¢
4 375.53 283.9 283.9 91.63 91.63 90.44 812 4.30 94.74 25231
5 376.72 283.9 284.8 91.92 91.92 90.73 8.15 432 95.05 25231
6 374.87 283.9 2834 91.47 91.47 90.28 .11 4.30 94.58 25.234
Ave 375.62 2839 283.97 91.65 91.65 50.46 §.12 4.303 94,77 25.23
Footnotes: Information Sources:

L. The bracketed numbers, i.e. (1), (2) ...(11), in this row signify
the Column nuembers which are used in the calculation
explanations to the right.

1. Values provided in Columns (4) and (6) are based on measured weights.
2. Values provided in Columns (3) and (5) are targets provided in the detailed

dispersion preparation SOP.

2. The TiO; is 98.7 wi% ash based on manufacturer’s CoA. Calculations:
3. The DA is 52.96 wi% ash based on manufacturer’s CoA. 1. Weight TiO,; Disp {Column 2) = Columns {4) + (&)
4. These values range from 25.2283% for Drums #1, 2, 3, & 4; 2. “Ash” content of TiO; (Column 7)= Column (6) x 0.987%.
to 25.2309% for Drum #5; and 25.2301% for Drum #6, for an 3. DA content (Column 8) = Column (4) x 0.0286°
average of 25.2290 wt % and a range of -0.0007 wt % to + 4. Ash content of DA (Column 9) = Column (8) x 0.5296°.
0.0019 wt %. 5. Total Ash{Column 10)= Columns (7) + (9).
5. Mass fraction of DA in DM from Table IL 6. Total Ash, wt % (Colurn 11) = Column (10) + Column (2) x 100%.

2.

The measurement uncertainty in the ash contribution from TiQ,: This uncertainty is
estitnated as the sum of’

(a) the weight measurement uncertainty in the quantity of TiO, added to each drum is estimated
as follows:

+ Ash (Lb ash/Drum) = [two weight measurements per TiQ, sub-batch] x 3 [three
sub-batches/drum] x + 0.01 Lb [the uncertainty per weight
measurement] x 0.987 [the mass fraction of TiQ, which is
ash]

== 0.0592 Lb ash/Drum), and

(b) the uncertainty in the Lb ash/drum due to uncertainty in the % ash in Ti0O, measurement.
This uncertainty is estimated to be 98.7% =+ 0.1% ash (or 0.987 + 0.001 expressed as a mass
fraction) in the ash content measurement times 91.65 Lb TiOy/Drum [from Table III, column

(6)], or:

# Ash (Lb ash/Drum) = (91.65 Lb TiOy/Drum) x (& 0.001 Lb ash/Lb TiO;)
=4 0.09165 Lb ash/Drum.

The total estimated uncertainty in the mass of ash per drum from the TiO, is then £ 0.1509 Lb
ash/Drum (e.g., & 0.0592 Lb ash/Drum + 0.09165 Lb ash/Drum = + 0.1509 Lb ash/Drum).

Note: Consistent with the assumption that second-order uncertainties can be ignored, these two
first-order uncertainties are simply added. The validity of this assumption is demonstrated below.
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3. The measurement uncertainty in the weight of TiO; per drum: Following the logic [and the
TiO, related math] of step 2(a) above, the weight measurement uncertainty in the quantity of TiO;
added to each drum is estimated as follows:

+ TiO; (Lb ash/Drum) = 2 [two weight measurements per TiQO, sub-batch]

x 3 [three sub-batches/drum]
X £ 0.01 Lb [the uncertainty per weight measurement]

Then, following the format of step | above:
TiO»/Drum = 91.65 Lb + 0.06 Lb TiOs/Drum.

4. The uncertainty in the ash contribution from the dispersing agent: Following the logic of
step 2 above, this uncertainty is estimated as the sum of:

(a) the uncertainty in the DA content per drum (+ 0.08 Lb DA [from the fourth column from
the left in Table 11] divided by the number of DM drums produced in this DM lot [19
drams]) x (0.5296 Lb ash/Lb DA), or:

+ Ash (Lb ash/Drum) = (£ 0.08 Lb DA/19 Drums) x (0.5296 Lb ash/Lb DA)
== (1.0022 Lb ash/Drum, and

(b) the uncertainty in the weight loss on ignition measurement which was estimated at 52.96
% £ 0.1 % (or 0.5296 + 0.001 expressed as a mass fraction) times 8.12 Lb DA/Drum

[From Table IIT, column (8)]), or:

+ Ash (Lb ash/Drum) = (+ 0.001 Lb ash/Lb DA) x (8.12 Lb DA/Drum)
=+ 0.00812 Lb ash/Drum.

The total ash contribution from DA is + 0.0103 Lb ash/Drum (+ 0.0022 Lb + 0.00812 Lb
ash/Drum).

Uncertainty in the Total Ash Content per Drum:

The uncertainty in the total ash content per drum is then:

Ash Content Uncertainty from TiQ, =+0.1509 Lb ash/Drum
Ash Content Uncertainty from DA =+0.0103 _Lb ash/Drum
Total Ash Content Uncertainty ==+0.1612 Lb ash/Drum

The uncertainty in ash concentration (expressed on a wt% basis) is estimated as follows (Drum #] is
used as an example):

Uncertainty in wi% Ash = + 0.1612 Lb ash/Drum x 100%
(283.97 £ 0.2 Lb DM/Drum) + (91.65 £ 0.06 Lb TiO»/Drum)

Note that wt% uncertainty is maximized when the DM weight is assumed to be the indicated weight
minus the measurement uncertainty. [The smaller DM weight will minimize the denominator which in
turn maximizes the wt% uncertainty.] Therefore, the maximum:
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Positive Uncertainty in wt% Ash = +0.1612 Lb ash X 100% =+ 0.0429 wt % ash.
(283.77Lb + 91.71" Lb)

Negative Uncertainty in wt% Ash = - 0.1612 Lb ash X 100% =- 0.0429 wt % ash.
(283.77Lb + 91.59" Lb)

Thus, the TiO, Dispersion is 25.23% + 0.0429% which was revised upward to 25.23% + 0.045% to
compensate for the minor drum to drum ash concentration difference described in Table III, footnote 4.

Certification of Composition for the TiQ, Dispersion:

Based on this information, a Certification of Composition (CoC) for the TiO, Dispersion was prepared
(Sce Fig. 1 for a highly abbreviated version of the TiO; Dispersion CoC).

Fig. 1 CERTIFICATE OF COMPOSITION: TiO, DISPERSION (Highly Abbreviated Format)
Product: TiO, DISPERSION
Composition: Total Ash: 25.23 wt %'

CERTIFICATION OF COMPOSITION:
I hereby certify that the composition information provided above and in the footnote is true and accurate to the
best of my knowledge and belief.

Signed:

W.R. (Bill} Schofield, PhD, PE Date
ESS Project Manager

Footnotes:
' Based on an anatysis of:
(a) the measurement uncertainty of weigh scales uscd to produce this material,
(b) the raw materigl composition information provided by the manufacturers, and
(c) the procedures which ESS used to produce this material;
I have concluded that the composition of this TiO, dispersion is 25.23% % 0.045 wi% ash.

Demonstrating the Validity of the Assumption that Second-Order Uncertainties Can Be Ignored

This analysis of measurement uncertainty is partially based on the assumption that second-order
uncertainties can be ignored. Using the first-order uncertainties calculated above, we can demonstrate the
validity of this assumption. For example, we demonstrated above that the uncertainty in the quantity of
ash from TiO: (1) due to weight measurement uncertaintics was + 0.0592 Lb ash/Drum, and (2) due to
ash concentration measurement uncertainty was % 0.09165 Lb ash/Drum. We will now calculate the
second-order ash content uncertainty due to both TiQ, weight measurement uncertainty and ash
concentration uncertainty as follows:

+ Ash (Lb ash/Drum) = [( 0.0592 Lb ash/Drum)/(0.987 Lb ash/Lb TiO,)] x (£ 0.001 Lb Ash/Lb
TiO;)
= [£0.0600 Lb TiO,/Drum] x (x 0.001 Lb Ash/Lb TiO,)

= £ 0.00006 Lb Ash/Drum
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Obviously, an uncertainty of 6 parts in 100,000 parts is not significant even in the HWC Testing context.
Similarly insignificant results would occur with other second-order uncertainties, simply due to the very
small first-order uncertainties present,

PREPARATION OF SPIKING MATERIALS: NAPHTHALENE IN TOLUENE SOLUTION

This section provides: (1) a description of the Naphthalene in Toluene Solution preparation procedure, (2)
the calculation procedure for determining Naphthalene and Toluene Concentrations and the calculated
results, (3) the calculation procedure for estimating uncertainties in the apparent Naphthalene and Toluene
Concentrations and the calculated results, and (4) the Certification of Composition for the Naphthalene in

Toluene Solution.
Naphthalene in Toluene Solution Preparation Procedure (Summarized):

1. Setup and Calibrate the 50.00 Lb + 0.01 Lb, and 1,000.0 Lb + 0.1 Lb weigh scales using NIST
Traceable Weight Standards;

2. Number fourteen (14) closed top “DOT” drums as Drum #1 through Drum #14;

3. Prepare fourteen (14) numbered batches (numbered I through 14) of 100.71 Lb of Naphthalene
Flake. Weigh each batch on the 50.00 Lb bench scale as four sub-batches in sealed containers
which are numbered as 1A, 1B, 1C, and 1D; through 14A, 14B, 14C, and 14D. Weigh each
container before (tare weight) and after (gross weight) adding the Naphthalene and record the
weights;

4. Weigh each drum and record the tare weight;

5. Add each Naphthalene sub-batch to the corresponding numbered closed top drum;

6. Weigh each drum after adding the Naphthalene and record the weight;

7. Add 272.3 Lb of Toluene to each drum and record the weight;

8. Mix the Naphthalene and Toluene contents of each drum thoroughly; and

9. Tightly seal, label and prepare each drum for shipment to the test site.
Calculation of Naphthalene Concentrations:
Table IV below provides the measured or indicated™ weights of cach batch of Naphthalene, and the
Toluene added to each drum; the estimated measurement uncertainty associated with each weigh scale
reading (indication of weight); the Naphthalene purity (per the Manufacturer’s Certificate of Analysis for
the lot of Naphthalene used); and the calculated apparent or indicated Naphthalene concentration (wi%e,
assuming all weight measurements are accurate), as well as the cumulative Naphthalene concentrations
uncertainty (based on the cumulative uncertainties assuming that each measurement was made with the
maximum [error] measurement uncertainty and with the direction of each measurement uncertainty

[error] which would result in largest increased” or decreased” concentrations, respectively, e.g., which
would result in the maximum cumulative uncertainty).
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Table IV Composition of Naphthalene in Toluene Solution by Drum

IT3-103

Nap Indicated Scale Indicated Scale Nap Purity
Batch # Nap . .1 Toluene . . 1| Correction,
& Weight, Uncertainty’, Weight, Uncertainty ', Mass Wi
+Lb +Lb : t% Naphthalene
Drum # Lh/Batch Lb/Drum Fraction Indicated Min? Mad
1 100.71 +0.01 2723 £ 0.1 0.9985 26.96 26.929 26.989
2 160.71 + (.01 272.3 0.1 0.9985 26.96 26.929 26.989
3 100.71 *0.01 2723 0.1 0.9985 26.96 26.929 26.989
4 100.71 +{.01 2723 +0.1 0.9985 26.96 26.929 26.989
5 100.71 +0.01 2723 +0.1 0.99835 26.96 26.929 26.989
0 100.71 +0.01 272.3 +0.1 0.9985 26.96 26.929 26.989
7 100.71 +0.01 272.5 0.1 0.9985 26.944 26914 26.974
i 100.71 £ 0.0] 2723 +0.1 0.9985 26.96 20.929 26.989
9 100.71 +0.01 2723 +0.1 0.9985 26.96 26929 26.989
10 100.71 +0.01 2723 +0.1 0.9985 26.96 26.929 26.989
11 100.71 +0.01 2723 + 0.1 0.9985 26.96 26.929 26.989
12 100.71 + (.01 2723 +0.1 0.9985 26.96 26.929 26.989
13 140.71 * (.01 2723 + 0,1 0.9985 26.96 26.929 26.989
i4 100.71 + (.01 2723 +0.1 0.9985 26.96 26.929 26.989
Average 100.71 + 0.01 272.31 +0.1 0.9985 26.958 26.928 26,988
Footnotes:

1. Estimated measurement uncertainty for a single weight measurement on the weigh scale used.
2. The following assumplions were made in estimating the maximum Naphthalene coneentration for a given drunt:

All four Naphthalene tarc Weights were assumed to be smaller by the scale measurement uncertainty,

All four Naphthalene gross weights were assumed larger,
The Toluene tare weight (drum + Naphthalenc) was assumed larger, and
The Toluene gross weight was assumed smaller.
In Toto, these worst casc assumptions result in the Naphthalene weight being 0.08 Lb larger than indicated wetght and the Toluene weight being 0.2 Lb
smaller than the indicated weights. These assumptions resulted in the maximum Naphthalene concentration. The opposite assumptions would produce
the minimum Naphthalene concentration. See Table V for further explanation.

