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Airflow Performance and Tracer Gas Containment Test Report

Testing the Vented, 2-Liter Induction Chamber

1 Title:
2 Site:
3 Contacts:
4 Purpose:

TSS, Inc.
620 Hearst Avenue
Berkeley, CA 94710

Marie Carretta
VetEquip, Inc.

7070 Commerce Circle
Pleasanton, CA 94588
1.925.463.1828

Martin Burke
Engineering Manager
TSS, Inc.
1.800.877.7742

The purpose of this report is to document the results of special air flow performance tests
conducted by TSS, Inc. upon a VetEquip, Inc. Vented, 2-Liter Induction Chamber (P/N 942102).
These tests were designed to collect data so that VetEquip, Inc. personnel could evaluate the
basic suitability of the 2-Liter Chamber as a containment device for anesthetic gasses; the 2-Liter
Chamber is designed to contain these gasses in a manner that protect the worker.

5 Summary:

5.1

52

Technicians from Technical Safety Services [TSS] performed airflow and tracer
gas performance tests on the 2-Liter Chamber on August 8", 2004.

The basic test results follow:

521

5.2.2

5.2.3

With a vacuum of -0.23"w.c. measured at the evacuation port/collar, TSS
measured an average velocity of 155 feet per minute within the
4.500"x2.375" slot. This corresponds roughly to a requirement of 11.5 cubic
feet per minute.

At this setting, the slot competently capture still air along 5 %2” of the sliding
lid, and challenge smoke within the chamber is seen to be wholly captured
when the lid is opened and closed.

When injecting Sulfur Hexafluoride tracer gas at either ~0.4lpm or ~2lpm in
a manner derivative of ASHRAE 110-1995, with the (human) manikin at a
simulated, optimal viewing position, there was ~0.02 ppm in the manikin
breathing zone. There is no stated acceptance criterion for this tracer
result, however any result <0.10ppm is typically very acceptable.



5.3

54
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The scope of testing was limited to the following items:

53.1

53.2

In the manner of TSS SOP 4-6.v2, “Field Testing of Slot Hoods,” TSS
determined the capture velocity and the effective distance of capture from
the 2-Liter Chamber’ slot. This established the ventilation rate for the
following tests.

With the ventilation rate adjusted per the previous test, TSS injected tracer
gas into the 2-Liter Chamber to mimic the performance of an anesthetic
vapor. TSS then sampled for tracer leakage in the breathing zone of a
human manikin, positioned above the 2-Liter Chamber to simulate an
optimum viewing position, about 14” above the 2-Liter Chamber itself. TSS
selected two injection rates, 400 ml/min and 2 I/m, and tested the ability of
the 2-Liter Chamber to contain the tracer gas under steady-state conditions
as well as the effect of opening and closing the lid.

Test results are discussed in greater detail in section 6 of this report. Cited figures,
tables and diagrams are in section 7 of this report. Deviations are cited in Section
8, and Section 9 contains pertinent additional documents used to support the
validity of this report.
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6 Test Results:

6.1

Capture Velocity versus Vacuum:
6.1.1 Test Method:

In the manner of TSS SOP 4-6, TSS traversed the 2-Liter Chamber in the slot entry
plane using a calibrated anemometer while simultaneously adjusting the airflow
rate and probing with a neutral-density challenge smoke (titanium tetrachloride,
TiCl,). Once the airflows were adjusted so that the smoke was captured along the
length of the lid, and smoke in the chamber was visually captured when the lid was
opened & closed, TSS recorded the static pressure at the evacuation port/collar.

TSS chose the slot entry plane and the evacuation port/collar as the data sampling
points because they would be easy for any competent technician to replicate.

Since the evacuation port/collar on the 2-Liter chamber does not have any filter or
damper components, the essential relationship between capture efficiency and
static pressure should not change. TSS performed this test under still air (cross-
currents <20fpm) conditions.

6.1.2 Acceptance Criteria:

For acceptance, challenge smoke must be captured along the length of the lid, and
smoke in the chamber must be visually captured when the lid is opened & closed.

6.1.3 Test Results:

6.1.3.1 The smoke was captured along the length of the lid, and smoke
in the chamber was visually captured when the lid was opened &
closed when the airflow velocity in the slot entry plane averages
155 feet per minute. This corresponded to a pressure of -
0.23"w.c. at the evacuation port/collar.

