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Fire Tests to Evaluate the Potential Fire Threat

and its Effect on HEPA Filter Integrity in Cell Ventilation at

Oak Ridge National Lab (ORNL) Building 7920.

SUMMARY

As a result of a DOE (Tiger Team) Technical Safety Appraisal (November 1990) of the

Radiochemical Engineering Development Center (REDC), ORNL Building 7920, a number of

fire protection concerns [see Attachment 1],were identified. The primary concern was the
,_ perceived loss of ventilation system containment due to the thermal destruction and/or

breaching of the prefilters and/or high-efficiency particulate air filters (HEPA 's) and the
resultant radioactive release to the external environment. The following report describes the

results of an extensive fire test program performed by the Fire Research Discipline (FRD) of

the Special Projects Division of Lawrence Livermore National Lab (LLNL) and funded by
ORNL to address these concerns.

Full scale mock-ups of a REDC hot cell tank pit, adjacent cubicle pit, and associated

ventilation system were constructed at LLNL and 13 fire experiments were conducted to

specifically answer the questions raised by the Tiger Team. Our primary test plan was to
characterize the burning of a catastrophic solvent spill (kerosene) of 40 liters and its effect on

the containment ventilation system prefilters and HEPA filters. In conjunction with ORNL and

Lockwood Greene we developed a test matrix that assessed the fire performance of the

prefilters and HEPA filters; evaluated the fire response of the fiber reinforced plastic (FRP)

epoxy ventilation duct work; the response and effectiveness of the fire protection system, the
effect of fire in a cubicle on the vessel off-gas (VOG) elbow, and other fire safety questions.

Because these were full scale fire tests conducted in full scale mock ups of REDC tank pits,

cells, and cubicles, the results are as realistic as can be practically achieved without actually

setting fire to the facility. All tests were set up and conducted conservatively. Although we

were able to reproduce the ventilation rate through the tank pit and cubicle cell, our main

- exhaust provided less than half the dilution air provided in the actual facility. Therefore, the

containment ventilation system filters were exposed to approximately twice the thermal and

. smoke assault it would experience in an actual fire situation. In addition, our filter system

only provided half the number of filters than the actual system. This fact makes the results
even more reasonable.



We were able to make the following conclusions from the results of the test program:

1. A fire in a tank pit of the ORNL REDC Bldg. 7920 would not cause the loss of ventilation

system containment due to the thermal destruction and/or breaching of the prefilters and

HEPA filters. All fire tests demonstrated that there was no danger of the prefilters or

HEPA's failing thermally. Uninterrupted fires extinguished from lack of oxygen at all
three tank pit ventilation rates. At the three airflow's of 1000, 440, and 370 cfm, a 40 liter

kerosene fire could not exist for more than a few minutes. Although they were rough

measurements, in the majority of tests, less than 10 liters of kerosene was able to burn

or evaporate from the post fire heat. Even if it were possible, a fire from a larger

kerosene spill would not cause the breaching of the prefilters and HEPA filters. In fact,

due to the air flow pattern and quantity, a larger pool size would produce a larger fire

that would deplete the oxygen at a more rapid rate and, consequently, burn for a shorter
period of time.

2. The prefilters and HEPA filters remained in service for multiple tests with excellent
residual filtering capabilities. This performance was certified by LLNL Industrial

Hygienists who performed DOP filter penetration tests before and after each test.

Results of all these tests were 0.01% penetration. Both sets of filters had been exposed

to multiple kerosene fires, multiple fires with sprinkler spray, and an epoxy panel burn.

These results are significant because they show that the actual roughing and HEPA

filters could be left in service for an extended period of time after a fire event in a tank pit.

3. The VOG duct work will not ignite nor contribute to a tank pit fire. Under a number of

worst case scenarios the duct did not ignite nor suffer any thermal damage, even though
it was installed per Cell 3 specifications (positioning a horizontal run 3.5' above the fire

along with vertical and other horizontal sections) and was exposed to 5 tank pit fire tests.

4. A kerosene fueled fire in a cubicle would have no effect on the VOG FRP ventilation duct

The gas burner tests that placed a flame directly into the FRP elbow demonstrated that

the interior of the VOG duct, even without the asbestos liner, would not ignite and
contribute to the fire. The fire threat to the elbow is very low because of the small size of

the kerosene fire, but more importantly, the low ventilation rate in the cubicle. This lack

of ventilation flow causes the fire to not only extinguish in a short time, but it also cannot

attain a high level of intensity. Post test inspection showed that there was no thermal

damage to the elbow. This gas burner exposure was more severe than a fire fueled by
sparse quantities of polyethylene tubing, rags, and rubber gloves that could be resident
within the cubicles.
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5. Shutting off the inlet airflow to the tank pit almost immediately (within 1 minute)

extinguished the fire: even at the 1000 cfm flow rate. This action would be a very
effective fire suppression technique in the actual facility tank pits and cells.

6. Although the epoxy wall coating test was extremely unrealistic and severe, it
demonstrated that even if the material could burn, it would have little or no thermal or

smoke effect on the prefilters and HEPA filters. Thirty liters of kerosene and parts of the

Wonder-Board burned during this experiment. Although the epoxy coating did not burn,
some of the binder in the finish was driven off by the heat of the fire. In the actual facility,

" it is questionable whether there would be any effect on the epoxy coating. As it turned

out, the Wonder Board itself ignited and contributed to the fire. Most of the burning took

place from the back of the panels. An airflow pattern developed that ran down the wall

and behind the very narrow space between the panels and the gypsum wallboard.

Although we were not able to obtain an accurate weight measurement, our physical
inspection of the panels after the test indicated that none of the polyamide cured epoxy

burned and contributed to the fire. However, it appeared that some of the binder had

been driven off by the heat in the areas where the epoxy coating was exposed directly to
flame. As shown in Photo 38 the 30 mil coating is still intact, it just felt a little more brittle

than in its virgin state. Also, post test inspection showed that approximately 50% of the

panel area was affected by this heating. More significantly, it appears that combustible

additives and the fiberglass mat in the Wonder Board ignited and continued to burn.

From visual observations during the test, these additives appeared to be the fuel for

flames shooting out from behind the panels for the duration of the fire. As mentioned

'earlier in the actual REDC tank pits and cells the epoxy coating was applied directly to

the heavy, noncombustible concrete walls.

7. The fire detection and suppression system would respond quickly and efficiently. The

heat actuated detectors (HADs) responded quickly and the sprinkler head knocked the

fire down almost instantaneously. Sprinkler water vapor had no effect on the prefilters

or HEPA filters. Because these fires could be extinguished by oxygen starvation, the

sprinkler system could be used as a secondary means of suppression.
Q

INTRODUCTION AND BACKGROUND

As a result of a DOE Tiger Team audit of the Radiochemical Engineering Development

Center, ORNL Building 7920, a number of fire protection concerns were identified. These

concerns focused on whether the fire detection and suppression systems would operate as

designed and mitigate the maximum credible fire scenario within the hot cells and cubicles of

the facility. Although not specifically called out in their report, the primary fire event was
3



postulated to be fueled by flammable solvents and the burning of the VOG ventilation ducting
within the hot cells. The primary concern was the perceived loss of ventilation system

containment due to the thermal destruction and/o_"breaching of the prefilters (roughing) and
HEPA filters and the resultant radioactive release into the outside environment.

Although a detailed analytical study [1]in 1987 found that a fire would not damage the HEPA

filters, the Tiger Team concluded that the report used "questionable and potentially non
m

conservative assumptions to reach the conclusion that a fire would not result in an
unacceptable release." Consequently, REDC management made the decision to fund a full-

scale fire test program to directly address the concerns and findings of the audit. Due to our

previous involvement and our extensive experience with the fire and smoke response of

HEPA filters, the Fire Research Discipline (FRD) of Lawrence Livermore National Laboratory

(LLNL) was asked to participate in the design and performance of this test program. The

main objective of the study was to obtain hard data to answer the concern raised by the Tiger

Team (FP.3-2) (H1/C1) CAT. I1:"Documentation provided by Oak Ridge National Laboratory
and DOE Headquarters does not support the conclusions that a fire originating in the cells or

cubicles of Bldg. 7920 at the Oak Ridge National Laboratory would not result in the loss of

HEPA filters and an unacceptable radiological release to the environment." [Attachment 1]. In
order to achieve this objective a number of significant questions had to be answered:

1. In a worst case situation, at what intensity and duration will a solvent-fueled fire burn?

Qualitatively, what quantity of smoke is generated and what are its characteristics?

2. Considering the actual location of the vessel off-gas (VOG) ducting, will it ignite
from the effects of the kerosene fire?

3. Will the VOG duct stop burning if the source fire is removed?

4. How well will the VOG duct (duct elbow) endure a simulated cubicle fire?

5. What effect will the heat and smoke produced by the burning solvent and/or -

burning duct have on the prefilter and HEPA filter array?

6. Will the fire become oxygen (02) limited and eventually go out?

7. Will the addition of water from fire sprinklers increase the challenge of the
prefilters and HEPA's?

8. What is the temperature drop of the combustion gases from the test fire to the

prefilters and HEPA's?
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Both the FRD and ORNL determined that the only way to obtain conclusive results and to

accurately analyze the fire performance of the ventilation system, fire protection system,
prefilters/HEPA filter array, FRP VOG duct, etc. was to design and conduct a full scale fire test

series. In order to design and construct a representative test article, we had to gain an

accurate and detailed understanding of the actual facility layout, fire protection systems,

facility operating procedures, and ventilation system and operation. FRD personnel toured

Bldg. 7920 to obtain first hand insight into its configuration and operational parameters.
" However, since most of the significant areas were inaccessible, we spent a significant

amount of time studying photos, building plans, facility SAR, and talking to knowledgeable

,, people. Through numerous phone calls and facsimile transmissions to ORNL and Lockwood
Greene, we were able to complete these tasks and began developing a detailed test design.

The majority of our questions were answered and information provided by personnel from
Lockwood Greene. Although general information was available from other sources, detail

and historic questions were answered by Lockwood Greene. In fact, Lockwood Greene

provided a great deal of help in developing the prel!minary fire test matrix included as Table
4.

BUILDING 7920 FACILITY DESCRIPTION

As it turned out, NJ Alvares in his report [1] provided a good general facility description

summary. It is, therefore, presented below:

Facility Specifications

"Figure N-1 is a plan view of the transuranium processing plant showing both office and

operator's areas, and an isometric drawing of a typical cell in the operations area of the

building. The shielded cell bank contains nine 7 ft. wide hot cells each with a 7 ft. long
cubicle area, separated from each other by 2.0 ft. minimum thick concrete walls. Seven

cells contain a tank pit area (9 x 22 ft. high). An inter-cell conveyor housing and the cell-

ventilation exhaust duct run through the cubicle pits the full length of the cell bank.

• "In the first seven cells air enters the southwall of the tank pit through a duct (10 in.

diameter), the centerline of which is 21 ft. above the floor. The air exits the north wall of

, the tank pit to the cubicle pit through a slot (2 x 4 ft.) ten feet above the cell floor and is
drawn into a cell ventilation duct (20 x 40 in.) through an opening (17.5 in. diameter)
located 8.5 ft. above the cell floor.

"In the last two cells air enters the cubicle pit through a similar duct only 2' above the pit

floor and exits to a cell ventilation duct. A waste-tank pit behind the last two cells and

below the first-floor level is connected to each of the last two cubicle pits through a 2 ft
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square opening, but there is no air inlet to the waste pit and essentially no air flow
between the waste tank pit and the last two cubicle pits.

"The air from all of the cells exits the cell ventilation duct through a 40 x 18 in. opening in
the bottom of the duct in the Cell 5 cubicle pit and passes under the cell through a 37 ft.

long, 30 in. diameter duct to the cell off-gas (COG) filter inlet plenum located within the

building south of the cell bank.

"The volume of each tank pit is 1386 ft.3 and the air supply to each is approximately 440
cfm." ,,

Ventilation

"The off-gas systems ventilate components of the cell--the tanks, the cubicle, the cubicle
pit, and the tank pit. Note that the tank and cubicle pits are served by COG ventilation with

metal conduits. The vessel off-gas (VOG) header that collects effluent from the tanks is
metal; the header that collects effluent from the cubicles is fiber-reinforced plastic (FRP).

Because off-gases from the cubicles and tanks may contain hazardous materials, they are

always passed through a caustic scrubber and possibly through carbon bed adsorbers.

"... The ventilation path comes in high and exits the tank pit through the access opening

into the cubicle pit. In the cubicle pit a large metal duct collects this air and conveys it to
an exhaust duct under the fifth cubicle where total flow is directed to the HEPA filter

system before exiting through the stack. Inlet air is ducted high near the tank pit ceiling,

and the air exit is at the half-height level into the cubicle pit. Total air flow through

individual pit systems is approximately 440 cfm during normal operations."

PROJECT PLAN

A significant part of the project was to construct a test article which reproduced an actual

Bldg. 7920 tank pit and cubicle pit in terms of size and configuration. An even more important

part of the project was to reproduce the relevant parts of the containment ventilation system,

not only in terms of ventilation components but also for normal and unique operating

conditions. In addition, the fire protection system had to be simulated and installed. .

Furthermore, operational procedures had to be identified to define potential fire scenarios to

be used to address the Tiger Team concerns. Our basic philosophy was to use the most
severe credible scenario based on actual fact and be conservative for worst case situations,

but not be ridiculously unrealistic. In general terms, the project plan identified the following
areas to be studied:



1. The fire characteristics produced by a maximum credible solvent spill in both quantity
and configuration.

2. The effect on the fire of varying the airflow rate, based on actual operational procedures.

3. The effect of turning off the cell airflow completely.

4. The response of the fire detectors and the effectiveness of the sprinkler system on

extinguishing the fire.

,, 5. The response of the filter system to the sprinkler water vapor and combustion products.

6. Ignitability and fire performance (thermal and smoke production) of the VOG duct in the
Cell 3 tank pit.

7. Characterize the fire performance of the 30 mil epoxy coating on the pit concrete walls.

8. Characterize a cubicle fire and assess the ignitability and flame spread of the interior of
a VOG ventilation duct elbow.

In order to define the fire risk to the REDC facility, the fire threat and the performance of the

containment ventilation system had to be assessed. In reality, to determine the fire risk the

probability of ignition would have to be taken into account. However, to evaluate the above

characteristics, we assumed that the probability of ignition was 100%. Late in the test

program we addressed the potential for kerosene ignition by electrical overload failures.

SOLVENT (KEROSENE) FIRE EXPERIMENTS

A significant phase of the study was to characterize the fire and smoke characteristics of a

representativeflammable solventin realisticcell fire scenarios. From studyingthe
flammabilitycharacteristicsof the varioussolventsused inthe TRU processes,itwas decided

that keroseneprovidedthe mostsevere fire and smoke assault. It was also determined

- (throughoperationalprocedures,etc.) thatthe maximumpossiblespill in a tank pit wouldbe
40 liters.

c

VOG DUCT FLAMMABILITY

AnotherTigerTeam concernwasthe potentialfor the ignitionof the VOG duct in the tank pit

and its subsequentcontributionto the smoke loadingof the filtrationsystem. As mentioned

previously,these ductswereof the same formulationas the actualBondstrandducts butdid

not have the asbestos innerliner. Our testswouldplace the duct inthe most conservative

positionaccordingto Cell 3 specifications.In this cell a horizontalsectionas shown in Figure
?



3 is only 3.5' from the floor. The duct would experience the most severe tank pit fire exposure
in this orientation.

CUBICLE FIRE SIMULATION

The tests of the VOG duct addressed the fire response of the material from a fire source

impingingon the duct'sexteriorand the resultantfire spread on the exteriorof the duct. A fire
inone of the cubicleswouldcause heat,flame, andsmoketo be pulled intothe FRP pipeand

wouldchallenge itsinterior. Dependingon the severityof the cubiclefire, the interior flame
spreadcouldbe muchmoresevere than external fire spread. Becausethe exemplarducts

do notcontainan asbestosinteriorlining,this testwouldbe very conservative.

The simulated cubicle for this phase was built inside the tank pit mock up with the VOG elbow

coming out of the ceiling with the specified airflow pulled through it. We characterized the

probable cubicle fire.

EPOXY PANEL TEST

The Building 7920 pit surfaces (except the floor) are covered with a 30-mil layer of FRP
laminate which is described in Table 3. We felt that because this coating was so thin and

laminated to heavy concrete surfaces, the heat loss to the concrete would prevent the ignition
of the FRP. However, we conducted a test with a thin cementitious substrate to evaluate the

hypothesis.

TEST STRUCTURE

Both the FRD and ORNL determined that the only way to obtain conclusive results and to

accuratelyanalyze the fire performanceof the ventilationsystem, fire protectionsystem,

prefilters/HEPAfilterarray,FRP VOG duct,etc.wasto constructthe fullscale testarticle. In
orderto realisticallyassess the performanceof the ventilationsystemunder the postulated

fireconditions,we wanted to simulateas nearas possiblea full-scalemock-up of a hot cell.

The test article is showngraphically inFigures 1 through5 and pictoriallyin Photos 1 through

4. Tl"e structure was a full-scale representation with the tank pit height at 22'. Note that the

cubicle is not reproduced (it would be located where the enclosure steps down) because it

plays no part in this phase of testing. The outline (shown in Figures 1-4) define where the ,
cubicle would sit in the actual facility. The duct leading from the cubicle pit area had several

bends and resulted in a total run of approximately 45' from the pit to the HEPA filter bank.

This mock-up was modeled after cell #3 in terms of dimensions, ventilation layout, etc. The
test article was constructed as a 2"x4" stud frame construction (Photo 3) with an inner liner of

plywood for shear strength. The interior was lined with 2 layers of 5/8" Type "X" fire rated

gypsum wallboard (Photos 8 & 9). The 2 layers were staggered to eliminate through seams
8



and each seam was caulked with a silicone sealant to prevent air leakage. The sump floor

construction was constructed to duplicate that in the actual facility. The access doors (Photo

7) shown in the structure are to facilitate test set-up, etc. Viewing ports are included in the

doors so that the fire(s) can be viewed and photographed until it becomes obscured by

smoke. A hatch in the roof of the tank pit was also provided for global viewing within the
enclosure. The actual REDC cells are monolithically cast concrete with 2.0' thick walls and

containment requirements dictate no leaks.

Figure 3 displays the dimensions of the tank pit and the cell area that would be below the

cubicle. In the actual facility, due to the configuration of the cubicle within the cell, a quantity
of air leaks past the cubicle into the lower pit area. We have simulated this leakage airflow

with the two 12" diameter snap ducts with 900 bends (total cross sectional area: 226 in2) as
shown in Photo 3.

Not only did we strive to duplicate the dimensional and volumetric dimensions of the structure

but also any openings between the cells as well as the sloped floor and sump in the tank pit.

To ensure that we reproduced the multi angled slopes of the floor, we first installed a number
of metal "ribs," shown in Photos 5 & 6 duplicating the sump contours, then we poured

concrete to duplicate the tank pit floor and installed a drain pipe (with plug). The 2' by 4'

opening (Photo 10) located approximately 10' from the floor was provided between the tank
pit and the cubicle pit. All penetrations were sealed and the two exterior access doors were

specially designed to form a positive seal when secured. Since three separate types of fire
tests were conducted in the test article, several modifications were made as the project

progressed.

VENTILATION SYSTEM

The ventilation system to the tank pit and cell were reproduced as closely as possible to the

actual REDC system as shown in Figures 1 & 2. As can be seen in Figure 4 air enters what

would be the east wall of the LLNL tank pit mock up through a 10 in. diameter duct, the
• centerline of which is approximately 21 ft. above the floor. The air exits the west wall of the

tank pit to the cubicle pit through a slot (2 x 4 ft.) ten feet above the cell floor and is drawn into

, a cell ventilation duct (20 x 40 in.)through an opening (17.5 in. diameter) located 8.5 ft.

above the cell floor. This configuration which is shown in Figure 4 produces a unique air
flow. What is not shown is the transient swirling pattern the air takes at the floor level. As will

be seen in the test results, the oxygen available to the sump floor is greatly reduced by this

airflow pattern. For these tests, three flowrates of 1000, 440, and 370 cfm were supplied to

the tank pit representing a high, normal, and low airflow respectively. Once the air exits the

test article it enters the main ventilation duct with a total exit air flow of approximately 3600
9



cfm. This ventilation rate is approximately half of the 7310 cfm that is the actual flow rate in

the REDC facility. This cuts the dilution rate down considerably in terms of heat dissipation
as well as smoke dilution.

The detailed specifications for the roughing and HEPA filters are included in Table 3. The

filter enclosures were two AstroSEAL housings each designed for filters stacked one wide

and three high. As shown in Figure 1, the pre or roughing filters were stacked in this three

high and one wide configuration. Behind them were three 1000 cfm HEPA's also stacked
three high and one wide. Both the inlet and exit duct to the filter housing were round 18"

diameter metal ducting with a baffle at the inlet side. This baffle was designed to distribute

the incoming air fairly uniformly to the three roughing filters. The ventilation air was pulled
through the system by the LLNL variable speed blower. The primary specifications for this
fan include:

• Buffalo Forge, Size 7E, F.S.
• Flowrate: 3000 cfm

• Speed: 3550 RPM, 26.4 BHP

• Efficiency : 52.5%
• Wheel Diameter: 22.75 in.

Twelve 10' (nominal 8" I.D.) sections of VOG duct and two 90° (nominal 4" diameter) elbows

are displayed in Photo 22. The 8" ducts were for the tank pit tests and the elbow was for the

cubicle burns. These sections of duct were formulated to the original Bondstrand

specifications shown in Table 3, but were not made by Bondstrand. Differences between

these test samples and the actual REDC duct work is that our test ducts do not have the

asbestos interior lining which would make the interior more fire resistive than the specimens

fabricated for fire testing. It should be noted that these duct components were stored outside
at LLNL, exposed to the elements for a number of months.