Estimated Uncertainty in the Average Naphthalene Concentration:

Table V below describes the computational method and information used to estimate the concentration
uncertainty for Naphthalene in the Naphthalene in Toluene Solution.
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Certificate of Composition Naphthalene in Toluene Solution

Based on the information provided herein, the Certificate of Composition (CoC) for the Naphthalene in
Toluene Solution was prepared (See Fig. 2 for a highly abbreviated version of the Naphthalene in Toluene
Solution CoC).

Fig. 2 CERTIFICATE OF COMPOSITION: NAPHTHALENE IN TOLUENE SOLUTION
(Highly Abbreviated Format)

Product: Naphthalene in Toluene Solufion
Composition; Naphthalene': 26.96 wt %
Toluene': 72.95 wt Yo

CERTIFICATION OF COMFPOSITION:
I hereby certify that the composition information provided above and in the footnote is true and aceurate to the
best of my knowledge and belicf.

Signed:

W.R. (Bill) Schofield, PhD, PE Date
ESS Project Manager

Footnotes:

' Based on an analysis of:
(a) the measurement uncertainty of the weigh scales used to produce this material,
(b} the Naphthalene and Toluene manufacturers’ Certifications of Analysis, and
(c) the procedures which were used to produce this material,

I have concluded that the composition of the Naphthalene in Toluene Solution is:

(a) Naphthalene = 26.96 wt % + 0.045 wt %, and
{b) Taluene = 72.95 wit % + 0.045 wt %.

IMPACT OF COMPOSITION UNCERTAINTY ON ABSOLUTE AND RELATIVE SPIKING
RATE UNCERTAINTY

The impact of compositional uncertainty discussed above on the Species (S) spiking rate uncertainty was
calculated on two bases:

1. Absolute Species (S) Spiking Rate Uncertainty, + Lb $/Hr, and

2. Relative Species Spiking Rate Uncertainty [uncertainty expressed as a % of the indicated spiking
rate, £ %RU].

The results are presented in Table Vi and summarized as follows:

Spiking Rate, Specie Spiking Rate Uncertainty:
Spiking Specie (S) Lb S/Hr Absolute Uncertainty, =Lb S/Hr Relative Uncertainty, £% RU
Ash 14.12 + 0.0064 Lb Ash/Hr + 0.045% RU
Naphthalene 26.52 + 0.0119 Lb Nap/Hr + 0.045% RU
Toluene 67.54 + 0.0323 Lb Toluene/Hr + 0.045% RU
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Table VII Effect of Compesition Uncertainty Associated with the Laboratory Standard Method on
Specie Spiking Rate Uncertainty

Effect of Compesition Uncertainty on:
Spiking Mass/Run: Apparent Absolute Specie Spiking Rate [Relative Specie Spiking Rate
Specie, Material Specie Spiking Rate, Uncertainty, Uncertainty,
(8 £Lb | +% xLh | % Lb S/Hr +Lb S/Hr + % RU
Ash! 0.2 0.18 0.05 0.18 14.12 + 0.0064 Lb/Hr + 0.045 %RU
Nap® 0.2 0.06 0.06 0.06 26.52 + 0.0119 Lb/Hr + 0.045 %RU
Taluene’ (.2 0.08 0.15 0.08 67.54 +0,0323 Lb/Hr + 0.045 %RU

1. Total Ash has an indicated composition of 25.23 wt % + 0.045 wt % in 110.49 Lb TiO, Dispersicn/Run (Table IIT)
2. Naphthalene has an indicated composition of 26.96 wi % £ 0.045 wt % in 317.96 Lb Nap Sol/Run (Table V)
3. Toluene has an indicated composition of 72.95 wt % + 0.045 w % in 246.88 Lb Nagp Solution/Run (Table VI)

Inspection of these results indicates that the compositional uncertainty associated with the laboratory
standard method of demonstrating spiking material composition resulted in very modest spiking rate
uncertainties whether on an absolute and relative uncertainty basis.

COMPARISON OF Laboratory Standard Method AND Sample and Analyze Method
UNCERTAINTIES

In order to complete this analysis by comparing the uncertainties associated with the laboratory standard
method to the corresponding uncertainties associated with the sample and analyze method, it is first
necessary to estimate the measurement uncertainties associated with the analytical methods (SW846 or
similar methods) which are most likely to be used to determine the composition of spiking materials in a
HWC Test context.

Three approaches were utilized to estimate measurement uncertainties of the applicable SW846 (&
ASTM) Methods:

1. Reviewing a recent, Agency approved QAPP for guidance using the acceptable analyte recovery
range for a given method in duplicate spiked samples,

2. Reviewing Agency Guidance, specifically QA Objectives for method accuracy (defined for a
given method as the acceptable analyte recovery range in duplicate spiked samples), and

3. Polling Analytical/Trial Burn Experts for opinions based on experience.

Table VIII summarizes the results of that effort.

Table VIII Estimated Measurement Uncertainties for Selected Analytical Methods

Spiking: Analytical Source of Method Uncertainéy Estimates:
Specie Ma(erial Method' Recent QAPP(2) | Guidance(3)> | Expert Opinion(d)®
Ash TiQ, Dispersion ASTM D-482 + 10 % +25% NA
Metals Dispersion or Solution 6010 & 7470 +30 % +30% 6-41 %
Naphthalene Nap & Toluene Solution 8270 -90 to -54,+50 % + 50 % 6-40 %
Toluene Nap & Toluene Solution 8260 -50, +30 % + 50 % 10 - 36 %
Fooinotes: 1. W 846 unless otherwise noted.

2. Reference (3}, QA Objectives for TB, Table III-1, Process Samples.
3. Reference (4), based an low [analyte concentration] level sample analysis.
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Inspection of Table VIII prompts three significant observations:
1. There is a relatively wide range within the measurement uncertainty estimates;

2. The expert opinion estimates of measurement uncertainty are based on low [analyte
concentration] level analyses and, as such, probably under state the measurement uncertainty
which would be present with analysis of high level spiking material samples. Conversely, the
QAPP and Guidance estimates are based on a wide range of analytical laboratories and, as a
result, probably over state uncertainties associated with analytical results from a laboratory with a
strong QA/QC Program; and

3. The level of measurement uncertainty associated with each of these analytical methods (sample
and analyze method) is at least two (2) orders of magnitude larger than the measurement
uncertainty associated with the laboratory standard method (e.g., * 5% vs. % 0.045%).

As a result of the last observation, no further effort was invested to refine the measurement uncertainty for
the analytical methods. As a result of the first two observations, the following method specific
measurement uncertainties were, somewhat arbitrarily, selected:

Method Analyte Uﬁiﬁ:{::;fzz v
ASTM D-482 Ash + 10%
SW8a46 8270 Naphthalene + 30%
SW846 8260 Toluene + 30%

These measurement uncertainty estimates were used to calculate the absolute and relative spiking rate
uncertainties on the same case study basis and with the results were summarized in Table IX, below.

Table IX Effect of Compositional Uncertainty Associated with the Sample & Analyze Method on

Specie Spiking Rate
Spiking Specie, J?p_parent Est'ed Meas].lrement Absolute Spil.(ing Relative Spilfing
S) Spiking Rate, Uncertainty, Rate Uncertainty, Rate Uncertainty,
Lb S/Hr + % + Lb S/Hr + %RU
Ash 14.12 Lb/Hr + 10% + 1.41 Lb Ash/Hr + 10%RU
Naphthalene 26.52 Lb/Hr +30% + 7.96 Lb Nap/Hr + 30%RU
Toluene 07.54 Lb/Hr + 30% + 20.3 Lb Toluene/Hr + 30%RU

The absolute and relative specie spiking rate uncertainties based on the laboratory standard method and
the sample and analyze method were then taken from Tables VIT & TX, respectively, and compiled as a
comparison in Table X. Inspection of Table X reveals significantly larger spiking rate uncertainties with
the sample and analyze method than the laboratory standard method for all species and on both absolute
and relative uncertainty bases.

Table X Comparison of Spiking Rate Uncertainties Associated with the Laboratory Standard
and Sample & Analyze Methods

Spiking Specie Specie Spiking Rate Uncertainty
(S) ’ Abselute Uncertainty, + Lb S/Hr Relative Uncerfainty (RU), £ %RU
Laboratory Standard Sample & Analyze Laboratory Standard Sample & Analyze
Ash +0.0064 Lb Ash Hr + 1.41 Lb Ash /Hr + 0.045%RU + 10%RU
Naphthalene + 0.0119 Lb Nap/Hr + 7.96 Lb Nap/Hr + 0.045%RU + 30%RU
Toluene + (.0323 L.b Toluene /Hr + 20.3 Lb Toluene /Hy + (.045%RU + 30%RU
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Independent Assurance of Spiking Material Composition while Using the Laboratory Standard
Method:

If there are regulatorily sensitive circumstances or other reasons that spiking material composition must
be independently verified, the authors propose the following approach which would incur little or no
additional cost compared to typical commercial analytical costs for GC/MS &/or ICP/CVAA analyses.
The proposed approach would provide for the agency hiring a qualified, independent Professional
Engineer (PE, or similar independent technically qualified individual) based near the material preparer’s
facility to observe the materials being prepared including ali materials packages being opened, all
measurement equipment being calibrated and all measurements being made and recorded, the Certificates
of Analyses (CoAs) for all of the raw materials used, and the placement of a seal on all openings of the
finished materials shipping containers, if required, and to obtain copies of all records related to the
composition of the spiking materials including but not limited to: (1) calibration procedures for all
measurement instrument/equipment, traceability of all standards used, and all applicable calibration
records, (2) CoAs for all raw materials used, (3) all applicable material preparation procedures and
measurement results, (4) all calculations based on the calibrations, standards, measurements, and
procedures used to determine the spiking material composition, and (5) the PE’s notes related to his/her
observation of the materials being made, containerized, and sealed prior to shipment.

CONCLUSIONS
As a result of the information provided herein the authors have derived the following conclusions:

1. The compositional uncertainty of the two spiking materials prepared for the Case Study Trial -
Bum using the laboratory standard method as well as the impact of this compositional
uncertainfy on spiking rate are very modest (e.g., £ 0.045 wt% for each of the three spiking
species: Ash, Naphthalene, and Toluene).

2. The laboratory standard method of demonstrating spiking material composition provides a much
smaller uncertainty (by at least two orders of magnitude) in terms of both spiking material
composition and spiking rate than is cinrently possible with the sample and analyze method due
to inherent limitations/uncertainties of the current complex analytical methods. This uncertainty
advantage is expected to remain even if analytical methods designed for high level samples were
used, due to the very large magnitude of the uncertainty advantage compared to low level
methods, and since all of the analytical method uncertainties remain with high level methods
except those associated with sampie dilutions.