6.1.3.2 In the 4.500"x2.375" slot, the 155 feet per minute velocity
corresponds roughly to 11.5 cubic feet per minute. TSS has not
applied an A, correction to this value.

6.1.3.3 Diagram 1-4 show the smoke capture properties of the slot, as
well as a representative airflow velocity sample point.
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Tracer Gas Performance Tests:
6.2.1 Test Method:

With the 2-Liter Chamber operating normally and providing the flow conditions
described in the previous section, and in a manner derivative of ASHRAE 110-
1995, TSS injected undiluted, 99.97% Sulfur Hexafluoride tracer gas into
‘Chamber, then sampled for leakage in the breathing zone of a second, human
manikin, positioned about 14" above the patient.

This level of realism is warranted because of concerns that the representative tracer
gas flow rate, 400-2,000 ml/min, might result in leakage from the ‘Chamber itself and
enter the worker’'s breathing zone. The flow rates of 400 ml/min and 2,000 ml/min
were selected as typical for rats/patients to be treated in the 2-Liter Chamber.

With the tracer gas flowing at 400 ml/min., TSS continuously sampled air from the
human manikin-breathing zone for five minutes. TSS used a calibrated Foxboro
Miran 1A with an inherent sensitivity (LOD) of <=0.007 ppm for the Sulfur
Hexafluoride tracer gas. The form of the data from this instrument was 300
consecutive, logged, 1-second readings stored in an Excel file, available for audit at
TSS. Three replicates (‘runs’) of the five-minute test were performed.

After the five minute runs were completed, the effect of the lid was tested. While
logging the leakage concentration, the lid was opened for two minutes, and then
closed for two minutes. Three replicates of this test were also conducted, and the
peak value is reported.

Once the testing was done for the 400 ml/min flow rate, the three, consecutive, 5-
minute ‘runs’ were repeated for the 2,000 ml/min flow rate. The lid-effect was not
tested at 2,000 ml/min.

6.2.2 Acceptance Criteria:

There are no formal criteria applied to this test. As a means of comparison, an
exposure of <=0.10 ppm is typically tolerated in other ventilated enclosures.

6.2.3 Test Results:

6.2.3.1 The 2-Liter Induction Chamber has similar tracer gas
performance results at 400 ml/min and 2,000 ml/min. The
average leakage to the operator-breathing zone is very low:
~0.02 ppm.

6.2.3.2 The lid opening & closing provided a peak concentration of 0.22
ppm with the tracer gas flowing at 400 ml/min into the chamber.
While this is higher than the steady-state leakage rate, it is still
low and there is no consensus standard for acceptance.

6.2.3.3 The data for both grilles is plotted as Figures 6-7.
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7 Diagrams and Tables:
Item Description
Figure 1 Elevation of 2-Liter Chamber Showing Airflow Capture
Figure 2 Plan of 2-Liter Chamber Showing Airflow Capture
Figure 3 2-Liter Chamber Full of TiCl, Smoke
Figure 4 2-Liter Chamber Cleared of ‘Smoke Without Spillage After Opening
Figure 5 Tracer Gas Test Geometry
Figure 6 SF6 400 ml/min Leakage Plot

Figure 7

SF6 2,000 ml/min Leakage Plot
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N3

Elevation of 2-Liter Chamber Showing Airflow Plan of 2-Liter Chamber Showing Airflow
Capture (note anemometer in slot test-pos.) Capture

Figure 4

2-Liter Chamber Full of TiCl4 Smoke 2-Liter Chamber Clear of ‘Smoke Without
Spillage After Opening (moments later)
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Figure 5

w,

Tracer Gas Test Geomet'ry (~14” viewiﬁg distance to top of ‘Chamber; Simulated Rodent)
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Discrepancies and Alterations:

The following is a list of known discrepancies and alterations made with regard to this
project. The changes made after the date of testing were corrections of errors in the
recorded field data.

8.1 The only attestable deviation from TSS’ normal, field documentation practices was
the automatic recording of data to an Excel spreadsheet. TSS anticipates no
diminution in the data integrity as a consequence of this change.

Pertinent Additional Documentation:

The following pages contain photocopies of documents pertinent to this report. Calibration
certificates are archived at the main office of Technical Safety Services.

