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SECTION 1.0 INTRODUCTION

The blowout of oil and gas wells during drilling, production, and
workover presents a serious hazard to personnel, the environment, and
equipment. The only practical method to control a well fire subsequent to
a blowout is to shut in the hydrocarbon at the well. Well blowout fires
normally create large heat radiation hazard zones both to personnel and
equipment. Consequently, it is extremely hazardous for personnel to
approach these fires in the fire control process. Also, the heat radia-
tion load on key equipment can be so severe that well control equipment is
damaged and ‘control functions cannot be achieved with normal wéll head
control procedures.

Little quantitative data are available that describe the size (height
and diameter) of full scale well fires, the temperature profi]es within
the fire zone, and the heat radiation hazard zones adjacent to a fire [1].
Further, although some individuals have effectively used water to mitigate
well fire hazards, the quantitative effect of water sprayed into the fire
zone is not known. To design effective oil and gas well blowout fire con-
trol systems, both the hazards associated with the fire and the efficiency
of water to control fire hazards must be quantitatively understood [2].

The Center for Fire Research (CFR) of the National Bureau of Stan-
dards has been contracted by the Department of the Interior to eva!uéte
the effectiveness of water spray to cdntrol and extinguish fires resulting
from gas well blowouts. Laboratory scale tests have been performed by the
CFR on 0.01-10 megawatt fires to study the effects of water injection on
the combustion of high velocity methane jets. Thisvreport presents the

results of two 100 megawatt and five 200 megawatt fire tests béffbkﬁed'tovyk&y

measure the effects of water spray on fires from large velocity gas dis-

" charges characteristic of natural gas well blowouts.

1-1 ENERGY ANALYSTS

4

14

INC.






(£

SECTION 2.0 TEST METHODOLOGY

The test methodology includes test facilities, test procedure, tests,
and data reduction. ‘

2.1 FACILITIES

2.1.1 Test Site _

The tests were performed ‘at Energy' Analysts' test site Tlocated
approximately fifteen miles south of the Oklahoma City Airport (20 miles
from Energy Analysts' offices) The site is in the flood plain of the
South Canadian River and has a clear area around the site, with the clos-
est inhabitants three-fourths of a mile from the site. The site has been
approved for hydrocarbon fire testing by the State Environmental Agency.
The tests were performed on the southwest corner of the site. A layout of
the test facilities is presented in Figure 2-1. |

A water well was available on-site, and some equ1pment used for this
test program was. already in place. The test site had no ready supply of
high pressure gas; however, Energy Analysts obtained gas at the site via
high pressure over-the-road tank trucks. |

2.1.2 Gas System

At the test site, gas was supplied via high pressure over-the-road
tank trucks operated by Production Services, Inc. (PSI). Each natural gas
tank truck is designed to transport 200 MSCF of gas at 2500 psig. Appen-
dix A contains additional information about the natural gas tr;nsportation‘
service. _ EERY | & s

The gas was obtained from Ph1111ps Petro1eum Company from their King-
fisher cryogenic gas treatment plant. An ana1y51s of the gas showed the
methane content on a weight basis to be 93 percent. The analysis is pre-
sented in Appendix B. ‘

The gas flowed from the ten gas cylinders into a manifold, from the
manifold to an unloading skid, and from the unloading skid into the gas
line for the tests. The tank truck and unloading platform were connected

2.1 ENERGY ANALYSTS, INC.
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Two types of spray headers were used for the tests. The first type

header discharged water from a nozzle inside the gas discharge (see Figure'_

2-3). The nozzle was centered in the pipe apprOXimately 2 inches below
the bottom of the restriction orifice plate at the gas d1scharge. The
alternate spray header consisted of four nozzles placed around the gas
discharge (see Figures 2-4 and 2-5). Distance from the center of the gas
discharge to the center of the nozzle was 9 inches. Al nozzles were fit-
ted on 2-inch threaded pipe. The water piping was anchored at a concrete
pad supporting both the gas and water outlet piping.

Control of the water flow was accomplished by observing the differen-
tial pressure drop across the orifice plate and adjusting the hand control
valve and the pump motor speed. A recorder identical to the ones used on
the gas system was utilized to record the water flow orifice pressure and
the pressure in the water line at the nozzle discharge header. Figure 2-2

shows the schematics of the water system.

2t1.4 Instrumentation

Thermocouples:

An array of 20 thermocouples was used to measure the temberature prb-
file of the flame, both vertically and horizontally. Two 80 foot towers
were erected at the site (see Figure 2-6) for supports for the array. The
towers were 50 feet apart, with the gas outlet pipe located halfway be-
tween the towers. A system of pu]]eys'and the take-up reels were attached
to the towers such that three stainless steel cables were used to raise
and position the array above the gas outlet. The array was 1aid out as an
inverted triangle, with the apex of the tr1ang1e fastened to the p1p1ng

just below the gas‘out1et The triangular array had a vertical row of

thermocouples directly above the gas outlet and three horizontal rows of
thermocouples. The horizontal rows were 25, 43, and 67 feet above the gas
outlet. The three take-up cables on each tower were fastened to the

_ triahgu]ar array at the heights of the horizontal rows. The cabling and

take-up arrangement permitted the array to be positioned at fixed loca-
tions by removing any slack in the array cables and positioning the center
cable of the array vertically over the gas outlet.

S A
Fii
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FIGURE 2-4. EXTERNAL WATER INJECTION CONFIGURATION.

2-7

ENERGY




FIGURE 2-5. EXTERNAL WATER INJECTION CONFIGURATION
WITH RESTRICTION ORIFICE.
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Chromel/alumel (type K) thermocouples with a 0.020 inch bead size
were connected to chromel/alumel wires protected by Nextel ceramic 1nsu1a-

tion. This insulation was suitable for continuous operation at 2300°F,

with intermittent exposure to 2600°F. The thermocouple lead wire was con-
nected to a copper terminal strip buried near the gas outlet. Copper lead
wire with shielded, twisted pairs was then run to the multiplexer of the
data acquisition system. A chromel/alumel thermocoup]e with a battery
powered reference junction was placed at the terminal strip.

In addition to the thermocouple array, a chromel/alumel thermocouple
was used to measure the temperatufe of the exiting gas stream. Also,
copper/constantan thermocouples (type T) were used to measure the tempera-
tures of the gas and water streams at the orifice plates. Shielded,
twisted pa1r copper lead wires were used to connect the copper/constantan
' thermocoup]es to the data acquis1twon system. The temperature of the
}Junct1ons was measured using a oopper/constantan thermocouple and a refer-
ence junction.

Radiometers: , .

Five Medtherm Series 64 heat flux transducers with sapphire windows
were used to measure the heat flux. The rad1ometers generated a 0-10 mv
signal which was nearly d1rect1y proportional to the incident heat flux of
0-2 Btu/sec-ft2. Each radiometer was calibrated with sapphire windows
and the ca11bratlon curve of heat flux versus mv was obtained from each
radiometer for use in data reduction.

Water cooling was provided for all radiometers by using a prepressur-

ized water tank plumbed to each radiometer. The cooling water flowed
through the radiometers w1th no rec1rcu1at1on thus keep1ng all rad1ometernv o
bodies cooled to the same tempefature.; Sapph1re”wﬁndows w1th 150° v1ewf“””””"

‘angles were used to- protect the circular foil senSIng elements and to
block out any convective rad1at1on._ The sapphire windows pass almost all
wave lengths of the flame spectrum and are more rugged and Jess affected
by humidity than are other window types. The heat flux range for the
radiometers was chosen, based on heat fluxes predicted by our flare radia-
tion model. | FE |

210 ENERGY ANALYSTS, INC
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The radiometers were placed at the locations indicated in Figure 2-7,
Radiometer R1 had a narrow angle (7° viewing cone) and was used to obtain
a value for the effective surface flux of the flame. With the exception
of radiometer R3, the radiometers were focused in the plane formed by the
towers. Radiometers R1, R3, and R4 were focused on the intersection of
the middle vertical and middle horizontal cables. Radiometer R3 was
placed just out of the tower plane such that the 150° viewing angle just
missed the tower. |

Meteorological Instruments:

Wind speed, wind direction, and wet buTb and dry bulb temperatures}

were measured at a 30 foot height. The meteorological tower and trans-
lator was a Climet Model 060 Data System. The Climet 011-1 Wind Speed
Indicator Transmitter used a 3-cup anemometer assembly and light beam
chopper to produce an amplified pulsed electrical output whose frequency
was exactly proportional to the wind speed. The Climet Model 012-10 Wind
Direction Transmitter delivered a DC voltage sighal proportional to the
horizontal wind direction. The wind direction output was from 0° to 540°
measured from north increasing to east, and converted to modulo 360°. A
regulated power supply in the transmitter provided precise voltages to the
sensing potentiometer. The wet bulb and dry bulb thermistors were con-
tained in a motor aspirated temperature shield that limited radiation
errors to less than 0.2°F at maximum solar radiation. The wet bulb therm-
istor was covered with a wick that extended in a water reservoir. The
instrument output was fed into a Climet 060-B Translator via shielded,

twisted pairs. The translator was a rack mounted module that accepted a
variety of conditioning printed circuit boards. Signals from the sensors

were wired into the back plane of the translator and the signals from the

sensors were presented on the output terminal of the back plane. The

output signals were connected to the mu1t1p1exer of the data acqu1s1t1on
system via shielded, twisted pa1rs

Data Acquisition System:
An Intersystems DDS-1 microcomputer data acquisition system consisted
of an S-100 buss microcomputer with an analog to digital (A/D) converter

2-11 | ENERGY ANALYSTS, INC.
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card, f10ppy'disk storage, and a multiplexer. The computer sent a set of
parallel signals to the multiplexer to select the proper channel and sig-
nal conditioning. The multiplexer was expandable in groups of 32 differ-
ential channels and was capable of switching channels and signal condi-
tioning in one microsecond. For these tésts, the only signal conditioning
that was required was done by the gain selection on the A/D converter
card. - The multiplexer switched all signa1s in. a differential mode, and
the differential signal was fed to the differential inputs on the A/D
converter card via a shielded, twisted pair. The A/D converter had 12 bit
resolution and programmable gain.