FIRE PROTECTION SYSTEM

The REDC cell and cubicle fire protection system consist of both fire detection and sprinklers.

The system description as depicted in the SAR [2] is presented below:

Each cubicle contains a thermopneumatic rate-of-rise device. Three rate-of-rise devices

are located in each cell, one on top of the cubicles, one underneath the cubicle, and one

near the top of the tank pit. The integrity of each system is monitoredwith a supervisory air

signal which triggers an alarm in the eventof failure. If any one of these devices in the cell
bank detects a temperature rise of 8 to 1lO C/min. (15° to 20° F/min.), the main header

10
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Fire Tests to Evaluate the Potential Fire Threat

and its Effect on HEPA Filter Integrity in Cell Ventilation at

Oak Ridge National Lab (ORNL) Building 7920.

SUMMARY

As a result of a DOE (Tiger Team) Technical Safety Appraisal (November 1990) of the

Radiochemical Engineering Development Center (REDC), ORNL Building 7920, a number of

fire protection concerns [see Attachment 1],were identified. The primary concern was the
,_ perceived loss of ventilation system containment due to the thermal destruction and/or

breaching of the prefilters and/or high-efficiency particulate air filters (HEPA 's) and the
resultant radioactive release to the external environment. The following report describes the

results of an extensive fire test program performed by the Fire Research Discipline (FRD) of

the Special Projects Division of Lawrence Livermore National Lab (LLNL) and funded by
ORNL to address these concerns.

Full scale mock-ups of a REDC hot cell tank pit, adjacent cubicle pit, and associated

ventilation system were constructed at LLNL and 13 fire experiments were conducted to

specifically answer the questions raised by the Tiger Team. Our primary test plan was to
characterize the burning of a catastrophic solvent spill (kerosene) of 40 liters and its effect on

the containment ventilation system prefilters and HEPA filters. In conjunction with ORNL and

Lockwood Greene we developed a test matrix that assessed the fire performance of the

prefilters and HEPA filters; evaluated the fire response of the fiber reinforced plastic (FRP)

epoxy ventilation duct work; the response and effectiveness of the fire protection system, the
effect of fire in a cubicle on the vessel off-gas (VOG) elbow, and other fire safety questions.

Because these were full scale fire tests conducted in full scale mock ups of REDC tank pits,

cells, and cubicles, the results are as realistic as can be practically achieved without actually

setting fire to the facility. All tests were set up and conducted conservatively. Although we

were able to reproduce the ventilation rate through the tank pit and cubicle cell, our main

- exhaust provided less than half the dilution air provided in the actual facility. Therefore, the

containment ventilation system filters were exposed to approximately twice the thermal and

. smoke assault it would experience in an actual fire situation. In addition, our filter system

only provided half the number of filters than the actual system. This fact makes the results
even more reasonable.



We were able to make the following conclusions from the results of the test program:

1. A fire in a tank pit of the ORNL REDC Bldg. 7920 would not cause the loss of ventilation

system containment due to the thermal destruction and/or breaching of the prefilters and

HEPA filters. All fire tests demonstrated that there was no danger of the prefilters or

HEPA's failing thermally. Uninterrupted fires extinguished from lack of oxygen at all
three tank pit ventilation rates. At the three airflow's of 1000, 440, and 370 cfm, a 40 liter

kerosene fire could not exist for more than a few minutes. Although they were rough

measurements, in the majority of tests, less than 10 liters of kerosene was able to burn

or evaporate from the post fire heat. Even if it were possible, a fire from a larger

kerosene spill would not cause the breaching of the prefilters and HEPA filters. In fact,

due to the air flow pattern and quantity, a larger pool size would produce a larger fire

that would deplete the oxygen at a more rapid rate and, consequently, burn for a shorter
period of time.

2. The prefilters and HEPA filters remained in service for multiple tests with excellent
residual filtering capabilities. This performance was certified by LLNL Industrial

Hygienists who performed DOP filter penetration tests before and after each test.

Results of all these tests were 0.01% penetration. Both sets of filters had been exposed

to multiple kerosene fires, multiple fires with sprinkler spray, and an epoxy panel burn.

These results are significant because they show that the actual roughing and HEPA

filters could be left in service for an extended period of time after a fire event in a tank pit.

3. The VOG duct work will not ignite nor contribute to a tank pit fire. Under a number of

worst case scenarios the duct did not ignite nor suffer any thermal damage, even though
it was installed per Cell 3 specifications (positioning a horizontal run 3.5' above the fire

along with vertical and other horizontal sections) and was exposed to 5 tank pit fire tests.

4. A kerosene fueled fire in a cubicle would have no effect on the VOG FRP ventilation duct

The gas burner tests that placed a flame directly into the FRP elbow demonstrated that

the interior of the VOG duct, even without the asbestos liner, would not ignite and
contribute to the fire. The fire threat to the elbow is very low because of the small size of

the kerosene fire, but more importantly, the low ventilation rate in the cubicle. This lack

of ventilation flow causes the fire to not only extinguish in a short time, but it also cannot

attain a high level of intensity. Post test inspection showed that there was no thermal

damage to the elbow. This gas burner exposure was more severe than a fire fueled by
sparse quantities of polyethylene tubing, rags, and rubber gloves that could be resident
within the cubicles.
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5. Shutting off the inlet airflow to the tank pit almost immediately (within 1 minute)

extinguished the fire: even at the 1000 cfm flow rate. This action would be a very
effective fire suppression technique in the actual facility tank pits and cells.

6. Although the epoxy wall coating test was extremely unrealistic and severe, it
demonstrated that even if the material could burn, it would have little or no thermal or

smoke effect on the prefilters and HEPA filters. Thirty liters of kerosene and parts of the

Wonder-Board burned during this experiment. Although the epoxy coating did not burn,
some of the binder in the finish was driven off by the heat of the fire. In the actual facility,

" it is questionable whether there would be any effect on the epoxy coating. As it turned

out, the Wonder Board itself ignited and contributed to the fire. Most of the burning took

place from the back of the panels. An airflow pattern developed that ran down the wall

and behind the very narrow space between the panels and the gypsum wallboard.

Although we were not able to obtain an accurate weight measurement, our physical
inspection of the panels after the test indicated that none of the polyamide cured epoxy

burned and contributed to the fire. However, it appeared that some of the binder had

been driven off by the heat in the areas where the epoxy coating was exposed directly to
flame. As shown in Photo 38 the 30 mil coating is still intact, it just felt a little more brittle

than in its virgin state. Also, post test inspection showed that approximately 50% of the

panel area was affected by this heating. More significantly, it appears that combustible

additives and the fiberglass mat in the Wonder Board ignited and continued to burn.

From visual observations during the test, these additives appeared to be the fuel for

flames shooting out from behind the panels for the duration of the fire. As mentioned

'earlier in the actual REDC tank pits and cells the epoxy coating was applied directly to

the heavy, noncombustible concrete walls.

7. The fire detection and suppression system would respond quickly and efficiently. The

heat actuated detectors (HADs) responded quickly and the sprinkler head knocked the

fire down almost instantaneously. Sprinkler water vapor had no effect on the prefilters

or HEPA filters. Because these fires could be extinguished by oxygen starvation, the

sprinkler system could be used as a secondary means of suppression.
Q

INTRODUCTION AND BACKGROUND

As a result of a DOE Tiger Team audit of the Radiochemical Engineering Development

Center, ORNL Building 7920, a number of fire protection concerns were identified. These

concerns focused on whether the fire detection and suppression systems would operate as

designed and mitigate the maximum credible fire scenario within the hot cells and cubicles of

the facility. Although not specifically called out in their report, the primary fire event was
3



postulated to be fueled by flammable solvents and the burning of the VOG ventilation ducting
within the hot cells. The primary concern was the perceived loss of ventilation system

containment due to the thermal destruction and/o_"breaching of the prefilters (roughing) and
HEPA filters and the resultant radioactive release into the outside environment.

Although a detailed analytical study [1]in 1987 found that a fire would not damage the HEPA

filters, the Tiger Team concluded that the report used "questionable and potentially non
m

conservative assumptions to reach the conclusion that a fire would not result in an
unacceptable release." Consequently, REDC management made the decision to fund a full-

scale fire test program to directly address the concerns and findings of the audit. Due to our

previous involvement and our extensive experience with the fire and smoke response of

HEPA filters, the Fire Research Discipline (FRD) of Lawrence Livermore National Laboratory

(LLNL) was asked to participate in the design and performance of this test program. The

main objective of the study was to obtain hard data to answer the concern raised by the Tiger

Team (FP.3-2) (H1/C1) CAT. I1:"Documentation provided by Oak Ridge National Laboratory
and DOE Headquarters does not support the conclusions that a fire originating in the cells or

cubicles of Bldg. 7920 at the Oak Ridge National Laboratory would not result in the loss of

HEPA filters and an unacceptable radiological release to the environment." [Attachment 1]. In
order to achieve this objective a number of significant questions had to be answered:

1. In a worst case situation, at what intensity and duration will a solvent-fueled fire burn?

Qualitatively, what quantity of smoke is generated and what are its characteristics?

2. Considering the actual location of the vessel off-gas (VOG) ducting, will it ignite
from the effects of the kerosene fire?

3. Will the VOG duct stop burning if the source fire is removed?

4. How well will the VOG duct (duct elbow) endure a simulated cubicle fire?

5. What effect will the heat and smoke produced by the burning solvent and/or -

burning duct have on the prefilter and HEPA filter array?

6. Will the fire become oxygen (02) limited and eventually go out?

7. Will the addition of water from fire sprinklers increase the challenge of the
prefilters and HEPA's?

8. What is the temperature drop of the combustion gases from the test fire to the

prefilters and HEPA's?
4



Both the FRD and ORNL determined that the only way to obtain conclusive results and to

accurately analyze the fire performance of the ventilation system, fire protection system,
prefilters/HEPA filter array, FRP VOG duct, etc. was to design and conduct a full scale fire test

series. In order to design and construct a representative test article, we had to gain an

accurate and detailed understanding of the actual facility layout, fire protection systems,

facility operating procedures, and ventilation system and operation. FRD personnel toured

Bldg. 7920 to obtain first hand insight into its configuration and operational parameters.
" However, since most of the significant areas were inaccessible, we spent a significant

amount of time studying photos, building plans, facility SAR, and talking to knowledgeable

,, people. Through numerous phone calls and facsimile transmissions to ORNL and Lockwood
Greene, we were able to complete these tasks and began developing a detailed test design.

The majority of our questions were answered and information provided by personnel from
Lockwood Greene. Although general information was available from other sources, detail

and historic questions were answered by Lockwood Greene. In fact, Lockwood Greene

provided a great deal of help in developing the prel!minary fire test matrix included as Table
4.

BUILDING 7920 FACILITY DESCRIPTION

As it turned out, NJ Alvares in his report [1] provided a good general facility description

summary. It is, therefore, presented below:

Facility Specifications

"Figure N-1 is a plan view of the transuranium processing plant showing both office and

operator's areas, and an isometric drawing of a typical cell in the operations area of the

building. The shielded cell bank contains nine 7 ft. wide hot cells each with a 7 ft. long
cubicle area, separated from each other by 2.0 ft. minimum thick concrete walls. Seven

cells contain a tank pit area (9 x 22 ft. high). An inter-cell conveyor housing and the cell-

ventilation exhaust duct run through the cubicle pits the full length of the cell bank.

• "In the first seven cells air enters the southwall of the tank pit through a duct (10 in.

diameter), the centerline of which is 21 ft. above the floor. The air exits the north wall of

, the tank pit to the cubicle pit through a slot (2 x 4 ft.) ten feet above the cell floor and is
drawn into a cell ventilation duct (20 x 40 in.) through an opening (17.5 in. diameter)
located 8.5 ft. above the cell floor.

"In the last two cells air enters the cubicle pit through a similar duct only 2' above the pit

floor and exits to a cell ventilation duct. A waste-tank pit behind the last two cells and

below the first-floor level is connected to each of the last two cubicle pits through a 2 ft
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square opening, but there is no air inlet to the waste pit and essentially no air flow
between the waste tank pit and the last two cubicle pits.

"The air from all of the cells exits the cell ventilation duct through a 40 x 18 in. opening in
the bottom of the duct in the Cell 5 cubicle pit and passes under the cell through a 37 ft.

long, 30 in. diameter duct to the cell off-gas (COG) filter inlet plenum located within the

building south of the cell bank.

"The volume of each tank pit is 1386 ft.3 and the air supply to each is approximately 440
cfm." ,,

Ventilation

"The off-gas systems ventilate components of the cell--the tanks, the cubicle, the cubicle
pit, and the tank pit. Note that the tank and cubicle pits are served by COG ventilation with

metal conduits. The vessel off-gas (VOG) header that collects effluent from the tanks is
metal; the header that collects effluent from the cubicles is fiber-reinforced plastic (FRP).

Because off-gases from the cubicles and tanks may contain hazardous materials, they are

always passed through a caustic scrubber and possibly through carbon bed adsorbers.

"... The ventilation path comes in high and exits the tank pit through the access opening

into the cubicle pit. In the cubicle pit a large metal duct collects this air and conveys it to
an exhaust duct under the fifth cubicle where total flow is directed to the HEPA filter

system before exiting through the stack. Inlet air is ducted high near the tank pit ceiling,

and the air exit is at the half-height level into the cubicle pit. Total air flow through

individual pit systems is approximately 440 cfm during normal operations."

PROJECT PLAN

A significant part of the project was to construct a test article which reproduced an actual

Bldg. 7920 tank pit and cubicle pit in terms of size and configuration. An even more important

part of the project was to reproduce the relevant parts of the containment ventilation system,

not only in terms of ventilation components but also for normal and unique operating

conditions. In addition, the fire protection system had to be simulated and installed. .

Furthermore, operational procedures had to be identified to define potential fire scenarios to

be used to address the Tiger Team concerns. Our basic philosophy was to use the most
severe credible scenario based on actual fact and be conservative for worst case situations,

but not be ridiculously unrealistic. In general terms, the project plan identified the following
areas to be studied:



1. The fire characteristics produced by a maximum credible solvent spill in both quantity
and configuration.

2. The effect on the fire of varying the airflow rate, based on actual operational procedures.

3. The effect of turning off the cell airflow completely.

4. The response of the fire detectors and the effectiveness of the sprinkler system on

extinguishing the fire.

,, 5. The response of the filter system to the sprinkler water vapor and combustion products.

6. Ignitability and fire performance (thermal and smoke production) of the VOG duct in the
Cell 3 tank pit.

7. Characterize the fire performance of the 30 mil epoxy coating on the pit concrete walls.

8. Characterize a cubicle fire and assess the ignitability and flame spread of the interior of
a VOG ventilation duct elbow.

In order to define the fire risk to the REDC facility, the fire threat and the performance of the

containment ventilation system had to be assessed. In reality, to determine the fire risk the

probability of ignition would have to be taken into account. However, to evaluate the above

characteristics, we assumed that the probability of ignition was 100%. Late in the test

program we addressed the potential for kerosene ignition by electrical overload failures.

SOLVENT (KEROSENE) FIRE EXPERIMENTS

A significant phase of the study was to characterize the fire and smoke characteristics of a

representativeflammable solventin realisticcell fire scenarios. From studyingthe
flammabilitycharacteristicsof the varioussolventsused inthe TRU processes,itwas decided

that keroseneprovidedthe mostsevere fire and smoke assault. It was also determined

- (throughoperationalprocedures,etc.) thatthe maximumpossiblespill in a tank pit wouldbe
40 liters.

c

VOG DUCT FLAMMABILITY

AnotherTigerTeam concernwasthe potentialfor the ignitionof the VOG duct in the tank pit

and its subsequentcontributionto the smoke loadingof the filtrationsystem. As mentioned

previously,these ductswereof the same formulationas the actualBondstrandducts butdid

not have the asbestos innerliner. Our testswouldplace the duct inthe most conservative

positionaccordingto Cell 3 specifications.In this cell a horizontalsectionas shown in Figure
?



3 is only 3.5' from the floor. The duct would experience the most severe tank pit fire exposure
in this orientation.

CUBICLE FIRE SIMULATION

The tests of the VOG duct addressed the fire response of the material from a fire source

impingingon the duct'sexteriorand the resultantfire spread on the exteriorof the duct. A fire
inone of the cubicleswouldcause heat,flame, andsmoketo be pulled intothe FRP pipeand

wouldchallenge itsinterior. Dependingon the severityof the cubiclefire, the interior flame
spreadcouldbe muchmoresevere than external fire spread. Becausethe exemplarducts

do notcontainan asbestosinteriorlining,this testwouldbe very conservative.

The simulated cubicle for this phase was built inside the tank pit mock up with the VOG elbow

coming out of the ceiling with the specified airflow pulled through it. We characterized the

probable cubicle fire.

EPOXY PANEL TEST

The Building 7920 pit surfaces (except the floor) are covered with a 30-mil layer of FRP
laminate which is described in Table 3. We felt that because this coating was so thin and

laminated to heavy concrete surfaces, the heat loss to the concrete would prevent the ignition
of the FRP. However, we conducted a test with a thin cementitious substrate to evaluate the

hypothesis.

TEST STRUCTURE

Both the FRD and ORNL determined that the only way to obtain conclusive results and to

accuratelyanalyze the fire performanceof the ventilationsystem, fire protectionsystem,

prefilters/HEPAfilterarray,FRP VOG duct,etc.wasto constructthe fullscale testarticle. In
orderto realisticallyassess the performanceof the ventilationsystemunder the postulated

fireconditions,we wanted to simulateas nearas possiblea full-scalemock-up of a hot cell.

The test article is showngraphically inFigures 1 through5 and pictoriallyin Photos 1 through

4. Tl"e structure was a full-scale representation with the tank pit height at 22'. Note that the

cubicle is not reproduced (it would be located where the enclosure steps down) because it

plays no part in this phase of testing. The outline (shown in Figures 1-4) define where the ,
cubicle would sit in the actual facility. The duct leading from the cubicle pit area had several

bends and resulted in a total run of approximately 45' from the pit to the HEPA filter bank.

This mock-up was modeled after cell #3 in terms of dimensions, ventilation layout, etc. The
test article was constructed as a 2"x4" stud frame construction (Photo 3) with an inner liner of

plywood for shear strength. The interior was lined with 2 layers of 5/8" Type "X" fire rated

gypsum wallboard (Photos 8 & 9). The 2 layers were staggered to eliminate through seams
8



and each seam was caulked with a silicone sealant to prevent air leakage. The sump floor

construction was constructed to duplicate that in the actual facility. The access doors (Photo

7) shown in the structure are to facilitate test set-up, etc. Viewing ports are included in the

doors so that the fire(s) can be viewed and photographed until it becomes obscured by

smoke. A hatch in the roof of the tank pit was also provided for global viewing within the
enclosure. The actual REDC cells are monolithically cast concrete with 2.0' thick walls and

containment requirements dictate no leaks.

Figure 3 displays the dimensions of the tank pit and the cell area that would be below the

cubicle. In the actual facility, due to the configuration of the cubicle within the cell, a quantity
of air leaks past the cubicle into the lower pit area. We have simulated this leakage airflow

with the two 12" diameter snap ducts with 900 bends (total cross sectional area: 226 in2) as
shown in Photo 3.

Not only did we strive to duplicate the dimensional and volumetric dimensions of the structure

but also any openings between the cells as well as the sloped floor and sump in the tank pit.

To ensure that we reproduced the multi angled slopes of the floor, we first installed a number
of metal "ribs," shown in Photos 5 & 6 duplicating the sump contours, then we poured

concrete to duplicate the tank pit floor and installed a drain pipe (with plug). The 2' by 4'

opening (Photo 10) located approximately 10' from the floor was provided between the tank
pit and the cubicle pit. All penetrations were sealed and the two exterior access doors were

specially designed to form a positive seal when secured. Since three separate types of fire
tests were conducted in the test article, several modifications were made as the project

progressed.

VENTILATION SYSTEM

The ventilation system to the tank pit and cell were reproduced as closely as possible to the

actual REDC system as shown in Figures 1 & 2. As can be seen in Figure 4 air enters what

would be the east wall of the LLNL tank pit mock up through a 10 in. diameter duct, the
• centerline of which is approximately 21 ft. above the floor. The air exits the west wall of the

tank pit to the cubicle pit through a slot (2 x 4 ft.) ten feet above the cell floor and is drawn into

, a cell ventilation duct (20 x 40 in.)through an opening (17.5 in. diameter) located 8.5 ft.

above the cell floor. This configuration which is shown in Figure 4 produces a unique air
flow. What is not shown is the transient swirling pattern the air takes at the floor level. As will

be seen in the test results, the oxygen available to the sump floor is greatly reduced by this

airflow pattern. For these tests, three flowrates of 1000, 440, and 370 cfm were supplied to

the tank pit representing a high, normal, and low airflow respectively. Once the air exits the

test article it enters the main ventilation duct with a total exit air flow of approximately 3600
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cfm. This ventilation rate is approximately half of the 7310 cfm that is the actual flow rate in

the REDC facility. This cuts the dilution rate down considerably in terms of heat dissipation
as well as smoke dilution.

The detailed specifications for the roughing and HEPA filters are included in Table 3. The

filter enclosures were two AstroSEAL housings each designed for filters stacked one wide

and three high. As shown in Figure 1, the pre or roughing filters were stacked in this three

high and one wide configuration. Behind them were three 1000 cfm HEPA's also stacked
three high and one wide. Both the inlet and exit duct to the filter housing were round 18"

diameter metal ducting with a baffle at the inlet side. This baffle was designed to distribute

the incoming air fairly uniformly to the three roughing filters. The ventilation air was pulled
through the system by the LLNL variable speed blower. The primary specifications for this
fan include:

• Buffalo Forge, Size 7E, F.S.
• Flowrate: 3000 cfm

• Speed: 3550 RPM, 26.4 BHP

• Efficiency : 52.5%
• Wheel Diameter: 22.75 in.