Description Pages

Calibration Certificates 11-17
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Instrument ID Number 1316 Fit-Factor, F = 6.7 (<<F x ABS = PPM)
Instrument Serial Number | 1A-2807
Mirror Setting 13.04 Pre-Calibrated By|MJB PM
Scale Mulitplier (1x, 10x) 10 Pre-Cal. Date/Time 8/8/04 1100H
Wavelength 10.65 |um
Slit 1 mm Post-Calibrated By|MJB
Loop volume 5.62 |liters Post-Cal. Date/Time 8/8/04 1700H
Pre Test Calibration Data Post Test Calibration Data
ulinj ul,tot. ABS  SF6, ppm PPM/ABS| | ul.inj  ul, tot. ABS  SF6, ppm PPM/ABS d%
0 0 0.0000 0.00 NA 0 0 0.0000 0.00 NA
1 1 0.0293 0.18 6.107029 0 0 0.00
1 2 0.0562 0.36 6.350034 0 0 0.00
1 3 0.0809 0.53 6.610727 0 0 0.00
1 4 0.1035 0.71 6.886413 0 0 0.00
1 5 0.1252 0.89 7.114055 0 0 0.00
1 6 0.1440 1.07 7.420942 0 0 0.00
39 45 0.3787 8.01 21.14634 45 45 0.3710 8.01 21.58522 98%
Absorbance Units Absorbance Units
0.0001 0.0201 0.0401 0.0601 0.0801 0.1001 0.0001 0.1001 0.2001 0.3001 0.4001
| ‘ ‘ 0.60 g_ | ‘ 9.00 g_
— " e="As Found" ¥+ 8.00 o
IS "é:n;?und // 050 ~ * "Final" / 200
/ 0.40 / + 6.00
-+ 5.00
/ 7030 + 4.00
/ 0.20 + 3.00
/ / 2.00
1010 / + 1.00
0.00 0.00
Comments
None
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TSI Model 8345 Serial No. 01030084
Description VELOCICALC PORTAELE AIR VELOCITY METER
Calibration Standard_ WIND TUNNEL CALIBRATION SYSTEM, SERIAL NO. 110

—— CALIBRATION VERIFICATION RESULTS
Calibration Instrument Errar Compared to Tolerance
Standard Outpui Difference ?&J‘e{ance Tolerance

) - 0 Limji +
0 ft/min 0 ft/min PASS ¥

7 ft/min 8 ft/min 0. PASS *

B ft/min 5 ft/min -0. PASS *

5 £t/min 2 ft/min -1. PRSS

3 f£ft/min 7 ft/min -1, PRSS

.7 fe/min 1 fe/min =0. DAES

T £t/ min -8 ft/min -0,

.9 ft/min B ft/min -0. PAES

.8 ft/min 2 ft/min 0. FASE

.4 ft/min & fr/min 0. PRES
4494.5 ft/min 7 fe/min -0,
5874.7 ft/min 2 ft/min -0.

9

Q

32.0 °F °F =0.1 °F § p————— Tolerance Limits:
140.0 °F “F 0.0 °F Velacity: +3% of reading or 3 ftfuin
whichever is greater

Temperature: +0.5 °F

1463
2483

Velocity Calibration Conditions: Ambient Temp: 23.9°C  Barometric Pressure: 740.8 mmHg

Velocity Correcied to Std Conditions of:  Ambient Temp: 21.1°C  Barometric Pressure: 760.0 mmkHg

TSI does hereby cersify thar all materials, componers, and workmeanship used in the gfixcture of this equipment
are in strict accordance with the applicable specificattons agreed upon by TSI and the customer and with all published
specifications.  All performance and acceptance tests rﬁ'lﬂ-l‘ﬂf tnder this confract were successfully conducred according
to required specifications. Furthermare, all test and callbration mwm'ed by TSI has been obtained using standards
whase accliracies are traceable fo the National Institue of Siondards and Technology (NIST) or has been verified with
respect fo instrumentation whose accuracy is traceable to NIST, or is derived from accepred values of physical constants,
Our QMHF/ Hnnafm stem complies with IS0 8000 requirements and calibrasion procedures for this instrment
adhere to 150 10012, The accuracy of the velocity calibration facilities i ar least a rario of 1:1 with respect o the
accuracy ificarions of the insiruntent being calibrated. The accuracy of the humidity calibration facilivies is a
least a ratie of 2:1 with respect to the accuracy specifications of the instrument being calibrated, The accuracy of the
gzmw caltbration facilities is af least a ratio of 2.5:1 with respect to the accuracy specifications of the (nstrionent

ng calibrated, The accuracy of the 1emperature calibration ,én'um is af least a ratio of 6:1 with respect to the
accuracy specificarions of the instrument being calibrated,