3. Should there be sensitive regulatorily or other circumstances which make independent
verification of spiking material composition mandatory, the use of an independent, technically
qualified observer to confirm the details of the spiking material preparation using the laboratory

standard method would be a logistically and economically viable alternative to the far less
accurate sample and analyze method.
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As used herein Spiking Material (M) refers to the material which is actually spiked, i.e., a metal solution, a TiQ, andfor metal
dispersion, and/or an individual or a mixture of POHCs. Spiking Species (S) refers to the portion of the Spiking Material which
is of specific interest in meeting the test objectives, i.e., individual metals, ash, individual POHCs, CI', etc.

The weight of TiO, per drum assuming that the gross weight measurements for each of the three TiQ, sub-batches were higher
than indicated weight by an amount equal to the full uncerfainty, and all net weight measurements for TiO, were less by the full
uncertainty, which yields a guantity of TiO. = 91.65 + 0.06 = 81.71 Lb TiOx/Drum.

The Lb TiO, /drum based on the opposite assumpticns to footnote ii above, which yields TiO. = 91.65 - 0.06 = 91.59 Lb.
TiOx/Drum,

The term “indicated” as used within herein refers to the apparent weight or weight percent of a substance as “indicated” on the
digital readout devices (digital indicators) employed in this work.

The following assumptions were made in estimating the maximum Naphthalene concentration (e.g., the cumulative positive
uncertainty) for a given drum:

All four Naphthalene tare weights were assumed to be smaller than the indicated weight by the full measurement

uncertainty,

All four Naphthalene gross weights were assumed larger,
The Toluene tare weight {drum + Naphthalene) was assumed larger, and
The Toluene gross weight was assumed smalier.
In toto, this series of wors! case assumptions results in the Naphthalene weight being 0.08 Lb larger than indicated and the
Toluene weight being 0.2 Lb smaller than the indicated weights. These assumptions resulted in the maximum Naphthalene
concentration. The opposite assumptions would produce the minimum Naphthalene concentration. See Table V for further

explanation
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ABSTRACT
Objectives
The objectives of this paper are:

1. To develop estimates for Measurement Uncertainty on a common basis for the two primary field
methods of measuring spiking rate, e.g., weigh cell and mass {low meter technologies;

2. To determine the impact of these measurement uncertainties on field spiking rate and overall

spiking rate uncertainties; and

To compare the combined spiking rate uncertainties due to measurement uncertainties associated

with: (a) spiking material composition, (b) field spiking rate measurement, and (c) spiking

material composition plus field spiking rate measurements.

(9]

Methodology
Estimates of field spiking rate uncertainties are developed on the basis of:

. Case Study Basis for Calculations: The test-specific details of 2 2003 TB [conducted at a private,
US based HWC Unit] are used as a Case Study basis for preparing quantitative comparisons on a
consistent basis.

¢ The two field spiking methods and associated modes of operation considered in this uncertainty
analysis were:
o Weight loss versus time method with manual operation, and
o Mass flow meter method with computer control.

® The Following Assumptions Were Made in Estimating and Propagating Uncertainties:
o For both spiking methods:
* No undetected operator mistakes, equipment/software mal-functions, and/or data
reduction/reporting errors have occurred,
= Second-order uncertainties are not significant, and
*  All spiking materials are uniform in composition throughout the tesi.
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o For the weight loss versus time method:
= Measurement uncertainty can be conservatively estimated based on a series of worst case
conditions concerning both the magnitude and direction of individual measurement
uncertainties, and
* Indeterminative errors are adequately addressed with the conservative approach used to
estimate determinative weight measurement uncertainty,
o For the mass flow meter method:
* The mass flow meter manufacturer’s published specification for equipment accuracy is
an appropriate estimate of field measurement uncertainty, and
= The function (accuracy) of the mass flow meter sensor is not adversely affected by
cotrosion, erosion, and/or uneven spiking material deposition onto the interior surfaces of
the sensor tube.

¢ The compositional uncertainty estimates from a companion paper are combined with the field
spiking rate uncertainties developed herein to produce the overall spiking system uncertainties, as
follows:

Compaositional Uncertainties with the: +  Spiking Rate Uncertainties with the:
Laboratory Standard Method +  Weight Loss versus Time Method

Sample and Analyze Method +  Mass Flow Meter Method

Total System Uncertainty
System #1 Uncertainty

System #2 Uncertainty

[}

Results
Uncertainty comparisons are made for the two systems on three bases:

o Overall spiking system uncertainties associated with spiking material composition uncertainty
alone,

o Overall spiking system uncertainties associated with field spiking rate uncertainty alone, and

o Overall spiking system uncertainties due to the combined impact of both composition and
field spiking rate uncertainties.

INTRODUCTION AND BACKGROUND

A great deal of effort has been expended over the last decade to investigate, understand, and improve the
Quality Assurance (QA) aspects of the sampling and analytical methods used in Hazardous Waste
Combustion (HWC) Risk Burns, Trial Burns, and HWC MACT Comprehensive Performance Tests. To
date a comparable effort has not been made concerning the spiking function in these same tests.
Additionally, conflicting information is being provided by proponents of the two most widely used
methods of demonstrating spiking material composition and of measuring field spiking rates.

Objectives
The objectives of this paper are threefold:

1. To develop estimates for Measurement Uncertainty on a common basis for the two primary field
methods of measuring spiking rate, e.g., weigh cell and mass flow meter technologies;

2. To determine the impact of these measurement uncertainties on field spiking rate and overall
spiking rate uncertainties; and

3. To compare the spiking rate uncertainties due to measurement uncertainties associated with: (a)
spiking material composition, (b) field spiking rate measurement and (c) spiking material
composition plus field spiking rate measurements.
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This paper also examines the effect of measurement uncertainty, imperfect knowledge, and/or error at
each step of the spiking function from the point of sefting a target spiking rate in a test plan, through
spiking material design and preparation, the on-site spiking rate measurement and data collection
functions, and the ultimate reporting of spiking rate results. Each major type of deviation, error, and/or
uncertainty in the spiking function is identified and discussed in the context of the facility owners test
objectives and applicable regulatory requirements.

Methodology: Estimating the Effect of Measurement Uncertainty

The effect of measurement uncertainty on field spiking rate and overall spiking system uncertainties are
estimated on the following basis:

»  Case Study basis for comparisons: The test-specific details of a 2003 TB [conducted at a private,
US based HWC Unit] are used herein as a Case Study for preparing quantitative comparisons on
a consistent basis;

¢ The Two Field Spiking Methods and associated Modes of Operation are used as the primary

subject of this uncertainty analysis:
o Weight loss versus time method with manual operation, and

o Mass flow meter method with computer control.
[While ESS currently deploys computer based technology for spiking system monitoring,
feedback control, data acquisition, archiving, and output; and both mass flow meter and weigh
cell technologies for measuring field spiking rates; the data presented herein were obtained prior
to the mass flow meter and computer control technology becoming operationaliy available.]

* The following Assumptions were made in estimating and propagating uncertainties;
o Fer both spiking methods:

* No undetected operator mistakes, equipment/software mal-functions and/or data
reduction errors have occurred,

= Second-order uncertainties are not significant:
[Because of the very small magnitude of all first-order uncertainties, no second order
uncertainties are considered. The validity of this assumption is demonstrated within the
companion paper (Ref.2), using first-order uncertainties estimates developed for the case
study example], and

* All spiking materials were uniform in composition throughout the test:
[The two spiking materials used in the Case Study (e.g., Naphthalene in a Toluene
solution, & TiO, in a mineral oil based dispersion) are typical of spiking materials, in that
they well known in terms of chemistry and have been successfully used many times over
a period of more than a decade. The solubility of Naphthalene is known and the
Naphthalene in Toluene spiking material is prepared as an unsaturated solution.

While there are reports that some plating or deposition of TiQ, onto the inner surfaces of
tubing can occur, this phenomena would largely occur during the initial equipment
conditioning (pre-test) phase, and the mass of TiO, which could plate out in this case
prior to blocking the relatively short, small diameter (1/2” ID) tubing is very small (<<
0.1 Lb) in comparison to the total quantity of TiO, spiked during a given run (> 100 Lb).]
o For the weight loss versus time method;

* The impact of weight measurement uncertainty on field spiking rate uncertainty can be
estimated based on a series of worst case assumptions related to both the magnitude and
direction of individual measurement uncertainties.
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[The maximum measurement uncertainty together with the direction of each
measurement uncertainty which would produce the largest cumulative field spiking rate
uncertainty are used in all uncertainty propagation calculations. Specifically, weight
measurement uncertainty is estimated on the basis of a large determinative uncertainty (+
U Lb) based on the equipment vendor’s specification of measurement uncertainty,
typically, U = 0.01% of the full scale capacity of the equipment used). This uncertainty
is carried throughout the uncertainty propagation calculations as if it were part of the
weight (W) value (i.e., W was replaced with W £ U Lb). Once the calculation was
completed, the + or - uncertainty directions for U which would result in the largest
cumulative spiking rate uncertainty are selected.], and

* Indeterminative errors are adequately considered with the conservative approach used to
estimate determinative weight measurement uncertainty.

[The magnitude of determinative uncertainty (£ U) is chosen to be sufficiently large and
the weigh scale indicator setting is set such that random variation in the weight
measurements (indeterminative uncertainty) is hidden in the decimal places which are not
displayed. As a result, indeterminative uncertainty is not expected have a material impact
on the results of this analysis.]

o For the mass flow meter method:

* The equipment manufacturer’s published specification for sensor accuracy (Refs: 3, 4, 5)
can be used without modification as the mass flow meter field measurement uncertainty,
and

* The function (accuracy) of the mass flow meter sensor is not adversely affected by
corrosion, erosion and/or uneven spiking material deposition onto the interior surfaces of
the sensor tube (Refs: 3, 4, 5).

¢ Significant figures:

o A large number of calculations are made in this uncertainty analysis, many with extremely
small numbers. To avoid rounding errors and to retain the integrity of the uncertainty
estimates developed herein, a relatively large number of significant figures are carried
through the calculations and presented in the tables.

o The authors do not claim the accuracy and/or precision in these figures that would normally
be implied by the standard significant figures rules.

¢ The compositional uncertainty estimates from a companion paper are combined with the field
spiking rate uncertainties developed herein to produce the overall spiking system uncertainties, as
follows:

Compositional Uncertainties with the: +  Spiking Rate Uncertaintics with the:
Laboratory Standard Method +  Weight Loss versus Time Method

Sample and Analyze Method +  Mass Flow Meter Method

Total System Uncertain
System #1 Uncertainty

System #2 Uncertainty

[T

IThe uncertainties associated with composition and field spiking rate are combined in this manner
to reflect the standard practices of representative spiking firms within the spiking industry.]

Results
Uncertainty comparisons are made for these two, frequently used spiking systems on three bases:
* Overall spiking system uncertainties associated with spiking material composition uncertainty

alone,
¢ Overall spiking system uncertainties associated with field spiking rate uncertainty alone, and
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* Overall spiking system uncertainties due to the combined impact of both composition and field
spiking rate uncertainties.

Description of the “Case Study” Trial Burn

The Case Study TB was conducted on a confidential, non-commerciai, HWC Unit during 2003, and
consisted of two Test Conditions (TC) which were defined as follows: (1} TC #1: Maximum Waste Feed,
and (2) TC #2: Minimum Temperature (DRE). The spiking materials' consisted of a Napithalene in
Toluene Solution (@ a nominal 27 wt % Naphthalene) and a TiO, Dispersion (@ a nominal 25 wi %
Total Ash). The testing/spiking schedule is summarized as follows:

Test Date Spiking With:
Condition Conducted Nap Sol Dispersion
TC #1 2003 v v
TC#2 2003 v

The spiking function for this TB involved three spiking species' (e.g., Total Ash, Naphthalene, and
Toluene) which were contained in two spiking materials' (e.g., TiO; Dispersion, and Naphthalene in
Toluene Solution). The dispersion was used as an ash surrogate with ash contributions from both the
TiO; (primary} and the proprietary dispersing agent (secondary). The Naphthalene in Toluene Solution
spiking material contained both POHCs, e.g., Naphthalene and Toluene.