Twelve 10' (nominal 8" I.D.) sections of VOG duct and two 90° (nominal 4" diameter) elbows

are displayed in Photo 22. The 8" ducts were for the tank pit tests and the elbow was for the

cubicle burns. These sections of duct were formulated to the original Bondstrand

specifications shown in Table 3, but were not made by Bondstrand. Differences between

these test samples and the actual REDC duct work is that our test ducts do not have the

asbestos interior lining which would make the interior more fire resistive than the specimens

fabricated for fire testing. It should be noted that these duct components were stored outside
at LLNL, exposed to the elements for a number of months.

FIRE PROTECTION SYSTEM

The REDC cell and cubicle fire protection system consist of both fire detection and sprinklers.

The system description as depicted in the SAR [2] is presented below:

Each cubicle contains a thermopneumatic rate-of-rise device. Three rate-of-rise devices

are located in each cell, one on top of the cubicles, one underneath the cubicle, and one

near the top of the tank pit. The integrity of each system is monitoredwith a supervisory air

signal which triggers an alarm in the eventof failure. If any one of these devices in the cell
bank detects a temperature rise of 8 to 1lO C/min. (15° to 20° F/min.), the main header
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valve for the cell and cubicle preaction system is opened, a fire signal is activated at the

annunciator panel in the operations control room, and a fire alarm is transmitted over the
ORNL system. The cell and cubicle preaction system main header valve can be opened by

an electric switch on the operations control panel. When a temperature of 80o C (175° F) is

detected by one of three thermal switches located in each cell pit outside of the cubicles, a

deluge valve is tripped and the cell is sprayed through nozzles located above the cubicle,
underneath the cubicle, and in the tank pit. Individual deluge systems are provided for

" each cell so that a heat release in one cell doec ,,ot cause any other cell to be deluged with

water. Water is never released automatically into a cubicle. The deluge valve for a cubicle

. must be actuated by pressing and holding a push button on the cell face in the operating

area. Each cubicle has a separate deluge system. We duplicated the salient parts of this

system for assessment in these tests.

INSTRUMENTATION

In order to obtain pertinent data, a variety of areas and parameters had to be monitored and
recorded. Those parameters of interest included but were not limited to:

• In tank pit and cubicle pit: severity of the kerosene fire in terms of temperature, pressure,

light obscuration, heat release rate, combustion gas concentrations (oxygen, carbon

dioxide, carbon monoxide, hydrocarbons), and heat fluxes.
• Ventilation system: inlet and outlet flow rates, in duct air temperatures, in duct light

obscuration, node gas concentrations. Prefilter and HEPA filter delta P, temperatures,

mass gain, etc.

Instrumentation was located as shown in Figures 1 and 5. All instruments were
calibrated prior to each test or at their prescribed interval. It should also be noted that

a remotely activated (manually) light water system was at standby at the cell tank pit for

emergency extinguishment. The following summarizes what specific instruments
were utilized and why. Primarily, most of the devices corroborated each other and

• identified any anomalous readings.

, a. Thermocouples

• Temperature profiles were monitored and recorded 6" from the floor and every

2' vertically within the simulated cell tank pit at the two rake locations shown in

Figure 5.
• Temperatures at the ceiling, near the heat detector, near the sprinkler head, and

around any other significant device were monitored and recorded.
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• Temperatures a_other instrument locations such as gas and pressure probes
were monitored.

• The four corners of the 2' x 4' opening between the tank pit and COG exhaust

duct area were instrumented.

b. A pressure transducer was connected to the heat detector to monitor its response

and to use it as the signal for sprinkler activation.

c. A calorimeter was installed to monitor thermal heat flux produced by the burning

kerosene. It also provided us with an additional means of determining whether

the fire was still burning.

d. 02, CO2, CO concentrations were monitored in three locations in the tank pit,

high and low, and also within the ventilation duct work. From these data we were

able to estimate the burning rate (or heat release rate) of the fire and whether it
had become oxygen starved.

e. Total unburned hydrocarbons were measured in three locations, two within the

cell tank pit and one in the ventilation duct work. This information was an

indication of burning efficiency and also an indication of the formation and

concentration of potential explosive mixtures.

f. Smoke density as determined by light obscuration measurements was taken at
two locations in the ventilation duct work. Although not absolutely quantitative,

these data provided an indication of the dynamic rate of smoke production from

the the various tests. Although we had considered placing these devices in the

tank pit, we felt that it would fill with smoke so rapidly that the data would not be
useful.

g. Change in pressures were monitored within the cell tank pit as well as before and

after the filter bank. Within the tank pit this data indicated the magnitude of the .
pressures and location of the neutral plane. The transducers at the filter bank

provided a dynamic picture of filter loading.
w

h. Ventilation flow rates at the inlet duct and exhaust duct were measured as

accurately as possible. In most locations we used a sharp edged orifice along
with electronic turbine flowmeters.
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i. The mass gain of the filters was measured for each test. Each prefilter and HEPA

filter was weighed before and after each test to document mass loading. In

addition, they were DOP leak tested in-place before and after each test.

j. Measuring the quantity of kerosene burned was not a straightforward task. After
each test, any unburned kerosene was pumped out of the sump and

volumetrically measured to estimate quantity burned. For those tests where
. sprinkler water was introduced, we were unable to determine the volume of

kerosene that remained.

k. Hi band 8mm videotape and 35mm still photography were used to document

within the tank pit for each test. A summary VHS videotape has been made for

this project.

The primary instrumentation used in this study included:

1. Data Acquisition System: Hewlet Packard HP 3852 Data Scanner HP 9000
Model 340 Computer.

2. Oxygen, Carbon Dioxide, and Carbon Monoxide analyzers made by Infrared.

3. Total Hydrocarbon Analyzers made by Beckman and Baseline.

4. Radiometers made by HyCal and Medtherm.

5. Optical Detectors for light obscuration measurements.

6. Validyne Pressure Transducers.

7. ChromeI-Alumel Thermocouples.

BASIC TEST PROCEDURE

We developed a formal test procedure which is summarized below:

¢

a. Power up data acquisition system and verifiy.

b. Power up and calibrate (if required) all instrumentation.

c. Set, balance, and verify ventilation system airflows.

d. Weigh all filters and install.
13



e. DOP leak test all filters in-place.

f. Set-up photographic equipment.

g. Measure out appropriate quantity of kerosene and place into sump.

h. Start data acquisition system and cameras to take baseline data (approximately
2-5 minutes).

i. Remotely ignite kerosene with "extended tube" torch.
i

j. Instrument scan rate was 1 scan every 5 seconds.

k. Monitor differential pressure (delta p) on filters to ensure plugging does not occur.

• If plugging did not occur and fire did not become oxygen starved, then it was
allowed to burn to completion.

• If filters plugged, then the ventilation system would be switched over to the air
pollution control (APC) system and the test terminated.

• If sprinkler activation or the light water system was activated, then we would

look at data to determine when it extinguished. It was impossible to determine
this fact visually.

• We used the same procedure to determine if the fire were extinguished by

oxygen depletion.

I. Once the test was terminated, the cells were ventilated through the APC Lnit or

until safe conditions as described in the Operational Safety Procedure were

reached. Only at this time were personnel allowed to enter. The data acquisition

system was then shut down.

m. All filters were DOP checked and then weighed after each test.

n. Any unburned kerosene was pumped out and, if possible, the quantity was estimated.
In the case of those tests that required ventilation shut-off, we closed the air inlet vent to

the tank pit at the appropriate time to stop ventilation into the cells. For those tests

where the sprinkler was activated, we predetermined when to fire the sprinkler based

on actual operating param_.ters.

o. Note that all tank pit tests, including the panel test utilized 40 liters (10.6 gal.) of
kerosene.
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TEST SERIES

The initialand primary set of fire experiments was an extensive evaluation of solvent or
kerosenefires.The characteristicsof these testsare summarizedin Table 1, and are

describedbelow. Althoughthe preliminarytest planwas a matrix(see Table 4) of twelve

solventfueledtests,as we got intothe programwe determinedthat we coulddo awaywithor

modifya numberof the tests.

" Each of the baseline solvent tests (ORNL 1-3) was designed to burn 40 liters of kerosene as

,_.catastrophic spill and permitted to burn without sprinkler intervention. Each run was

- conducted at different ventilation rates into the tank pit (entering the upper region). These

rates were 370, 440, ands 1000 CFM, which correspond to the actual rates for REDC cells

(minimum, normal, and maximum respectively). The tests were allowed to burn until the fire

went out by consuming all the fuel, by oxygen starvation, or some other reason. These tests

were designed to determine the course of a solvent fire at the three ventilation rates and

simulating a sprinkler system failure. They would demonstrate whether a solvent fueled fire

would sustain burning at the floor level of the tank pit. This series was the initial use of the
new prefilters and HEPA filters. These runs were designed to acquire data to better quantify

the effects of smoke particulate produced solely by the burning solvent.

ORNL 1.0

The initial test in the series is shownas number 1 on Table 1. The air flow rate of 1000 cfm

reproducedthe maximumthat wouldexistin the REDC cellsand wouldsupplythe greatest

amountof oxygento a developingfire whichwouldmake it the worstcase scenario. Photo

17 is a pre test photowhichshowsthe cell floorand the kerosenepool. The simulatedspill

was rectangularin shapewith dimensionsthat were approximately5'-2" by 4'-0" with a

maximumdepthat the sumpcornerof 1-1/8". Alsoshownin Photo18 are the remote

kerosenefill spoutand remoteignitionport (where the light is pokingthrough).These
dimensionswere very close to thosepredictedon the basis of tank pit floorslope and various

quantitiesof spilledsolvent. The Hi band 8mm videocamera mountedon the roofof the tank

pit provided an excellent plan view of the fire until conditions became too smokey, which was

nearly immediate. As mentioned in the test procedure, the prefilters and HEPA filters were

. weighed and in-place leak tested before and after each test.

Ignition of this quantity of kerosene was difficult. As mentioned previously, we remotely

ignited the fuel through a pipe on the west wall using large paper wipes as wicks and a

propane torch with an extended neck. Even with the severity of the ignition source, this

process would still take several minutes to achieve self sustained ignition. Once ignition was
verified the propane torch was removed and the pipe sealed from the outside. Data plot,
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Figure 1.6 which is a multi plot shows that the initial tank pit airflow was approximately 1060

cfm and the dilution air flow was approximately 2600 cfm for a total of 3660 cfm. Although the

tank pit airflow is close to the actual, the dilution flow is much less than the actual. The total
airflow rate was about half the dilution that would exist in the actual REDC ventilation system
which makes these tests much more conservative than the actual situation. That is, the

smoke particulate concentration would be twice as high in our fire tests. Following a
temperature progression from the area of the fire to HEPA filters:

1. Figure 1.3 shows the South (So) TC rake with a maximum fire temperature over 900oc.

2. Figures 1.1 and 1.2 of the Northeast (NE) rake shows a maximum temperature profile

from 400oc 6" from the floor to 250oc 6" from the ceiling.

3. The maximum air temperatures through the opening between the two cell pits ranged
from 250oc to 500oc (Figure 1.4).

4. The maximum cell manifold air temperature as shown in Figure 1.10 was approximately

240oc and the cell exhaust air temperature was a little over 120oc (Figure 1.10).

5. Maximum air temperature before the prefilter was approximately 50oc (Figure 1.10) and
before the HEPA filters was approximately 40oc. We can see that there is a

tremendous temperature drop from the fire area (860oc) to the filter housing.

6. The response of the heat detectors displayed in Figure 1.9 are almost instantaneous
with fire start.

In ORNL 1.0 the fire went out from oxygen starvation in approximately 60-80 seconds.

Studying the data plots, we can determine that the fire was ignited at 240 seconds and went

out at 300-320 seconds. The time at which the fire extinguished was substantiated by the

following corroborating data:

1. Temperatures peak and drop off drastically at 320 sec.

2. Cell oxygen near the fire (Figure 1.8) drops to a minimum of about 13% at 320 sec.

3. Cell carbon dioxide (Figure 1.8) and carbon monoxide peak at 6% and 0.28%

respectively at 320 sec.
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4. Unburned hydrocarbons (Figure 1.8) jumps from 700 to 7000 ppm beginning at 320 sec.

indicating that the fire is out but the residual heat was causing the unburned kerosene to
vaporize.

5. Light transmittance near cell (Figure 1.5)drops to a low of 10% then starts back up at

approximately 300 sec. Before the filters the transmittance drops to 0% at 300-320 sec.
and then starts back up. The percentage figures mean that smoke particulate has

. become so dense that 10% and 0% (none) of the light passed through.

. Our volumetric post test measurement of kerosene was 16.6 liters which indicates that 23.4

liters were consumed in the fire. This figure is obviously incorrect, considering the fire only
burned for a little over a minute. Because this was the first full scale test in the series, there

were a number of things in our procedure that threw this figure off:

• A finite quantity of kerosene soaked into the concrete floor.
° Since we left the the blower on for at least 24 hours after the test before kerosene

removal, much of it evaporated into the air.

° We were not as careful in the removal process as we should have been.

It is more reasonable to use the loss figure produced by later tests that burned for

approximately the same period of time.

Table 2 summarizes the performance of the pre filters and HEPA filters. Note that the total

mass loading on the former was 179g and on the latter was 68g. Remember that a quantity
of this soot plated out on the walls of the enclosure as well as in the duct work. The DOP

testing, before and after the test, of the filter array by our lab Industrial Hygienists was 0.01%

penetration. DOP testing for this test and all others was conducted with the prefilters and

HEPA's in-place and undisturbed. All certification sheets are included in this report as

Appendix A.

ORNL 2.0

The second test in the series had a cell air flow rate of 440 cfm which represented normal cell
t

operation. The basic test procedure was followed and was identical to the first test.

Figure 2.6 which is a multi plot shows that the initial tank pit airflow was approximately 440

cfm and the dilution air flow was approximately 3200 cfm for a total of 3640 cfm. Following a

temperature progression from the area of the fire to HEPA filters:
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1. Figure 2.3 shows the So TC rake with a maximum fire temperature of approximately
840oc.

2. Figures 2.1 and 2.2 of the Northeast (NE) rake shows a maximum temperature profile
from 340oc 6" from the floor to 225oc 6" from the ceiling.

3. The maximum air temperatures through the opening between the tank and cubicle pits

ranged from 175oc to 300oc (Figure 2.4).

4. The maximum cell manifold air temperature as shown in Figure 2.10 was approximately
130oc and the cell exhaust air temperature was about 60oc.

5. Maximum air temperature before the pre filter was approximately 27oc (Figure 2.10)

and before the HEPA filters was approximately the same. We can see, like the first test,

that there is a tremendous temperature drop from the fire area to the filter housing.

6. Response of heat detectors: (Figure 2.9) were almost instantaneous with fire initiation.

The fire went out from oxygen starvation in this second experiment just as it did in the initial

test. Because the airflow is less than half of that in ORNL 1.0 we would expect this result. It

appears that the flame extinguished in approximately 120 seconds. The data show that the

fire burned from about 140 sec. and went out at 260 sec. into the test. Again, the
substantiating data was the following:

1. Temperatures begin to rise at 140 sec., peak and drop off drastically at 260 sec.

2. Cell oxygen near the fire (Figure 2.8) drops to a minimum of about 13% at 260 sec.

3. Cell carbon dioxide (Figure 2.8) and carbon monoxide (chan. 82) peak at 5.7% and

0.29% respectively at 260 sec.

4. Unburned hydrocarbons (Figure 2.8) begins to increase from about 260 sec. to a peak
of 12 500 ppm at 300 sec.

5. Light transmittance near cell (Figure 2.5) begins falling to a low of 8% at about 140 sec.

then starts back up at approximately 260 sec. Before the filters (Figure 2.5) the
transmittance drops to 45% at 260 sec. and then starts back up.

Our rough measurement of unburned kerosene showed that about 31.65 liters remained

which meant that only 8.35 liters burned or evaporated. Table 2 summarizes the
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performance of the prefilters and HEPAfilters. Note that the total mass loading on the former

was 97g and on the latter was -50g. This minus figure for the HEPA filters indicates that
whatever loading was on these filters was volatile and evaporated off. Remember that a

quantity of this soot plated out on the walls of the enclosure as well as in the duct work. The

DOP testing, before and after the test, of the filter array by our lab Industrial Hygienists was
0.01% penetration.

i

" ORNL 3.0

The third test in the series used the minimum cell air flow of 370 cfm. The basic test

- procedure was followed and the results can be summarized as follows:

The multi plot shown in Figure 3.6 shows the initial tank pit airflow rate was approximately
370 cfm and the dilution air flow was approximately 3230 cfm for a total of 3600 cfm. As we

did in the previous tests, we look at the temperature progression from the area of the fire to
HEPA filters:

1. Figure 3.3 shows the So TC rake with a maximum fire temperature of approximately
900oc.

2. Figures 3.1 and 3.2 of the Northeast (NE) rake shows a maximum temperature profile

from 340oc 6" from the floor to 215oc 6" from the ceiling.

3. The maximum air temperatures through the opening between the tank and cubicle pits

ranged from 170oc to 299oc (Figure 3.4).

4. The cell manifold maximum air temperature as shown in Figure 3.10 was approximately

105oc and the cell exhaust air temperature was about 50oc (Figure 3.10).

5. Maximum air temperature before the pre filter and before the HEPA filters were both

approximately 29oc (Figure 3.10). As with the previous tests, there was a tremendous

• temperature drop from the source fire to the filter housing.

6. Response of heat detectors: (Figure 3.9) were almost instantaneous with fire ignition.
Q

This third fire also extinguished from oxygen starvation in approximately 60 seconds. Due to
the minimal airflow, this fire should have been of the shortest duration. The data show that

the fire ignited at about 120 sec. and went out at 180 sec. into the test. Again, the
substantiating data was the following:
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1. Thermocouple rake temperatures begin to rise at 120 sec., peak and drop off drastically
at 180 sec.

2. Cell oxygen near the fire (Figure 3.8) drops to a minimum of about 13% at 210 sec.

3. Cell carbon dioxide (Figure 3.8) and carbon monoxide peak at 5.7% and 0.30%
respectively at 210 sec.

4. Unburned hydrocarbons (Figure 3.8) begins to increase from about 170 sec. to a peak
of 17 500 ppm at 300 sec.

5. Light transmittance near cell (Figure 3.5) begins falling to a low of 8% at about 190 sec.

then starts back up at approximately 240 sec. Before the filters (Figure 3.5) the

transmittance drops to 57% at 260 sec. and then starts back up.

We measured about 31.2 liters of unburned kerosene which meant that only 8.8 liters burned

or evaporated. Table 2 summarizes the performance of the prefilters and HEPA filters. Note
that the total mass loading on the former was 86g and on the latter was 2g. Remember that a

quantity of this soot plated out on the walls of the enclosure as well as in the duct work. The

DOP testing, before and after the test, of the filter array by our lab Industrial Hygienists was
0.01% penetration..

ORNL 4.0

Test ORNL 4.0 was conducted at 1000 cfm flow rate in the tank pit with the VOG duct work

installed according to the specifications for Cell 3. As shown in Figure 3, tile lowest

horizontal section was over the access way at a height of approximately 3.5' from the floor.

Air was pulled through the FRP duct work with the blower and flex hose shown in Photo 25.

Like the earlier ones, this test was run without sprinkler intervention and was permitted to

burn until it extinguished from oxygen deficiency.

The multi plot shown in Figure 4.7 shows the initial tank pit airflow rate was approximately

1000 cfm and the dilution air flow was approximately 2600 cfm for a total of 3600 cfm.

Studying the temperature progression from the area of the fire to HEPA filters indicates: o

1. The multi plot included as Figure 4.3 shows that the temperature profile for this

experiment was fairly uniform at the So TC rake with a maximum fire temperature of

approximately 925oc very early in the burn. After this early peak, the temperatures
oscillate greatly as the fire seeked out oxygen within the cell.
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2. Similar behavior was noted at the NE rake but with the fire finally peaking at about

500oc. Figures 4.1 and 4.2 show that for the most part the temperatures sat between
200oc and 300oc.

3. The maximum air temperatures through the opening between the two cells after an early
peak of 450oc ranged from 150oc to 340oc (Figure 4.4).

4. The maximum cell manifold air temperature as shown in Figure 4.10 was approximately
200oc and the cell exhaust air temperature was about 140oc.

" 5. Maximum air temperature before the prefilter and before the HEPA filters were both

approximately 60oc (Figure 4.10). As with the previous tests, there was a tremendous

temperature drop from the source fire to the filter housing.

6. Response of heat detectors: (Figure 4.9) were almost instantaneous with the ignition of
the fire. The H.A.D. in the tank pit had a transducer malfunction.

This fire w;entout from oxygen starvation after burning for over 10 minutes. This extended

duration ourning was most likely due to the altered airflow pattern caused by the installation

of the FRP VOG duct work. Its configuration was somehow causing more air to run down the

wall and entrain into the fire. The data illustrates that the fire ignited at approximately 150sec.

and extinguished at about 750 sec. Test 4.0 burned for quite a bit longer than ORNL 1.0-3.0.
Actually, the longer fire duration was a severe test for evaluating the VOG duct work. Again,

the substantiating data was the following:

1. Thermocouple rake temperatures begin to rise at 150 sec., peak and drop off drastically
at 750 sec.

2. Cell oxygen near the fire (Figure 4.5) drops to a minimum of about 13% at 750 sec. and
then quickly returns to ambient.

3. Cell carbon dioxide (Figure 4.5) and carbon monoxide (Figure 4.5) peak at 5.7% and

0.28% respectively at 750 sec.

4. Unburned hydrocarbons (Figure 4.5)increases from about 725 sec. to a peak of 15000
ppm at 800 sec.

5. Due to the cyclic nature of this fire the light transmittance data reaches a minimum at

about 200 seconds then oscillates as can be seen in Figure 4.6.
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Our rough measurement of unburned kerosene was about 27.6 liters which meant that 12.4

liters burned or evaporated. Table 2 summarizes the performance of the prefilters and HEPA

filters. Note that the total mass loading on the former was 123g and on the latter was 29g.