Applicable Test Report Report Number, = Date Last Verified Date Due

DC voltage E0D0048 . ) 07-22-03 07-30-04
Barometric Fressure E001329 05-13-03 05-31-04
Temperature (0ec) EQQ0B22 0B-04-03 08-30-04
Temperature (19-35°C) E001807 08-04-03 08-30-04
Temperature (80°C) E00Q1lB06 08-04-03 08-30-04
Pressure EQ01517 02=16-04 02-16-05
Presaure EQODBOA D3-1le-04 02-16-05
Ve'.'l.c:v::i.l::I.r E0Q2002 02-24-04 02-24=-07
Dewpoint E00131% 10-28-03 10-28-04

Sa MM
#0072 70 H4v

oo Ajaesy
SHL B

ST

R' . £ - Mar 26, 2004
Final
Fuhction Check Calibration Date

Muiling Address: P.O. Box 64394 St Paul, MN 55164 USA :
Shipping Address: 500 Cardigan Road Shoreview, MM 55126 USA
Phone; %300] TT7-8356 or (651)490-2711 Fax: (651) 490-2374
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5 B4 134 AIRDATA MULTIMETER CERTIFICATE OF RECALIBRATION Fveat # M0 3059

Customer ID:_01 2460 SiM:_MO7783
Customer; GCity:___BERKELEY State:;_CA Order #:_R031396
As-Recaived Model #_ADM-B860 Converted to Model #:
PO# Customar Eqpt ID#; Calibration Due Date:__06/2004 QA Code:_ 95  10CFR21:

Thils instrument has been calibrated using Calibration Standards which are traceable o NIST (Mational Instilute af Standards and Tech
Program and calibration procadures mest the requirements for 10CFRS0 Appendix B: ANSINAS, 2 ANSINCSL Z2540-1-1094; MIL-STD
specifications. Maﬁmmm?;:mMMmumm used with functioning accesscrias only. AN Uncertaintes are axpressed in expand
(bwice tha calculated uncartainty). raport shall not be reproduced, axcapt in full, without the written appraval of Instruments, Inc. Resulls relate
to the Hem calibrated. For limitations on use, see Shorfridge Instrumants, Ing. Instruction Manual for the usa of Multimaters. Procedure used:

SIP-CP02 Ravision: 23 ted: 1209102

Recalibration Procedure for AirData Musi
Calibration Technician(s)___ .|  ECewrdlen L rnihomsi i Calibration Date; 96785 /2803
Calibration Approved by: m-& Tite Ghon, tngn Date; € -S'~2a03
AS-Recelved By 4 ~DNFNAC Tost By o T Test By
Date &5 Rh 5¢ % Date, wJRh___ & F% Date %
Armbient Temparature - *F Ambsent Temperature 7T °F Ambien! Temparature F
Baromatric ZE4%  InHg Barometric Pregssse P 2B i Hg Barometric Pressune B
Within spec NO MA Within speac NO Within spac YES NO