Equipment Setup and Operation for the Weight Loss Versus Time Spiking Approach

Typically a drum (or tote tank or gas cylinder) of spiking material is placed on an appropriately sized
weigh scale (the smallest [most accurate] scale which can weigh the full container of spiking material)
and connected with SS, dripless, quick-connect fittings to the metering pump, which is similarly
connected to the waste feed line. As material is pumped out of the drum (and into the waste feed line) the
mass on the weigh scale drops (see Figure 1). The weight of spiking material remaining on the weigh
scale is recorded and the spiking rate calculated frequently based on the rate of change of mass on the
weigh scale,
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Figure 1 Schematic Diagram: ESS’ Spiking Procedure
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The weigh scales' (See Table 1} are calibrated before the test and the calibration is verified on-site
immediately before and after the test with NIST traceable standards™ The pre- and post-test calibration

verifications generally indicate no deviations (e.g., + 0.0 Lb deviation) for most if not all points over the
tull calibration range (typically, 0.0 — 650.0 Lb).
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Table I Weighing Equipment Accuracy Related Specifications
. . . Weigh Scale Manufacturer
Specification Units LRice Lake
Capacity @ Full Scale(FSYy Lb (Kg) 1,000 (500)
Divisions' for Fulf Scale, (d)/FS:
NTEP’ d/FS 5,000
Non-NTEP? d/FS 10,000
Lb/Division (% FS/d):
NTEP® Lb/d (%FS/d) 0.02 (0.02%)
Non-NTEP? Lb/d (% FS/d) 0.01 (0.01%)
Performance Specifications:
Non-Linearity 0.03% FS 0.03% FS
Hysterises .02% FS 0.02% FS

Footnotes: 1. The number of divisions/FS is an indication of scale
sensitivity. For example, a division is the smallest weight
increment discernable by the weighing system according to a
given set of accuracy, calibration frequency, and
environmental condition requirements.

2. NTEP is a quasi governmental organization established to
regulate weights and measures used for commercial purposes.
NTEP certified equipment has a conservative classification to
properly reflect how measuring equipment may be used in
commerce [i.c., infrequently calibrated, handled roughly,
operated in a wide range of environmental conditions] while
still providing acceptable accuracy. For the purposes of
weighing ingredients for spiking materials with very frequent
equipment maintenance & calibrations, and in controlled
conditions of temperatures and humidity, the Non-NTEP
division count is generally considered to be representative of
scale accuracy. This observation has been confirmed by
extensive pre-use and post-used calibration verifications with
NIST traceable standards which consistently demonstrated
deviations from the standards of < 0.01% or equivalently d/FS
> 10,000,

Procedures for Caleulating Spiking Rate

Standard Spiking Rate Calculation Procedure

The standard procedure for calculating the spiking rate for a given run with the Weight Loss Versus Time
Method is to include spiking rate data for the time period beginning when the stack sampling probe is first
introduced into the stack [or from the beginning of sampling with the first VOST tube pair], through port
changes [or VOST tube replacement] until the probe is removed from the stack at the end of that run for
until sampling with the last VOST tube pair is completed] unless some abnormal event occurs such as an
extended combustor operational problem, or the rare sampling train leak check failure. Because metering
pumps (which maintain essentially constant feed rates throughout the run™) are used (instead of simple
transfer pumps which are susceptible to throughput swings in response to waste feed line pressure
changes), this approach has a number of advantages (e.g., simplified data reduction, and reduced
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measurement uncertainty {see discussion below]), and no disadvantages. If problems were to occur which
might bring operating, sampling, or spiking performance data into question, then the spiking data from
that period would be excluded from the spiking rate calculations.

With this procedure, calculation of the spiking rate for a given run typically requires the recording and use
of two weight measurements, i.e., the beginning mass and the final mass. Thus, weighing systems

measurement uncertainty could occur twice.

A conservative estimate of measurement uncertainty in the mass of spiked material per run would assume
that: (1) the weight measurement for the beginning mass measurement and for the ending mass reading
are each in “error”, (2) the “error” is equal to the full measurement uncertainty, and (3) the two “errors”
are in opposite directions {(so that the measurement uncertainties would be additive and would not cancel

each other).

If one were to assume a measurement uncertainty of & .1 Lb associated with each weight measurement
reading, then the maximum measurement uncertainty for the total mass of spiking material (M) fed during
a run would be = 0.2 Lb M/Run.

For a run with 300 Lbs M/Run, the relative uncertainty (RU, expressed as a per cent) would be:

RU = (£0.2 Lb M/Run)/(300 Lb M/Run) X 100 % RU
* 0.0667 % RUJ, a very small relative uncertainty.

i

For a run with 100 Lbs M/Run, the maximum measurement uncertainty for the total mass of spiking
material fed during & run would remain £ 0.2 Lb M/Run, but the relative uncertainty would be:

RU (% 0.2 Lb M/Run}/(100 Lb M/Run) X 100 % RU

% 0.2 % RU, still a very small relative uncertainty.

Similarly, if the spiking material were to contain the spiking specie (S) at a 20 wit% concentration, then
the corresponding absolute measurement uncertainty would be + 0.04 Lb S/Run, and the corresponding
RU values for specie uncertainties would not change.

A More Conservative Spiking Rate Calculation Procedure

If, however, one were to decide to use only spiking data during test periods when spiking and stack
sampling for that specie were both occurring, the spiking rate calculations could involved two or more
separate spiking periods during each run. As before, each sampling period (Sx Period) required two
weight measurements (at the beginning and the end of each period), each with its own measurement
uncertainty.

For a run with four sampling periods and 300 Lbs M/Run, the maximum measurement uncertainty for the
total mass of spiking material fed during a run would be + 0.8 Lb M/Run and the relative uncertainty

would be:

RU = (£0.2 Lb M/Sx Period) X (4 Sx Periods/Run)/(300 Lb M/Run)X100 % RU
(£ 0.8 Lb M/Run)/(300 Lb M/Run) X 100 % RU
+ 0.2667 % RU, a very modest relative uncertainty.
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And for a run with four sampling periods and 100 Lbs M/Run, the maximum measurement uncertainty for
the total mass of spiking material fed during a run would remain + 0.8 Lb M/Run, but the relative
uncertainty would be;

RE = (+0.2 Lb M/Sx Period} X (4 Sx Periods/Run)/(100 Lb M/Run)X100 % RU
(% 0.8 Lb M/Run)/(100 Lb M/Run) X 100 % RU
+ (.8 % RU, still 2 modest relative uncertainty.

i

Similarly, if the spiking material were to contain the spiking specie at 20 wt %, then the maximum
measurement uncertainty for the total mass of spiking specie fed during a run would be £ 0.16 Lb S/Run
and the corresponding RU values for specie uncertainties would not change.

Additional quantitative analyses of the effect of measurement uncertainty on field spiking rate based on
the Case Study TB are provided below.

FIELD SPIKING RATE RESULTS

The Spiking Log Sheets completed during the Case Study TB were used together with the Certificates of
Composition to calculate the specie spiking rates using both the standard and the more conservative

procedures described above.

Note: During the Case Study 2003 TB, each spiking specie (Ash/PM, Naphthalene, and Toluene) was
sampled using a different sampling method and over different sampling periods.

The resulting field spiking rate resuits for Ash, Naphthalene, and Toluene are presented in Tables 11, IiI,
and IV, respectively.

Total Ash Spiking Rate Results

Table II provides the average TiQ, Dispersion, and concentration corrected Total Ash spiking rates for
each of the three TC #1 runs, as well as for TC #1 in toto.
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Table II Average TiQ; Dispersion (Spiking Material') and Total Ash (Spiking Specie")
Spiking Rates by Run for T'C #1

IT3-102

Mass Fraction Disp Spiking | Ash Spiking Rate®;

o , TiO; | Stoich A Rate’,

Run# [TiO;] Purity? | Content? [Ash] b/min Ib/min { Ib/hour
Run #1 0.244 98.7 i.0477 0.2523 0.8752 0.221 13.25
Run #2 0.244 98.7 1.0477 0.2523 0.9726 0.245 14.72
Run #3 0.244 98.7 1.0477 0.2523 0.9508 0.240 14,39

TC #1 Ave 0.244 98.7 1.0477 0.2523 0.9329 0.235 14.12
Footnotes:

1. As used throughout this paper, Spiking Material (M) refers to the material as it is actually spiked, i.e., a
Naphthalene in Toluene Solution, and/or a Ti(, dispersion. Spiking Species (S) refers to the portion of the
Spiking Material which is of specific interest in meeting the test objectives, i.c., Naphthalene, toluene, ash,
POHC, CT, etc.

2. Concentration refers to the concentration of the compound of interest in the Spiking Material, for example

Nap in the Naphthalene in Toluene Solution assuming 100% purity. Purity refers to the assay, or purity of
the Naphthalene, for example, used to make up the selution to the desired concentration. Steich. Content
refers to the stoichiometric content of the specie of interest in the compound, for example the CI” content in
Perc or metal content in the metal compound. [Specie] indicates the specie concentration (usually expressed
as Lb Specie/Lb Material, or mass fraction) and is defined as:

[Specie} = Concentration x Purity x Stoich, Content. [Specie] is used to convert the Spiking Material
spiking rate to the corresponding Spiking Specie spiking rate. Usually, all four of the “correction” terms are
expressed as mass fractions.

3. Without Correction for [Specie]. Calculated from field spiking data.
4. With Correction for [Specie]

Naphthalene Spiking Rate Results

Table III provides the average Naphthalene in Toluene Solution spiking rates as well as the concentration
and purity corrected Naphthalene spiking results for: (1) each of the six TC #1 and TC #2 runs, (2) each
of the two TCs, and (3) the overall trial burn.

Table 111 Average Naphthalene Solution (Spiking Material'), and Naphthalene
(Spiking Specie") Spiking Rate Results by Run and TC.
Correction Factors, Mass Fraction Nap Sol Nap Spikinﬂate’

TCH#/ Nap Nap Stoich, 1 |Spiking Rate',

Run#  |[Concentration] Purity! | Content’ [Nap] Ib/min Ib/min | Ib/hr
TCH#1/Run#l 0.2700 0.9985 1.000 0.2696 1.7546 0.473 28.38
TC#1/Run#2 0.2700 (.9985 1.000 0.2696 1.8538 0.500 29.98
TC#1/Run#3 0.2700 0.9985 1.000 0.2696 1.6068 0.433* | 25.99*

TC#1 Ave .2700 0.9985 1.000 0.2696 1.7384 0.469 28.12
TC#H2/Runi#l 0.2700 0.9985 1.000 0.2696 1.5416 0.4156° | 24,94
TCH#2/Run#2 0.2700 0.9985 1.000 0.2696 1.5479 0.4173* | 25.04°
TCH#2/Run#3 0.2700 (.9985 1.000 0.2696 1.5321 0.4130° | 24.78°

TC#2 Ave 0.2700 0.9985 1.000 0.2696 1.5405 0.415 24.92

TB Ave 0.2700 0.9985 1.000 0.2696 1.6395 0.442 26.52

1.
2.

See footnotes in Table II for definitions for these terms.
ESS was directed to reduce the target spiking rate for these runs as a means of conserving fimited
stocks of spiking materials.
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Table IV provides the average Naphthalene in Toluene Solution spiking rates as well as the concentration
and purity corrected Toluene spiking results for: (1) each of the six TC #1 and TC #2 runs, (2) each of the
two TCs, and (3) the overall trial burn.

Table IV Average Naphthalene in Toluene Solution (Spiking Material), and Toluene
(Spiking Specie) Spiking Rate Results by Run and TC,

TC#/ Correction Factors, Mass Fraction Nap Sol Tolu Spiking Rate'
: Spiking Rate!