The DOP testing, before and after the test, of the filter array by our lab Industrial Hygienists

was 0.01% penetration.

Post test examination showed that the FRP duct work did not suffer any thermal damage

anywhere. Photos 26, 27, and 28 display a uniform soot layer on the entire duct run. When
this layer was wiped off where the duct was closest to the fire (Photos 29 & 30), the material

was totally undamaged beneath. The FRP duct work was left in place for the remainder of the
test series to assess its fire resistance. Furthermore, the prefilters and HEPA filters have

successfully endured four full scale kerosene fires at this point. However, as Photos 19, 20, &
21 illustrate the prefilters were replaced after this test.

OFINL 5.0

Test ORNL 5.0 was also conducted with a 1000 cfm being supplied to the tank pit. This

experiment was conducted to detgrmine whether shutting of the inlet airflow would extinguish

the fire in a + _ely manner. Therefore, as soon as the heat detector displayed the appropriate

rate of rise, ti,e 1000 cfm inlet air to the tank pit was shut off.

The multi plot shown in Figure 5.7 shows the initial tank pit airflow rate was approximately

1000 cfm and the dilution air flow was approximately 2600 cfm for a total of 3600 cfm. The

data illustrates that the fire was ignited at approximately 230sec. After the HAD fired (Figure

5.9), the airflow was shut off and as shown in Figure 5.7, it was down to 0 cfm at 280 sec. All

data shows that the fire was extinguished within 35-40 seconds.

1. The multi plot (Figure 5.3) of the So TC rake indicates that immediately after 280 sec. the

temperatures drop off.

2. The NE rake (Figures 5.1, 5.2), the temperatures around the window (Figure 5.4), and all

other temperatures all peak and drop off very close to 280 sec.

3. Cell oxygen near the fire (Figure 5.5) begins to drop at around 280 sec. and hits a
minimum of about 12% at 315 sec.

4.Cell carbon dioxide (Figure 5.5) and carbon monoxide peak at 6.6% and 0.32%

respectively at 315 sec.
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5. Unburned hydrocarbons (Figure 5.5) ramps up from about 280 sec. to a peak of 12 500
ppm at 350 sec. and continues to about 550 sec.

6. Light transmittance near cell (Figure 5.6) drops to a low of 10% at 280 sec. then starts

back up. Before the filters the transmittance drops to 42% also at 280 sec. and then
begins to increase.

- Our rough measurement of unburned kerosene was about 34 liters which meant that only 6.0
liters burned or evaporated. Table 2 summarizes the performance of the prefilters and HEPA

. filters. The total mass loading on the former was 85g and on the latter was -126g. The

leakages for the filter train which were certified by our lab Industrial Hygienists was 0.01%
penetration. Also, the FRP VOG duct work did not ignite nor suffer any damage.

ORNL 6.0

The sixth test was a repeat of ORNL 5 except that the cell airflow was reduced to the normal

rate of 440 cfm. Although this experiment was a confirmation of extinguishing the fire by

shutting down the oxygen, it was also to see if the initially reduced airflow made any
difference.

The multi plot included as Figure 6.7 shows the initial tank pit airflow was approximately 430
cfm and the dilution air flow was approximately 3160 cfm for a total of 3600 cfm. The fire was

ignited somewhere around 80 sec. After the HAD fired (Figure 6.9), the airflow was shut off

and as shown in Figure 6.7, it was down to 0 cfm at 140 sec. and the fire was extinguished by

oxygen starvation at about 180 sec. (about the same amount of time as ORNL 5.0), 35-40
sec.

1. The multi plot (Figure 6.3) of the So TC rake indicates that immediately after 120 sec. the
temperatures drop off.

2. The NE rake (Fig. 6.2), the temperatures around the window (Fig. 6.4), and all otherw

temperatures (Fig. 6.1) all peak and drop off very close to 140 sec.

• 3. Cell oxygen near the fire (Figure 6.5) begins to drop at around 100 sec. and hits a

minimum of about 12.4% at approximately 150 sec.

3. Cell carbon dioxide (Figure 6.5) and carbon monoxide peak at 6.3% and 0.27%

respectively at 140 sec.

23



4. Unburned hydrocarbons (Figure 6.5) begin to increase from about 120 sec. to a peak of
16 000 ppm at 370 sec.

5. Light transmittance near the cell (Figure 6.6) drops to a low of 5% at 120 sec. then starts
back up. Before the filters the transmittance drops to 52% also at 120 sec. and then

starts back up. Our rough measurement of unburned kerosene was about 34.5 liters

which indicates that only 5.5 liters burned or evaporated.

Table 2 summarizes the performance of the prefilters and HEPA filters. The total mass

loading on the former was 115g and on the latter was -29g. The DOP testing, before and

after the test, of the filter array by our lab Industrial Hygienists was 0.01% penetration. Also,

the FRP VOG duct work did not ignite nor suffer any damage.

ORNI.. 7.0

The seventh experiment was the first to assess the effect of the deluge sprinkler head shown

in Photo 31. Although the sprinkler head that exists in the actual tank pit is no longer

available, we were able to obtain a head with the same specifications in terms of spray

pattern and output. The specifications for this sprinkler head are presented in Table 3. The

spray pattern can be seen in Photo 32 and Photo 33 displays the head installed in the correct
location in the tank pit. The purpose of the sprinkler tests was to evaluate its effectiveness on

the fire and also whether the addition of water vapor to smoke would plug the prefilters and/or
HEPA filters.

The procedure for this experiment was to simulate the actual operation of the fire detection

and fire sprinkler system. In typical operation, the deluge sprinkler would be activated after
the HAD rate of rise exceeded 8oc to 10oc per second and the temperature reached 175OF

(~80oc). We monitored the temperature at the 20' height (location of sprinkler head) in the

tank pit as well as the rate of rise of the HAD and manually activated the sprinkler 15 seconds

after the thermocouple at 20' reached ~80oc and let it run for 2 minutes. To challenge the

filters even more, we let the ventilation system continue to function for an hour after test w

termination.

The multi plot shown in Figure 7.7 shows the initial tank pit airflow rate was approximately

1000 cfm and the dilution air flow was approximately 2600 cfr: for a total of 3600 cfm. From
Figure 7.2 (thermocouple at 20') we can see that the temperature hit 80oc at approximately

365 seconds which means that the sprinkler was activated at about 380 seconds.The So

rake multi plot (Figure 7.3) shows that the sprinkler was almost instantaneously effective as

the fire peaks and immediately cools down at around 380 seconds. All other temperature
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data also drop off drastically immediately after sprinkler activation. The oxygen concentration
in Figure 7.5 shows a dip to a low of 15% at 420 seconds but the slope starts down at 380

seconds, demonstrating the air displacement around the fire caused by the sprinkler

spray.Similarly, the carbon dioxide (Figure 7.5) and carbon monoxide (Figure 7.5) production

both begin to increase at about 380 seconds and peak at 420 seconds at 4.5 % and 0.2%

respectively. From Figure 7.5 we can see that the total hydrocarbons began to increase at
380 seconds and peaked at approximately 14 500 ppm at 440 seconds. And, lastly, light

" transmittance both near the cell (Figure 7.6) and before the filters (Figure 7.6) drops to a low

of 4% at 390 sec. then starts back up.
,B

Due to the quantity of accumulated sprinkler water, we were unable make even a rough

estimate of the quantity of kerosene remaining. Table 2 summarizes the performance of the
prefilters and HEPA filters. Note that the total mass loading on the former was 82g and on the

latter was 47g. The DOP testing, before and after the test, of the filter array by our lab

Industrial Hygienists was 0.01% penetration. As mentioned earlier, the cells remained

sealed after the test with the ventilation air running at 1000 cfm into the cell (Figure 7.13) and
3600 cfm total for an additional hour. There was no effect on the prefilters nor the HEPA

filters as shown by the delta p in Figure 7.14, Also, the VOG duct work did not ignite or suffer

any damage.

ORNL 8.0

The eighth experiment in the series was also an assessment of the effects of the sprinkler
spray on the fire and the filters. However, for ORNL 8.0 the airflow was reduced to the normal

cell flow rate of 440 cfm and dilution air of 3160 cfm for a total of 3600 cfm. The procedure for

this experiment was identical to the previous test except that we allowed the sprinkler to flow

for 5 minutes (3 minutes more than ORNL 7.0). And again, we left the enclosure sealed and

let the ventilation system continue to run for an hour after test termination.

The multi plot shown in Figure 8.7 shows the initial tank pit airflow rate was approximately

. 440 cfm and the dilution air flow was approximately 3160 cfm for a total of 3600 cfm. All data

shows that the fire was extinguished within 35-40 seconds. From Figure 8.3 (thermocouple
,, at 20') we can see that the temperature hit 80oc at approximately 130 seconds which means

that the sprinkler was activated at about 145 seconds.Like the previous sprinkler test, the So

rake multi plot (Figure 8.2) shows that the sprinkler was almost instantaneously effective as

the fire peaks and immediately cools down at around 145 seconds. All other temperature

data also drop off drastically immediately after sprinkler activation. The oxygen concentration

in Figure 8.5 shows that the fire really never got the chance to consume oxygen and produce

significant quantities of carbon dioxide and carbon monoxide. However, from Figure 8.5 we
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can see that the total hydrocarbons began to increase at 160 seconds and peaked at

approximately 16 000 ppm at 300 seconds. The light transmission instrumentation (Figure

8.6) appeared to be slow to react and may have been effected by the sprinkler water vapor.

We were again unable make an estimate of the quantity of kerosene remaining because of

the large quantity of sprinkler water. Table 2 summarizes the performance of the prefilters

and HEPA filters. Note that the total mass loading on the former was 184g and on the latter
was -16g. The DOP testing, before and after the test, of the filter array by our lab Industrial •

Hygienists was 0.01% penetration. As mentioned earlier, the cells remained sealed after the

test and the ventilation running at 440 cfm into the cell and 3600 total air (Figure 8.13) for an
additional hour. Like ORNL 7.0, there was no effect on the pre filters nor the HEPA filters as

shown by the delta p in Figure 8.14. It should be noted that the same HEPA filters have been

used through all eight tests and the prefilters were changed out after ORNL 4.0. Also, the

VOG duct work was exposed to all test fires beginning with ORNL 4.0 and has not suffered

any damage.

ORNL 9.0

The final test in the tank pit addressed the question of the flammability and smoke generation
characteristics of the epoxy coating on the tank pit walls. This coating was System No. 1

Amercoat 66-3 with Thalco 1522 woven glass fiber. Its specifications are included in Table 3.

As mentioned above, the concern was that because this material is a plastic, it would burn

and produce a great deal of smoke that would contribute heavily to the loading of the

roughing and HEPA filters. Our test of this material was very conservative because the actual
REDC cells are constructed of concrete walls that are a minimum of 2.0' thick. The actual

epoxy coating is only 30 mils thick and is a fairly flame resistant polyamide cured epoxy
polymer. In a real fire situation, the concrete wall would act as a heat sink which would

minimize if not prevent the burning of the coating. Recall that our simulated tank pit walls

were lined with two layers of 5/8" Type X gypsum wallboard. The density of normal concrete

is approximately 150 Ibs./ft.3 and that of gypsum wallboard is only 80-90 Ibs./ft.3.

Consequently, coating the inside of the test enclosure would not be a realistic evaluation.
Therefore, ORNL and Lockwood Greene had a construction material called "Wonder Board"

coated with the epoxy coating. Personnel from Lockwood Greene were told that the Wonder
a

Board was non combustible or of low combustibility because it was made from a
cementitious material.

In order to assess the epoxy coating material ORNL contracted to have an Amercoat

distributor apply the epoxy coating on 30" x 36" x 1/2" thick panels of Wonder Board. Twelve
of these panels were produced in Tennessee and shipped to LLNL. We then attached the
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panels with screws inside the tank pit mock-up as shown in Figure 5 and in Photo 34. This

experiment was set-up and conducted with 40 liters of kerosene in the same manner as the

previous tests. The multi plot shown in Figure 9.7 shows the initial tank pit airflow rate was
approximately 1000 cfm and the dilution air flow was approximately 2200 cfm for a total of

3200 cfm. From the multi plot of the So thermocouple rake (Figure 9.3) it can be seen that the

kerosene was ignited at approximately 180 seconds and the fire extinguished from oxygen
starvation at about 1580 seconds.

m

As it turned out, the Wonder Board itself ignited and contributed to the fire. Most of the
- burning took place on the back of the panels. An airflow pattern developed that ran down the

wall and behind the very narrow space between the panels and the gypsum wallboard.

Although we were not able to obtain an accurate weight measurement, our physical

inspection of the panels after the test indicated that none of the polyamide cured epoxy
burned and contributed to the fire. However, it appeared that some of the binder had been

driven off by the heat in the areas where the epoxy coating was exposed directly to flame. As
shown in Photo 38 the 30 mil coating is still intact, it just felt a little more brittle than in its

virgin state. Also, post test inspection showed that approximately 50% of the panel area was

affected by this heating. More significantly, it appears that combustible additives and the

fiberglass mat in the Wonder Board ignited and continued to burn. From visual observations

during the test, these additives appeared to be the fuel for flames shooting out from behind
the panels for the duration of the fire. As mentioned earlier in the actual REDC tank pits and

cells the epoxy coating was applied directly to the heavy, noncombustible concrete walls.

However, the duration of this fire provided a worst case attack on the prefilters and HEPA

filters. Both sets of filters performed well. Table 2 summarizes the performance of the

prefilters and HEPA filters. The total mass loading on the former was 261g and on the latter

was 240g. The DOP testing, before and after the test, of the filter array by our lab Industrial

Hygienists was 0.01% penetration.

The So rake multi plot (Figure 9.3) displays an early maximum temperature of 840oc and the
- fire oscillating from about 240oc to 675oc for the duration of the test. The NE rake graphs

shown in Figures 9.1 and 9.2 display a fairly uniform temperature up through the tank pit

• profile averaging about 300oc. The light obscuration plots (Figure 9.6) seem to show a

steady obscuration as the test continues. Figure 9.5 illustrates that the oxygen concentration

was bordering on 13% throughout most of the burn, until it finally extinguished at 1600

seconds. The carbon dioxide and carbon monoxide production (Figure 9.5) follow the same

pattern with concentrations dropping off at 1600 seconds. Finally, total unburned

hydrocarbons shown in Figure 9.5 jump up to 17500 ppm at 1600 seconds.
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Photos 35, 37, and 38 display the post condition of the Amercoat and also the backside of the

Wonder Board (Photo 36). Although some of the binder seemed to "cook" out of the panels

directly adjacent to the flame, there was little damage to the coating. There appeared to be

more burning of the Wonder Board. As mentioned earlier the density of these panels were

only a fraction of the concrete walls within the actual tank pit and cells. This test was,
therefore, very conservative.

ORNL 10.0

The previoustests of the VOG duct (ORNL 4.0 through 9.0) primarily addressed the fire

responseof the materialfrom an externalfire sourceand potentialignitionand fire spreadon
the exteriorof the duct. A fire inoneof the cubicleswouldcause heat, flame, smoketo be

pulled intothe FRP pipe and wouldchallengeits interior. Dependingon the severityof the

cubiclefire, the interiorflame spreadcouldbe much moresevere than external fire spread.

The 90 degreeelbow that exits the cubiclewouldprobablybe subjected to the mostsevere
fire effects. Itwas evenmore severeinthe LLNLtestsbecausethe fabricated test specimen

did not have the asbestosinner linerwhichis inthe actualVOG elbow.Thatwas the objective

of thisfinal test.The cubiclemock-upfor thisphasewas builtwithinthe tank pitas shownin

Figure6 and Photo40. Also Photo39 displaysthe pansused to hold the 8 literkerosene
spillpostulatedfor a cubicleaccident. Althoughother potentialfuels inthe cubiclessuchas

polyethylenetubing, rags,etc. mightexist in minutequantities,the major fire threatwouldbe

the ignitionof a catastrophicsolventspill. Polyethyleneburnscleanly,as doesthe other

trace materials. As demonstratedbythe previousexperiments,burningkeroseneproduces
copiousquantitiesof smoke. The VOG elbow leadingout from the ceilingcan be seen in

Photo40 and a close-upof it in Photo41. Note that there is a fair amountof distance

betweenthe kerosenesumpand the VOG openinginthe ceiling. Air was pulledthroughthe
elbow at 10-16 cfm whichis the estimatedventilationflow in the actualcubicles.

A thermocouplerake labeled So was installed with the first sensor 6" from the floor with three

more in2' increments. Also,gas samplingtubeswere locatedat the 6' heightinthe cubicle.

Figure 10.2 showsthat the kerosenewas ignitedat about 110 seconds,peaked at

approximately600oc and beganto go outat 195 seconds. The oxygenconcentration

(Figure10.4) bottomedat 13% at around240 secondswhich is whenthe fireextinguished

from lackof oxygen. The carbondioxideand carbonmonoxideboth peak at about235

secondswhichcorrespondsto the drop in oxygenconcentration.Unburnedhydrocarbons

(Figure10.4) showa rapid increaseat 225 secondsand peakingat over 15 000 ppm around
450 seconds. Becausethisexperimentwas an assessmentof the FRP elbow,a

thermocouplewas placedat the ceilinginletand on the outsidesurfaceof the duct. Fromthe

multiplot(Figure 10.1) it can be seenthat the inlettemperaturepeaksat 270oc at 195
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seconds. The exterior surface thermocouple (Figure 10.1) illustrates that the temperature

barely rose above ambient which shows that the elbow did not suffer any thermal damage.

The post test condition of the elbow is illustrated in Photo 43.

ORNL 11.0

ORNL 11.0 was a repeat of the previous experiment and it yielded nearly identical results.

" ORNL 12.0 and 12.1

We felt that the previous two tests, although realistic,did not severely challenge the FRP
- elbow. We, therefore,conductedORNL 12.0 and ORNL 12.1 withthe same elbow,

instrumentation,but a naturalgasburnerratherthan a kerosenepool. ORNL 12.0: As shown

in Photo42 the burnerflamewas locateddirectlybeneaththe ceilingopeningof the elbowso

thatthe flamewas pulledintoitby the ventilationflow. Figure12.1 illustratesthat the duct

interiorwas exposed to temperaturesof 600oc to 720oc for nearly60 secondswith no

ignition.The exteriorsurface temperatureroseto a maximumof of about 40oc.

ORNL 12.1 was a repeat of this test, however, the burner was held to the opening for 400

seconds (6.7 min.) as displayed in Figure 12.2. Also, the flame was made larger in this test

so that the flame would not be extinguished by the ventilation system, it was being sucked off
the burner. It also shows that temperature oscillated between 360oc and 720oc for the

duration of the fire. As before the duct did not ignite and the exterior surface temperature

reached a maximum temperature of about 100oc.

SPARK OR ARC IGNITION TESTS

In order to evaluate the fire performance of the REDC air filtration system, we had to assume

positiveignitionof the keroseneby some means. In the actualtank pitsand cellsof the

REDC thereare very few potential ignitionsources. However,one possibilitythat was

broughtupby the TigerTeam was the keroseneignitionby sparkenergy. It shouldbe

rememberedthe great difficultywe had in ignitingthe flammable liquidpooleven with a

- propane torch and wads of paper.

o To address the potential arcing ignition issue we conducted several different scenarios of 12

gage wire powered by the welding machine shown in Photo 44. Photos 45 thru 47 chronicle

the overheating of a wire submerged in a pool of kerosene. The welding machine provided

200 amps of current, which is far greater than anything that exists in the actual facility.

Although the insulation on the wire ignited and burned, the kerosene never sustained

burning. Other tests were conducted with wire electrodes producing an arc across the gap

which produced negative results in terms of ignition and sustained burning. All these tests
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were recorded on the videotape of this entire test program. It is not surprising that we were

not able to achieve ignition with these electrical failures. A sufficient quantity of flammable

liquid must be vaporized before ignition and sustained burning occurs.

THERMAL ANALYSIS OF FRP VOG DUCT MATERIAL

In order to obtain some basic information for the FRP duct, we conducted Thermogravimetric

Analysis(TGA) and DifferentialScanningCalorimetry (DSC). TGA producesa weightloss

historyof a representativesamplewhichweighsabout 10 mg as it is heated at a specified
temperatureramp ina controlledatmosphereovera specifiedperiod of time. This analysis

producesspecificcharacteristicsof thermaldecompositionof a materialsuchas onsetof

thermaldegradation,the rate of degradation,and the residualweightremainingafter

degradationis complete. The onset of thermaldegradationis a roughindicationof the

ignitiontemperatureof the material. The residualweightremainingis an indicationof the

non combustiblecomponentsof the test material. DSC also exposesa sample to a
controlledtemperaturerate in a controlledatmospherefor a specifiedperiod of time. DSC

analysisgivesthe endothermicand exothermichistoryassociatedwith the transitionstaking
place as the sampleheats up. These data provideinformationsuchas a material'smelting

temperatureor when it beginsto decompose.

A TGA was performed on exemplar pieces of 8" duct and 4" elbow specimens. The

thermograms are presented as Figures 7 and 8 respectively. The heating rate for both
specimens was 20° C per minute. The 8" duct started as a 20.57mg sample and the elbow at

11.966 mg. As can be seen, both test specimens exhibit very similar thermograms which

indicate that they are probably of the same formulation. From Figure 7 (not the derivative

curve), the onset of thermal degradation was found to be 418.31o C (785° F) and the

residual remaining weight was approximately 63% which would verify the 66% glass fiber in

this duct material. The onset temperature indicates that the autoignition temperature for both

these samples would be relatively high which also means good fire resistance.

The DSC's verified the findings of the TGA's but were not included because of the format of

graphs.
!