ABSOLUTE PRESEURE TEST (in Hg)
TESTMETER TOLERANCE =220%2.1inHg  AS-RECEIVED TEST WITHIN SPEC @ MO MA

Pressure Standard: Helgs #02-R SIN: 41741/42459 Calibration Date: 04/21/03 Calibration Due Date; 04/2004 BsFow Test? Testd
Prassura Standand: Heisa #04-R SUN: 41743042453 Calibration Date: 05/05/03 Calibration Due Date: 05/2004 As-Fowd Tesl2 Testd
Pressure Standard; Helse #06-R. SN 41742042452 Calibration Date; 12/04/02 Camtration Due Date: 062003 Ag-Rovd Test 3
Pressure Standard: Heise 808-R S/N: 42188/43328 CaBibration Date: 03/14/03 Calibration Due Date: 092003 As-Rovd  Test2  Test3
Pressure Standard: Heise 210-R BN 42203043352 Calibration Date; 04/07/03 Caliration Due Date: 10/2003 As-Rovd  Test2  Test3
Pressure Standard; Helse £12-R SM: 43166/44731 Calibration Date: 11/01/02 Calibration Due Date: 052003 As-Rovd Test2 Test3
Helse Model PPM-2 Migd by Dresser Industrias Rated Accuracy: 0.05% fs (0.0305 in Hg) Range: 0-61 in Hg Uncertainty: < 0.0358
__Apneon Sat Pt Standard Test Mater % Oitf Standard Tas! Mater % Daff Standard Test Meter S D
14.0 LE 2D fS —&3 feia f A e N
84 2f-Ys 2.8% —v¥6 | 27. 28 | 28. 7 L OF
40,0 ye. 63 0.5 — 3l ¢ 32 P .07 _
DIFFERENTIAL PRESSURE TEST (in we)
TEST METER TOLERANCE = 2.0 % £ 0.001 inwe  AS-RECEIVED TEST WITHIN SPEC (FES) NO NiA
Pressura Standand: Heise #01-L SM: 4173902440 Calibration Date: 04/22/03 Calibration Due Date: 04/2004 Test2 Testd
Pressure Standard: Heise #01-R SM: 41730/ 2446 Calibration Date: 04/22/03 Calibration Due Date; 04/2004 Tosl2 Testd
Pressure Standard: Haise #02-L SIN: 41741/42454 Callbration Date: 04/22/03 Callbraton Dua Date: 04/2004 Test2 Test3
Pressure Standard: Haise #03-L S/N: 41738/42448 Calibration Date: 050503 Calibraion Due Date: 0572004 As-Rovd  TestZ  Testd
Pressure Standard: Halse #03-R SIN: 41738/42445 Calibration Date: 05M09/03 Calibration Due Date: 0572004 As-Revd Test2 Test3
Prassure Standard: Helse #04-L EIN: 4174342456 Calipration Date: 0513/03 Calibration Due Date: 0572004 As-Rovd  Test? Testd
Pressure Standard: Heise #05-L BN 41740042450 Calitration Date: 12/06/02 CaFbration Due Date: 062003 As-Rovd Tast 3
Prassure Standard: Helss #05-R  S/N: 41740042447 Calibration Date: 12/08/02 Calisration Due Date: DB/2003 As-Rovd Tesl 3
Pressure Standard: Heise #06-L S/M: 4174242455  Calibration Date: 12/08/02 Calibration Due Date: 06/2003 As-Rovd Tast 3
Pressure Standard; Helse #07-L S/ 4218542186 Calibration Date: 03/1803 Calibration Due Date: 09/2003 As-Rewd  Test2 Testd
Pressure Standard: Helse #07-R  S/N: 4218543326 Calibration Date: 031203 Calibration Due Date: 082003 As-Revd  Test2  Testd
Prassure Standard: Heise #08-L S/N: 42186/43320 Calibration Date: 03/1803 Callbration Due Date: 082003 As-Rowd  Test2 Test3
Prassure Standard: Helse #06.L S/N: 4Z200/43351 Calibration Drate: 04/08/02 Calibration Due Date: 10/2003 As-Rovd  Test2 Test3
Pressure Standard: Heise #09-R  S/N: 42202/43350 Calibration Date: 04/09/03 Calibration Due Date: 102003 As-Rowd  Test2 Test3
Pressure Standard; Heise #10-L SiN: 42203043353 Calibration Date; 04/08/03 Calibration Due Data: 102003 As-Rovd  Test2  Test3
Pressura Standard: Heise #11.L SN: 4316544551 Calibeation Date: 11/08/02 Calibration Due Date: 05/2003 As-Rovd  TestZ  Testd
Pressure Standard: Heise #11-R  S/N: 4316544730 Calibration Date: 11/06/02 Calibration Due Date: 05/2003 As-Rovd  TestZ Test3
Pressure Standard: Heise #12-L S/N: 431664732 Calibration Date: 11/06/02 Calibration Dua Date: 052003 As-Revd  TestZ  Test3
Difteronal Pressure Standards: Heise Model PPAMA Manufachured by Drésser Industries
#01-L, 03-L, 05-L, OT-L, 080, 11-L Rated Accuracy: > 0.07% fs (0.00017S in we) Range: 0,0-0.25 in we Uncartainty: < 0.00035
#01-R, 03-R, 05-R, 07-R, 08-R. 11-R Rated Accuracy: > 0.06% fs { 0.003 in we) Range: 0.0-5.0 In we Uncertainty: < 0,00348
#02-L, 04-L, 06-L, 08-L, 10-L, 12-L Rated Accuracy: > 0.06% fs (0.03 in wc) Ranga: 0.0-50.0 In we Uncertainty: < 0.0346
Approx Set Pt Standard __ Tast Meter % Diff Standard __ Test Mater % Diff Standard  Tas! Mater % Diff
0500 _f| +ox37 LOT 3L =-/7 2r2e | o5z il 4
250 Il oizey | .izs) | ~a% N oz | oare | = /6 S
2250 )| . 2guf | -0 278 L p2ve | TofF .
2700 2912 s o - Y L0 |, 2748 (30 -
2000 | zosz | 204l | oy N2 503|700 | .35 Syl
3.600 3 plF Z-H3F .53 EFFErlETEY LAT S
4.400 FA YR “¥?% | 7o ol | sryad L] ~
27.00 2235 | 2739 | .53 27 s | 27 29 S5 ~,
50,00 =025 Sty f 32 | &9 .50 | g pf -23 ey
Overange v 4 = =
Shortridge Instruments, Inc.
T855 East Redfield Road Scottzdale, Arizona 85250
(480) 991-6744 + Fax (480) 443-1267 « www.shortridge.com + info@shortridge.com
ADM Recaibration Rev2004M503 1002 oszzos
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AIRDATA MULTIMETER CERTIFICATE OF RECALIBRATION . o
Order #:_[Ee3 139 &
LOW VELOCITY CONFIRMATION
TEST METER TOLERANCE = £ 3.0% £ 7 FPM AS-RECEIVED TEST WITHIN SPEC @ MO NIA