The full scale range was + 5 volts; with full gain, the millivolt
range was + 5 millivolts. The range span was 10 millivolts and the span
was divided in 4096 sections (12 bit resolution), giving a minimum resolu-
tion of 0.00244 millivolts. The gain was set for each channel to maximize
the resolution and not overrange the input (+ 5 volts). For signals out-
side the + 5 millivolt range, the resolution became + 0.024 percent of the
signal.

After each scan of the designated set of channels, the data was writ-
ten to the floppy disk. Each record on the floppy disk contained the
time, date, channel number, channel voltage, and channel gain setting.
Operating in the above manner, the system had a capability of'recording
200 channels per second. Table 2-1 shows the associated channel for each
sensor that was recorded with the data acquisition system. |

Video Recording and Cinematography:

Video recording of the'tésts was done by Prime Time Offline, a subé
‘contractor that has video taped numerous fire tests for Energy Analysts.
A studio quality color camera and 3/4 inch recorder were used. A time and
date generator was used during the tests so that a real-time clock was
recorded as part of the video taping. '

A colo;‘ movie was taken of each test with a Beaulieau 16 mm movie
camera. Copies of this film were made by Southwestern Film Service, Inc;,
Edmond, Oklahoma.

Sevefal 35 mm cameras were used to take slides of the tests to aid in
recording of test arrangement, flame size, instrumentation placement,
etc., for each test. ' '

. | 913 ENERGY ANALYSTS, INC.
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TABLE 2-1

NBS BOFST CHANNEL ASSIGNMENT

Channel Acronym Description Location
0 WS Wind Speed Met Tower (10 m)
1 WD Wind Direction Met Tower (10 m)
2 WB Wet Bulb Met Tower (10 m)
3 DB Dry Bulb Met Tower (10 m)
4 KT K Thermocouple Cable Array (#1)
5 KT K Thermocouple Cable Array (#2)
6 KT K Thermocouple Cable Array (#3)
7 KT K Thermocouple Cable Array (#4)
8 KT K Thermocouple Cable Array (#5)
9 KT K Thermocouple Cable Array (#6)
10 KT K Thermocouple Cable Array (#7)
11 KT K Thermocouple Cable Array (#8)
12 KT K Thermocouple "Cable Array (#9)
13 KT K Thermocouple Cable Array (#10)
14 KT K Thermocouple Cable Array (#11)
15 KT K Thermocouple Cable Array (#12)
16 KT K Thermocouple Cable Array (#13)
17 KT K Thermocouple Cable Array (#14)
18 KT K Thermocouple Cable Array (#15)
19 KT K Thermocouple Cable Array (#16)
20 KT K Thermocouple Cable Array (#17)
21 KT K Thermocouple Cable Array (#18)
22 KT K Thermocouple Cable Array (#19)
23 KT K Thermocouple Cable Array (#20)
24 KR K Reference Junctions for K
Thermocouple Thermocouples
25 KT K Thermocouple Gas Outlet
26 R1 Radiometer (7°) Radiometer Array (#1)
27 R2 Radiometer (150°) Radiometer Array (#2)
28 R3 Radiometer (150°) Radiometer Array (#3)
29 R4 Radiometer (150°) Radiometer Array (#4)
- 30 R5 - Radiometer (150°) - Radiometer Array (#5)
34 17T, T Thermocouple Gas Line ,
35 17 T Thermocouple Water Line
36 - TR T Reference Junctions for T
"Thermocouple Thermocouples

2-14
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2.2

TEST PROCEDURE .
The tests were of short duration; therefore, it was important that

all equipment functioned properly and that each piece of equipment was
manned prior to start-up. For the tests, we had eleven (11) people man-
ning various systems. The fo]]owing list descr1bes the assignments.

(1)

(2)

(3)
(4)
(5)
(6)
(7)
(8)
(9)

Test coordinator

Two gas system operators

Water system operator

Video camera operator and helper

16 mm camera bperator

Data acquisition operator

Circular and strip chart operator

35 mm camera operator

Igniter and radiometer system operator

Before starting any test, a 1ist of itéms was checked to insure that

we were prepared to conduct the test.

Prestart-up Check.List:

(1)

(2)
(3)
(4)
(5)

(6)

Power up the computer and data achisitibn system and detérmine that
all channels are recording properly. (On first start-up, ring out
all channels.)

Start all recorders and determine that all pens are inking and indi-
cating properly. | ' | J
Make certain that the pilot light is burning.

Make certain that there is fuel in the pump fuel tank

Close the 4-inch valve in the water 11ne and open the 2-inch bypass
valve in the water system.

‘Record the ambient conditions on the data log sheet.

a. Wind speed (note: wind speed has to be Iess than 3 mph)
Wind direction

b
c. Dry bulb temperature
d. Wet bulb temperature

2-15 | . ENERGY ANALYSTS, INC.




e. Test number
- f. T1me and date
(7) Inform water and gas system operators of desired control settings.
(8) Issue warning about sound in order for personnel to use ear plugs.

As soon as the check list was satisfied, the test was started.

Start-up Procedure:

(1) Start the water pump and establish flow through the bypass line.
(2) Start the water flow to the radiometers.
(3) Start the data acquisition system, movie camera, and video récorder..u‘
(4) Open the valve from the gas trailer and adjust the PSI regulator to
provide the desired pressure at the restriction orifice. As soon as
a large fire occurred, turn off the pilot.
(5) After the gas flow was stab1]1zed increase the pump speed to g1ve
125 psig at the pump d1scharge wh11e bypassing
(6) After 20 seconds of stable gas flow, beg1n water flow through the
spray nozzles. }
a. Open the 4-inch valve in the water line and increase the pump
speed until the desired flow is established.
b. Maintain the flow for a period of 20 seconds.

After the test, the systems were shut down, charts were saved, and
preparations were made for the next test.

Shutdown and Next Test_Preparation:

(1) 'Stop the gas flow at the regulator. ”
(2) Stop the water flow by closing the 4-inch water va]ve and stopping
' the water pump.

(3) Complete the data log and collect the charts.

(4) Verify data acquisition.

(5) Repair any damaged sensors.

(6) Check range of instruments and change,’if_neéessary.

2-16 . * ENERGY ANALYSTS, INC



(7) Review test and make any changes for next test, i.e., change orifice
plates and nozzles.

2.3 TESTS .
| Seven (7) tests were performed in this series. Two (2) of'the tests
were in the 100 megawatt range and five (5) were approximately 200
megawatt fires. |

Tests number 1 and number 2 were approximately 100 megawatt fires.
Both tests were conf1gured with the water discharge nozzle inside the gas
pipe and below the restriction orifice at the gas discharge. In test num-
ber 1, we attempted to control the water flow, holding a constant pressure
in the water line just before the nozzle. In this test, no flow rate data
was obtained due to an improperly sized orifice plate in the water line.
Also, the pressure upstream of the nozzle could not be used to determine
the flow rate for the nozzle performance curves because the curves are for
discharges into atmospheric pressure. The water flow rate was estimated
by using the data from test number 3 which had a similar differential
pressure drop across the nozzle. Using the nozzle performance curves of
the nozzle used in test number 3, and knowing the calculated flow rate
across the orifice plate, a correction factor was calculated for the noz-
zle performance curves., After applying the correction factor, the flow
rate was estimated for test number 1. Also, the restriction orifice at
the gas discharge created a differential pressure that eXceeded the orig;
jnal calibrated range. The range was extended and the transmitter was
recalibrated after this series of tests.

After test number 1, the water control was modified so that the water
system operator controlled the water flow based on a predetermined value B
of differential pressure across the water orifice plate. Test number A
was to have been a repetition of test number 1. The operator of the water
system had an indication of higher than desired differential pressure
across the water orifice plate (1.25 inch opening), but the differential
pressure recording and the thermocouple recordings showed no water was
flowing for test number 7.