Run No. Toluene Toluene Stoich. 1o £ . ’ .
oncentration’| P urity' | Content' [Toluene] Ib/min Ib/min Ib/hr
TC#I;R““# 0.7300 09993 | 1.000 | 0.7295 1.6261 1.186 | 71.17
Tc#liR““# 0.7300 09993 | 1.000 | 0.7295 1.7826 1300 | 78.02
TC#I;R““# 0.7300 09993 | 1.000 | 0.7295 12100 | 0.88272 | 52.962
TC #1 Ave 0.7300 0.9993 | 1.000 | 0.7295 1.5396 1.123 | 67.39
TC#ZI’R““# 0.7300 09993 | 1.000 | 0.7295 1.5421 1125 | 67.507
TC#ZQR““# 0.7300 0.9993 1.000 0.7295 1.5550 1.134% | 68.06?
TC#z;R““# 0.7300 0.9993 1.000 0.7295 1.5423 1.125° | 67.50°
TC #2 Ave 0.7300 0.9993 | 1.000 | 0.7295 1.5464 1.128 | 67.69
TB Ave 0.7300 0.9993 | 1000 | 0.7295 1.5430 1.126 | 67.54

1. See footnotes in Table II for definitions for these terms.
2. ESS was directed to reduce the target spiking rate for these runs as a means of conserving limited
stocks of spiking materials.

THE EFFECT OF MEASUREMENT UNCERTAINTY ON SPIKING RATE RESULTS:
METHODOLOGY & RESULTS

Measurement Uncertainty Associated with Field Weight Measurements with the weight loss versus
time method

This section provides a summary of the measurement uncertainty aspects of: (1) the compositions of the
two spiking materials which ESS prepared and supplied for this Trial Burn, (2) the weigh scale
calibrations, pre- and post-test calibration verifications, and sensitivities, and (3) field spiking rate resulits.
Additionally, an extensive uncertainty analysis was completed on spiking materials compositions and
spiking rate results. The methodology used with respect to spiking rates is outlined below together with
the results of both the composition and spiking rate analysis,

All weigh scales used during this trial burn were calibrated prior to the test and the calibrations were
verified on-site (with £ 0.0 Ib deviations at each point in the calibration range) immediately before and
after the tests with ESS® NIST traceable weight standards. Thus, the field spiking rate data for this Trial
Burn are deemed to meet all appropriate QC and QA standards and are demonstratably accurate within +
0.1 Lb M/weight measurement,
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Spiking Average Mass of Material
. N Ave Sampling Period,|  Spiked per Run, Lb
Material: Specie: Sampling Method Hours M/Run
TiO, Dispersion| Total Ash Method 5 1.972 110..49 Lb-Tloz
Dispersion
Nap Solution | Naphthalene M"(tgf;:)‘zgm 3.000 317.96 Lb Nap Solution
Nap Solution Toluene VOST (VOC) 2.667 246,88 Lb Nap Solution

The spiking data from the 2003 Case Study TB were used to calculate the quantity of each spiking
material spiked per run and while the corresponding sampling method for that specie was being used.
The results are summarized as follows:

With a weigh scale measurement uncertainty of = 0.1 Lb M/weight measurement, and the assumption that
all measurement uncertainty [etror] occurs in the direction which would result in the maximum
cumulative uncertainty, the maximum uncertainty in measuring the quantity of spiking material per run
would be calculated as follows:

Field Measurement Uncertainty = (4 Sx Periods/Run) x (2 Weight Measurements/Sx Period) X
(£ 0.1 Lb M/Measurement)
= +0.8 Lb M/Run

The Effect of Measurement Uncertainty in Spiking Rate Results
Table V presents spiking rate uncertainty expressed on the following bases:

1 Absolute Uncertainty (Lb/Run AU) Basis:

a. Spiking Material (Dispersion or Nap Sol) Column 2
b. Spiking Specie (Ash, Naphthalene, & Toluene) Column 4
2. Relative Uncertainty (%RU) Basis:
a. Spiking Material Column 3
b. Spiking Specie Column 5
3. Absolute Specie Spiking Rate Uncertamty (Lb Specie/Hr A1l) Basis: Columns 7, 8, & 9
4. Relative Specie Spiking Rate Uncertainty' (%RU) Basis: Columns 10, 11, & 12

'"The spiking rate uncertainties are presented on three measurement uncertainty bases (1) field
measurement uncertainty (Columns 7 & 10), (2) composition measurement uncertainty (Columns 8 & 11),
and (3) the combined field spiking rate measurement plus composition uncertainty {(Columns 9 & 12).
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Additionally, for comparison purposes the entire analysis was repeated on the basis of ESS’ standard
spiking rate calculation procedures described above, i.c., spiking rate based on one spiking period with
maximum field error of £ 0.2 Lb/Run. These results are presented in the bottom half of Table V.

Measurement Uncertainty Associated with Field Weight Measurements with the mass flow meter
method

After reviewing available Micro Motion® Sales Literature and Product Specifications for the most
sensitive (ELETE®) sensor and having numerous discussions with the Micro Motion ® technical sales
and engineering staff, it appeared that a comprehensive analysis of measurement uncertainty in a “field”
as opposed to a test bench setting was not available. As a result of the discussion with Mr. Tim Patten,
Director of Measurement for Micro Motion®, one of the authors (WRS) concluded that the best approach
to estimating field measurement uncertainty would be to assume that the published specification for
sensor accuracy (Refs: 3, 4, 5) can be used without modification as the mass flow meter field
measurement uncertainty. This approach allowed the uncertainty analysis to be completed without
arbitrary revisions of the manufactures product specification. However, it should not necessarily be
inferred that the manufactures product specification of accuracy is a complete measute of this equipments
measurement uncertainty under field conditions.

Never the less, using the published accuracy specification of & 0.1% as an estimate of field measurement
uncertainty and the Case Study comparison basis described above, the absolute and relative spiking rates
results were calculated and summarized in Table V1.
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QUANTITATIVE COMPARISON OF WEIGH CELL AND MASS FLOW METER
MEASUREMENT UNCERTAINTIES

The absolute and relative specie spiking rate uncertainties based on the weight loss versus time and mass
flow meter methods were then taken from Tables V & VI, respectively, and compiled as a comparison in
Table VII. Inspection of Table VI reveals that weight loss versus time and the mass flow meter
methods for measuring field spiking rate are essentially identical for all spiking species and on both
absolute and relative uncertainty bases. However, the much greater measurement uncertainty associated
with Sample and Analyze Method of demonstrating spiking material composition compared with the
Laboratory Standard Method resulted in much higher total system spiking rate uncertainty for the
combine Mass Flow Meter & Sample & Analyze Approach in comparison to the Laboratory
Standard & Weight Loss Versus Time Approach.
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THE HWC CONTEXT FOR EVALUATING THE SPIKING FUNCTION

It is difficult if not impossible to evaluate the performance of one or more methods or technologies in
meeting the requirements of their assigned function without some consideration of the application &/or
context in which the methods/technologies are expected to perform. For example, there are several
situations in which spiking occurs in HWC tests:

1. POHC spiking for DRE demonstration,

2. Acid gas precursor spiking for demonstrating the performance of and setting precursor feed rate

limits for a wet scrubber, for example.

Ash spiking for similar purposes, and

4. Heavy metal spiking for demonstrating APC performance and feed rate APCS operating limit
setting,

(V5]

As a context for evaluating the performance of these competing technologies in the spiking function, we
have somewhat arbitrarily assumed a case in which one metal is spiked into a HWC unit for the purpose
of setting a feed rate limit for that metal. Within this general circumstance, each step in the process of
designing, conducting and reporting the results a HWC test is identified and an order of magnitude
estimate of the uncertainty associated with each step is provided in Table VIII.

Inspection of Table VIII prompts the following observations:

. Uncertainties associated with the spiking function represent a relatively minor portion of the total
uncertainty involved.

2. Within the spiking function, utilization of computer control and demonstrating spiking material
composition with the Laboratory Standard Method clearly offer advantages in reducing spiking
rate uncertainty.

3. Uncertainties associated with: (a) waste stream composition, (b) target spiking rate selection, (c)
stack sampling, and (d) sample analysis all represent larger uncertainties than does the spiking
function,
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QUALITATIVE COMPARISON OF WEIGH CELL AND MASS FLOW METER
TECHNOLOGIES FOR MEASURING FIELD SPIKING RATE

Up to this point, all discussion has been concerned with quantitative calculations and comparisons of
measurement uncertainty between the two most widely used methods of measuring ficld spiking rate.
There are however, other more qualitative attributes of both technologies which recommend their use.
These attributes as well as the attributes of computer control and data acquisition are summarized within
this section.

Both spiking rate measurement methods benefit similarly from the use of computer based process control
and data acquisition technology. These benefits are summarized as follows:

1. The ability to control the spiking rate more uniformly and more closely to the target spiking rate
than is possible with manual control.

2. Acquisition, archiving, analysis, and reporting of data in real time.

3. The ability to more rapidly effect spiking rate changes, as needed during miniburns for example.

The relative advantages and disadvantages of the two methods of measuring field spiking rate are
summarized in the following tabie:

Major Features of the Two Field Spiking Rate Measurement Technologies

Mass Flow Meters Weighing Systems
Advantages: Advantages:
Continuous, Direct Measurement of Flow Rapid, Tangible Field Demonstration of Accuracy
More Rapid Detection of Rate Changes Direct Measurement of Mass/Run
Very High Accuracy Very High Accuracy
Disadvantages: Disadvantages:
l\:/izrljé Difficult to Demonstrate Accuracy in the Indirect Measurement of Rate
CONCLUSIONS:

As a result of the information provided herein, the authors have drawn the following conclusions:

1. Uncertainties associated with the spiking function in a HWC testing program are likely to be a
modest part of the total uncertainty associated with the total regulatory/testing process for setting
a metal feed rate limit.

2. Both the Mass Flow Meter Method and the Weigh Loss Versus Time Method of measuring field
spiking rate provide highly accurate results.

3. The overall lowest level of spiking rate uncertainty is achieved with the Laboratory Standard
Method of demonstrating spiking material composition combined with either of the Mass Flow
Meter Method or the Weight Loss Versus Time Method of measuring field spiking rate.
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As used herein Spiking Materfal (M) refers to the material which is actually spiked, i.e., a metal solution, a TiO, andfor metal

dispersion, and/or an individual or a mixture of POHCs. Spiking Specles (S} refers 1o the portion of the Spiking Material which

is of specific interest in meeting the test objectives, i.e., individual metals, ash, individual POHCs, CI, etc.

Typically, the maximum error £ 0.005 to +0.01% of the scale’s capacity, or in terms of weight, £ 0.05 to £ 0.1 Ib for our most

frequently used 1,000 Ib scales.

ESS’ 50 Ib field standards are cerlified annually by the State of Texas to be within £ 0.008 ib (approx. * 0.02% RE) of NIST
Primary Standards.

The pump through-put fo line pressure sensitivity is: -1.5 %/100 psig (Ref 6), i.e., wilh a constant pump through-put seting, a

waste feed line pressure increase of 100 psig would result in a pumping rate decrease of only 1.5%.
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THE EFFECT OF MEASUREMENT UNCERTAINTY ON FIELD SPIKING RATE AND
OVERALL SPECIE SPIKING RATE UNCERTAINTIES
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Knoxville, Tennessee 37923

Sean O’Brien
TRC Environmental Corporation
Houston, Texas 77043

ABSTRACT
Objectives
The objectives of this paper are:

1. To develop estimates for Measurement Uncertainty on a common basis for the two primary field
methods of measuring spiking rate, e.g., weigh cell and mass {low meter technologies;

2. To determine the impact of these measurement uncertainties on field spiking rate and overall

spiking rate uncertainties; and

To compare the combined spiking rate uncertainties due to measurement uncertainties associated

with: (a) spiking material composition, (b) field spiking rate measurement, and (c) spiking

material composition plus field spiking rate measurements.