Velocity Standard: AlrData Mullimeater SN: MOG4SS  Cafibrafion Date: 11/08/02 Callbration Due Date: 1112003 c;sﬂngb Tes ;::tl ;
e e, Arbala Mu one MO8 g::br tion g:ll: 1042902 Calibram E:J; g::-' 10/2003 ps-Rovd  Test2  Tesi3
Velocity Standard: AlrData Mullimater SN 26 ibral : i

U:lod:: .E)tamjard'. AirData Multmeler SN MIS420 Calibration Date: 0072602 Calipration Due Date: 09/2003 As-Rovd  Test2  Test 3
Rated Accuracy: Velocity £ 2.0 % 23 fpm Uncartainty: <2.25 fpm at 100 fpm <25 fpm at 500 fpm

Approx Set Peinl Standand Tost Malar il Siandand Tist Malar Diff Standand Tist Mabar L]
100 123.7 (22 —7 5. Y pa L |
500 sis.7 sy -7 5398 =¥ |=8 |

ADM-BTIVETOC and ADM-B60/860C AirData Multimetars are read in AiFol Mode. ADM-850 Multimeders ane reed in PHot Tube Mode. Uncertainties shown for
Low Velogity Confirmation represent Uncartainty of the Transher Sandard Meter exposed to the pressure sOUcE only.

TEMPERATURE TEST - MRDATA MULTIMETER * F) E

TEST METER TOLERANCE = £0.2° F AS-RECEIVED TEST WITHIN SPEC MIA

RTD Simulator; S/M 249 Calibration Date: 01/24/2002  Callbration Due Date: 0172004 Sl PonlCIEG E) 95° F 154.4°F
RTD Simulgtor: S/M 250 Calibration Date: 017242002 Calibration Due Date: 01/2004 Sel Point: 35.6° F (U5 E> 154.4°F
ATO Simulator: §/M 253 Calibration (ate: 01/24/2002  Calibration Due Dale: 0172004 : Set Point: 35.6'F 95°F

RTD Simulator: SIN 254 Calioration Date: 032802002 Calibration Dus Date: 032004 As-Rovd Test2 Testd  Set Poinl: AEF OUFF 1544°F
RTD Simulator: SM 256 Calibration Date: 03/28/2002 Calibration Dua Date: 032004 As-Rovd Test2 Test3d SetPoint 356 F 95°F 154.4°F
RTD Simutator SM 257 Calibration Date: 03/28/2002  Calibration Dus Date: 0372008 As-Rovd Test? Testd SetPoint 356°F 95 F 154.4°F
RTD Simulators Medel RTD-1000/500  Rated Accuracy: 0.005% of seting Range: 100 (1 to 111111002 Uncertainty: < 32 ppm