Tests number 2 and number 3 were conducted at higher gas flow rates,
in excess of 200 megawatts. The restriction orifice at the gas discharge

Fkud

;%n’v';

L

[¢__
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was changed from a 3-inch to a 4-inch opening. These tests had the water
discharge inside the gas discharge pipe and used the 1.25 inch open ori-
fice plate. On test number 2, the differential pressure across the gas
orifice barely exceeded the scale. The sca]e was expanded and the trans-
mitter recalibrated after the series of tests. Since the d1fferent1a1
pressure did approach full scale, the gas flow rate was estimated from the
full scale calibration value. The water orifice plate had a 1.25 inch
opening for these tests. |

Tests_number 4, number 5, and number 6 were conducted at gas flow
rates approaching 200 megawatts. Higher flow rates of water were used,
causing a replacement of the water orifice (2.25 inch opening). The water
was injected in the outside of the flame by four nozzles equally spaced
around the gas discharge. The distance from the center of the gas dis-
charge to the center of the nozzles was 9 inches.

2.4 DATA REDUCTION

For all tests, the gas flow rates were computed for the gas flow at
the time of water 1nJect10n. U51ng the average temperature and pressure
immediately downstream of the or1f1ce, and the gas composition and differ-
ential pressure across the orifice, the gas flow rates were computed using
the or1f1ce meter ca]cu1at1ons, as shown in Appendix D. Also shown in
Append1x D is an example of the sample water flow rate ca]cuTat1ons. The
orifice calculations for the water flow rate requ1red only a correction
for the Reynolds number. In the range of flow for this series of tests,
the correction was a constant, The differential pressure across the water
~ orifice plate was selected at the point 1mmed1ate1y after stab1llzed water
flow. 1In add1t1on to the water and gas flow rates, the m1111v01t swgnals B
from the thermocoup]es ‘and rad1ometers were converted to temperatures andtgf'” B
heat f1uxes, respectwve1y. A1so, the w1nd speed w1nd dwrectwon wet bulb
temperature, and dry bulb temperature sensor output were converted 1nto4
engineering units. Append1ces E through K contain the converted data for
tests number 1 through 7, respectively. |
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SECTION 3.0 DISCUSSION OF RESULTS

The summary of test results is shown in Table 3-1. For water injec-
tion internal to the gas stream, the mass ratio (water/gas) ranged from
0.50 to 0.920. For the external injection of water into the flame, the
mass ratio varied from 1.56 to 4.26. The gas flow rates for the larger

fires (approximately 200 megawatts) varied from 4.2 to 3.47 kg/sec. The

decrease in gas flow rate was attributable to the decrease in the pressure
of the storage reservoir.

For tests number 2, number 3, and number 6 (which did not extin-
guish), Table 3-2 shows the reduction in the radiometer readings at times
of stabilized flow before and after water injection. ATso, Figures 3-1
through 3-10 show the temperature profiles of the flame during the tests.
The following is the correspondence of tests and figures.

Test Number Water Injection Figure

1 Before 3-1
2 Before ' 3-2
2 After ‘ 3-3
3 Before 3-4
3 After 1 3-5
4 Before | 3-6
5 Before 3-7
6 Before 3-8
6 After 3-9
7

Before 3-10

Times for the contours in Figures 3-1 through 3-10 were selected for
periods of stabilized flow. Comparison of the temperature profiles of
Figures 3-2 and 3-3 for test number 2 show the typital reduction in tem-
perature and the reshaping of the temperature fields.

The results show that the mass ratio (water/gas) necessary to extin-
guish the flame depends on the size of the flame and the method of inject-
ing the water. For the lower gas rate and the internal water injection, a

3-1 | ENERGY ANALYSTS_; INC
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TABLE 3-2

RADIOMETER READINGS

Test | Water/Gas | Before water injectioh

Time

Radiometer Readings

(Btu/sec-ft2)

PR W CoER W

Mass Ratio | After water injection
1 2 3 4 5

2 0.50 14:10:45 0.3811.01{0.77}10.69|4.15*
14:10:55 -0.55% 0.09 | 0.51 } 0.35 | 4.15%

3 0.92 15:10:50 -0.79* 0.47 | 0.69 | 0.61 | 0.47
15:11:00 -1.08% 0.05}0.59|0.2310.23

6 1.56 17:17:12 -0.17* 0.42 b.27v 0.39} 0.29
17:17:20 -0.37* 0.12 | 0.04 | 0.09 | 0.08

* Instrument malfunction

3-3
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mass ratio of }0.59 extinguished the flame; for a gas rate of approximately
1.5 times, a mass ratio of 0.920 was not sufficient to extinguish the
flame. In the case of external injection of water, test number 6 was run
at a mass ratio of nearly twice the inass ratio of the internal injection
rate and the flame was not extinguished. At all other ratics that were
-tried for the external injection of water (2.17 and 4.26), the flame was
extinguished. ’
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'NATURAL GAS TRANSPORTATION SERVICE

The standards and specifications summarized here refer to the specialized equipment used
in the processing and transportation of natural gas from a producing gas well to the
pipeline, during the initial completion and testing phase. A review of the technotogy of the
procedure, or an analysis of its application to a specific situation can be obtamed from
your PSI representative.

OPERATOR

Production Services, Incorporated has been granted the status of “Party” to DOT-E
8008, in accordance with 48 CFR 107.111 of Department of Transportation Hazardous
Materials Regulatnons

: vLDAD/ UNLOAD STATIONS

L Each load/unload facnln:y utmzed in PSI gas transpomatnon is capable of handhng a maxnmum. |
~of 3 million standard cubic feet of gas per day, at a top working pressure of 3000 pounds
per square inch, with pressure for normal operations estimated at 2400 pounds.

The statnon is equipped with a Roylyn pressure gauge (4% accuracy. check valve ASA
1500 class, 3600 PS! WP), a system pressure monitor for diaphragm motor valves,
a regulator pressure monitor and ASA flanges (raised face, 1500 class).

The system incorporates a fail-safe automatic shut-m and cannot be opened to flow
~without being fully connected.

A-2




NATURAL GAS TRANSPORTATION SERVICE _

DEHYDRATORS

12" Tri-Sorb Glycol Dehydrator
Capacity for inlet gas per unit, as follows:

Rate: 2.5 million standard cubic feet of gas per day
Temperature: 80 degrees fahrenheit

Pressure: 1000 PSIG

Glycol rate: 14 GPH

Reboiler temperature: 400 degrees fahrenheit

Reboiler fuel gas pressure: 7 PSIG (for 1100 BTU/SCF fuel gas)

Approximate initial glycol charge: 75 gallons

COMPRESSORS

Compressors WBJ-12 (677 RPM, weight 30,000, skid-mounted) )
. maximum capacity per unit 2 million standard cubic feet of gas per day.

} Inlet PSI 700 to 800 pounds
Outlet PSI 2400 to 2800 pounds

Engine F-1197G4 (165 BHP, 100 degrees'fahrenhe_it. 1500’ elevation,
~ vertical exhaust fan, air-cooled) o

First phase 3%a" cylinder
Secondphase 23" cylinder-4000 maximum PSI

___—_—_——_—-———————————'—-——-_'——'——

TRAILORS

10-tube trailors maximum capacity’ is 200,000 standard cubic feet of gas at a maximum

pressure when transporting not to exceed 2500 PS| (measured in accordance with the
American Gas Association standards). Cylinders are constructed of 41 30X steel, ultimate
tensile strength in accordance with 49 CFR 178.37-16 may not exceed 126,000 pounds,

yield strength to ultimate strength ratio may not exceed 86%.

Natural gas must be from a producing well with a known composition, rather than from
a storage well. and may not contain any liquified gases or more than 0.5 pounds of water
per MCF at standard temperature and pressure (60 degrees fahrenheit, 30" mercury)
or more than 3% by volume of carbon dioxide. Hydrogen sulfide content cannot exceed

"a grain per hundred cubic feet of gas at standard temperature and pressure as determined’ _

by ASTMD 2385-76 test for HoS.

s———
o——
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LABORATCRY REPCRT NO. 23503
- January 31, 1984

Energy Analysts Inc.

Sampled January 27, 1984

Gas analysis from PSI Trailer

2 - Dwight Pfenning - Norman
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PETROLEUM LABORATORY
AND GAS ENGINEERING

401 N. E. 46th Oklahoma City, Ok. 73105
(405) 528-8255

LABRORATORY REFORT NO. 23503
GAS ANALYSIS
ENERGY ANALYSTS INC.
DATE SAMFLED 01-27-84

SAMFLE FROM FPSI TRAILER DATE RUN 01-30-84
COMPONENT MOL Z GFH X
OXYGEN 0.00 0.000
NITROGEN 1.39 0.000
CARBON DIOXIDE 0.26 0.000
METHANE 96,35 16.241
ETHANE 1.58 0.420
FROFANE 0.28 0.077
ISO-BUTANE 0.03 0.009
N-BUTANE 0.07 0.021
ISO-FENTANE 0.01 0.005
N-FENTANE 0.01 0.005
HEXANES FLUS 0.02 0.009

TOTAL 100.00
% AT 14.65 FSIA AND 60 DEG.F.