(9]

Methodology
Estimates of field spiking rate uncertainties are developed on the basis of:

. Case Study Basis for Calculations: The test-specific details of 2 2003 TB [conducted at a private,
US based HWC Unit] are used as a Case Study basis for preparing quantitative comparisons on a
consistent basis.

¢ The two field spiking methods and associated modes of operation considered in this uncertainty
analysis were:
o Weight loss versus time method with manual operation, and
o Mass flow meter method with computer control.

® The Following Assumptions Were Made in Estimating and Propagating Uncertainties:
o For both spiking methods:
* No undetected operator mistakes, equipment/software mal-functions, and/or data
reduction/reporting errors have occurred,
= Second-order uncertainties are not significant, and
*  All spiking materials are uniform in composition throughout the tesi.
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o For the weight loss versus time method:
= Measurement uncertainty can be conservatively estimated based on a series of worst case
conditions concerning both the magnitude and direction of individual measurement
uncertainties, and
* Indeterminative errors are adequately addressed with the conservative approach used to
estimate determinative weight measurement uncertainty,
o For the mass flow meter method:
* The mass flow meter manufacturer’s published specification for equipment accuracy is
an appropriate estimate of field measurement uncertainty, and
= The function (accuracy) of the mass flow meter sensor is not adversely affected by
cotrosion, erosion, and/or uneven spiking material deposition onto the interior surfaces of
the sensor tube.

¢ The compositional uncertainty estimates from a companion paper are combined with the field
spiking rate uncertainties developed herein to produce the overall spiking system uncertainties, as
follows:

Compaositional Uncertainties with the: +  Spiking Rate Uncertainties with the:
Laboratory Standard Method +  Weight Loss versus Time Method

Sample and Analyze Method +  Mass Flow Meter Method

Total System Uncertainty
System #1 Uncertainty

System #2 Uncertainty

[}

Results
Uncertainty comparisons are made for the two systems on three bases:

o Overall spiking system uncertainties associated with spiking material composition uncertainty
alone,

o Overall spiking system uncertainties associated with field spiking rate uncertainty alone, and

o Overall spiking system uncertainties due to the combined impact of both composition and
field spiking rate uncertainties.

INTRODUCTION AND BACKGROUND

A great deal of effort has been expended over the last decade to investigate, understand, and improve the
Quality Assurance (QA) aspects of the sampling and analytical methods used in Hazardous Waste
Combustion (HWC) Risk Burns, Trial Burns, and HWC MACT Comprehensive Performance Tests. To
date a comparable effort has not been made concerning the spiking function in these same tests.
Additionally, conflicting information is being provided by proponents of the two most widely used
methods of demonstrating spiking material composition and of measuring field spiking rates.

Objectives
The objectives of this paper are threefold:

1. To develop estimates for Measurement Uncertainty on a common basis for the two primary field
methods of measuring spiking rate, e.g., weigh cell and mass flow meter technologies;

2. To determine the impact of these measurement uncertainties on field spiking rate and overall
spiking rate uncertainties; and

3. To compare the spiking rate uncertainties due to measurement uncertainties associated with: (a)
spiking material composition, (b) field spiking rate measurement and (c) spiking material
composition plus field spiking rate measurements.



IT3°04 Conference, May 10-14, 2004 Phoenix, Arizona IT3-102

This paper also examines the effect of measurement uncertainty, imperfect knowledge, and/or error at
each step of the spiking function from the point of sefting a target spiking rate in a test plan, through
spiking material design and preparation, the on-site spiking rate measurement and data collection
functions, and the ultimate reporting of spiking rate results. Each major type of deviation, error, and/or
uncertainty in the spiking function is identified and discussed in the context of the facility owners test
objectives and applicable regulatory requirements.

Methodology: Estimating the Effect of Measurement Uncertainty

The effect of measurement uncertainty on field spiking rate and overall spiking system uncertainties are
estimated on the following basis:

»  Case Study basis for comparisons: The test-specific details of a 2003 TB [conducted at a private,
US based HWC Unit] are used herein as a Case Study for preparing quantitative comparisons on
a consistent basis;

¢ The Two Field Spiking Methods and associated Modes of Operation are used as the primary

subject of this uncertainty analysis:
o Weight loss versus time method with manual operation, and

o Mass flow meter method with computer control.
[While ESS currently deploys computer based technology for spiking system monitoring,
feedback control, data acquisition, archiving, and output; and both mass flow meter and weigh
cell technologies for measuring field spiking rates; the data presented herein were obtained prior
to the mass flow meter and computer control technology becoming operationaliy available.]

* The following Assumptions were made in estimating and propagating uncertainties;
o Fer both spiking methods:

* No undetected operator mistakes, equipment/software mal-functions and/or data
reduction errors have occurred,

= Second-order uncertainties are not significant:
[Because of the very small magnitude of all first-order uncertainties, no second order
uncertainties are considered. The validity of this assumption is demonstrated within the
companion paper (Ref.2), using first-order uncertainties estimates developed for the case
study example], and

* All spiking materials were uniform in composition throughout the test:
[The two spiking materials used in the Case Study (e.g., Naphthalene in a Toluene
solution, & TiO, in a mineral oil based dispersion) are typical of spiking materials, in that
they well known in terms of chemistry and have been successfully used many times over
a period of more than a decade. The solubility of Naphthalene is known and the
Naphthalene in Toluene spiking material is prepared as an unsaturated solution.

While there are reports that some plating or deposition of TiQ, onto the inner surfaces of
tubing can occur, this phenomena would largely occur during the initial equipment
conditioning (pre-test) phase, and the mass of TiO, which could plate out in this case
prior to blocking the relatively short, small diameter (1/2” ID) tubing is very small (<<
0.1 Lb) in comparison to the total quantity of TiO, spiked during a given run (> 100 Lb).]
o For the weight loss versus time method;

* The impact of weight measurement uncertainty on field spiking rate uncertainty can be
estimated based on a series of worst case assumptions related to both the magnitude and
direction of individual measurement uncertainties.
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[The maximum measurement uncertainty together with the direction of each
measurement uncertainty which would produce the largest cumulative field spiking rate
uncertainty are used in all uncertainty propagation calculations. Specifically, weight
measurement uncertainty is estimated on the basis of a large determinative uncertainty (+
U Lb) based on the equipment vendor’s specification of measurement uncertainty,
typically, U = 0.01% of the full scale capacity of the equipment used). This uncertainty
is carried throughout the uncertainty propagation calculations as if it were part of the
weight (W) value (i.e., W was replaced with W £ U Lb). Once the calculation was
completed, the + or - uncertainty directions for U which would result in the largest
cumulative spiking rate uncertainty are selected.], and

* Indeterminative errors are adequately considered with the conservative approach used to
estimate determinative weight measurement uncertainty.

[The magnitude of determinative uncertainty (£ U) is chosen to be sufficiently large and
the weigh scale indicator setting is set such that random variation in the weight
measurements (indeterminative uncertainty) is hidden in the decimal places which are not
displayed. As a result, indeterminative uncertainty is not expected have a material impact
on the results of this analysis.]

o For the mass flow meter method:

* The equipment manufacturer’s published specification for sensor accuracy (Refs: 3, 4, 5)
can be used without modification as the mass flow meter field measurement uncertainty,
and

* The function (accuracy) of the mass flow meter sensor is not adversely affected by
corrosion, erosion and/or uneven spiking material deposition onto the interior surfaces of
the sensor tube (Refs: 3, 4, 5).

¢ Significant figures:

o A large number of calculations are made in this uncertainty analysis, many with extremely
small numbers. To avoid rounding errors and to retain the integrity of the uncertainty
estimates developed herein, a relatively large number of significant figures are carried
through the calculations and presented in the tables.

o The authors do not claim the accuracy and/or precision in these figures that would normally
be implied by the standard significant figures rules.

¢ The compositional uncertainty estimates from a companion paper are combined with the field
spiking rate uncertainties developed herein to produce the overall spiking system uncertainties, as
follows:

Compositional Uncertainties with the: +  Spiking Rate Uncertaintics with the:
Laboratory Standard Method +  Weight Loss versus Time Method

Sample and Analyze Method +  Mass Flow Meter Method

Total System Uncertain
System #1 Uncertainty

System #2 Uncertainty

[T

IThe uncertainties associated with composition and field spiking rate are combined in this manner
to reflect the standard practices of representative spiking firms within the spiking industry.]

Results
Uncertainty comparisons are made for these two, frequently used spiking systems on three bases:
* Overall spiking system uncertainties associated with spiking material composition uncertainty

alone,
¢ Overall spiking system uncertainties associated with field spiking rate uncertainty alone, and
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* Overall spiking system uncertainties due to the combined impact of both composition and field
spiking rate uncertainties.

Description of the “Case Study” Trial Burn

The Case Study TB was conducted on a confidential, non-commerciai, HWC Unit during 2003, and
consisted of two Test Conditions (TC) which were defined as follows: (1} TC #1: Maximum Waste Feed,
and (2) TC #2: Minimum Temperature (DRE). The spiking materials' consisted of a Napithalene in
Toluene Solution (@ a nominal 27 wt % Naphthalene) and a TiO, Dispersion (@ a nominal 25 wi %
Total Ash). The testing/spiking schedule is summarized as follows:

Test Date Spiking With:
Condition Conducted Nap Sol Dispersion
TC #1 2003 v v
TC#2 2003 v

The spiking function for this TB involved three spiking species' (e.g., Total Ash, Naphthalene, and
Toluene) which were contained in two spiking materials' (e.g., TiO; Dispersion, and Naphthalene in
Toluene Solution). The dispersion was used as an ash surrogate with ash contributions from both the
TiO; (primary} and the proprietary dispersing agent (secondary). The Naphthalene in Toluene Solution
spiking material contained both POHCs, e.g., Naphthalene and Toluene.

Equipment Setup and Operation for the Weight Loss Versus Time Spiking Approach

Typically a drum (or tote tank or gas cylinder) of spiking material is placed on an appropriately sized
weigh scale (the smallest [most accurate] scale which can weigh the full container of spiking material)
and connected with SS, dripless, quick-connect fittings to the metering pump, which is similarly
connected to the waste feed line. As material is pumped out of the drum (and into the waste feed line) the
mass on the weigh scale drops (see Figure 1). The weight of spiking material remaining on the weigh
scale is recorded and the spiking rate calculated frequently based on the rate of change of mass on the
weigh scale,
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Figure 1 Schematic Diagram: ESS’ Spiking Procedure
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The weigh scales' (See Table 1} are calibrated before the test and the calibration is verified on-site
immediately before and after the test with NIST traceable standards™ The pre- and post-test calibration

verifications generally indicate no deviations (e.g., + 0.0 Lb deviation) for most if not all points over the
tull calibration range (typically, 0.0 — 650.0 Lb).
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Table I Weighing Equipment Accuracy Related Specifications
. . . Weigh Scale Manufacturer
Specification Units LRice Lake
Capacity @ Full Scale(FSYy Lb (Kg) 1,000 (500)
Divisions' for Fulf Scale, (d)/FS:
NTEP’ d/FS 5,000
Non-NTEP? d/FS 10,000
Lb/Division (% FS/d):
NTEP® Lb/d (%FS/d) 0.02 (0.02%)
Non-NTEP? Lb/d (% FS/d) 0.01 (0.01%)
Performance Specifications:
Non-Linearity 0.03% FS 0.03% FS
Hysterises .02% FS 0.02% FS

Footnotes: 1. The number of divisions/FS is an indication of scale
sensitivity. For example, a division is the smallest weight
increment discernable by the weighing system according to a
given set of accuracy, calibration frequency, and
environmental condition requirements.