ESTIMATED FIRE HEAT RELEASE RATES (HRR'S)

We attemptedto calculatethe heat release rate or rate of energyrelease (Figures1.13, 2.13,
3.13, 4.13, 6.13, 9.13, 10.5, and 11.5) for each ofthe firesthat were permittedto burn

unimpededwhichwere ORNL 1.0 throughORNL 4.0 andORNL 9.0 forthe tankpitandORNL

10.0, 11.0 forthe cubicletests. It is interestingto observethat althoughORNL 1.0-3.0 are

similarin maximumHRR they stepdownby about200 KW from 1000 to 440 to 370 cfm
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respectivelybefore they die from oxygenstarvation. ORNL 4.0 which had the VOG duct
installedillustrateshow the ductworkmodifiedthe airflowpatterncausingthe fire to burn

longerat a HRR mostlybetween600 and 800 KW. The data indicatesthat a fire of

approximately1.35 MW (Figure1.13) is the maximumsize fire before itextinguishesfrom

oxygenstarvationand thisis withoutthe FRP duct installed. The 2' x 4' openingbetweenthe
tank pitand cubiclecell createsan airflowpatternthat makes itdifficultfor oxygento get

down to sump floor and entrainintoa developingfire.
,i

On the other hand,for the cubicletests(ORNL 10.0and 11.0), the reducedair flow(10-16

- cfm) and volume, and reducedquantity of keroseneproduced fires of much lowerHRR's.
With the exception of a 270 KW spike before the flame went out in ORNL 11.0, the energy

release rates stayed around 50 KW. It is not surprising that no firc_damage was sustained by
the FRP elbow out of the cubicle.

CONCLUSIONS

From the analysisof the resultsof thistestserieswe can concludethe following:

1. That a fire in a tank pit of the ORNL REDC Bldg. 7920 will not cause the loss of

ventilation system containment due to the thermal destruction and/or smoke breaching

of the prefilters and HEPAfilters. All burns demonstrated that there was no danger of

the prefilters or HEPA's failing thermally, because the combustion gases had cooled
down tremendously by the time they reached the filters. The maximum temperature at

the prefilters was 70oc in ORNL 9.0 which involved the flammable substrate with the

Amercoat coating. Uninterrupted fires extinguished from lack of oxygen at all three tank

pit ventilation rates. At the three airflows of 1000, 440, and 370 cfm, a 40 liter kerosene

fire could not exist for more than a few minutes. From the ceiling view of the smoke

generated by the burning kerosene, it can be seen that in a very short time visibility has

been completely obscured by the combustion particulate. Even though this smoke was

very dense, the prefilters and HEPA filters remained in service for multiple tests with
- excellent residual filtering capacities. This performance was certified by LLNL Industrial

Hygienists who performed filter DOP penetration tests before and after each test. Their
• test results are included as Appendix A. As can be seen from Table 2, after 9 full scale

tests the three HEPA filters had 38, 31, and 96 grams of particulate respectively, and an

overall delta P of 0.7" of water. The roughing or prefilters after being through the final

five tests had accumulated 224, 224, and 279 grams of particulate respectively and a

delta P of 1.2" of water. Recall that these filters had been exposed to multiple kerosene

fires, multiple sprinkler spray fires, and epoxy panel burns. These results are significant
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because they show that the actual roughing and HEPA filters could be left in service for

an extended period of time after a fire event.

2. Even if it were possible,a fire from a larger kerosenespill would not cause the

breachingof the prefiltersand HEPA filters. In fact, becauseof air flow patternand

quantity,a largerpoolsize wouldproducea biggerfire whichwoulddeplete the oxygen

faster and, consequently,burnfor a shorterperiodof time. Heat release rate data
indicatesthat a fire of approximately1.35 MW is the maximumsize fire before it

extinguishesfrom oxygenstarvation. The 2'x 4' openingbetweenthe tank pit and
cubiclepit createsan airflowpatternthat makes itdifficultforoxygento get downto

sumpfloor and entrainintoa developingfire. Studyingthe oxygen and other gas

concentrationsat the 12' level (Figure1.11) showsthat therewas adequate air at this

levelduringthe fire. Consequently,at the three tankpitairflowsof 1000, 440, and 370
cfm, a 40 literkerosenefire couldnotexistfor more thana few minutes. Althoughthey

were roughmeasurements,in the majorityof tests, lessthan 10 litersof kerosenewas
able to burnor evaporatefrom the postfire heat.

3. It would be nearly impossibleto ignitea kerosene pool spilled on a tank pit or cubicle

floor. We edited out the difficulties we had in igniting the 40 liter kerosene spills with a

propane torch and paper wicks. In addition the series of electrical overload and arcing
tests demonstrated that even at 200 amps of current, it was not possible to ignite the

kerosene pool.

4. The VOG duct work will not ignite nor contribute to a tank pit fire. Under a number of

worst case scenarios the duct did not ignite nor suffer any thermal damage, even though

it was installed per Cell 3 specifications (positioning the horizontal run 3.5' above the

fire) and was exposed to 5 tank pit fire tests. It was not surprising that the FRP ducting

did as well is it did because its composition is more than 60% glass to under 40%

epoxy. This means that a 60% of the duct material is non combustible.

5. A kerosene fueled fire in a cubicle would have no effect on the VOG FRP ventilation duct

• The gas burner tests that placed the flame directly into the FRP elbow demonstrated

that the interior of the VOG duct, even without the asbestos liner, would not ignite and

contribute to the fire.The fire threat to the elbow is very low because of the small size of
the fire, but more importantly, the lack of oxygen in the cubicle. This lack of ventilation

flow causes the fire to not only extinguish in a short time, but it also cannot attain a high
level of intensity. Post test inspection showed that there was no thermal damage to the

elbow. This gas burner exposure was more severe than a fire fueled by sparse
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quantitiesof polyethylenetubing,rags, and rubber gloves. Again, in the actualcubicle,

the sizeof the fire wouldbe greatlyrestrictedby the scarceventilationflow (-10-16 cfm).

6. Shuttingoff the inlet airflow to the tank pit almost immediately (within 1 minute)
extinguished the fire: even at the 1000 cfm flow rate. This action would be a very

effective fire suppression technique in the actual facility tank pits and cells.

• 7. Althoughthe epoxy wall coatingtest was extremely unrealisticand severe, it
demonstrated that even if the material could burn, it would have little or no thermal or

• smoke effect on the pre filters and HEPA filters. Thirty liters of kerosene and parts of the

Wonder Board burned during this experiment. The polyamide cured epoxy coating did

not ignite nor contribute to the fire, but did lose some of its binder or plasticizer from
heating. Judging from these results, it is doubtful that the coating in the actual facility

would ignite and sustain burning.

8. The fire detection and suppression system would respond quickly and efficiently. The

HAD responded quickly and the sprinkler head knocked the fire down almost

instantaneously. Sprinkler water vapor had no effect on the prefilters or HEPA filters. At
approximately 20 gpm, as much as 100 gallons of water was sprayed into the tank pit

during ORNL 8.0. However, as tests ORNL 1.0 thru ORNL 6.0 demonstrated, the

sprinkler system could be used as a back up for shutting off the inlet ventilation flow in
extinguishing fires. And even in the worst case without sprinkler intervention, with the

ventilation running at 1000 cfm, the maximum fire burn time would be approximately 10

minutes. The filter system is more than capable of dealing with this worst case scenario.

9. Becausethese were full scalefire tests of the REDC tank pits, cells, and cubicles,the

results are as realistic as can be practically achieved outside of actually setting fire to

the facility. All these tests were set up and run conservatively. This fact makes the

results even more reasonable. Even though the structures were dimensionally correct,

- the thermal properties of the building components and contents were much less than the

actual structures. As mentioned previously, the tank pit, cell, and cubicle walls were a
. minmum of 2.0' thick concrete as opposed to the two layers of 5/8" thick gypsum

wallboard used in the LLNL test articles. Full scale fire test results from a previous LLNL

study [3] showed that approximately 80% of the thermal fluxes were absorbed by the
concrete walls of the test cell. Although the LLNL test article was airtight, it was not as

well sealed as the monolithically cast concrete cells and cubicles of the REDC facility.

Although we were able to reproduce the ventilation rate through the tank pit and cubicle
cell, our main exhaust provided less than half the dilution than the actual facility. In
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addition,our filter systemonlyprovidedhalf the numberof filtersthan the actual system.

Therefore, the containmentventilationsystemwas exposed to twicethe thermaland
smokeassault itwouldexperiencein an actualfire situation.VOG ductsdid nothave

the asbestos innerlinerlikethe actualREDC ductwork. It stilldidverywell inthe tests.
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FP.3 PUBLIC PROTECTION

PERFORMANCE OBJECTIVE: All facilities onsite should provide adequate

protection to prevent any added threat to the public as the result of an onsite

fire causing the release of hazardous materials beyond the site (or facility)
boundary.

FINDINGS: * Credit is taken in building 7920 SAR for the cubicle and

cell deluge fire sprinkler system. The sprinkler system is
t

not designed as a safety class system.

• A preaction type sprinkler control valve, activated by heat
detectors which are located in the cubicles and cells,

controls water flow to the deluge valves.

• Deluge sprinkler systems protecting the cubicles are

activated by manual means after workers either visually

discover a fire or are warned of a fire by the cubicle fire
detection system.

• The pneumatic and electric heat detectors which activate

the preaction sprinkler system have not been tested since
installation, there is no assurance that the detectors will

work. One detector has been identified through

continuity checks as being nonfunctional.

• This is the LLNL evaluation and designed to prove that a

fire would not damage the HEPA filters used questionable

and potentially nonconservative assumptions to reach the

conclusion that a fire would not result in an unacceptable
release.

• This concern was not identified in the ORNL Protective

Services 1990 self-assessment.

CONCERN: Documentation provided by Oak Ridge National Laboratory

(FP.3-2) and DOE Headquarters does not support the conclusion that a

(I-I1/C1) fire originating in the cells or cubicles of building 7920 at the



CAT.II Oak Ridge National Laboratory would not result in the loss of

HEPA filters and an unacceptable radiological release to the
environment.

FINDINGS: • The SAR fo_ building 7920 takes credit for manually and

automatically operated sprinklers to successfully control

fires which may occur within cells or cubicles. The _a

sprinkler system is not designed as a safety class system,

thus the system may not be available under all Design
Basis Accident conditions.

• ORNL does not have an ongoing fire hazard analysis

program.

• Each cubicle may contain up to approximately five liters of

combustible liquids and each cell may contain up to 200

liters of combustible liquids.

• The Fire detection and suppression system for the cells

and cubicles in building 7920 have not been tested in

accordance with applicable National Fire Protection

Agency standards.

• This concern was not identified in the ORNL Protective

Services self-assessment plan. An action plan has not

been developed.

CONCERN: Oak Ridge National Laboratory has not tested, in accordance

(FP.3-1) with recognized practices, the detection and suppression

(H1/C1) systems protecting ceils and cubicles of building 7920 to assure
CAT. II that the devices will function as intended in the event of fire.

,D

FINDINGS: • HEPA filters at building 7920 are provided and are

required to prevent an unacceptable radiation release to
the environment.

• The building 7920 Safety Analysis Report takes credit for

the sprinkler system for mitigating an in-cell or cubicle



fire such that it does not destroy the high efficiency

particulate, air filters.

• The in-cell and cubicle 4 deluge sprinkler systems within

building 7920 are not designed as safety class systems.

• Although the building 7920 SAR took credit for the in-cell

and cubicle sprinklers operating limits had not been

established which required the fire protection system to be

• operational.

• ORNL Fire Protection Engineering is not required to

review and approve SARs.

• See also findings for Concerns FP.3-1 and FP.3-2.

• This concern was identified in the ORNL Protective

Services self-assessment. An action plan has not been

developed for its resolution.

CONCERN: Oak Ridge National Laboratory does not have a review

(FP.3-3) program to assure that design basis fires within nuclear

(H2/C1) facilities site-wide will not result in an unacceptable release of

radioactivity to the environment as required by DOE 5480.7.
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Test Matrix

_"- Ventilation Flow Rate (CFM) Sprinkler Operation Comment

_mm

Cell InletAir TotalExhaustAir Dilution Ratio StartTimeafter Duration
i_nition(see) (see)

Flow Rate (CVM) Flow Rate(CVM)
1.0 1060 3600 3.4"1 ---------

"--- 440 "-'----'_00 7.3"1 --------
3.'-"""0""-_ 370 - 3600 9.7-1

4.""'_'.'.'.'.O_"---'_00 -- 3600 3.6:1 VOG duct Installed
5."'--"'0_---- 1000 _ 3601) 3.6:1 Inlet airflow shutoff at 280s from start of tire.......__

"-'--" 440 "----'-'3600 7.3" 1 Inlet airflow shutorf at 140s from start of life
7.'-----_'-'----_000 "---- 361)0 _ 3.6"1 _ 380 12() __-,,,.,..,.,.,...

_ "-"-'-_-b_'-'-- 3600 7.31 _ 145 300
--'ff-.'.'.'._.0 _ "---'-_200 _ 3.2:1 Epoxy coated panels installedCubicle fire test airllow set to 10-16 CFM

10.0 _.._._..._._ Cubicle fire test airllow set to 10-16 CFM
_ubicle VOG elbow fire test

_ _ _ __,,_ Cubicle VOG elbow fire test

Table 1



Filter Loading

TEST Pre filters HEPA
No.

TOP MID BOTTOM TOTAL AP TOP MID BOTTOM TO'I_A_, AP GRAND
(grams) (grams) (grmns) (grams) (" of water) (gr,'uns) (gr,'uns) (grams) (grmm) (" of water) TOTAL

(grams)

1.0 54 55 70 179 1.5 19 21 28 68 1.0 247
2.0 31 39 27 97 1.6 - 18" -26* -6" -50* 0.9 47
3.0 29 34 23 86 2.0 3 -2 1 2 0.9 88
4.0 38 43 42 123 2.0 6 6 17 29 1).8 152

5.0** 30 24 31 85 0.2 -38" -54, -34" -126 ° 0.9 -41,
6.0 35 34 46 115 0.6 -6" -15 _ -8* -29* 1.0 86
7.0 21 36 25 82 0.8 13 18 16* 47 0.9 129
8.0 49 ' 48 87 184 1.1 -17, 5 -4, -16, 1.(1 168

- 9.0 89 82 90 261 0.2 76 78 86 240 0.7 501
10.0
11.0

12.0 .
12.1

* Negative figure indicates that whatever loading was on these filters was volatile and evaporated away.
** New Pre filters were installed before test number 5.0

Table 2



Specifications

1. Vessel Off-Gas (VOG) Ducts (specifications for actual REDC ducts):

• Bondstrand Pipe manufacturedby Amercoat Corporation, Brea, CA.
• Reinforced thermoset epoxy polymer.
• Overall ratio of glass or asbestos reinforcement to resin, including liner: 66/34 to 75/25.
• Type of pipe wall reinforcement: continuous glass filament wound.

" • 8" diameter in tank pit and 4" diameter in cubicle test.

2. Epoxy Coating on Hot Cell Walls:

• System No. 1 Amercoat 66-3 with Thalco 1522 woven glass fiber.
• Manufactured by Ameron Protective Coatings Division, Brea, CA.
• High-build polyamide-cured epoxy coating, 30 mils thick.
• Thalco 1522 woven glass fabric.

3. Substrate for Epoxy Coated Panels:

• Wonder-Board backer board, Glascrete; manufactured by Glascrete, Inc., Seal Beach, CA.
• Interior concrete board, with glass mesh 1/2" thick.
• UL Listed 7L30.

4. Sprinklers:

• Actual sprinklers in Bldg. 7920: Spray Engineering Model #GG8WA:
- 120° spray pattern.
- Orifice size 23/64."
- 22 gpm at 80 psi.

• Sprinkler used in LLNL fire tests: Spraying Systems Co. Model #3/8HHSJ-12082, Spiraljet, Brass.
- 1200 spray pattern.
- Orifice size 3/8."
- 20 gpm at 80 psi.

5. Heat Actuated Detector (H.A.D.):
• Manufactured by Automatic Sprinkler Corporation of America.
• The Thermal System Rate-of-Rise.
• Approximate rate of rise 8 to 10o C/rain. (15 to 20° F).
• Thermal switches set at 80o C (175o F).

. 6. Pre Filter and HEPA Filter Housing: Two AstroSEAL 500 s. Each to house one wide, three
high 24" x 24" x 11.5" filters.

7. Roughing or Pre Filters (3): Dustfoe Filter, B-2000, manufactured by Donaldson Co. Inc.,
" Mpls, MN. ASHRAE efficiency: 90-95%. Metal housing 2' x 2'x 11-1/2".

8. HEPA Filters (3): Astrocel manufactured by American Air Filter, Louisville, KY. 1000 cfm,
99.99% efficiency. Plywood housing 2' x 2' x 11-1/2".

Table 3



Test lntttal Total lUber Dtlutton SIi"rlnk. Airflow Bum l_tght
Series/RunCe11 • Exh. HEPA Rate Operable Diff. p Alr AtP fit. fit. unt|l res- Test after after leak test

Air- Air- Fit.- Fire Durlng lqonltor to Iv9. Ent. Ent. Con- Idual Test Test Before Aft
flow flow 24X24XCell" Test 9urfmj Cell Cell sumed fuel
(Inlet) Rate 11 1/2. to Test "or
(CFH) (CFH) total Ftre

A -_ -1 _.,,0 _ 73i0 3 -19.8to Y. No_ -Yes - X ' X X 'X'-- -X -' X X' 'X ' " X ' X X '
2 440 7310 3 16.6 to ] No Yes X X X X X X X X X X X
3 3 7.3to] m Yes x x x x x x x x x x x

6 Z '_0 _10 "3 19.8'_1 Yes: Y_ X .... X X" X " X )( X X' ' ' x ..... x x
2 440 7310 3 16.6 to I Yes Yes X - X X X X X X X X X X
3 1000 7310 3 7.3 to 1 Yes Yes X X X X X X X X X X X

(; :_ I -3_ 731_;3 '19.8't01" Yes..... yes x x x "x x ' L_ x ' x x ' x x
2 440* 7310** 3 16.6 to 1 Yes Yes X X X X X X X X X X X
3 IO0(P 731_ 3 7.3 _ I Yes Yes X X X X X X X X X X X

D 1 370 •1310 '3 19,8 1_ I "Y_* Yes X X X X X ........ X X ' 'X X X
2 440 7310 3 19.8 to 1 Yes+ Yes X X X X X X X X X X
3 ]DO0 7310 3 7.3 to ) Yes+ _s X X X X X X X X X X

i i .i i i . i • • i i _ z • i _ J] . , i .., i , -- -- . i i Jill • i ,1 i

X-Yes
* - Zero after rate.f-rise miam tsars ted _ reducedrate tf tim _11 tnlet atr darner closes
+ - Dellberitely operated to slmlate unfn11_-_tlonal release of vmter

Table 4: Preliminary Test Matrix
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VIEW SHOWING DETAIL OF INSTRUMENTATION

(Front And Side Walls Made Transparent For Viewing)

12'Ducting simulating
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VIEW SHOWING DETAIL OF INSTRUMENTATION IN CUBICLE
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TO: __S HAZARDS CONTROL--INDUSTRIAL HYGIENE INSTRUMENT LAB PAGE I____OF 1

BLDG.: 328 Test: ORNL i 0 HEPA FILTER TEST RESULTS• TE_ITNISIT DATE 6/,17/92 _ 6/18/92
.,,

FILTER PERCENT A P FILTER INSTALL. VELOCITY
NO. LOCATION FAN NO. EFFICIENCY in. H20 SIZE (CFM) TEAM DUE DATE . DATE DUCT SIZE (Fp.M) CFM

n/a B/328 none 99.99 I.0 1000 n/a n/a

REMARKS: 6/17/92: Performed _nother aerosol test of the in-place HEPA filter srstem for ORNL 1.0. Same test procedures

used as in previous tests for the ORNL 1.0 project. Results were 99.99% efficienc'r on the filter system. This test was
performed just before a test burn.
6/18/92: Aerosol test was performed after burn test on 6/17. Filter efficiency was 99.99%. Filters were removed immediate]
after HEPA test and weighed and reinstalled and another HEPA test performed immediately after reinstallation. Results were

99.99, efficiency. _ ___-_/_" A_cc: Bruce Bettencourt; H. 14asegawa SIGNED: EXT _ V'_ _!
(/ f ,_ _, ....

i





TO: I(.( (t..fc ._t",q, _r'6-5 HAZARDS CONTROL- INDUSTRIAL HYGIENE INSTRUMENT LAB PAGE /__....._OF /

BLDG.: _' 7.-_ HEPA FILTER TEST RESULTS _ .TESTNISIT DATI_ C"/"_f""
FILTER PERCENT A P FILTER INSTALL • VELOCITY

NO. LOCATION FAN NO. EFFICIENCY in. H20 SIZE (CFM) TEAM DUE DATE DATE DUCT SIZE (FPM) CFM

,. ., .... ._ ,.

............. . ,,, , .. ,. ,

,,, ,,, ,

i
!

REMARKS: _::;:_6J c F'_(/._: F_ f ,"'.

f_. l't _,_"£ _,-_,,4 SIGNED: _ EXT. _' (" _-"<'/cc:,,3'./3_'n',=',_,.,-,.r,



TO: HAZARDS CONTROL -- INDUSTRIAL HYGIENE INSTRUMENT LAB PAGE /_____OFI

BLDG.: _ 2. _ HEPA FILTER TEST RESULTS TESTNISIT DAT_ (= [Z_ ¢- [ _ 7. ,4. ,,_.

FILTER PERCENT & P FILTER INSTALL. " VELOCITY
NO. LOCATION FAN NO. EFFICIENCY in. H20 SIZE (CFM) TEAM DUE DATE DATE DUCT SIZE (FPM) CFM

, ,,,,, |i, i ,,,

, i =,,

)
r

!
, ,, ,, ,





TO:ef'_Xc;:_Y'_"_ H_U_0SCONTROL--,NOUSTRLAJ.HYG,ENEecrmJ-emLAB I
BLDG.: _ _-,_ HEPA RLTER TEST RESULTS_ _ TESTNISIT DATE _7..