IDEAL SPECIFIC GRAVITY (AIR=1.00) 0.,5750

GFM  14% GASOLINE 0.021 GPM FENTANES FLUS 0,019 °
GFM 26¢ GASOLINE 0.029 GFM BUTANES FLUS 0.049
GFM PROFANE FLUS 0.126

CDMPRESSIBILITY‘(Z) FACTOR 0.9980

|
|

 IDEAL TOTAL HEAT UALUE (ETU/CUFT) AT 60 DEG.F, . .

30 IN. HG.  14.65 PSIA
nRY 1016 1010
WET 998 992

SAMPLING DATA
SAMFLED RBY: E.A.

LOCATION: | _ |
FRESSURE, FSI: - | TEMFERATUREs DEG.F!

B-3



GAS COMPOSITION

Components - Mole Percent Weight (Nfi) | Weight Percent
L (Basis = one mole) Moy 100
IWt;

N> 1.39 | 0.3892 N 2.4 )
C0; 0.26 | 0.1144 o

o 96.30 | 15.4080 93.0
¢ L | 0.4740 > ’2.9
C3 0.28 | 0.1232 07
Cq 6.03 | E 0.0174 | 0.1
C5 0,07 _0.0406 L 0.2

IWt; 16,5670

&
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APPENDIX D

' SAMPLE CALCULATIONS FOR GAS AND WATER FLOW RATES

D-1

6

" ENERGY ANALYSTS, INC.



Sample Gas Flow Rate Calculation:

The flow rates through the orifice meters were caTculated'uSing~a standard
technique (reference).

Q = C'Vhwpf
where
Q = flow rate (SCFH)

hy = AP (inches of water)
pressure (psia) |
Fp Fr Y Fpb Ftp Fef Fg Fov
Fp = basic orifice flow factor
Reynolds number correction
Y = expansion factor

Fpb = pressure base factor

Ftp = temperature base factor
Ftf = flowing temperature factor
Fg = specific gravity factor

va = supercompressibility factor

[gp Bilia - |
[ i

-n
-
]

Using test number 3 as an example:

206 inches of water

P =57.2 psia ‘

Fp = 5013.1 (from Table II; 4.5 inch orifice in 6-inch pipe)

Fr = 1.0005 (from Table III: vhyPs = 108)

Y =1.016 (from Tab1e VI; Dz/Dl 0. 74) S R
Fpb = 0. 9829 (Fpp = 14. 4/pressure base = 14. 61/14 65) j'  “ -

Ftp = 1.00 (base temperature = 60°F) :

Fyp = 1.062 (from Table XIII; Fye = /5I07gas temperature = /"5573§T)

Fg = 1.32 (from Table XIV; Fg = vI7specific gravity = /170.575)

Fpy = 1.005 (from Figure XIV)

C' =5013.1 x 1.0005 x 1.016 x 0.9829 x 1.00 x 1,062 x 1.32 x 1.00

= 7057

==
x
U]
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Q

=

7057 V206 x 57.2

766000 SCF/hr x — N x 16.3 1b/1b-mole , 4 4536
3600 sec 379 SCF/1b-mole

4.14 kg/sec

Sample Water Flow Ca1cu1ation:

Reference

N Fp Fm Fp Fg RF vhy

flow rate (gal/minute)
conversion factor

basic orifice factor
manometer factor

density variation factor
specific gravity factor
Reynolds number factor

AP (inches of water)

number 3 as an example:

0.01594 (from Table XXIII; conversion factor)

kg/]b

PR R .

.
!
{
!

321.93 (from Table II; 1.25 inch orifice in 6-inch pipe)

1.00

1.00

1.00

1.01 (from Figure XXXII; high Reynolds number)
136 inches of water |

0.01594 x 321.93 x 1.00 x 1. 00 x 1. 00 x 1.01 x /I, o

60.4 gal/min x 3:785 kg/gal _ 3 g kg/sec
60 sec/min

The Orifice Meter for Measurement of Flow of Gases and Liquids,

Rockwell Manufacturing Company, Plttsburgh Pennsylvania.
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APPENDIX E

o CJEST NUMBER 1
DATA ACQUISITION RECORDINGS AND PRESSURE READINGS

E-1

&

ENERGY ANALYSTS, INC.



" NBS BOFST CHANNEL ASSIGNMENT

Channel | Acronym Description Units “Location -

0 WS Wind Speed mph Met Tower (10 m)

1 WD Wind Direction ° from N Met Tower (10 m)

2 WB Wet Bulb ' °C Met Tower (10 m)

3 DB Dry Bulb °C Met Tower (10 m)

4 KT K Thermocouple °C Cable Array (#1)

5 KT K Thermocouple °C Cable Array (#2)

6 KT K Thermocouple °C Cable Array (#3)

7 KT K Thermocouple °C Cable Array (#4)

8 KT K Thermocouple °Cc Cable Array (#5)

9 KT K Thermocouple °C Cable Array (#6)

10 KT K Thermocouple °C Cable Array (#7)

11 KT K Thermocouple °C Cable Array (#8)

12 KT K Thermocouple °C Cable Array (#9)
13 KT { K Thermocouple °C Cable Array (#10)
14 KT K Thermocouple °C Cable Array (#11)

15 KT K Thermocouple °C Cable Array (#12)

16 KT K Thermocouple °C Cable Array (#13)

17 KT K Thermocouple °C Cable Array (#14)

18 KT K Thermocouple °C Cable Array (#15)

19 KT K Thermocouple °C Cable Array (#16)
20 KT K Thermocouple °C Cable Array (#17).

21 KT K Thermocouple °C Cable Array (#18)
22 KT K Thermocouple °C Cable Array (#19)
23 KT K Thermocouple °C Cable Array (#20)

24 . KR | K Reference °C Junctions for K

Thermocouple Thermocouples

25 KT 1 K Thermocouple °C Gas Qutlet ‘

26 R1 Radiometer (7°) kW /m2 Radiometer Array (#1)
27 R2 Radiometer (150°) kW/m Radiometer Array (#2)
28 R3 Radiometer (150°) kW /m2 Radiometer Array (#3)

29 R4 Radiometer (150°) kW/m2 Radiometer Array (#4)

30 RS Radiometer (150°) kWw/m2 | = Radiometer Array (#5)
34 1T T Thermocouple °C Gas Line

35 17 T Thermocouple . °C . Water Line .
36 TR . | T Reference - | . ..°C. |- Junctions for T . . . ...

Thermocouple | - |~ Thermocouples BRI R

a
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19 T 23.5%5 20 TKE 23.5% 21 TK 22.%9 22T 24.4
23 TE 26,3 25 TE  4%.4 26 R1 .08 27 R:  0.5%
o2 RS 0.4% 29 R4 0.4 30 R 0.4% 36 RT B
24 TT  15.4 35 TT 16,64

U Y

LS,

164:57:02 .
O Wa 2.4 Wh 127. > WB

1 z BB 11.% |
24 RK 2.7 4 TK  22.5 = TK
£ o

& TE  22.5 |
0 TE 21,4
14 TE 23,5
12 T 21.4 ;
22 TE  21.6 !

7 TE 24.4 = TH 15.9 ¥ TE
11 TK 20.6 12 TK 25.3 s TK
15 TH 20.4& 14 TH 23,3 17 TK

NN R ENEY)
WRRL I NS
[y

Ce 3 R BY BRI BRI B

17 TE  20.6 20 TH 22,5 21 TK .

22 OTE 225 25 THE 45,% 264 R1 .40 27 R2 0.4
= RS 0,62 2% R4 0.54 30 R L3232 36 RT .5
4 77 14.4 57T 17.2
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0 WS T 1 WD 187, 2 WE 9.4 EDE 11.7

24 RE 12,7 4 TE  20.6 5 TE  =21.6 & TE  22.5

> Tk =3 8 THE  15.9 & TE 3.5 10 TE  Z1.4
3

11 TE 21.64 12 TE 26,3 1% TK 23,5 14 TE  23.% [
15 TE  Z21.4 14 TE - 26.%2 17 TE 7.2 2 TE 21.4 : =

19 TH 235 20 TE  25.2 21 TE  Ze.2 22 TH  Z6.3
o3 TE  25.% 2S5 TH 44.8 24 RL 0.75 27 RZ 0,37
25 RS 0.748 2% R4 CG. 467 20 RZ 0.87 24 RT 2.4
%4 TT 15.7 25 TT 15.9% R ' G
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0O W I 1 WO WE Gz % DB