2. NTEP is a quasi governmental organization established to
regulate weights and measures used for commercial purposes.
NTEP certified equipment has a conservative classification to
properly reflect how measuring equipment may be used in
commerce [i.c., infrequently calibrated, handled roughly,
operated in a wide range of environmental conditions] while
still providing acceptable accuracy. For the purposes of
weighing ingredients for spiking materials with very frequent
equipment maintenance & calibrations, and in controlled
conditions of temperatures and humidity, the Non-NTEP
division count is generally considered to be representative of
scale accuracy. This observation has been confirmed by
extensive pre-use and post-used calibration verifications with
NIST traceable standards which consistently demonstrated
deviations from the standards of < 0.01% or equivalently d/FS
> 10,000,

Procedures for Caleulating Spiking Rate

Standard Spiking Rate Calculation Procedure

The standard procedure for calculating the spiking rate for a given run with the Weight Loss Versus Time
Method is to include spiking rate data for the time period beginning when the stack sampling probe is first
introduced into the stack [or from the beginning of sampling with the first VOST tube pair], through port
changes [or VOST tube replacement] until the probe is removed from the stack at the end of that run for
until sampling with the last VOST tube pair is completed] unless some abnormal event occurs such as an
extended combustor operational problem, or the rare sampling train leak check failure. Because metering
pumps (which maintain essentially constant feed rates throughout the run™) are used (instead of simple
transfer pumps which are susceptible to throughput swings in response to waste feed line pressure
changes), this approach has a number of advantages (e.g., simplified data reduction, and reduced
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measurement uncertainty {see discussion below]), and no disadvantages. If problems were to occur which
might bring operating, sampling, or spiking performance data into question, then the spiking data from
that period would be excluded from the spiking rate calculations.

With this procedure, calculation of the spiking rate for a given run typically requires the recording and use
of two weight measurements, i.e., the beginning mass and the final mass. Thus, weighing systems

measurement uncertainty could occur twice.

A conservative estimate of measurement uncertainty in the mass of spiked material per run would assume
that: (1) the weight measurement for the beginning mass measurement and for the ending mass reading
are each in “error”, (2) the “error” is equal to the full measurement uncertainty, and (3) the two “errors”
are in opposite directions {(so that the measurement uncertainties would be additive and would not cancel

each other).

If one were to assume a measurement uncertainty of & .1 Lb associated with each weight measurement
reading, then the maximum measurement uncertainty for the total mass of spiking material (M) fed during
a run would be = 0.2 Lb M/Run.

For a run with 300 Lbs M/Run, the relative uncertainty (RU, expressed as a per cent) would be:

RU = (£0.2 Lb M/Run)/(300 Lb M/Run) X 100 % RU
* 0.0667 % RUJ, a very small relative uncertainty.

i

For a run with 100 Lbs M/Run, the maximum measurement uncertainty for the total mass of spiking
material fed during & run would remain £ 0.2 Lb M/Run, but the relative uncertainty would be:

RU (% 0.2 Lb M/Run}/(100 Lb M/Run) X 100 % RU

% 0.2 % RU, still a very small relative uncertainty.

Similarly, if the spiking material were to contain the spiking specie (S) at a 20 wit% concentration, then
the corresponding absolute measurement uncertainty would be + 0.04 Lb S/Run, and the corresponding
RU values for specie uncertainties would not change.

A More Conservative Spiking Rate Calculation Procedure

If, however, one were to decide to use only spiking data during test periods when spiking and stack
sampling for that specie were both occurring, the spiking rate calculations could involved two or more
separate spiking periods during each run. As before, each sampling period (Sx Period) required two
weight measurements (at the beginning and the end of each period), each with its own measurement
uncertainty.

For a run with four sampling periods and 300 Lbs M/Run, the maximum measurement uncertainty for the
total mass of spiking material fed during a run would be + 0.8 Lb M/Run and the relative uncertainty

would be:

RU = (£0.2 Lb M/Sx Period) X (4 Sx Periods/Run)/(300 Lb M/Run)X100 % RU
(£ 0.8 Lb M/Run)/(300 Lb M/Run) X 100 % RU
+ 0.2667 % RU, a very modest relative uncertainty.
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And for a run with four sampling periods and 100 Lbs M/Run, the maximum measurement uncertainty for
the total mass of spiking material fed during a run would remain + 0.8 Lb M/Run, but the relative
uncertainty would be;

RE = (+0.2 Lb M/Sx Period} X (4 Sx Periods/Run)/(100 Lb M/Run)X100 % RU
(% 0.8 Lb M/Run)/(100 Lb M/Run) X 100 % RU
+ (.8 % RU, still 2 modest relative uncertainty.

i

Similarly, if the spiking material were to contain the spiking specie at 20 wt %, then the maximum
measurement uncertainty for the total mass of spiking specie fed during a run would be £ 0.16 Lb S/Run
and the corresponding RU values for specie uncertainties would not change.

Additional quantitative analyses of the effect of measurement uncertainty on field spiking rate based on
the Case Study TB are provided below.

FIELD SPIKING RATE RESULTS

The Spiking Log Sheets completed during the Case Study TB were used together with the Certificates of
Composition to calculate the specie spiking rates using both the standard and the more conservative

procedures described above.

Note: During the Case Study 2003 TB, each spiking specie (Ash/PM, Naphthalene, and Toluene) was
sampled using a different sampling method and over different sampling periods.

The resulting field spiking rate resuits for Ash, Naphthalene, and Toluene are presented in Tables 11, IiI,
and IV, respectively.

Total Ash Spiking Rate Results

Table II provides the average TiQ, Dispersion, and concentration corrected Total Ash spiking rates for
each of the three TC #1 runs, as well as for TC #1 in toto.
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Table II Average TiQ; Dispersion (Spiking Material') and Total Ash (Spiking Specie")
Spiking Rates by Run for T'C #1

IT3-102

Mass Fraction Disp Spiking | Ash Spiking Rate®;

o , TiO; | Stoich A Rate’,

Run# [TiO;] Purity? | Content? [Ash] b/min Ib/min { Ib/hour
Run #1 0.244 98.7 i.0477 0.2523 0.8752 0.221 13.25
Run #2 0.244 98.7 1.0477 0.2523 0.9726 0.245 14.72
Run #3 0.244 98.7 1.0477 0.2523 0.9508 0.240 14,39

TC #1 Ave 0.244 98.7 1.0477 0.2523 0.9329 0.235 14.12
Footnotes:

1. As used throughout this paper, Spiking Material (M) refers to the material as it is actually spiked, i.e., a
Naphthalene in Toluene Solution, and/or a Ti(, dispersion. Spiking Species (S) refers to the portion of the
Spiking Material which is of specific interest in meeting the test objectives, i.c., Naphthalene, toluene, ash,
POHC, CT, etc.

2. Concentration refers to the concentration of the compound of interest in the Spiking Material, for example

Nap in the Naphthalene in Toluene Solution assuming 100% purity. Purity refers to the assay, or purity of
the Naphthalene, for example, used to make up the selution to the desired concentration. Steich. Content
refers to the stoichiometric content of the specie of interest in the compound, for example the CI” content in
Perc or metal content in the metal compound. [Specie] indicates the specie concentration (usually expressed
as Lb Specie/Lb Material, or mass fraction) and is defined as:

[Specie} = Concentration x Purity x Stoich, Content. [Specie] is used to convert the Spiking Material
spiking rate to the corresponding Spiking Specie spiking rate. Usually, all four of the “correction” terms are
expressed as mass fractions.

3. Without Correction for [Specie]. Calculated from field spiking data.
4. With Correction for [Specie]

Naphthalene Spiking Rate Results

Table III provides the average Naphthalene in Toluene Solution spiking rates as well as the concentration
and purity corrected Naphthalene spiking results for: (1) each of the six TC #1 and TC #2 runs, (2) each
of the two TCs, and (3) the overall trial burn.

Table 111 Average Naphthalene Solution (Spiking Material'), and Naphthalene
(Spiking Specie") Spiking Rate Results by Run and TC.
Correction Factors, Mass Fraction Nap Sol Nap Spikinﬂate’

TCH#/ Nap Nap Stoich, 1 |Spiking Rate',

Run#  |[Concentration] Purity! | Content’ [Nap] Ib/min Ib/min | Ib/hr
TCH#1/Run#l 0.2700 0.9985 1.000 0.2696 1.7546 0.473 28.38
TC#1/Run#2 0.2700 (.9985 1.000 0.2696 1.8538 0.500 29.98
TC#1/Run#3 0.2700 0.9985 1.000 0.2696 1.6068 0.433* | 25.99*

TC#1 Ave .2700 0.9985 1.000 0.2696 1.7384 0.469 28.12
TC#H2/Runi#l 0.2700 0.9985 1.000 0.2696 1.5416 0.4156° | 24,94
TCH#2/Run#2 0.2700 0.9985 1.000 0.2696 1.5479 0.4173* | 25.04°
TCH#2/Run#3 0.2700 (.9985 1.000 0.2696 1.5321 0.4130° | 24.78°

TC#2 Ave 0.2700 0.9985 1.000 0.2696 1.5405 0.415 24.92

TB Ave 0.2700 0.9985 1.000 0.2696 1.6395 0.442 26.52

1.
2.

See footnotes in Table II for definitions for these terms.
ESS was directed to reduce the target spiking rate for these runs as a means of conserving fimited
stocks of spiking materials.
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Table IV provides the average Naphthalene in Toluene Solution spiking rates as well as the concentration
and purity corrected Toluene spiking results for: (1) each of the six TC #1 and TC #2 runs, (2) each of the
two TCs, and (3) the overall trial burn.

Table IV Average Naphthalene in Toluene Solution (Spiking Material), and Toluene
(Spiking Specie) Spiking Rate Results by Run and TC,

TC#/ Correction Factors, Mass Fraction Nap Sol Tolu Spiking Rate'
: Spiking Rate!

Run No. Toluene Toluene Stoich. 1o £ . ’ .
oncentration’| P urity' | Content' [Toluene] Ib/min Ib/min Ib/hr
TC#I;R““# 0.7300 09993 | 1.000 | 0.7295 1.6261 1.186 | 71.17
Tc#liR““# 0.7300 09993 | 1.000 | 0.7295 1.7826 1300 | 78.02
TC#I;R““# 0.7300 09993 | 1.000 | 0.7295 12100 | 0.88272 | 52.962
TC #1 Ave 0.7300 0.9993 | 1.000 | 0.7295 1.5396 1.123 | 67.39
TC#ZI’R““# 0.7300 09993 | 1.000 | 0.7295 1.5421 1125 | 67.507
TC#ZQR““# 0.7300 0.9993 1.000 0.7295 1.5550 1.134% | 68.06?
TC#z;R““# 0.7300 0.9993 1.000 0.7295 1.5423 1.125° | 67.50°
TC #2 Ave 0.7300 0.9993 | 1.000 | 0.7295 1.5464 1.128 | 67.69
TB Ave 0.7300 0.9993 | 1000 | 0.7295 1.5430 1.126 | 67.54

1. See footnotes in Table II for definitions for these terms.
2. ESS was directed to reduce the target spiking rate for these runs as a means of conserving limited
stocks of spiking materials.