RLTER " PERCENT & P RLTER .... INSTALL _tELOCITY ..........

NO. LOCATION FAN NO. EFFICIENCY in. H20 SIZIE(_CFM) TEAM DUE DATE DATE DUCT SIZE _qtR) C:FM

- 3_'a_ - c/e.gf i.o ,ooo .......- . - - ..............
- _ ,,_r,, - _,'r ? t.o ,o_.c. ..........

i i= i ii i i

i , , ., u , ,,i ,,,,

i , , 11 ,,, n

. , . . ,,,,,

, , , , , pn, I,,, ,, , ,

I II III IIII I II I I=

, ., , , lu,

= , . , . , ii, ,

REMARKS:

cC: /_./_e. (Tt,_ ¢-A"n_r', _. l_t _ SIGNED: _ EXT. _r_ft.I
I I _4"iI rl:I_..)e_r'_

o • i 4



• I
l II

TO: _.^_ Sf^_G_/_..D,.,","+._moscomR_--,.o_sm,_h_mENE,msmu_mTum pAGEI OF Z
BLDG.: 3 _ _ HEPA FILTER TEST RESULTS <_-/IJ_ V+ _TE_NISIT DATE "7/'7 [3 _"

FILTER " PERCENT "' .,,xP FILTER TEAM ..... r INSTALL VELOCITY' .....NO,. LOCATION FAN NO. EFFICIENCY in. 1-120.....SIZE (CFM) _ DUE DATE DATE DUCT SIZE (FPM_ CFM

"+ . _ _ _ _o_- ??. _ 1. o ion. - , _[4 F F_o_ I-_ ,,,Jr./S_.J_H

i ,I ,, , i ,= , , i+, • +

,i i , , , , , i, H i

, , ...... i i ii i

, , , ,,, = i i ii ,,i ,,



TO." CONTROL- INOUSTRM,J.HY_ENE INSTRUMENTLAB PAGE____OF t

BLDG: _ Z _ HEPAFILTERTEST RESULTS TEST/V--c_rrDATE I.

FLTER PERCENT ^ P RLTER ' e_T_J_ VEL_
NO. LOCATION FANNO. EFFICIENCY in.1-120 SIZE(CFM) TEAM DUEDATE DATE DUCTSIZE (FPM) CJ=M_

- _ 2-_ . o_ _q._/ o.9 Io.. - - ...- ., - ........
,,,,,. i t '

" ' I ' i i i Ill','

I I ' • ' '" | t , ill I _ I

' [
| ,, , ,J 'l I

• • s •





TO: K ItI_,_'- _TIL)G6 c_ /;./If. _ _ "HAZARDS CONTROL -- INDUSTRIAL HYGIENE INSTRLq),ENT LAB PAGE I OF I

_BLr_.: _ "IL.;'_ / HEPA FILTER TEST RESULTS TESTNISlT DATE '7..,-

FILTER " PERCENT ...... "AP FILTER INSYAJ.J_ _ VIELIOCi-I-Y
NO. LOCATI_. FAN NO. EFFICIENCy in. 1-120 _ (CFM) TEAM DUE DATE DATE OUCT SIZE (FPM). CFM

__ _._2_ - _?.'r7 o.,_ ,o_° - - - - .tt_. ,,

__,. _-_ ( _.,...._, I,.o ......._ ( [ " ( /
__, _-_ \ '_,_._,yJ.o ) \ 5 ___ _-_-_: g......'_.,_ _.o _' £ 4',,, _ ....

, , i

t

i , , i ii , i i ill

,i

_ | , ,, i , ' ' '

II • i •



- T_O: HAZARDS CONTROL -- INDUSTRIAL HYGIENE INSTRUMENT tAB PAGE I

BLDG.: _ l. _ HEPA FILTER TEST RESULTS TESTNISIT I_

FILTER PERCENT '& P' FILTER INST._ .... V_ELOClTY

NO. -.LOCATION FAll NO. EFFICIENCY, in. 1-120 SIZE (CFM) =iTEAM _DUE DATE DATE DUCT SIZE' _'PM) CFM ....

) " _ 13"L'it - q I. '19 I, _ J_, ....

.) - " - ql, q't I.* '" - - j-

, i , , , , w i ,

" ...... _1.'r'/ o._ ' - - - _

i ,=

• ,, j, =,

, ,,, n ,, i , , I , |

I
e.° o

ii i

. RBCCqKS:(_) p_f_o/tdt. 7.0 - f, Lr=-, ve,_ ,_ ,___t,-A_o. (P_,u'.,-_/_,).

co:. 4,1_A¢6,* =:--.( //_. B.A,_'CQ.,_,v,/z, SIGNED:___'¢_ '_ _ EXT. ?I JiLl



TO: _i/_,r,,, 3TI_GG_ /._,/')f.I._£)('}_/'_IAZARDSCONTROL-INDUSTRIALHYGIENEINSTRUMENTLAB PAGE I OF I

BLDG.: :3 "L._ / HEPA FILTER TEST RESULTS TESTNISIT DATE P_""

FILTER PERCENT ZlP FILTER INSTALL. _ VELOCITY
NO. LOCATION FAN NO. EFFICIENCY in. H20 SIZE (CFM! TEAM DUE DATE DATE _ DUCT SI7E (FPM) CFM

._s'_ g 32_ _ ??'t? o ? ,_o° _ .- - .-_r'r '_"m " " "

_._a> t_-3_'_ 9_._t_ 1.0 ,,

q ,,

|

,,

REMARKS: (b s'__ __,_6 I_'P_I$ •

CC:_" _NEr_.4.¢Od_-/"/ /_IAy ///_$_C./g_,q .SIGNED:__- % EXT._=&,_"/
[ [ 553l lRev 2/92)
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) _/_,/tK 4C_ _S /_F¢4 I" J)__ HAZARDS CONTROL --INDUSTRIAL HYGIENE INSTRUMENT LAB DA_TE PAGE I"" TO:_ HEPA FILTER TEST RESULTS . 71q.
BLOG.: _ _" _ TESTNISlT ' VELC)CiT-Y
FILTER! PERCENT A P FILTER ' INSTALL-

NO. . LOCATION FAN NO. EFFICIENCY in. H20 SIZE (CFM) TEAM DUE DATE DATE DUCT SIZE (FPM) CFM
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Photo 7 • Detail of sealed enclosure
door and porthole

Photo 8" Interior vie,_ of Tank Pit ceiling.



Photo 9 • Interior vie,_ of cubicle
?,,

c_,, ceili.-_g

Photo 10 : Close up of 2' x 4' opening between
cells.





lJh{)I,) 13 ' Pre- ,{tel" and ||1-_I).-_t'ilter h()u._in_

%

Photo t4 " (_to_e up of' pre-filters
and HEPA filter,_



J _





Photo 19 : Specification for
pre-fiiters

Photo 20 • Pre-fiiters removed after test O.R.N.I_.
4.0 '
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Photo 21" Close-up of used prefilter.

Photo 22 • FRP VOG duct before installation.
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Photo 27 FRP \(), duct after
ORNL Test 4.0.

Photo 28 • FRP VOG duct closest to fire after
ORNL Test 4.0.
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Date: 17 Jun 19 Time: 18:49:32

FILENRHE CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNLI. 0 CH-8 NE TC RFIKE 12' UP Degrees Celsius 508
• ORNL1.0 CH-? NE TC RRKE 14' UP uegrees Celsius 588
xORNLI.O CH-8 NE TC RRKE IB' UP Degrees Celsius 588
• ORNL 1.0 CH-9 NE TC RRK[ 1B" UP uegrees Celsius 50B
[]ORNLI.O CH-10 NE TC RRKE 2B' UP Degrees Celsius 588
<>ORNL1.0 CH-I 1 NE TC RRKE 5" DONN Degrees Celsius 588
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Figure 1.2 Se c o rld 3



Date: 17 Jun 19 Time: 16 -,_,',48 :32

FILENFIME CHANNEL LOCATION UNIT OF HFBSURE SCALE

ORNL I.0 CH-20 So TC RFIK[B" UP Degrees Celsius 1208
,ORNLI.0 CH-21 So TC RF_E 2" UP uegrees Celsius 1200
x ORNL I.0 CH-22 So TC RFIK[4" UP Degrees Cels|us 1208
$ORNLI.0 CH-23 5o TC RRKEB" UP uegrees Cels|us 1208
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Figure1.3 _e c o n cJs



Date: 17 Jun 19 Time: 16:49:32

FILENFIME CHFINNEL LOCFITION UNIT OF NERSURE SCALE

ORNLI.0 CH-2? TOP So HINDOH TC DegreesCelsius 508
ORNLI.O CH-2B TOP No _INDOH TC _uegreesCelsius 50B

x ORNL 1.0 CH-29 BOTTOMSo NINDOI_TC Degrees Celsius 508
o ORNL1. O CH-38 B3TTOMNo NINDOHTC uegrees Celsius 588
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Figure 1.4 S E_c o Iq d s



Date: 17 Jun 19 Time: 16:49:32

FILENRME CHRNNEL LOCRTION UNIT OF MERSURE SCALE

ORNLI.0 CH-95 Near Cell X Transmittance 10B
_ORNLI.0 CH-96 Before Filters X Transmittance 108
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Figure I.S Se C 0 n d s



Date: 17 Jun 19 Time: 1G:49:32

F ILENRME CHANNEL LOCRT ION UNIT OF MEBSURE SCALE

ORNL I. CH- 182 InIe$ FVF (TFH) CFM 5088
• ORNLI. CH-184 Exit R/F (Pitoi) CFM 5008
xORNLI. CH-185 Exit R/F (TFM) CFM 5088
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Fieure 1.6 S e C 0 I"1C_3



Dete: 17 Jun 19 Time: 16:49:32

FILENRME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNLI. 8 CH-189 I)elSa P HEPR INCHES H20 5
oORNLI.8 CH-118 I)el$_P PreFiIter INCHES H20 5
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Figure 1.7 Se c 0 n d s



Date: 17 Jun 19 Time: 16:49:32

FILENRME CHRNNEL LOCRTION UNIT OF H[RSURE SCRLE

ORNLI.O CH-88 02 S" UP % 02 24
ORNLI.0 CH-81 C02 6" UP % C02 12

xORNLI.0 CH-82 CO 6" UP X CO 1.2
• ORNL I.0 CH-83 HC B" UP PPM (=CH4} 15808
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Figure1.8 £econds



Date: 17 Sun 19 Time: 16:49:32

FILENRME CHANNEL LOCATION UNIT OF NERSURE SCALE

ORNLI .0 CH-112 Heat Sensor 22'side INCHES H20 108
@ORNL1.0 CH-113 Heat Sensor 13' side Inches H20 108
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Figure 1.9 _e C 0 n d s



Date: 17 Jun 19 Tlme: 16:49:32

FILENRME CHRNNEL LOCRTION UNIT OF NEF_URE SCRLE

ORNLI. CH-32 CELL HI_IFOLO TC Degrees Celstus 388
ORNLI. CH-34 CEL EXH nUCT TC Degrees Celslus 308

X ORNLI. CH-35 EXH/NRKELIPNODETC Degrees Celsius 388
• ORNLI. CH-38 TC BEFORE PREFILTER Degrees Cr!slus 308
mORNL I. CH-3? TC BEFORE HEPR Degrees Celsius 308
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Figure 1.10 SE C O n c_ s



Date: 17 Jun 19 Tlme: 16:48:32

FILENRME CHANNEL LOCATION UNITOF MEASURE SCALE

ORNLI. CH-84 02 12"UP X 02 24
e0RNI.I. CH-85 C02 12'UP _,C02 12
xORNLI. CH-86 C0 12"UP _,CO 1.2
• ORNL I. CH-87 HC a_"UP PPM (--CH4) 15008
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Figure 1.11 $8 c o rlcls. ..



Date: 17 Jun 19 Time: 16:49:32

FILENRME CHRNNEL LOCRTION UNIT OF M69SURE SCRLE

ORNLI. CH-88 02 Ducl Node Y.02 24
ORNLI. CH-89 C02 Duct Node _;C02 12

xORNLI. CH-98 CO Duct Node _ CO 1,2
• ORNLI. CH-91 HE Duct Node PPM (--O-14} 15808
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ORNL [.
Date: 17 Jun 19 Time: 16:49:32
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Date: 17 Jun 18 Time: 16:49:32

FILENRME CHANNEL LOCATION UNIT OF MERSURE SCALE

ORNL I. CH- 182 InletA/F (TFM) CFM 5088
• ORNLI. CH-B8 02 6" UP X 02 24
xORNLI. CH-84 02 t2" LIP X 02 24
• ORNLI, CH-88 02 Duc$ Node X OZ 24
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Figure 1.14 _e[3onds



Date: 19 Jun 19 Time: II:81:27

FILENRHE CHANNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL2,8 CH-8 NE TC RAKE 6" UP Degrees Ce1st us 588
vORNL2,0 CH-I hie TC Pd:IKE2" UP uegrees Celstus 500
x ORNL2.0 CH-2 hE TC RF_[ 4" UP uegrees CeIs| us 500
• ORNL2, i3 CH-3 hie TC RRKE5" UP uegrees Celsi us 588
II ORNL2,8 CH-4 hie TC RRKE8" UP D_egrees Celstus 588

. <>ORNL2.0 CH-5 hie TC RRKE Ig" UP uegrees Celstus 588

5
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Figure 2.1 S e C 0 r'l d S



Date: 19 Jun 19 Time: 11:01:27

FILENRME CHRNNEL LOCATION UNIT OF MEASURE SCRLE

ORNL2.B CH-6 NE TC RAKE 12' UP Degrees Celsius 508
• ORNL2.0 CH-7 NE TC RAKE 14' UP u_egreesCelsius 588
x ORNL2.0 CH-8 NE TC RAKE IS' UP D_egreesCelsius 588
e ORNL2.0 CH-9 NE TC RFIK[]B" UP uegrees Celsius 588
IORNL2.0 CH-IB NE TC RFIR[2B" UP _uegreesCelsius 508
<>ORNL2.0 CH-I I lieTC RFIKEB" IK)l_ uegrees Celsius 508 •
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Date: 19 Jun 19 Time: 11:01:27

FILENRME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNL2.0 CH-28 So TC RF_[ 6" LIP Degrees Celsius 1208
e0RNL2.8 CH-21 So TC RFI(E 2" UP uegrees Celsius 1288
x ORNL2.0 CH-22 So TC RI:_E 4" UP __.egrees Celsius 1208
e ORNL2.0 CH-23 5o TC RRKE5" UP uegrees Celsius 1208
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Date: 19 Jun 19 Time: 11:01:27

FILENAME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNL2.0 CH-27 TOP So IAINDOWTC Degrees Celsius 500
• ORNL2.0 CH-28 TOP No WINDOW TC _uegreesCelsius 500
x ORNL2.0 CH-29 BOTTOM So WINDOW TC __eBreesCelsius 508
• ORNL2.0 CH-30 BOTTOHNo WINDOWTC uegrees Celsius 500
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Date: 19 Jun 1.9 Time: II:01:27

FILENRME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNL2.8 CH-95 Near Cell X Transmittance 188
_ORNL2.8 CH-96 BeFore Filters X Transmittance 188

LLI 80 ...... ,
.._.I
ClZ ...
0 7e ............... ,,..,.,_

__I SO . i

ZZ3--I 'i.... ,__V, r"_. ' '
b..

50 ...... =, ......

L,.. Al
0

40 .... ...._:.-,,-.''''r_'"

Z _
U 30
_ , _, j-,." " ....

n/ -"
w /
13.. 20 :- :

i,

10 _ :

!

0
0 70 148 2le 2Be 35e 428 .... 490 568 638 788

Figure 2.5 S e C O I"1d S



D_te: 19 Jun 19 Time: II:01:27

FILENRME CHFINNEL LOCRTION UNIT OF NEI_URE SCALE

0RNL2.0 CH-102 Inle't P/F (TFM) CFM 5008
,ORNL2.0 CH-104 ExI$ R/F (Pltoi) CFH 5008
x ORNL2.0 CH- 185 Exl$ FI/F(TFM) CFM 5008
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D_te: 19 Jun 19 Time: 11:81:27

FILENAME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNL2.0 CH-85 Near Cell _, Transm|$$ence 1t38
eORNL2.0 CH-96 BeFore Filters _.Transmitlance 1138
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Oatm: 19 Jun 19 Time: 11:81:27

FILENRME CHANNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL2.8 CH- 182 Inle_ R/F (TFM) CFM 5888
$ORNL2.8 CH-184 Exl$ R/F (Pltoi) CFM 5888
xORNL2. @ CH-185 Exl$ R/F (TFM) CFM 5888
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Date: 19 Jun 19 Time: 11:81:27

FILENRME CHRNNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL2.0 CH-189 l)elSa P HEPR INCHES H20 5
_ORNL2.8 CH-110 DelSa P PreF|ller INCHES H20 5
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Datm: 19 Jun 19 Time: 11:81:27

FILENQME CHRNNEL LOCQTION UNIT OF MEASURE SCALE

ORNL2.8 CH-88 02 6" UP X 02 25
ORNL2.8 CH-81 C02 6" UP 7.C02 12

xORNL2.8 CH-82 CO 6" UP X CO 1.5
• ORNL2.8 CH-83 HE 6" UP PPM (=CH4) 25888
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Date: 19 Jun 19 Time: 11:01:27

FILENRME CHANNEL LOCATION UNIT OF HERSURE SCALE

ORNL2.0 CH-112 Hea$ Sensor22'side INCHESH20 108
• ORNL2.0 CH-113Hea$ Sensor 13' side Inches H20 108
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Date: 19 Jun 19 Time: 11:01:27

FILENRNE CHRNNEL LOCRTION UNIT OF MKRSURE SCRLE

ORNL2. I3 CH-32 CELL HRNIFOL.OTC Degrees Celsius 308
• ORNL2.0 CH-34 CEL EXH rlUCT TC _uegrees Celsius 300
X ORNL2.13 CH-35 EXH/MRKEUPNODE TC Degrees Celsius 388
• ORNL2.13 CH-3S TE BEFORE PREFILTER _uegreesCelsius 388
[]ORNL2.13 CH-3? TC BEFORE HEPR Degrees Celsius 308
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Figure 2.10 _e C 0 r3d s



Date: 19 Jun 19 Time: II:01:27

FILENRME CHRNN/L LOCATION UNIT OF HERSURE SCRLE

ORNL2.0 CH-84 02 12" LIP X 02 25
ORNL2.0 CH-85 C02 12' UP X C02 12

xORNL2.0 CH-86 CO 12" LIP X CO 1.5
• ORNL2.0 CH-8? HE L2"UP PPM (=CH4) 25000
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Date: 19 Jun 19 Tlme: 11:01:27 i

FILENRHE CHRNNEL LOCRTION UNIT OF HERSURE 5CRLE

ORNL2.0 CH-B8 02 Duct Node X 02 25
• ORNL2.0 CH-B8 C02 Duct Node X CO2 12
xORNL2.0 CH-90 CO Duct Node X CO 1.5
• ORNL2.0 CH-91 HC Duct Node PPM (-0-14) 250)00
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Figure 2.12 S e C 0 lqd S
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ORNL2 13
Date: 19 Jun 19 ' Time: II:81:27
CH-B HRR KILOWRTTS 2088
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Figure 2.13 S e c o n d s

No. o_ channels=73



Date: 19 Jun 19 Time: 11:01:27

FILENQME CHRNNEL LOCATION UNIT OF MERSURE SCRLE

ORNL2.8 CH-182 InletF_ (TFM) CFM 2888
ORNL2.0 CH-88 02 6" UP X 02 25

x ORNL2.0 CH-84 02 12" UP X 02 25
o ORNL2.0 CH-88 02 Duc$ Node X 02 25
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Date: 23 Jun 19 Tlme: 11:O1:02

FILENF_ME CHANNEL LOCRTION UNIT OF MF._URE SCALE

ORNL3.0 CH-6 hieTC RAKE 12' UP DegreesCelsius 508
eORNL3.0 CH-7 NE TC RBKE 14' UP uegreesCelsius 588
x ORNL3,0 CH-8 hieTC RF_(EIS' UP umgreesCelslus 588
oORNL3.O CH-@ NE TC RBKE IB" UP uegree$Celsius 588

• ORNL3.O CH-IB NE TC RRKE 2B' UP _]_reesCelsius 500oORNL3.O CH-11 NE TC RRKE 6" I}ONN rees Celslus 508 "
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Date: 23 Jun 19 Time: 11:81:82

FILENRME CHRNNEL LOCATION UNIT OF MERSURE SCRLE

ORNL3.0 CH-EO So TC RFIKE6" UP Degrees Celstus 1288
• ORNL3.0 CH-21 So TC RI:IKEE" UP uegrees Celslus 1208
XaORNL3.0 CH-22 So TC RI_E 4" UP uegrees Celstus 1288__ORNL3. CH-23 5o TC RRKE5" UP uegrees Celstus 1208
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Date: 23 Jun 19 Ttme: 11:01:02

FILENRME CHRNNEL LOCRT,rON UNIT OF HEF_URE SCRLE

ORNL3 0 CH-27 TOPSo WINDOWTC Degrees Celsius 501_• ORNL3 :. CH-28 TOPNo HINDOWTC uegrees Celsius 501

x ORNL3 _ CH-29 BOTTOMSo NINDONTC Degrees Celstu= 500• ORNL3 : CH-30 BOTTOMNo NINT]ON TC Degrees Celslus 508
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Date= 23 .Tun 18 Times= 11=01:82

FILENRHE CHRNNEL LOCATZON UNIT 0F 8ERSURE SCRLE

ORNL3 0 CH-8_5 Ne=r Cell X !ransmtttance 100
eORNL3:0 CH-96 Before Filters X Transmittance 100
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Date: 23 Jun 19 Tlme: 11:01:02