24 R 3.7 4 TE TH  22.5 & TE
7 TE  Z1.4 g TH TE 22,5 10 TE
11 TE 21.6 2 TE Tk 205 14 TK
15 T 23,5 14 TH T 25.3% 18 TE
19 TE  25.2 20 THE TH  21.&6 22 TH
2B TE 2503 25 THE F1 1.2% 27 Rz
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O Ws o301 1 WD 195,
24 RK 11.% 4 TK 21.4 TH 18.7 T 20.&
7 TH 1%.7 e Tk 15.9 TR 20.& 10 TKE  20.4
11 T 23.5 12 TE  20.6 13 TK  21.é& 14 TE 23,5
15 TK 19.7 14 TE 20. & 17 TE  19.7 18 TK 24,4
19 TK  22.5% 20 TK = 232.5 21 TK  21.6 22 TK Z20.&
2= T Z4.4 25 TH 45,0 24 R1 2,49 27 RZ  0.35
e RS 0.467 29 R4 0.72 30 R3 0.26 36 RT =
=4 TT 2.2 A5 TT 17.9

WE 9.5 DB 11.5
&

TR A

a

o w; 3.1 1 WD 195, 2 WE i DB 11.7

24 RK  11.& 4 TE  21.6 ST 19.7 & TH 2006 ’
7 TH. 19,7 & TH  14.0 ¥ TK  20.6 10 TE  20.4

11 T 19.7 12 TK  21.6 13 TK  20.& 14 TK  Z24.4

15 TH 20,6 16 TE 22,5 17 TE  20.6 18 TK  20.&

19 TE  21.&6 20 TK 26,2 21 TK 23,5 22 TK 23.5

3 TK . 21.6 25 TE 44,1 26 Rl 2.76 27 Rz 0.72

& RS 0.83 29 R4  0.30 3O RI  0.31 - 36 RT 9.4

=4 TT 18, B IT - 17.8 '
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We 9.4 = DR 11.2
TE  21.6 6 TK 18,7
TE  20.6 10 TK  18.7
TK  22.5 14 TK  21.&
TH 22,5 18 Tk 2z2.5
T 23,5 22 TK  19.7
R1  2.21 27 Rz 0.79
R 0.29 36 RT  12.1

e i Wh
RK 10.& 4 THE
Tk 17.& 2 T
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Tk 12.7 16 TE
TH 21.6 20 T
TE 1%.7 =25 TH
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15 TE & 14 TH 14,8 17 TE 2:.3 12 TE 2503
12 TH 12.7 20 TE 19.7 21 TE 15.9 22 TH 17.&
2 Th 20. 4 25 THE 45,9 26 R1 1.4 27 RZ 0.50
22 RS Q.40 ZY R4 0.35 30 R 0.60 26 RT 0 8.7

T q7 is o SR L e e
O Ws 4 1 WD 2. ZWBE 9.4  EDOBR  11.7
Z4 RK 13 4 TK  24.4 S TK 25,3 £ TE  21.6&
7 OTE 21 2 TH 14,9 % TE  25.% 10 TH 25,3
11 TR 21.6 12 TH 23,5 13 Tk 22,5 14 TE  22.5
15 T 26,2 16 T 24.4 17 TE 24,4 12 TE  25.%
19 TH 21,6 0 20 TR 22,5 21 TE . 27.2 22 TK 25,3
23 T 27.2 25 TH 45,9 26 Rl Q.44 27 R:  0.37
2% RS 1.17 2% R4 0.;-'» 20 R®  0.70 2 RT ~ &,5
4 TT 14,8  ES TT 14.2 '
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16357321

O W 2 1 WD 241. < WE PO = DB 11.4
<24 RK Y.V 4 Tk 17.8 = TK 20.6 & TR 21.6
7 TK 19.7 . 2 TK 11.1 ¥ TH 12.7 10 TE 19.7
11 TK 20. & 12 TE 21.¢6 2 TK 19,7 14 TK 19.7
15 TK 20.6 14 TKE 24.4 17 TK 24.4 12 TH 28,5
19 TK 25.3 20 TK 26.3 21 TK  34.7 22 TK 75.4
23 TH 230.9 25 TH 22,5 26 R1 1.85 27 R2 0. &4
28 RS 2.1 2% R4 2.17 30 R3S S. 44 3& RT 12,0
=4 TT 21.7 TLIT 21.7

163357322
O WE 2.9
24 RK 11. &
7 TH 20,6

WD z40. Z WE o DB 11.4
TK 21,64 S TK 23 6 TK 20.6 - .
TE 14,0 9 TE 22.5 10 TK 22.5

Ll /Y

11 TK 21.6 TK 21.6 13 TK 23.5 14 TK & 26.3
15 TK 22.5 TK 22,5 17 TK 27.2 18 TK 27.2

TK 28.2 21 TK 47, & 22 T - 128.2
TK 24.4 26 R1 3I¥ 27 RZ 1.00
R4 2.54 0 R S. &4 3& RT 1.2
TT 1.3 o '

1% TK 4.7
22 TK 287.0
2 RS 2.8

4 TT 1402

MO RN DD~

U E SO el

1 WD 219, Z WE 2.9 S DR 11.5
24 RE. 17.5 4 TR 27.Z2 S TK  27.2 6 TE  26.3
: & TK  20.4 ¥ TE  29.1 10 TK  29.1
11 TK 28,2 12 TK  27.2 13 TK 28.2 14 TK  30.0
1% T 20,0 16 Tk 20,0 17 TK  32.9% 18 TE  35.7
19 TK 38,5 20 TK  40.3 21 TK TK 222,

YN
0
e
k)
N

"o 2 4
Ed 25 TK 26.3 26 R1 LRO 27 RZ 0. %6

23 TK  3S53.
s RS 2,39 2P R4 2.5 3FOR® S5.62 36 RT 8.5
4 TT  14.7 35 TT  18.6 '

16:257: 24 :
0 WS 2.1 1 WD 1%1. 2 WEB .2 = DB 11.7
RE 12.7 4 TKE 21.6& 5 TE 22,5 & TK 25.3

TE: 22.5 & TKE 14.0 ¢ TK 22.5% 10 TK 23.5
TH 2.5 12 TK 2.5 12 TE 27.2 14 TK 28,2
TE 24.4 14 TE 2.2 17 TE  22.9 18 TE  34.7

rJ

ORI DU S8 B ST
B R AR RN

TE  37.% 20 TKE  31.9 21 TK 20&6.2 22 TE 279.&
T 392,00 25 TE  21.4 26 Rl 1.0z 27 RZ 0.1
RS 2.8% 2% R4 2.91 S0 R S.73 34 RT 7.5

1T A% 22 7T 18

geiSTizs S -
O W= 2. 1 WD 211,
24 RK o, - 4 TK 19.7
7 TH 19,7 & TK - 11.1 :
11 THE 12,7 12 T 21,4 13 TK  24.4 14 TK 22.5 ‘ .
18 T 24.4 14 TH - 21.4 17 T 1.0 12 TH ICHC =

1% Tk 9.4 20 TH 34,7 21 T 211.% 22 TE  3E7.S
=2 T 42%.1 25 TE 1&4.2 26 R1 0.2 27 RZ Q.62
22 RS 230 29 R4 - .45 20 R S.4a7 34 RT 2.7
4 TT 10,9 5 TT 1%.4
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14257241
’ O ws .8 1 Wh 203,
24 RK 15. ¢ 4 TK &6.2 TK 2.9 & TK S5.2
7 TK 2.9 2 Tk 8.7 TK 64,4 10 TK. 136,46
11 T z201.7 12 TK ez.7 12 TK S5%6.5 14 TK 368.5
1S5 Tk 448,46 16 TK §73.4 17 TK 108,212 TE &20.1
19 Tk 9%90.0 20 TK 914.5 21 TK &21.0 22 TK 788,00
=2 TE 43%.1 25 TK 1.7 26 Rl - 2,47 27 Rz 2.36
28 RS 4,27 29 R4 .44 30 R3 7.70 36 RT ®.7
24 TT -2.5 I5TT 28.1 ' .

WE 9.5 S DB 11.%

YO

16:57: 42 »
0 ws 3.8 1wn 2oz, Z WB
24 RE  12.7 4 TK S0.6 S TK 3 & TK 40,3

7 TH 7.2 2 TKE 14,0 7 TK  50.6 10 TK 104.%
11 7K 348.4 12 TK  69.0 13 TK S77.1 14 TK 2825
15 TE 479.4 16 TK 864.9 17 TK 1151.2 18 TK 733.6
1?7 TK 938.5 20 TK ©34.& 21 TK 094.4 22 TK 788.%
2z TK 433.&4 25 TK 2.0 26 Rl 3.49 27 R2 2.3
28 RS 4.20 29 R4 5.36 30 R®  &.69 36 RT  14.%
=4 TT 1.2 3B TT  31.6 ’

OB 11.4

0
XU
% =
00 L
)

ot

o wf 3. 1 Wi 207. Z WE 9.5 2D0B 11.9
24 RK  16.5 4 TK 48,7 STK  3s.7 6 TK  39.4
7 TE 30,0 8TE  17.8 9 TK 44,8 10 TK 94.6
11 TK 274.0 12 TK  &5.3 13 TK 480.2 14 TK 222, 4
15 Tk $57.5 16 TK é41.7 17 TK 1040.3 18 TK  816.0
19 TK 960.8 20 TK  972.4 21 TK 909.7 22 T 797.%
<3 TK  4z3.6 25 TR 19.7 26 Rl 2.08 27 Rz 2.2
=