THE EFFECT OF MEASUREMENT UNCERTAINTY ON SPIKING RATE RESULTS:
METHODOLOGY & RESULTS

Measurement Uncertainty Associated with Field Weight Measurements with the weight loss versus
time method

This section provides a summary of the measurement uncertainty aspects of: (1) the compositions of the
two spiking materials which ESS prepared and supplied for this Trial Burn, (2) the weigh scale
calibrations, pre- and post-test calibration verifications, and sensitivities, and (3) field spiking rate resulits.
Additionally, an extensive uncertainty analysis was completed on spiking materials compositions and
spiking rate results. The methodology used with respect to spiking rates is outlined below together with
the results of both the composition and spiking rate analysis,

All weigh scales used during this trial burn were calibrated prior to the test and the calibrations were
verified on-site (with £ 0.0 Ib deviations at each point in the calibration range) immediately before and
after the tests with ESS® NIST traceable weight standards. Thus, the field spiking rate data for this Trial
Burn are deemed to meet all appropriate QC and QA standards and are demonstratably accurate within +
0.1 Lb M/weight measurement,
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Spiking Average Mass of Material
. N Ave Sampling Period,|  Spiked per Run, Lb
Material: Specie: Sampling Method Hours M/Run
TiO, Dispersion| Total Ash Method 5 1.972 110..49 Lb-Tloz
Dispersion
Nap Solution | Naphthalene M"(tgf;:)‘zgm 3.000 317.96 Lb Nap Solution
Nap Solution Toluene VOST (VOC) 2.667 246,88 Lb Nap Solution

The spiking data from the 2003 Case Study TB were used to calculate the quantity of each spiking
material spiked per run and while the corresponding sampling method for that specie was being used.
The results are summarized as follows:

With a weigh scale measurement uncertainty of = 0.1 Lb M/weight measurement, and the assumption that
all measurement uncertainty [etror] occurs in the direction which would result in the maximum
cumulative uncertainty, the maximum uncertainty in measuring the quantity of spiking material per run
would be calculated as follows:

Field Measurement Uncertainty = (4 Sx Periods/Run) x (2 Weight Measurements/Sx Period) X
(£ 0.1 Lb M/Measurement)
= +0.8 Lb M/Run

The Effect of Measurement Uncertainty in Spiking Rate Results
Table V presents spiking rate uncertainty expressed on the following bases:

1 Absolute Uncertainty (Lb/Run AU) Basis:

a. Spiking Material (Dispersion or Nap Sol) Column 2
b. Spiking Specie (Ash, Naphthalene, & Toluene) Column 4
2. Relative Uncertainty (%RU) Basis:
a. Spiking Material Column 3
b. Spiking Specie Column 5
3. Absolute Specie Spiking Rate Uncertamty (Lb Specie/Hr A1l) Basis: Columns 7, 8, & 9
4. Relative Specie Spiking Rate Uncertainty' (%RU) Basis: Columns 10, 11, & 12

'"The spiking rate uncertainties are presented on three measurement uncertainty bases (1) field
measurement uncertainty (Columns 7 & 10), (2) composition measurement uncertainty (Columns 8 & 11),
and (3) the combined field spiking rate measurement plus composition uncertainty {(Columns 9 & 12).



"SJ[nSal SISA[eUE AJUrENS0UN AJIUSPT 0) 1X9) Ul PAST 21 YoIYM S, UWn[o)) 4
ung/uonnios den 9T 88947 Ul % M SpO'0 F % Ma §677L JO UORISOduIOd PaedIpUl Ue SeY SUANjO] ¢
UM/T0S dBN 9T 96°LT€ UI % 14 Sp0°0 F % Ma 96°97 J0 uorsodwod paresipu; we sey susjeyyydeN 7

UIY/UOISIadSI SOLL Q7 64011 UL % M4 SH'0 F % M4 £7°57 JO uonisodwos pajeotpur ue sey ysy (€107, °|

€10 SH0°0 80°0 £980°0 £7€0°0 ¥s0'0 FELo 800 ST°0 8070 0 2Uanjo I
11°0 SH0°0 90°0 6,700 611070 910°0 59T 9070 90°0 90°0 0 AeN
(44! P00 81°0 p1€0°0 9000 ST0°0 (154" 810 £0'0 810 (4] ISV
(/I QT 7°0 F = AUIe1IIU[) JUINIINSTIA)) Uny I3 pouaq sunpds auQ)
9€°0 S0 (4% ) 8rT°0 £2E0°0 9170 pEL9 €0 | 850 (4% )) 80  SUAN0 ]|
620 Srord §T0 8L0°0 6110°0 990°0 597 §T0 | 0 ST0 80 deN
9.°0 SH0°'0 L0 801I°0 £900°0 2010 (154} L0 | 070 Lo 80 (USV
(UNY/IA 4T 8°0 F = AJUIL)IAIU[) JUIWAINSEIYY} UMY J3J SPOLIS] suppdg anog
(D (1) (oD {6) (8) () © (s) ) (€) @ A1)
DA% F NA%F % F av OV IH/S 9T1F OVIR/S AT F| ap/s q1 | ‘MH% F | ‘UNW/S 9T F | ‘NU% F [“Und/IN q'T F| aivedg
paulquo){ uoyisodinoy (JUIWLINSEIN | TH/S TF | uomisodwoy |Iudwainseapy| ‘oyey (S) 21vadg Suppdg (X)) reumely Sunpds |Suppdg
PPt pauiquoyy PR Suppdg
10} 9n( SAUIELIAIU[) 10} In( AJure)Iadu) aadg (NA%F) Huierou) sanepy
ajey sunjidg Jradg saney apey Suppidg ardedg amposqy PAEIAPU] | pue {((y UNY/SSEIF) AJUIERIIIUN) SIN[0SqY
ise passaxdxa sanuie)rasu]) apey surpds seds sAnE T ) SB Passaxdxa SaIjuie1Ia0U) JUIWAINSEIJA] PI3L

AJWIELIdU() )6y SunN(IdS [[EI9A0) UO SINUIBLIANM(] [euonIsodo)) Siid P31 PIUIqUIO)) PUE ‘(poyiapy
pivpuvis Liowwioguy Ag) Aymieriadup [euomnsodmo)) ‘(poyrapy auil] snsid/ SO S1a 4 Ag) AUIEI0U[) JUIWIINSEIN PRI JO 19317 A 9IqeL

T01-CLI BUOZUY ‘XIU20Yd 007 ‘p1-01 KB ‘90UsIajuo)) $(,C11



IT3°04 Conference, May 10-14, 2004 Phoenix, Arizona 1T3-102

Additionally, for comparison purposes the entire analysis was repeated on the basis of ESS’ standard
spiking rate calculation procedures described above, i.c., spiking rate based on one spiking period with
maximum field error of £ 0.2 Lb/Run. These results are presented in the bottom half of Table V.

Measurement Uncertainty Associated with Field Weight Measurements with the mass flow meter
method

After reviewing available Micro Motion® Sales Literature and Product Specifications for the most
sensitive (ELETE®) sensor and having numerous discussions with the Micro Motion ® technical sales
and engineering staff, it appeared that a comprehensive analysis of measurement uncertainty in a “field”
as opposed to a test bench setting was not available. As a result of the discussion with Mr. Tim Patten,
Director of Measurement for Micro Motion®, one of the authors (WRS) concluded that the best approach
to estimating field measurement uncertainty would be to assume that the published specification for
sensor accuracy (Refs: 3, 4, 5) can be used without modification as the mass flow meter field
measurement uncertainty. This approach allowed the uncertainty analysis to be completed without
arbitrary revisions of the manufactures product specification. However, it should not necessarily be
inferred that the manufactures product specification of accuracy is a complete measute of this equipments
measurement uncertainty under field conditions.

Never the less, using the published accuracy specification of & 0.1% as an estimate of field measurement
uncertainty and the Case Study comparison basis described above, the absolute and relative spiking rates
results were calculated and summarized in Table V1.
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QUANTITATIVE COMPARISON OF WEIGH CELL AND MASS FLOW METER
MEASUREMENT UNCERTAINTIES

The absolute and relative specie spiking rate uncertainties based on the weight loss versus time and mass
flow meter methods were then taken from Tables V & VI, respectively, and compiled as a comparison in
Table VII. Inspection of Table VI reveals that weight loss versus time and the mass flow meter
methods for measuring field spiking rate are essentially identical for all spiking species and on both
absolute and relative uncertainty bases. However, the much greater measurement uncertainty associated
with Sample and Analyze Method of demonstrating spiking material composition compared with the
Laboratory Standard Method resulted in much higher total system spiking rate uncertainty for the
combine Mass Flow Meter & Sample & Analyze Approach in comparison to the Laboratory
Standard & Weight Loss Versus Time Approach.
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THE HWC CONTEXT FOR EVALUATING THE SPIKING FUNCTION

It is difficult if not impossible to evaluate the performance of one or more methods or technologies in
meeting the requirements of their assigned function without some consideration of the application &/or
context in which the methods/technologies are expected to perform. For example, there are several
situations in which spiking occurs in HWC tests:

1. POHC spiking for DRE demonstration,

2. Acid gas precursor spiking for demonstrating the performance of and setting precursor feed rate

limits for a wet scrubber, for example.

Ash spiking for similar purposes, and

4. Heavy metal spiking for demonstrating APC performance and feed rate APCS operating limit
setting,

(V5]

As a context for evaluating the performance of these competing technologies in the spiking function, we
have somewhat arbitrarily assumed a case in which one metal is spiked into a HWC unit for the purpose
of setting a feed rate limit for that metal. Within this general circumstance, each step in the process of
designing, conducting and reporting the results a HWC test is identified and an order of magnitude
estimate of the uncertainty associated with each step is provided in Table VIII.

Inspection of Table VIII prompts the following observations:

. Uncertainties associated with the spiking function represent a relatively minor portion of the total
uncertainty involved.

2. Within the spiking function, utilization of computer control and demonstrating spiking material
composition with the Laboratory Standard Method clearly offer advantages in reducing spiking
rate uncertainty.

3. Uncertainties associated with: (a) waste stream composition, (b) target spiking rate selection, (c)
stack sampling, and (d) sample analysis all represent larger uncertainties than does the spiking
function,
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QUALITATIVE COMPARISON OF WEIGH CELL AND MASS FLOW METER
TECHNOLOGIES FOR MEASURING FIELD SPIKING RATE

Up to this point, all discussion has been concerned with quantitative calculations and comparisons of
measurement uncertainty between the two most widely used methods of measuring ficld spiking rate.
There are however, other more qualitative attributes of both technologies which recommend their use.
These attributes as well as the attributes of computer control and data acquisition are summarized within
this section.

Both spiking rate measurement methods benefit similarly from the use of computer based process control
and data acquisition technology. These benefits are summarized as follows:

1. The ability to control the spiking rate more uniformly and more closely to the target spiking rate
than is possible with manual control.

2. Acquisition, archiving, analysis, and reporting of data in real time.

3. The ability to more rapidly effect spiking rate changes, as needed during miniburns for example.

The relative advantages and disadvantages of the two methods of measuring field spiking rate are
summarized in the following tabie:

Major Features of the Two Field Spiking Rate Measurement Technologies

Mass Flow Meters Weighing Systems
Advantages: Advantages:
Continuous, Direct Measurement of Flow Rapid, Tangible Field Demonstration of Accuracy
More Rapid Detection of Rate Changes Direct Measurement of Mass/Run
Very High Accuracy Very High Accuracy
Disadvantages: Disadvantages:
l\:/izrljé Difficult to Demonstrate Accuracy in the Indirect Measurement of Rate
CONCLUSIONS:

As a result of the information provided herein, the authors have drawn the following conclusions:

1. Uncertainties associated with the spiking function in a HWC testing program are likely to be a
modest part of the total uncertainty associated with the total regulatory/testing process for setting
a metal feed rate limit.

2. Both the Mass Flow Meter Method and the Weigh Loss Versus Time Method of measuring field
spiking rate provide highly accurate results.

3. The overall lowest level of spiking rate uncertainty is achieved with the Laboratory Standard
Method of demonstrating spiking material composition combined with either of the Mass Flow
Meter Method or the Weight Loss Versus Time Method of measuring field spiking rate.
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As used herein Spiking Materfal (M) refers to the material which is actually spiked, i.e., a metal solution, a TiO, andfor metal

dispersion, and/or an individual or a mixture of POHCs. Spiking Specles (S} refers 1o the portion of the Spiking Material which

is of specific interest in meeting the test objectives, i.e., individual metals, ash, individual POHCs, CI, etc.

Typically, the maximum error £ 0.005 to +0.01% of the scale’s capacity, or in terms of weight, £ 0.05 to £ 0.1 Ib for our most

frequently used 1,000 Ib scales.

ESS’ 50 Ib field standards are cerlified annually by the State of Texas to be within £ 0.008 ib (approx. * 0.02% RE) of NIST
Primary Standards.

The pump through-put fo line pressure sensitivity is: -1.5 %/100 psig (Ref 6), i.e., wilh a constant pump through-put seting, a

waste feed line pressure increase of 100 psig would result in a pumping rate decrease of only 1.5%.