FILENRME CHRNNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL3.0 CH-182 Inle'cFVF (TFM, CFM 5008
e ORNL3.0 CH-iEI4ExIt R/F (Pltot) CFM 5008
xORNL3.0 CH-185 Exlt R/F (TFM) CFM 5008
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Date: 23 Jun 19 Time: 11:81:82

FILENAME CHRNNEL LOCRTION UNIT OF HERSURE SCRLE

ORNL3 8 CH-189 Del a P HF.I_I INCHES H20 5
,ORNL3_8 CH-110 I_1_a P PreFilleP INCHES H28 5
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Date: 23 Jun 19 Time: 11:01:02

FILENAHE CHANNEL LOCATION UNIT OF HERSURE SCRLE

ORNL3.0 CH-80 02 6" UP _,02 25
ORNL3.0 CH-81 C02 6' UP _,C02 12

xORNL3.0 CH-82 CO 6" UP ?,CO 1.5
• ORNL3.0 CH-83 HC 6" UP PPM (=CH4) 25008
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Date: 23 Jun 19 Time: 11:81:82

FILENRME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNL3.8 CH- 112 Heat Sensor22'side INCHES H20 108
.ORNL3.0 CH-113Hea$ Sensor 13' side InchesH20 108
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Date: 23 Jun 19 T(me: II:01:02

FILENAME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNL3.0 CH-32 CELL MANIFOLDTC DegreesCels!us 388
$ORNL3.0 CH-34 CEL EXH nUCT TC uegreesCelslus 308
x ORNL3.0 CH-35 EXI-I/HBKEUPNODETC __.egreesCels(us 308
• ORNL3.0 CH-36 "l'C BEFORE PREFILTER _egree$ Ce lslus 308
• ORNL3.0 CH-3? TC BEFOREHEPFI uegreesCelsius 308
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Date: 23 Jun 18 Time: 11:81:82

FILENBME CHRNNEL LOCATION UNIT OF HERSURE SCRLE

ORNL3.0 CH-84 02 i_" UP X 02 25
ORNL3.0 CH-85 C02 12' UP X C02 !2

x ORNL3.0 CH-86 CO 12" UP X ¢0 1.5
• ORNL3.0 CH-8? HE [2"UP PPM (:=CH4) 25008
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Date: 23 Jun 19 Time: 11:81:82

FILENRME CHRNNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL3.8 CH-88 02 Duct Node X 02 25
• ORNL3.0 CH-89 C02 Duct Node X C02 12
xORNL3.0 CH-98 CO Duct Node X CO 1.5
• ORNL3.0 CH-91 HE Duct Node PPM (=CH4} 25888
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ORNL3 13
Date: 23 .Tun 19 " Time: II:01:02
CH-O HRR KILOHRTTS 900

No. of channels=73



Date: 23 Jun 19 Tlm_: 11:01:82

FILENRME CHRNNEL LOCRTION UNIT OF MEASURE SCRLE

ORNL3.0 CH-182 Inle_ FI/F {TFM) CFM 2go8
eORNL3.0 CH-88 02 B' UP X 02 25
x ORNL3.0 CH-84 02 I2" UP X 02 25
• ORNL3.0 CH-88 02 Duct Node X 02 25
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Date: 7 Jul i9 Time: 14:82:28

FILENRME CHANNEL LOCATION UNIT OF M[RSURE SCALE

ORNL4. O CH-6 NE TC RFIKE 12' UP egrees Celsius 5{}8
_ORNL4.O CH-7 NE TC R_E 14' UP uegrees Celsius 5{}0
x ORNL4.0 CH-B NE TC RPJ<EIB' UP Degrees Celsius 580
@ORNL4.0 CH-9 hie TC RI_KE IB' UP _egrees Celsius 580
II ORNL4.0 CH- 1el NE TC RAKE 2B' UP __.egrees Celsius 508
o ORNL4.0 CH- 1 i NE TC RRKE §" I](:]NN vegrees Celsius 50el -
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Date: ? Ju! 19 Time: 14:82:28

FILENRME CHRNNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL_.88 CH-28 _ TC RRKE 6,"UP .egrees _elllllUll 12'_88ORNL . CH-2 1 TC RFIKE2 UP uegrees Islus 121
xORNL4.8 CH-22 So TC RFIK(4' UP u_egree$Celslus i288

. eORNL4.8 CH-23 5o TC R_( B" Ulm uegreesCelslug 1288
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Dates 7 3u! 19 Ttme: 14:02:20

FILENRHE CHRNNEL LOCRTION UNIT OF HERSURE SCRLE

ORNL4.0 CH-2? TOP So WINDOW TC Degree: Celslus 500
• ORNL4.0 CH-28 TOP No WINDOW TC Degrees Celsiul 508

ORNL4 00 CH-29 BOTTOMSo WINDOWTC uegree8 Celsius 508ORNL4 _ CH-3B BOTTOMNo NiNIX_ TC uegrees Celsius 508
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Date: 7 Jul 19 Time: 14:O2:20

FILENRME CHRNNEL LOCRTZON UNIT OF MERSURE SCRLE

ORNL4.0 CH-88 02 6' UP _,02 25
• ORNL4. O CH-81 C02 _" UP _,C02 12
xORNL4.e CH-82 CO 6" UP X C0 !.5

, • ORNL4.0 CH-83 Hr. 6" LiP PPM (:=CH4) 25008
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Dates 7 Ju! 19 Time: 14:02:20

ORNL4,_ CH-95 Ne,r Cell _ T_'ansmltl.,noe I@_eORNL4. CH-86 Before Filter= X anmmtt_,anoe
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Date: 7 Jul 19 Time: 14:02:20

FILENRME CHRNNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL4.0 CH-102 Inlet R/F (TFMI CFH 5008
ORNL4.8 CH- 184 Exlt R/F (PItot) C_'M 5000

x ORNL4.0 CH-105 Exit R/F (TFH) CFM 5008
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Date: 7 Jul 19 Ttmm: 14:02:28

FILENRME CHRNNEL LOCATION UNIT OF MEBSURE SCRLE

ORNL4.0 CH-109 De1%a P HEPR INCHES H20 5
, ORNL4.0 CH-I 10 De1_a P PreF(lier INCHES H20 5
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ORNL4.0
Date: ? 3ul 19 Time: 14:02:28

. CH-II3 Heat Sensor 13" sida Inches H20 108
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No. o_ channels=73



Date: 7 Jul 19 Time: 14:02:20

F ILENFIME CHFINNEL LOCFIT TON UNIT OF IIEFISURE SCFILE

ORNL4.0 CH-32 CELL HFINIFOLOTC Degrees Celslus 308
ORNL4. O CH-34 CEL EXH DUCT TC _uegreesCeIs|us 300

x ORNL4.0 CH-35 EXH/HRKEUP NODE TC Degrees CeIslus 300
• ORNL4.0 CH-36 TC BEFORE PREFILTCR _DegreesCeIslus 300
Z ORNL4. O CH-37 TC BEFORE HEPFI Degrees Celsius 300 •
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Date: 7 Jul 18 Time: 14:O2:20

FILENBME CHANNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL4.0 CH-84 02 12" LIP X 02 25
ORNL4.8 CH-85 ¢02 12' UP % C02 12

x ORNL4.@ CH-86 C0 12'UP % C0 1.5
• ORNL4.8 CH-87 HC 12"UP PPM I:=CH4} 25888
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Date: ? Jul 18 TImB: 14:82:28

FILENRME CHANNEL LOCATION UNITOF MEASURE SCALE

ORNL4.8 CH-88 02 DUctNode X 02 25
• ORNL4.0 CH-88 C02DuctNode _.C02 12
xORNL4.0 CH-98 CO DuctNode _.CO 1.5
• ORNL4.0 CH-91 HC DuctNode PPM (=044) 25888
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ORNL 4 0
Date: 7 Jul 19 " Time: 14:@2:28
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Date: 7 Jul 19 Time: 14:82:213

FILENRME CHRNNEL LOCFITION UNIT OF MEASURE SCFILE

ORNL4.8 CH- 1132Inlet R/F (TFH) CFM 28813
• ORNL4.8 CH-813 02 6" UP _.02 25
xORNL4.13 CH-84 02 12" UP _,02 25
• ORNL4. O CH-88 02 zluciNode % OZ 25
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Figure 4.14 _ec13nd5



Date: 15 Jul 18 Tlmm: 10:52:15

FILENRHE CHRNNEL LOCRTION UNIT OF MERSURE SCALE

ORNLS. 0 CH-O NE TC RRKE G" LIP Degrees Celsius 1208
_ORNLS.0 CH-I NE TC RRKE 2" UP uegree$ Ce|slus 1208
x ORNL5.0 CH-2 NE TC RRKE 4" UP uegrees Celsiu_ 1200
• ORNL5.0 CH-3 NE TC RRKE5" UP uegrees Ce Is|u_ 1200

' III ORNL5.0 CH-4 NE TC RRKE8' UP _._Bgree$ Ce|s|us 1208
oORNL5.0 CH-5 NE TC RRKE 10" UP uBgree$ l::elstu_ 1208
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Date: 15 3ul 19 Time: 18:52:15

FILENAME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNL5.8 CH-6 NE T¢ RRREIE' UP Degrees Celsius 128{}
,ORNL5.0 CH-7 NE TC Rf_E 14' UP uegrees Celsius 128(}
xORNL5.8 CH-8 NE TC Rf_E IS' UP Desrees Celsius 1288
IORNLS.8 CH-8 NE TC RAKE1B' UP Dl_greee Celsius 1288
IIORNL5.8 CH-I8 NE TC RAKEEB' UP Degrees Celsius 1288
oORNL5.8 CH-I 1 NE TC Rf_E 6" DONN Degrees Celsius 1288 '
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Date: 15 Ju! 19 Time: 10:52:15

FILENRME CHANNEL LOCRTION UNIT OF MF-J:ISURE SCRLE

ORNL5.8 CH-28 _ TC RFIKE_" ILI_ Degrees Cels|us 1288
• ORNLS. 8 CH-2i ,,,.TC RFI(E..,_" uegrees Celslus 1288
xORNL5.8 CH-22 So TC R_E 4" UP uegreee Celsius 1288

. IORNL5.8 CH-23 50 TC;Ri_E 6" lip uegrees Celstus 1288
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Date: 15 Jul 19 Ttme: 10:52:15

F ILENRME CHANNEL LOCRT ION UNIT OF M[RSURE SCALE
!

ORNL5.O CH-27 TOPSo NINDON TC .Degrees Celslus 1220_ '• ORNL5. O CH-2B TOP No WINDOW TC _egrees Ce1=tu=
x ORNL5.0 CH-29 BOTTOM So NINDOH TC _egrees Celslus 1200
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Date: 15 3'ul 19 Times 10:52:15

FILENRHE CHRNNEL LOCRTZON UNIT OF HERSURE SCRLE

ORNL5.O CH-80 02 6" UP X 02 25

• ORNLS._ CH-81 C026' UP X C02 12' • 0RNL 5 " PPM('OH4 ' 2518(_
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Dates 15 ,Tu! 19 Time: 10:52:15

FILENRME CHRNNEL LOCRTION UNIT 01r HERSURE SCRLE

ORNL5. _ r_H-____ _,, CeII X Trans.,ttanc, 1010• ORNLS. c:-:--_- ,tore Ft |ter$ X Transmittance I0i
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Figure 5.6 Se C O n d s



Oat, e: 15 Jul 19 Time: 10:52:15

FILENAME CHANNEL LOCQTZON UNIT OF HEQSURE SCBLE

ORNL5 CH- 02 Inlet R/F (TFM) CFM 5OI
- 04 R/F (P tot

xORNLS.0 CH-105 Ext_ R/F (TFH| CFH 5008
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Figure 5.7 _ e c 0 n d s



Date: 15 Jul 19 Time: 10:52:15

FILENRME CHRNNEL LOCRTION UNITOF MER3URE SCRLE

ORNL5.0 CH-189 Delia P HEPR INCHESH20 5
• ORNL5.0 CH-110 DellaP PreFttier INCHESH20 5
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Date: 15 Jul 19 Time: IO:52:15

FILENRME CHANNEL LOCATION UNIT OFHERSURE SCALE

ORNL5.O CH-112Heat Sensor 22's|de INCHESH20 1130
eORNL5.13 CH-113Hea$ Sensor 13' side Inches H20 1OO
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Date: 15 Jul 19 Time: 18:52:15

FILENRME CHANNEL LOCATION UNIT OF MEASURE SCRLE

ORNL5.0 CH-32 CELL MANIFOLDTC Degrees Celsius 308
• ORNL5.0 CH-34 CEL EXH DUCT TC Degrees Celsius 308
x ORNL5.0 CH-35 EXH/HRKEUP NODE TC Degrees Celslus 308
• ORNL5.0 CH-3G TC BEFORE PREFILTL=R Degrees Celslus 308
mORNL5.0 CH-37 TC BEFOREHEPR uegrees Celsius 388 "
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Date: 15 Jul 18 Time: I{}:52:15

FILENRME CHANNEL LOCATION LIMITOF NO,SURE SCALE

ORNL5.0 CH-84 02 12" UP X 02 25
ORNL5.0 CH-85 C02 12' UP _,C02 12

xORNL5.8 CH-86 CO |2" UP X CO !.5
. • ORNL5.8 CH-8? HC 12"UP PPM(=CH4) 25888
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Date: 15 Jul 19 Time: 10:52:15

F ILENAME CHANNEL LOCAT ION UNIT OF MEASURE SCALE

ORNL5.0 CH-88 02 _c$ Node _. 02 E5
• ORNL5.0 CH-89 C02 Ducl Node _.C02 12
x ORNL5.0 CH-80 CO Duc$ Node Y.CO I.5
• ORNL5.0 CH-91 HE guc$ Node PPM (==CH4) 25008
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Date: 15 Jul I@ Time: 10:52:15

FILENAME CHFINNEL LOCATION UNIT OF MEASURE SCALE

ORNL5.0 CH-182 Inlet A/F (TFM) CFM 8808
,ORNL5.0 CH-BB 02 B" UP X 02 25
x ORNL5.0 CH-B4 02 L2" UP X 02 25"
• ORNL5.0 CH-88 02 Duct Node X 02 25.m,
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Date: 15 Jul IS Time: 14:35:45

FILENRME CHRNNEL LOCATION UNIT OF HEFISURE SCRLE

ORNL6.0 CH-8 NE TC RFIKE6" LIP Degrees Celsius 1288
t ORNL6.8 CH-1 NE TC RFIKE 2" UP _uegrees Celsius 1288
X ORNLG. 8 CH-2 NE TC RRKE4' UP __.Bgrees Celsius 1288
• ORNL6.8 CH-3 NE TC RI:EE6" UP _uBgree$ CeIsius 1208
I ORNL6.8 CH-4 NE TC RFIKE8" UP [}Bgrees Celsius 1288 .
o ORNL6.8 CH-5 NE TC RRKE IB" UP uegrees Celsius 1288
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Date: 15 Jul 19 Time: 14:35:45

F ILENRME CHANNEL LOCAT ION UNIT OF MEASURE SCALE

ORNL6.8 CH-6 hie TC RRKE 12' UP Degrees Celstus 1288
ORNL6.8 CH-7 NE TC RARE 14' UP I}egree$ Celsius 1288

x ORNLG. 8 CH-8 NE TC RRKE 1S' UP [}egrees Ee1s|us 1288
_ e ORNL6,8 CH-9 hiE TC RRKE 1B" UP uegree$ Celsius 1288

IORNL6.8 CH-18 NE TC RAKE 28' UP _I}egree$ Ce]stus 1288
o ORNL6.8 CH-11 hie TC RRKEB" I]ONN Llegrees Celsius I288
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Date: 15 Jul 19 Time: 14:35:45

FILENRME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNL6.O CH-20 So TC RRK[ 6" UP Degrees Celslu: 1208
,ORNL6.O CH-21 So TC RRK[ 2" UP Degrees Celstum 1288
xORNLS.O CH-22 So TC RAKE d" UP _De,_reesCelsius 1208
oORNLB,O CH-23 50 TC RFIKEB" UP uegrees Celsius 1288
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Date: 15 3ul 19 Tlme: 14:35:45

FILENRME CHRNNEL LOCRTION UNIT OF HE6SURE SCRLE

ORNL6.O CH-27 TOP So WINDOWTC Degrees Celsius 1288
, ORNLG, 0 CH-28 TOP No WINDOW TC uegrees Celslus 1208 ,
x ORNL6.0 CH-29 BOTTOMSo NINDOMTC IJegree$ Celstus 1288
o ORNL6.0 CH-38 BOTTOMNo NINDOH TC Degrees Celsius 1208
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Date: 15 JuI 19 T1mo: 14:35:45

FILENBME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNLG CH-9 Near ! _ TransmeORNL6:8 _ eel I_8
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Date. 15 ,.Tul 19 Time: 1,q.35.45

FILENRHE CHRNNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL6 CH- _ (TFM, CFM 55000_t R/F (Pttot) CFM
x ORNLG. 0 CH- 105 Extt R/F (TFH| CFM 5000
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Date: 15 Jul 19 Time: 14:35:45

FILENRME CHRNNEL LOCRT ION UNITOF MER3URE SCRLE

ORNLS
CH-I 18 Del_ P PreFtIter* ORNLS "8'8 CH-189 I)el P HEPR ]INCHESH20 5NCHESH28 5

4

__ _=...........

115 _ ,........... • ,, ....... ,,

_ ,, I I [1[I I,, I,, ILl .... " ....... --

!

305 ...............................

0
Od
I 3 .................... .

L,_
0 2.5 ..................................................

U
I 2 .......................... _ .......
U
Z
H 1.5 ....................



Dire: 15 Jul 19 Time: 14:35:45

FILENRME CHRNNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL6 0 CH-II2 Fleas Sen=or EE'$tdo INCHESHEO 108
• ORNL6_ 0 CH-113 Heat Sensor 13' side Inches HEO 108
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Date: 15 Jul 19 Time: 14:35:45

FILENRME CHANNEL LOCRTION UNIT OF HEBSURE SCRLE

ORNL6.0 CH-32 CELL MF_IFOLDTC Degrees Celsius 388
ORNL6.0 CH-34 CEL EXHDUCTTC uegrees Celstus 308

x ORNL6.0 CH-35 EXH/HRKEUPNODETC _DegreesCelsius 308
. • ORNLS. 0 CH-36 "l'CBEFOREPREFILTER uegrees Celsius 308

S ORNL6.0 CH-3? TC BEFOREHEPR uegrees Celsius 308
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Date: 15 Jul 19 Time: 14:35:45

FILENRME CHRNNEL LOCRTION UNIT 0F MERSURE SCRLE

ORNL6. O CH-84 02 12" lip _ 02 25
_ORNL6.0 CH-85 C02 12' UP X C02 12
xORNL6.e CH-86 CO 12" UP X CO 1.5
• ORNL6.0 CH-87 HE 12"UP PPM (:--CH4} 25008
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Date: 15 Jul 18 Time: 14:35:45

FILENRHE CHANNEL LOCRTION UNIT OF HERSURE SCRLE

ORNL6.0 CH-88 02 Duc$ Node X 02 25
• ORNL6.0 CH-89 C02 Duct Node _, C02 12
x ORNL6.0 CH-98 CO Duct, Node X CO I .5

. • ORNL6.0 CH-91 HC l)JCl, Node F'PM(=CH4) 25000
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Date: 15 Jul 19 Time: 14:35:45

FILENRME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNL6.O CH-182 Inlet R/F (TFM) CFM 2808
• ORNL6.B CH-88 02 6" UP X 02 25
xORNL6.0 CH-84 02 12' UP X 02 25
• 0RNL6.0 CH-88 02 Duct Node X OZ 25

t

..

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

90

W BIB _ _ . =__ =

[IZ
(_J ?0 .....

.,-.f

-J 60 -- v-_ "-v/'¢

b_ 5e ....., /
,.#

b_
0

40 .......

F-
Z
W 30

n,"

Q_ Z0 ,.............

. /
• 0 \\ .....