28 RS 4.a° 2% R4 4,75 20 RZ &.45 26 RT
24 TT -3.1 IHTT 5.8 ’ ;

14257244

O Ws S b 1 WD 194, 2 WE ?.4 = DB 11,8

24 RK 12,7 4 Tk 7.5 S TK 3.9 & TR 1.9

7 TH 25,3 & TK 14.9 ¥ TE 43,1 10 TE 189;9*
11 TE  2%6.64 12 TK S2.9 12 TK 352.1 14 TK 294.%2

15 TE . 409,22 14 TE S26.0 17 TE  940.4 18 TK  495.2

1% TK 248.%8 20 TEK  953.0 21 TK 934.6 22 T £00.1

23 TE 425,484 25 TE 14.0 24 R1 1.75 27 RZ 1.97
2% RS 4,14 29 R4 S.01 IO R - 7.16. ~ RT 12,0

.4 TT ZMfD.l BRCH) & i Ll G

TT 28-

| leis7ies

‘wo zos. WE 9.5  sDB 11.5

LR

O WS 2.7 z
24 Rk 9.9 T 29.1 S TE 29.1 & TE  27.2
7 T 23,5 TH 11.1 ¥ TE  A2.6 10 TE 150.8
11 TE 355.7 12 TE 47.5 12 TK  2&%.1 14 TE 226.2
15 T 417.% 16 TE 7¢44.9 17 TE 8820.1 12 TH  S44. 6
19 T  e?3.9 20 TH  923.5 21 TK 948.2 22 TH &03.%
23 TE 437.2 25 T 9.2 24 R1 0.24 27 RZ 1.81
25 RS 4,20 29 R4 5.25 30 RE O 7.41 I RT 13,4
A TT L0 BETT ”31.4, ' L
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16257044
0O WE
24 RK
7 T
11 TK
19 TE
12 TK
23 TE
28 RS

=4 T7T

WE  ®.E = DB 11.5
4 TK 2.1 T 0.0 & TE 23.3
& TH  11.1 TE  s2.9 10 TE  141.%
2 TE  45.0 = TE 232.8 14 TK 171. &
TK 740.0 17 TK 1045.2 18 TK £02.2
20 TH 1031.3 21 T 963.7 22 TK 812.2
25 TE  10.2 26 Rl 1.85 27 R2 - 2.25
2% R4 S.25 S0 R3  7.90  S& RT 9,3
25 TT  24.1

1 WD 208,

QIR

3
H

O N = 5SRO
*

. ).

$ b
(RO N R R A

0 .

.
L ORGSO
[s
&

16:57:47
0 WS b 1 Woo 207. Z WE 1
24 RK 17.5 4 TK 6.6 s TH  =9.4
7 TE  3z.8 g TH  19.7 9 TK S7.0 10 TK 158.4
11 TE 248.4 12 TK SS5.2 12 TK 343.0 14 TK 179.4
15 TE 487.5 146 TK 75%.% 17 TK 1100.3 18 TK 762.1
19 TK 1079.1 20 TK 1011.6 21 TE 9832 22 TK 825.3
2% TH 4%9.0 25 TH  19.7 2& Rl 3.0 27 R2  2.29
% RS 4.3 9 R4 S.44 30 RZ 7.97 E6 RT  10.8
4 TT -1.6 35 TT 26.& '

3 [‘B 11- '
& TK 21,0

'_n.,_\ \] u 1}

146257343

> WR o.4

0 WE .7 1 Wk 20z. £ 2 DB 11.4
24 Rk 13.7 4 TK 29.1 S TK 35.7 & TK 27.2 _
7 TK 20.0 & TH 14.% 2 TE  S1.5 10 TK z0z.4 \ i
11 TK 411.0 2 TK 49 . & T TK 428.2 14 TK 278.6
15 T &04.% 14 TE 8463.0 17 TK 10?4.2' 18 THE 214.1
19 TE  934.2 20 TK 1013. 4 21 -TE 781, 22 TK 807.6&6
22 TH 437.2 25 TK 12.1 26 Rt .57 27 R2.  2.54&
346 RT 2.7

8 RS 55 29 R4 S.75 30 RE 8.64
34 TT  -6.0 35 TT 2401

0 WE &

24 17 ~5.8 25OTT

1685750
QO W

1 Wh =221, = WE .4 2 DR 11.5 ;
24 RE 10,2 4 TE 25,3 = TE T & TE 24,48 |
7 Tk 0,0 2 TE 11.1 @ TH 4=.1 10 T 14,9 '
11 T 204.5 2 TH 42,7 13 TE  363.%9 14 TE = 268.4 ,
15 TE S07.2 164 TE B203.3 17 TE 1021.2 12 T o92.2 ’ l
19 T 241.4 20 T 102&.4 21 TH  28%.0 22 TH 7«5.1 ' o i
2 TE 439.% =25 TH 1.0 26 R1 Il CY = Z S. 0D ,
=2 RS 4., 4% 2% R4 5,52 20 Rz &8.57 24 RT 2.5 [
= 24,1

> WE T pE 11.®

)
"~

WD 213,

L ]
o>

= 1 z A
=4 RK . 4 TH 21.6 S TE 22.9 e TE 4.4
7 TE k- & TH 12.0 * TE So.2 10 Tk Z20.5
11 T 22,2 2 TE 141.3 13 TE S37.4 14 Tk 429.1
1S T A47 .2 14 TE 14,0 17 TE 1122 12 T S24.5
19 Tk 1005.7 20 TE 1021.5 21 TH O wE 22 TR 214,13
22 T 443,00 25 THE 4.4 z4& R1 2 27 Rz e
=T =% R4 5.70 20 Rz £

2% RS 4 A RT 7.5
T3 : e

TT -7 25 TT Z23.4

.
[ o (ﬂ
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0 We
24 RE-
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1

10 '-7---

451. 4
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16‘#7'@&
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24 RK
7 T
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&. ¥
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1435752
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0 WS
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1463578256
O Ws b i WD 203, ¢ 2 WB Y. 0 2 DB 11,8
24 RK 11.8 4 TK 37.5 S TK 44.1 & TR SR.Y
7 Tk 40, g Tk 13.0 g TE €1.0 10 TK 219.2
11 TR S26.9 12 TK 307.2 12 TK 370.& 14 TK T56.5
1S5 T 776.9 16 TE 1043.2 17 TK 1208.2 18 TE 1004.7
19 TK 1200.9 20 TK 1185.3 21 TK 1010.4 22 TK 923.1
23 TK 441.5% 25 Tk 7.% 26 R1 2.94 27 R2 S04
28 RS 4,57 29 R4 S.94 30 R3 - 8.11 36 RT 11.1
24 TT -8.0 S TT z22.

16357:357
0 Wz 2.9 wh 207.

1 WE Z 2 DB 11.3
24 RK 12.7 4 TK 30.0 2
R

4
Tk, 52.4 & TE 45,9
TK 147.0 10 T 241.1
TK 447.7 14 TK 5&2,7
T 1067.1 18 TK 1093.2
TK 1012.46 22 TK 203.5
Ri 4,94 27 R2 2.24
R3 2.60 36 RT .4

7 TE 114.2 5 TH 15.9
11 TH G25.1 12 TK 456.1
15 T 715.& 16 TE 8801
17 TK 1233.6 20 TK 11z2.6

23 TE 475.%8 25 TK 11.1
22 RS 4.46 27 R4 2.77
4 TT -10.9 =TT 21.%

SO NG R

OX b b e e

16157153 -
3.2 1 WD 208. Z WE 9.3
24 RE  14.& 4 T 29.1 S THK  45.0
7 TK  ®0.2 8 TK  16.8 9 TE 162.2 10 TE
11 TE S77.1 12 TE 404.7 13 TK 492.0 14 TK.
15 TE 707.1 14 TE 82,9 17 TK 1238, 18 T
19 TK 114%.1 20 TE 1207.2 - 21 TK 1010.6 22 TK
=3 TE  469.5 25 TK 9.2 26 R1  2.1% 27 R2
2% RS 4.8 29 R4 &.01  ZO RE  7.74 34 RT
4 TT -t1.2 35 TT  21.&

0 W 3.2

LB
TK

o800

Ll b O e

COR O DO WM

R B R
L ST AN A

'
L]

WE  ¢.4 DB 11.4
TE  45.% & TE 44,1
T 141.% 10 TE 343.0
TE S55.&6 14 TK S560.0

t 578! .