RTD Simulator Temparaiune

Equivalant Set Point Tt Mater Ditferenca Tast Maler Differanca Tesl Meler Difference
35.60 25.7 A 3. 8 .z Te—
55,00 950 o Pyl - A ML
154.40 5. L - | ST T . I

TEMPERATURE TEST OF CUSTOMER'S TEMPROBE
TEMPROBE TOLERANCE =+ 0.3'F  AS-RECEIVED TEST WITHIN SPEC @ HO HIA

Thevmonmeler SIM 92143Thermision SMEBTIS1Z  Callbration Date: 04/04/01 Cal Due Dala: 0B/2003 Set PointGF ED95°F 155°F

Thermometer S/ BADSHThermistor S/MBS1T0E  Calibration Date: 10/05/02 Cal Due Date: 10/2004 Set Point 35 F 95°F 155°F

Thermometer SN 82143 Themmistor S/ 850104 Calibration Date: 02/09/01 Cal Due Date: 0572003 Sei Point; 35°F 85°F

Thermometas SN 88104 Mhermistor S/N BT1S07  Callbratien Date: 110502 Cal Due Date: 1172004 Sel Point: 35° F (0T 9 155°F

Above Temperature Standards: Rated Accuracy: 0.023° FI0.018° F Combined Uncertalnty: < 0.025° F

Temparature Standard AirDala Multimeler  S/N:M00138  Calibration Date: 03/31/03 Cal Due Date: 03:2004 Sel Pnln
55 F

Temperature Standard ArData Multimeter  SfM: M36100 Calibration Data: (5/14/03 Cal Due Date: D5/2004 Sal Point 3% F 89
Above Temperature Standards: Rated Accuracy: 0.03°F  Uncertainty: <0.023° F -
Total combined Uncerainty for TemProbe testing : < 0.0285

S0 P Supeiard Terirobe et TemProbe st Tamitbe o TemProbs _Dw TermProbe D T o

wo | 350 | 3§ |22 [~ —T—qt

s || gs.o | 999 |7/ e

1580 | 5.0 =50 o ——t
TFPROVED FOR CLIENTUSE

NOTES: UM 09 2003
BY: Jp-ﬂ- FOR TSS, INC.
www. lechsalety.com

Shortridge Instruments, Inc.
7855 East Redfield Road Scotisdale, Arizona B5260
{480) 991-6744 « Fax (480) 443-1267 « www.shoriridge.com « info@shortridge.com
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Document Title INSTRUMENT CALIBRATION RECORD
Document Number ICR-1
Valid Date 04 September 2000
Technical Safety Services, Ine.  Supersedes 06 December 1999
Page | of |
INSTRUMENT CALIBRATION RECORD
FACILITY Technical Safety Services, Ine. | DBIDNO. |2 @ %63 | 155 Cal Event \MeodpsTy
ADDRESS 620 Hearst Avenue MFGR. Dickson
CITY,. STATE | Berkeley, CA MODEL THDx
ZIp 4710 TYFE Chart Recorder
| DEPARTMENT | Calibration s s 7517
CONTACT Duy Doan BLDG. 620 Hearst Ave
PHOME | 510.845.5509] RM. | Calibration Laboratory
el
A% FOUND STATUS: _~TEASON FOR SERVICE: | _—— _ FINAL TEST STATUS:
"IN TOLERANCE ~SCHEDULED E-CALIBRATED O LIMITED CAL.
U OUT OF TOLERANCE O UNSCHEDULED 11 OUT OF TOLERANCE
L INOPERATIVE [ MEW UNIT 11 INOPERATIVE
UNITS MEASURED AS FOUND TEST DATA: FINAL TEST DATA:
TEST FOINTS: STANDARD | DBETHUMENT | INFFERENCE | ToLi Tg"u STANDARD | INSTRUMENT | DIFFERENCE | TOL{#h) 1::;,'
Ambient o M5 =i 0.5 | yes =1 _ —
low | ¢ | 23] = 08 | 1 |oes 9
Ambient | % 50.» 50 0.3 |y — | ’
STANDARDS USED | SERIALAD NUMBER STD. CAL. DATE CAL. DUE DATE
GE 1311DR/M2 Dew pointer TSS EQ 169 10713403 41304
Barometric Pressure ( 30.3 “Hg) TS5 EQ 1064 S703 57104
COMMENTS: 13 TUR = 4:1
| CALIBRATED BY (PRINT) CALIBRATED BY (SIGN) CALIBRATION DATE CAL DUE DATE
Duy Doan — "b/nkﬂ/‘otf '}f’:ﬂ"f/ﬂg
\{ APPROVED FOR
CLIENT USE