0 60 lZ0 180 240 300 360 420 480 540 600

Figure 6.14 S e C 0 n c_3



Date: 16 Jul 19 Time: 89:40:38

FILENRME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNLT. 0 CH-O NE TC RRKE6" UP Degrees Celsius 1208
ORNL?.O CH-t NE TC RRKE2" UP Degrees Celsius 1200

x ORNLT. El CH-2 NE TC RRKE 4" UP _.DegreesCelsius 1200
• ORNL?.EI CH-3 NE TC RRKEB" UP _uegrees Celsius 1200
IORNL?.EI CH-4 NE TC RAKEB" UP Degrees Celsius 1200 .
o ORNL?. 0 CH-5 NE TC RRKE 10" UP Degrees Celsius 1200
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Date: 16 Jul 18 Time: 88:48:38

FILENAME CHRNNEL LOCATION UNIT OF NEASURE SCALE

ORNLT.8 CH-G NE TC RAKE 12' UP Degrees Celsius 1288
$ORNLT,8 CH-7 NE TC RAKE 14' UP Degrees Celsiu._ 1288
x ORNL7.8 CH-8 NE TC RFIKE16' UP Degrees Celsius 1208
• ORNL7.0 CH-8 NE TC RAKE IB" UP ueBrees Celsius 1288

• mORNL7,8 CH-18 NE TC RAKE 20' UP _Degrees Celsius 1288
<>ORNL7.8 CH- 11 HE TE RAKE 6" DOHN uegrees CeIsius 1288
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Date: 16 Jul 19 Time: 08:40:30

FILENRHE CHANNEL LOCATION UNIT OF HERSURE SCALE

ORNL?.O CH-28 So TC RAKEG" UP Degrees Celsius 1288
• ORNL?.@ CH-21 So TC RAKE2" UP _uegrees Celstus 1208
X ORNL?.O CH-22 So TC AFIRE4" UP Degrees Celsius 1208
eORNL?.O CH-23 50 TC RAKE6" UP uegrees Celsius 1208
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Date: 16 Jul 19 Time: 09:40:38

FILENRME CHRNNEL LOCFITION UNIT OF MEFISURE SCRLE

ORNL?.B CH-27 TOP So NINDOHTC DeBrees Celsius 1200
. ORNL?. 0 CH-28 TOP No HINDOHTC De9rees Celsius 1200
x ORNL?. 0 CH-29 BOTTOMSo NINDOIATC DBgrees CeIslus 1200

• oORNL?.O CH-30 BOTTOM No NINDOI4 TC Degrees Celsius 1208
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Date: 16 ,.Tul 19 Time: B9:40:30

FILENRHE CHF:INNEL LOCATION UNIT OF MEASURE SCALE

ORNLT.8 CH-88 02 6" LIP % 02 25
• ORNLT.8 CH-8I C02 6" LiP % C02 12
xORNLT.B CH-82 C0 6" UP % C0 1.5
• ORNLT. 8 CH-83 HI: 6" UP PPM C=C1-14) 25808
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Date: IB Jul 19 Tlme: Bg:40:3B

FILENRME CHRNNEI. LOCRTION UNIT OF MEASURE SCRLE

ORNLT.8 CH-95 Near Cell X Transmi$1ance 188
• ORNLT.8 CH-96 BeForeFllSer$ X Transm1$$anoe 188
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I:)atm:IS Jul 19 Time: 89:48:38

FILENAME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNL?. 0 CH-102 Inlet A/F ('I'FH| CFH 5888
eORNL?. 0 CH-i04 Exi_ B/F (Pitot) CFM 5888
xORNLT. 8 CH-105 Exi_ R/F (TFHI CFM 5008
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Date: 16 Jul 19 Time: 09:40:30

FILENRME CHRNNEL LOCRTION UNIT OF MERSURE SCRLE

ORNL?. 0 CH-18_ _l_aP HEPA INCHESH20_ORNL?. 0 CH-I I _a P PreFllier INCHESH20

__i_ •...... ,................

ap 5 ........... , ; , ,,,,,, .......i

0
(_J
I 3 _......................

b_

W
I 2 .....................
U
Z
H 1.5 ....... ._.,.___ tv_

.
• 5 , ,, i , --

Q

_ .....

0 70 140 210 ....288 358 420 490 560 630 ?80

Figure 7.8 Se c o n cI s



Date: 16 Jul 19 Time: 09:40:30

FILENRME CHRNNEL LOCRTION UNIT OF MEBSURE SCRLE

ORNL? 0 CH-112 Heat Sensor 22'side INCHESH20 IO8
q, ORNL7 _0 CH-I 13 Heat Sensor 13' side inches H20 100
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Date: 16 Jul 19 Time: 89:48:38

FILENRME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNLT.g CH-32.CELL HRNIFOLOTC Degrees Celsius 308
• ORNLT.O CH-34 CEL EXH DUCTTC _DegreesCelsius 388
x ORNLT. 0 CH-35 EXH/MRKEUPNODETC DBgree_ Celstu= 300

. • ORNLT. 0 CH-36 TE BEFOREPREFILTER _uegree8 Eels|us 308
mORNL?. 8 CH-3? TC EFORE HEPR ]]egree8 Cel_;ius 308
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Date: 16 Jul 19 Time: 89:48:38

FILENRHE CHANNEL LOCRTION UNIT OF MEASURE SCRLE

ORNL7.0 CH-84 02 12" UP % 02 25
vORNLT.O CH-85 C02 12'UP _.C02 12
xORNL7.0 CH-8G C0 12" UP % CO 1.5
@ORNL7.0 CH-87 HE t2"UP PPM (=CH4) 25888
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Date: |6 Jul 19 Time: 09:40:30

FILENBME CHRNNEL LOCBTION UNIT OF MERSURE SCRLE

ORNLT. O CH-8B 02.Duct Node X 02 25
.ORNL?. O CH-89 C02 Duct Node X C02 12
xORNL?,B CH-90 CODuct Node X CO 1.5

. • ORNL?, 0 CH-9 | HC Duct Node PPM(=CH4) 25OOG
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Date: 16 Jul 19 Time: 10:46:08

FILENRHE CHFINNEL LOCRTION UNIT OF MERSURE SCRLE

ORNLT, 1 CH-102 Inlet A/F (TFM) CFM 5080
• ORNLT. 1 CH-IO4 Exit R/F (Pitot) CFM 5888
xORNLT. 1 CH-!O5Exit R/F (TFH) CFH 5080
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Bate: IS Jul IB Time: I0:4G:08

FILENRME CHFINNEL LOCRTEON UNIT OF MEASURE SCALE

ORNL7. 1 CH- 109 Del l,a P HEPR I NCHESH20 5
,ORNLT. 1 CH-I IO Delia P PreFilter INCHES H20 5
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Figure 7.14 Se c o n d _;



Date: 16 Jul 19 Time: 09:40:38

FILENFIHE CHFINNEL LOCRTION UNIT OF MERSURE SCRLE

ORNLT.O CH-102 Inlet R/F (_FMl CFM 2000
,ORNLT.O CH-80 02 6" UP % 02 25
xORNL7.e CH-84 02 t2" UP % 02 25
o ORNLT.e CH-88 02 Duct Node _ 02 25
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Date: lG Jul 19 Time: 14:25:25

FILENRME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNL8.O CH-O NE TC RAKE6" UP Degrees Celsius 128B
.ORNLS.0 CH-! NE TC RRKE2" UP uegrees Celsius 1200
x ORNLB.8 CH-2 NE TC RAKE4" UP Degrees Celsius ]208

. eORNLB,8 CH-3 NE TC RFIKE15" UP uegrees Celsius 128E_
IORNLS,B CH-4 NE TC RAKE8" UP Degrees Celsius 12BB
o ORNL8, B CH-5 NE TC RAKE 10" UP uegrees Celsius ] 280
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Date: 18 Jul 19 Time: 14:25:25

FILENFIHE CHRNNEL LOCFITION UNIT OF 6ERSUI_ SCFILE

ORNL8.0 CH-8 NE TC RRKE 12' UP Degrees Celsius 1200
• ORNL8.0 CH-7 NE TC RRKE 14' UP Degrees Celsius 1200
xORNL8.0 CH-8 _ TC RRKE IB' UP Degrees Celsius 1200
oORNL8.0 CH-9 NE TC RRKE 1B' UP Degrees Celsius 1208
IORNL8.O CH-10 NE TC RRKE2B' UP Degrees Celsius 1208 ,
oORNL8.0 CH-11 NE TC RRKE5" BONN Degrees Celsius 1208
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Date: IG JuI 19 Time: 14:25:25

FILENRHE CHRNNEL LOCRTION UNIT OF HERSURE SCRLE

ORNL8.0 CH-20 So TC RFIKE6" UP Degrees Celsius 1200
,ORNL8.0 CH-2I So TC RRKE2" UP uegrees Celsius 1288
xORNL8.0 CH-22 So TC RRKE4" UP Degrees Celsius 1208

. • ORNL8.0 CH-23 5o TC RRKE5" UP uegrees Celsius 1200
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Figure 8.3 Se c o n d S



]]ate: 18 Sul 19 Time: 14:25:25

FILENRME CHRNNEL LOCRTION UNIT OF HERSURE SCRLE

ORNL8.O CH-27 TOP So WINDOW l'C Degrees Celsius 1200
• ORNL8.0 CH-28 TOP No WINDOW TC _uegreesCelsiu_ 1200
x ORNL8.0 CH-29 BOTTOM So WINDOW TC Degrees Celsius 1208
e ORNL8,0 CH-30 BOTTOM No NINDOIaTC Degrees Celsiu_ 1200
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D_te: IG Jul 19 Time: 14:25:25

FILENRME CHRNNEL LOCRTION UNIT OF MERSURE SCRLE

ORNLB. 0 CH-8e 02 G" UP % 02 25
ORNLB. 0 CH-8 1 C02 G" UP X C02 12

xORNL8.O CH-82 CO G" LiP 7, CO 1.5
• ORNL8.0 CH-B3 HE 6" UP PPM (=CH4 } 25008w
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Date: 16 Jul 19 Time: 14:25:25

FILENAME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNLB.8 CH-@5 Near Cell X Transmittance 10B
ORNL8.0 CH-9S BeforeFiIters X Transmittance 108
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D_te: IS Jul 19 Time: 14:25:25
i

FILENAME CHFINNEL LOCATION UNIT OF MEASURE SCALE

ORNL8.B CH-182 Inlet R/F (TFM) CFM 5888
• ORNL8.0 CH-184 Exil R/F (Pitot) CFM 5888
xORNL8.g CH-105 Exit R/F (TFH) CFM 5008
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Date: 16 Jul 19 Time: 14:25:25

FILENRME CHANNEL LOCATION UNIT OF HERSURE SCALE

ORNL8.0 CH- 189 Delia P H[PR INCHES H20 5
_ORNL8.0 CH-IIODelta P PreFilter INCHES H20 5
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Date: 16 Jul 19 Time: 14:25:25

FILENBHE CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNL8.8 CH-112 Hea$ Sensor 22'side INCHES H20 188
ORNL8, ta CH-I 13 Heal Sensor 13' side Inches H20 188
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Date: 16 Jul 18 Time: 14:25:25

FILENRME CHANNEL LOCRTION UNIT OF NF]_SURE SCRLE

ORNL8.8 CH-32 CELL MANIFOLD TC Degrees Celslus 380
ORNL8.13 CH-34 CEL EXH DUCT TC De_rees Celsius 308

x ORNL8.13 CH-35 EXH_RKEUP NODETC Degrees Celsius 300
• ORNL8.13 CH-3G "rE BEFOREPREFILTER Degrees Celsius 308
I ORNL8,13 CH-3? TC BEFOREHEPA Degrees Celsius 308 lb
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Date: IS Jul 19 Time: 14:25:25

FILENRME CHHNNEL LOCRTION UNIT OF NEF_URE SCALE

ORNL8.O CH-84 02 |2" UP X 02 25
• ORNL8.0 CH-85 C02 12' UP X C02 12
xORNLS.0 CH-B6 CO 12" UP X CO 1.5

.. •ORNLS. 0 CH-87 HE L2"UP PPM (=Qi4} 25888



Date: 16 Jul 19 Time: 14:25:25

FILENAME CHANNEL LOCATION UNITOF NEF_URE SCALE

ORNL8. @ CH-B8 02 DuctNode % 02 25
eORNL8, e CH-8S C02Duct Node %C02 12
xORNL8.8 CH-98 CO Duct Node X CO 1.5
• ORNL8.0 CH-91 I-I¢ Duct Node PPM (=CH4) 25008
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Date: IG Jul 18 Time: 15:2G:54

FILENAME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNL8. I CH-102 Inlet R/F (TFH) CFM 5888
,ORNL8. I CH-104Exi$ R/F (Pito$) CFM 5088
xORNL8. I CH-105 Exi$ R/F (TFH) CFM 5000
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Date: 16 Jul 19 Time: 15:26:54 '

FILENRME CHFINNEL LOCRTION UNIT OF MEASURE SCRLE

ORNL8. I CH- 189 Delia P HEPR INCHES H20 5
ORNL8. I CH-110 Delia P PreFilier INCHES H?.@ 5
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Date: 16 Jul 19 Time: 14:25:25

FILENRME CHRNNEL LOCATION UNIT OF MERSURE SCALE

ORNL8.O CH-182 Inlet FI/F (]'FM) CFH 2008
,ORNL8.8 CH-88 02 6' LIP X 02 25
xORNL8.8 CH-84 02 12" UP X 02 25

. o ORNL8.0 CH-88 O;_ Duct Node X OZ 25
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Date: 14 Oct 19 Time: 11:24:05

FILENAME CHRNNEL LOCRTION UNIT OF MEASURE SCRLE

ORNL9,0 CH-6 NE TC RFIKE12' UP Degrees Celsius 1208
_ORNL9.0 CH-? NE TC RAKE 14' UP Degrees Celsius 1200
x ORNLg.0 CH-8 NE TC RAKE IB' UP _De_reesCelsius 1208

, • ORNL9.0 CH-9 NE TC RRKE 1B" UP uegrees Celstus 1208
IIORNL9.0 CH-IB NE TC RFIKE20' UP _Degrees Celstu= 120ta
o ORNLS. 0 CH- I| NE TC RRKE5" DONN uegrees Celstus 1208
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Figure 9.2 Se C 0 rl d s
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Date: 14 Oct 19 Time: 11:24:85

FILENRME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNL9.8 CH-28 So TC RAKE G" UP Degrees Celsius 1288
eORNL9.8 CH-21 So TC RRKE 2" UP uegrees Celslus 1288
xORNL9.0 CH-22 So TC RRKE 4' UP uegrees Celsius 1288
eORNL9.8 CH-23 50 TC R_KE 6" UP Degrees Celsius 1288

1888

960



Date: 14 Oct 19 Time: 11:24:05

FILENAME CHRNNEL LOCATION UNIT OF HEFISURE SCBLE

ORNL9.B CH-27 TOP So WINDOWTC Degrees Celsius 120_B
• ORNLg. 0 CH-28 TOP No WINDOWTC _uegreeeCelsiue 1208
x ORNL9.0 CH-29 BOTTOMSo WINDOWTC _Degrees Celsius 1288

. @ ORNL9.0 CH-38 BOTTOM No HINDOWTC uegrees Celslus 120_
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Figure 9.4 _e c o n d _;



Date: 14 Oct 19 Time: II:24:05

FILENAME CHANNEL LOCATION UNIT OF MEASURE SCALE

ORNL9.0 CH-88 02 G" UP % 02 25
.ORNLg. 0 CH-81 C02 6" UP X C02 12
xORNLg.0 CH-82 CO 6" UP % CO 1.5
• ORNL9.0 CH-83 HC 6;" UP PPM (=CH4) 25008
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Figure 9.5 S e C 0 n d 3



Date: 14 Oct 19 Time: I!:24:05

FILENRME CHRNNEL LOCRTION UNIT OF HERSURE SCRLE

ORNL9.B CH-95 Near Cell % Transmittance 108
eORNLg,0 CH-96 Before Filters % Transm|ttance 10B
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Date: 14 Oct 19 Time: 11:24:85

FILENRNE CHFINNEL LOCATION UNIT OF MEASURE SCALE

ORNL9.O CH-102 Inle_ R/F (_FM_ CFM 5008
• ORNL9 • 0 CH- 103 Exit R/F (Or i _ ice) CFH SEO 5000
xORNL9.8 CH-104 Exit R/F (Pitot) CFH 5888
oORNLg.8 CH-105 Exit R/F I:TFM} CFM 5888 o
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Figure 9.7 S e c o n cl s



Date: 14 Oct 19 Time: 11:24:O5

FILENRME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNL9.0 CH-189 Delia P HEW INCHESH20 5
4, ORNL9.0 CH-I 10 Delta P PreFt lier INCHESH20 5

° 5



Date: 14 Oct 19 T|me: 11:24:05

FILENRME CHRNNEL LOCRTION UNIT OF MEBSURE SCRLE

ORNL9.O CH-112 Heat Sensor 22's|de INCHES H20 IO8
• ORNL9.O CH-t13Heat Sensor 13' side Inches H20 IO8
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Figure 9.9 _ Se C 0 19d 3



_wwwu _

"-_ 00 00 Q._ .C _ !L --"

! I I ! ! _ '_"

4-, i_ IIIII

,_- | _

•- QZ or_or_or_o'_o_ _ _ _ _S_ _ _ _ (53 _ _ _

+_ W ZZZZZ _ _I _I &l -- +- -.
m _ n,rYn,n,Q_

° _ ooooo SnIS733S33_ID3flIi SX@B

I •



Date= 14 Oct 19 Time: 11:24:05

FILENRHE CHRNNEL LOCRTION UNIT OF HERSURE SCRLE

ORNL9.0 CH-84 09.1,2" LiP _ 02 25
ORNL9.0 CH-85 C02 12'UP X C02 12

X ORNL9.0 CH-86 CO 12"LIP X C0 1.5
• ORNL9,0 CH-8? HE |Z'UP PPM (=CH4 } 25808
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Figure 9.11 Se c o n d s



Dmte: 14 Oct 19 Time: 11:24:05

FILENRHE CHRNNEL LOCRTION UNIT OF H[RSURE SCRLE

ORNLg. 0 CH-88 02 Duct Node X 02 23
• ORNLg. 0 CH-B9 C02 Duct Node X CO(?. 12
XORNL9 8 CH-BB CO Duos Node X CO 1.5

. • ORNLg_ 0 CH-91 HE Duct Node PPM (=CH4] 25888
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ORNL9.0
Date: 14 Oct, 19 T tree: 11 z24:05
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No. oF channels=73



Date: 14 Oct 19 Times 11:24:05

FiLENRME CHRNNEL LOCRTION UNIT OF HERSURE SCRLE

ORNL9 0 CH-!oO2_l_t _ (TFH) CFM 2008, ORNL9 : 0 CH-B X 02 25

e ORNLg. 0 CH-B8 02 Duct Node X 0Z 25
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0 200 400 "'600 800 1000 1200 1400 1600 18002000

Figure 9.14 Se C 0 n cIS



Date: 22 Oct 19 Ttme: 15:29:28

FILENRHE CHRNNEL LOCRTZON UNIT OF MERSURE SCRLE

. ,ORNLI .0 CH-28 Duct Elboi Flange uegree$ lstu=
xORNLt0.0 CH-29 Elbou Outstd= usgrees Cel=lu= 1808

_. ,, .... , ,,,, ........ _ ............ _ .....................
e

900 ................................................. ..... ..... _-

00 __ __ :, • , ......... = c : ........ .............. , ....... = - ,,,

_J_ ?00 ......... - .......

I--,i

03 see ................. ..... -
_.J
w
U see,. ................. . .......................
O_
I,I
W 400 ...................................................... ._
ry'

W 300
_ , , IL ,,, _ ,, Jl : ]

_00_ ...... /A,_ ............... _ ,..........

100 _ _- ........ "J,,, ,,.....

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

0 80 160 240 320 400 =180 560 640 ?20 800
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I

Date: 22 Oct 18 Time: 15:29:28

FILENRME CHRNNEL LOCATION UNIT 0F MERSURE SCRLE

ORNLI_. _ CH-20 _o TC RRKE _" _ .DegreesCe|stus 1OO8eORNL , CH-2 TC RRKE " uegreesCelsius 1000
xORNL10.0 CH-E2 So TC RAKE d" UP JJogree$ Ce|slu= 1000

. eORNL10.0 CH-23 50 TC RRKE 6" UP uegree$ Celstum 1000
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Date: 22 Oct 19 Tlme: 15:29:28

FILENRME CHANNEL LOCATION UNIT OF MERSURE SCRLE

ORNLIO.0 CH-25 TC BY RRI][OHETER Dmgree$ Celsius 1000
eORNL10.0 CH-30 Top Center Room uegrees Celsiu: 1000
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Figure 10.3 _e C 0 n d _;



Date: 22 Oct 18 T|me: 15:29:28

FILENAME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNLIO.B CH-88 02 6" UP X 02 25
• ORNL10.O CH-81 C02 6' UP X C02 12
xORNL10.B CH-82 CO 6' UP X CO 1.5

,, • ORNL 10.0 CH-83 HE B° LIP PPM (=EH4) 25088
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ORNL ]0 _]
Date: 22 Oct 19 " Time: 15:29:28
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No. ol_ channels=38



Date: 22 Oct 19 Time: 18:49:05

FILENRME CHANNEL LOCATION UNIT OF MEBSURE SCALE

ORNLII.8 CH-2? Ex Duc$ Inlet Degrees Celsius 1008
ORNLll.0 CH-28 Ex guc$ Elba= Flange Degrees Celsius 1008

xORNL11.0 CH-29 Elbou Outside Degrees Celsius 1008

'l

.....

$00 ......

800 ........

09 700 .......

I----I

O] soo
__I
I,I

U 500...

[.13
I,I
W 400 . . . , . _

r_"
L9
W 300

" .

200 ..... (_ .,

0 .. X <" X -I_----X --_
0 120 240 360 480 600 ?20 840 860 1080 1200

Figure 11.1 Se c o n cI S
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Date: 22 Oct 19 Time: 16:48:05

FILENAME CHRNNEL LOCATION UNIT OF MEASURE SCALE

ORNLI I.0 CH-25 TC BY RADIOMETER Degrees Celslus 1008
ORNL II.0 CH-3B Top CenterRoom uegree$ Celslus 1000
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Date: 22 Oct 19 Time: 1G:49:85

FILENAME CHANNEL LOCATION UNIT OF NERSURE SCALE

ORNLII.O CH-88 02 6" UP % 02 25
ORNLII.O CH-81 C02 6" UP _,C02 12

xORNL11.0 CH-82 C0 6" UP _,C0 1.5
• ORNL i 1 . 0 CH-83 HC S° UP PPM (=CH4) 25000
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ORNL I I . 13 T,me" IS:49:05
Date: 22 Oct 19 308
CH-20 HRR KILONRTTS

240

No. of'channel.s=38



I

]]ate: 26 Oct 18 Tlme: 88:5B:51

FILENAME CHANNEL LOCATION UNIT OF MERSURE SCALE

ORNLI_.8 CH-2? Ex Du_ Inlet Degrees Celsius 1888
• ORNLI_.8 CH-28 Ex Due_ E1baw F!ange uegrees Celslus 1888
XORNLI2.8 CH-29 E1bou Outside uegrees Cels|us 1888
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Figure 12.1 S@conds



D_te: 26 Oct 19 Time: 18:38:29

FILENRME CHFaNNEL LOCATION UNIT OF MEASURE SCALE

ORNLI2.1 CH-2? Ex Duct Inlet Degrees Celslus 1008
e ORNLI2. 1 CH-28 Ex Duct Elbow Flange uegrees Celsius 1088
xORNLI2. 1 CH-29 Elbow Outside Degrees Celsius 1008
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Figure 12.2 _econds
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