O WE Tl 1 WD 210,
24 RE  13.7 4 T  21.9
7 TE &9.0 & TE 168

it

O e N O k)

11 Th &&2.4 12 T 25%9.4 i ‘

1S Tk 739.3 164 T - 922, 17 Tk 1204.0‘ 12 TE 240,22

19 TK 1073.1 20 Tk 1150.1 21 TE 1010.4 22 TH 9232.2

=2 TH  474.% 25 T . 26 R1 4,77 27 RZ I %)
20

o8 RS 4,50 2% R4 S.83
g

=4 TT =-10.2 35 TT

v RZ  £.44 36 RT  11.7 l.
146352000 ’ e : B L e T RN R
O WS 2.5 1 WD 20z, Z WE 2.4 T oDB - 11,1 l

24 RE 10,2 4 THK S2.4 5 TH  7&.4 & TE 76.4

7 TE 119.8 2 Tk 12, ¥ Tk 151.% 10 TE  42%.1 1
11 T £40.0 2 T 3220.2 13 THE 872,64 14 TE 604,77 i
15 TE 71Z.4 164 TE 1022, 2 17 T¥ 1272.7 12 TE 952,28 -

1% THE 1055, 2 =20 Tk 1272.4 21 TK 1009, 6 22 TE -S72.7

23 TE 4z1.2 25 TE P2 26 R1 4.5% 27 R2 .47 |
22 RT 4.5z 2% R4 TeEE 20 RZ: 2.1%9 6 RT .4 ﬁ
2 TT -11.3 22 TT 12.4
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16155101 - N |
0 Ws =5 1 WD 215, 2WE 9.4 HEDE  11.%
24 RK 13,7 4 TK S5.2 S TK 727 & TK 71.8
7 TE 123.5 & TK  14.0 9 TE 170.& 10 TK S03.6
11 T 709.& 12 TK 349.3 13 TK S41.2 14 TK 73%.1
15 TK  765.% 16 TK 1121.7 17 TK 1290.& 18 TK 958.8
19 TK 1118,5 20 TK 1269.9 21 TK 1001.& 22 TK 8&22.5

23 TE 492.9 25 TE .2 26 R1 .58 27 R2 .87
28 RS 4,82 29 R4 S.73 30 R3 6.83 36 RT .8
“ :

:.-::4 TT ‘1206’ -:5 TT 2 IE: . -

16:53: 02 | - | | |
O Ws  E.3 1 W 209. 2 WB 9.1 0B 11.7
24 RK 2,9  '4 TK 2.2 S T 82.8 & TK  49.4
7 TE 183.2 & TK 12,0 9 TK 244.1 10 TE 481.2
11 TE S99.5 12 TK 263.8 13 TE  618.4 14 TK 625.6
15 TK 741.& 16 TK 976.% 17 TK 1192.5 18 TK 9467.6
1
&

0 s
o~ )

(1]

19 TK 1149.1 20 TK -S72.7 21 TK 1040.3 22 TK 1148.1
2z TE 418.2 25 TK 4.3 26 Rl 4.41 27 RZ 2.44
2% RS S.05 27 R4 5.79 30 R3 &.74 36 RT  13.4
%4 TT -%.0 55 TT  26.4 -

O W= 3.3 1 Who 2035, 2 WE 2. & DE 11.¢&
24 RE 10.28 4 TK 42.1 S TK.  76.4 & TK 7.0
7 TH JZ. ¥ 2 TR 13.0 2 TK 199.5 10 TE 2¢44.8
i4
i&

»O

11 TR S07.2 2 TE 20&6.2 12 TK  520.6 TK 452.&
1S T 593.0 14 T 8%0.%5 17 TK 1124.4 CTE . &878.2
1% TK 1129.7 20 TK -572.7 21 TK 1041.2° 22 TK 992.0

23 TE 213.7 25 TK Lo 26 R1 1.39 27 Rz 2,53
28 R3 4.71 2% R4 S. 40 0 RE S.51 36 RT 10. %

=4 TT -—-1z.@ ZDOTT 23.0

1 WE 7.0
4 TE  &9.9 TH 117.0
7 TH  184.1 g TH 13,0 TK 254.3
11 T S0&,3 12 TK 226.2 132 TE 441.7
15 T 579,814 TE  £78.0 17 TK 1046.2
19 TE 1012,.&6 20 T 132309.2 21 TH 956.9
23 OTHE 143.Z2 T 7.3 Z& RI Z.Z
F.19 'y R4  3.54 20 RZ  2.7=
m13.5 0 F5TT 21.4 . oe '

Wh 199,

0 Ok

NN POW
-t

5L Ry b e ek s

Wwo o 197. w1

by

PR | i)

2 3.7 4 TK S9.8 TK  94.% & TE

7 TE 120.7 & TE  16.%8 ¥ TE 211.0 - 10 TE

11 TH 36201 12 TE 166,013 TK  203.&6 . 14 TE :
r 15 TE  417.3 14 TE 445.% 17 TE &31.0 g Tk

19 TE 452.8 20 TK -572.7 21 TE 851.7 22°'TK

23 TH  22.8 25 TK - 10.2 24 Rl -0.34 27 Rz

oE RS 2,00 2% R4. 1.74 Z0 Rz 1.41 24 RT

T4 =TT 1.2

TT -15.%

| N
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1A:SEe 1 :

0 Ws S.6 1 WD 213,
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11 TK 44,1 12 TE 35.7 13 TK 45,9

15 TK 77.32 16 TE 235 17 7K 23.5 18 TK 14.8
17 TK 17.8& 20 TK 101.2 21 TK 573.0 22 Tk 25, &
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NBS BOFST PRESSURE RECORDINGS

Acronym

Description

Units

Go Gas Orifice | psig

WO Water Orifice psig\

RO Restriction Orifice psig

WP Water Line (near nozzle(s)) psig

GAP Gas Differential Pressure inches of water
WAP Water Differential Pressure inches of water
RAP Restriction Orifice Differential Pressure

“inches of water

First [ ] is at time of ignition.
Second [ ] 1is at time of water injection.

Time corresponds to times of data acquisition system. -

£-18
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TEST 1

RAP

0340000000000000900
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Time

16:57:58
6:58:00

* Above range.
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TEST 1

(Continued)
Time GO WO RO WP GAP WAP RAP
:58:01 49.0 63.0 43.5 146.0 73.0 0.0
+58:02 49.0 70.0 45.0 71.0 71.0 0.0
:58:03 48.5 79.0 45.5 117.0 71.0 0.0
:58:04 49.0 91.0 46.0 89.0 71.0 0.0
:58:05 49.0 100.0 46.0 101.0 70.0 0.0
:58:06 49.0 88.0 46.0 89.0 70.0 0.0
:58:07 48.5 84.0 45.0 101.0 70.0 0.0
:58:08 35.0 91.0 33.0 106.0 60.0 0.0
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APPENDIX F

TEST NUMBER 2
DATA ACQUISITION RECORDINGS AND PRESSURE READINGS
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NBS BOFST CHANNEL ASSIGNMENT

Channel | Acronym Description “Units Location
* 0 WS Wind Speed mph Met Tower (10 m)
1 WD Wind Direction ° from N Met Tower (10 m)
! 2 WB Wet Bulb °C Met Tower (10 m)
3 DB Dry Bulb °C Met Tower (10 m)
4 KT K Thermocouple °C Cable Array (#1)
i 5 KT K Thermocouple °C Cable Array (#2)
6 KT K Thermocouple °C Cable Array (#3)
7 KT K Thermocouple °C Cable Array (#4)
8 KT K Thermocouple °C Cable Array (#5)
E 9 KT K Thermocouple °C Cable Array (#6)
10 KT K Thermocouple °C Cable Array (#7)
11 KT K Thermocouple °C Cable Array (#8)
12 KT K Thermocouple °C Cable Array (#9)
13 KT K Thermocouple °C Cable Array (#10)
14 KT K Thermocouple °C Cable Array (#11)
15 KT K Thermocouple °C Cable Array (#12)
16 KT K Thermocouple °C Cable Array (#13)
17 KT K Thermocouple °C Cable Array (#14)
18 KT K Thermocouple °C Cable Array (#15)
19 KT K Thermocouple °C Cable Array (#16)
20 KT K Thermocouple °C Cable Array (#17)
21 KT K Thermocouple °C Cable Array (#18)
22 KT K Thermocouple °C Cable Array (#19)
23 KT K Thermocouple °c Cable Array (#20)
24 KR K Reference °C Junctions for K
Thermocouple Thermocouples
25 KT K Thermocouple °C Gas Outlet
26 R1 Radiometer (7°) kW /m2 Radiometer Array (#1)
27 R2 Radiometer (150°) kW /m2 Radiometer Array (#2)
l 28 R3 Radiometer (150°) kW /m2 Radiometer Array (#3)
29 R4 Radiometer (150°) kW/m Radiometer Array (#4)
. 30 RS | Radiometer (150°) kW /m2 Radiometer Array (#5)
E 34 T T Thermocouple °C Gas Line
35 T T Thermocouple °C Water Line
36 TR T Reference °C: Junctions for T
E ‘ ‘ Thermocouple Thermocouples
L4
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11 TE 2838.35 12 TH 776.0 2 TE O 124.2 14 TK 1247.4
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2% RE 2,91 2% R4  B.29 20 RS 2,08 346 RT 22.0
24 TT  -20.7 25 17 21.3

14:10:47
O Wz . 1 WO 0%,
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WE 4.5 = DR 4.%
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UL Y