MAR 26 2004

BY: @
wwwitechsalety.com

FOR TSS, INC
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1765 E€ \+8+ _. - Event# Mo Y011y

Fluke Corporation

6920 Seaway Blvd
Everett, WA 98203
(425) 347-6100

Certificate of Calibration

APPROVED FOR CLIENT USE
Manufacturer: Fluke
Model: FLUKE-189/CWG JAN 21 2004
Description:  LOGGING MULTIMETER o DR rorss

Serial Number: 85000172 www.lechsalety.com

The Fluke Corpora:ion, ISO Certification No. U0018, certifies that the instrument identified above was
calibrated in accordance with applicable Fluke calibration procedures. Its calibration processes are
180-8001 controlled and are designed to certify that the instrument was within its published
specifications at the time of calibration.

The measurement standards and instruments used during the calibration of this instrument are
tr&mlabla to the United States National Institute of Standarfds and Technology (NIST), natural
physical constants, consensus standards, or by ratio type measurements.

Cal Date: Nov 13, 2003 Temperature: 23°C+5 Report Number: 1598453-85090172
Next Cal Due: Nov 12, 2004 Humidity: < B0% Recelved Condition: New Product
Cell Lead:  Greg Romig Returned Condition: In Tolerance
Calibration Procedure: 159.150

Test Station: 187/189

I e - ]
End of Report

Page 1of 1
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T95 EQ V2077 Evenat /) 40405

A.P. BUCK, INC. mini-BUCK CALIBRATOR™
Serial No. 3 3 Q5 E Date Calibrated: 3115" O  Next Calibration due date: 3‘2.5 0 5

ModelNo- M10 ms T M30 O
Applicable Measurement Standards

Description ~ MFR.  Model Serial#  Calibration Due Date N.LS.T.
O  100ml Burens i 17027F-100 1219 02152008 Special 17027F
O  1000ml Burette  Ki 17081 0002 10/15/2005 ASTM ES42
) 1000ml Burette 17081 0003 10/15/2005 ASTMES42
B stopwatch CMS  387-621 0996605  07/17/2004 ELO1S
O Stopwatch Fisher 14-649-5 230268455 10/21/2004 FREQ. STD. 104

This instrument as received on " [ H . D% at AP, Buck, Inc,s facility was found to be:
Unable to calibrate as received due to condition of unit.
Within specifications of = 0.5% of the display reading.
Mot in specificationby __ . % High . % Low of the display.

The instrument listed above has been adjusted to nominal, utilizing a 1,000ml burette, and an electronic
digital stop watch, which are traceable to the National Instituts of Standards & Technology (NIST). The
aceuracy of the instruments used to perform calibration is greater than 4 to 1. The AP. Buck, Inc.
Calibration system is in compliznes with ANSI Z540-1 and IEC guide 25.

Calibration was conducted with AP, Buck, In¢. Calibration Procedure APB-1 Rev. 6.1 with a constant flow
pump using the Bubble-meter method. AP, Buck, Ine. guarantess the accuracy and repeatability of & 0.5%
for amy display reading as described under the instruction manual “Principles of Operation™.
Responsibilities shall in no event, nor for any cause whatsoever, exceed the price charged for the calibration
represented by this certification.

QA APPROVAL BY:Qb:md:dkﬂ&Qx:mlwf

A7PROVED FOR CLIENT USE

AP, BUCK, INC.
7101 Presidents Drive, Suite 110 APR 02 2004
Orlando, FL 32309 s D conves. we
Phane: 407-851-8602 37—l FORTSS, iNC,
Fax:  407-851-8910 oo siatyoon
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