L

25 TK .y 25 TH ~7.1 26 R 0.24 27 RZ 10.20 ..
e RZ 2,42 2% R& - 7.70 20 RS —44.71 24 RT =31 _ b=
nd TT  -23.0 IS 0T 20.5 y
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14:10: 4%

0O W= P 1 WD 30E, Z WE 4,.% = DE 4.3
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24 TT 2204 Z2TT 12.4
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2 TE =-572.7 25 TK -2.1 26 R 2.58 27 R2 10.34
28 R3 2.10 2% R4 7.95 30 RS 47.12 36 RT 19.5
34 7T -Z21.7 IS TT 16.7
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0 Ws 2.4 1 WD 308, 2 WH 4.5 = DB 4.7 |
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1421102

O WS 5.0 1 WD =10, 2= WE 4.,% > DB 4.7
=24 RE 10,8 4 Tk 1z.1 S TH 261,79 L THE =0
7 TH prl s TE 1%.0 ¥ TE - 13.0 10 TE eI
11 TK 21.4 12 TH Z7.5 = TH .2 14 Th 4.7
15 TE Z1z.8 14 TE =1.9 17 TH 27.1 12 TE Tt
12 T 75.4 20 TE &9¥7.% 21 TH 21,0 22 TE -572.7
o2 OTH -57Z.7 25 THE -1,7% 26 R —-4.45 27 R2 O.2%
22 R= 1.2% 27 R4 Q.57 20 RS 47.12 0 346 RT iz,
=4 TT =-Z22.2 IS TT 1406

{
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NBS BOFST PRESSURE RECORDINGS

Acronym Description Units
60 Gas Orifice psig
WO Water Orifice psig
RO Restriction Orifice psig
WP Water Line (near nozzle(s)) psig
GAP Gas Differential Pressure inches of water
WAP Water Differentia] Pressure inches of water
RAP Restriction Orifice Differential Pressure inches of water

~ First [ ]is at time of ignition.

Second [__] is at time of water injection.

Time corresponds to times of data acquisition system. -
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TEST 2 ?

Time GO WO RO WP GAP WAP RAP
1310041 * * 0.5 0.0 0.0 | 0.0 0.0 L
3:10:0 1.5 0.0 0.0 | 0.0 0.0
14:10:06 4.5 0.5 0.0 | 0.0 0.0 I
14:10:07 9.0 3.5 0.0 0.0 0.0 -
14:10:08 22.0 3.0 8.0 | 0.0 37.0
14:10:09 25.5 | 11.0 | 63.0 | 0.0 | 279.0
14:10:10 31.5 | 17.0 | 113.0 | 0.0 | 502.0 !
14:10:11 38.0 | 25.5 | 168.0 | 0.0 | 744.0
14:10:12 36.0 | 28.5 | 188.0 | 0.0 | 798.0
14:10:13 35.0 | 26.0 | 203.0 | 0.0 | 844.0 I
14:10:14 23.5 | 22.0 | 210.0 | 0.0 | 876.0 .
14:10:15 22.0 | 26.0 | 210.0 | 0.0 | 898.0
14:10:16 28.0 | 32.0 | 210.0 | 0.0 | 922.0
14:10:17 34.5 | 36.0 | 210.0 | 0.0 | 926.0
14:10:18 37.0 | 37.0 | 210.0 | 0.0 | 930.0
14:10:19 38.0 | 37.0 | 210.0 | 0.0 | 930.0
14:10:20 37.5 | 36.5 | 210.0 | 0.0 | 930.0
14:10:21 37.5 | 36.5 | 210.0 | 0.0 | 930.0
14:10:22 37.0 | 36.0 | 210.0 { 0.0 | 930.0
14:10:23 37.0 | 36.0 | 210.0 { 0.0 | 930.0
14:10:24 36.5 | 35.5 | 210.0 | 0.0 | 930.0
14:10:25 3.5 | 35.0 | 210.0 | 0.0 | 930.0
14:10:26 36.0 | 35.0 | 210.0 | 0.0 | 930.0
14:10:27 36.0 | 34.5 | 210.0 | 0.0 ‘| 930.0
14:10:28 36.0 | 34.5 | 210.0 | 0.0 ‘| 930.0
14:10:29 3.5 | 34.5 | 210.0 | 0.0 | 930.0
14:10:30 35.5 34.0 | 210.0 0.0 930.0 |
14:10:31 35.5 | 34.0 { 210.0 | 0.0 | 928.0
14:10:32 35.0 | 34.0 | 210.0 | 0.0 | 925.0
14:10:33 35.0 | 34.5 | 210.0 | 0.0 | 920.0
14:10: 34 35.0 | 36.0 | 210.0 | 0.0 | 914.0
14:10:35 38.5 | 33.5 | 210.0 | 0.0 | 905.0
14:10:36 34.5 | 33.5 | 210.0 | 0.0 ‘| 893.0
14:10:37 3.5 | 33.0 | 210.0 | 0.0 | 886.0
14:10:38 34.0 | 33.0 | 210.0 | 0.0 | 880.0
14:10:39 34.0 | 33.0 | 210.0 | 0.0 | 874.0
14:10:40 34.0 | 33.0 | 210.0 | 0.0 .| 868.0
14:10:41 34.0 | 33.0 | 206.0 | 0.0 | 860.0
34.0 | 37.0 | 200.0 | 40.0 | 842.0
T4:10:43 34.0 | 33.0 | 185.0 | 42.0 | 820.0
14:10:44 33.5 | 32.5 | 150.0 | 5.0 | 663.0
14:10:45 33.5 | 33.0 | 110.0 | 0.0 | 486.0

* Chart did not move properly.
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TEST 2~

(Continued)

Time 60 WO RO WP GAP wap | map
14:10:46 / 33.5 33.0 70.0 0.0 309.0
14:10:47 33.0 32.5 45.0 0.0 200.0
14:10:48 33.0 32.0 25.0 0.0 112.0
14:10:49 32.5 31.0 10.0 0.0 46.0
14:10:50 29.0 29.5 0.0 0.0 0.0
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APPENDIX G

© TEST NUMBER 3 .
DATA ACQUISITION RECORDINGS AND PRESSURE READINGS
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NBS BOFST CHANNEL ASSIGNMENT

Channel | Acronym Description Units Location
0 WS Wind Speed mph Met Tower (10 m)
1 WD Wind Direction ° from N Met Tower (10 m)
2 WB Wet Bulb °C Met Tower (10 m)
3 DB Dry Bulb °C Met Tower (10 m)
4 KT K Thermocouple °C Cable Array (#1)
5 KT K Thermocouple °C Cable Array (#2)
6 KT K Thermocouple °C Cable Array (#3)
7 KT K Thermocouple °C Cable Array (#4)
8 KT K Thermocouple °C Cable Array (#5)
9 KT K Thermocouple °C Cable Array (#6)
10 KT K Thermocouple °C Cable Array (#7)
11 KT K Thermocouple °C Cable Array (#8)
12 KT K Thermocouple °C Cable Array (#9)
13 KT K Thermocouple °C Cable Array (#10)
14 - KT K Thermocouple °C Cable Array (#11)
15 KT K Thermocouple °C Cable Array (#12)
“16 KT K Thermocouple °C Cable Array (#13)
17 KT K Thermocouple °C Cable Array (#14)
18 KT K Thermocouple °C Cable Array (#15)
19 KT K Thermocouple °C Cable Array (#16)
20 KT K Thermocouple °C Cable Array (#17)
21 KT K Thermocouple °C Cable Array (#18)
22 KT K Thermocouple °C Cable Array (#19)
23 KT K Thermocouple °C Cable Array (#20)
24 KR K Reference °C Junctions for K
Thermocouple Thermocouples
25 KT K Thermocouple °C Gas Outlet
26 R1 Radiometer (7°) kW /m Radiometer Array (#1)
27 R2 Radiometer (150°) kW /m2 Radiometer Array (#2)
28 R3 Radiometer (150°) kW/m2 Radiometer Array (#3)
29 R4 Radiometer (150°) kW /m2 Radiometer Array (#4)
30 R5 Radiometer (150°) kW /m2 Radiometer Array (#5)
34 1T T Thermocouple °C Gas Line
35 1T T Thermocouple °C Water Line
36 TR T Reference °C Junctions for T
Thermocouples

Thermocouple

G-2

ENERGY ANALYSTS, INC.



[ 3 L=} [ S ER RN A I Y LIS I ;‘ll"‘di'ﬁ-\"—‘li‘l [ N e -
1/27/34 r
=4 channels pPer scan

S:10:04
0 Wa 2.2 1 WD 250, 2 WE
24 Rk 7.0 4 Tk 11.1 5 OTK
T 10.2 o TE 10.2 ® TE
11 Tk 15.% 12 TE 2.3 12 TK
15 TE 11.1 14 TE .2 17 TE
19 TH 1z.1 20 TE 14, % 21 TK
2= THE 10.2 23 TE 21.4 26 Rl
RZ .74 27 R4 Q.20 30 RS
TT 23,0 23TT 22.7

Z DB S.&
& TH - 102
10 T, 14.0
14 7K 12.1
12 T 17.%
2z TE 11.1
27 Rz 1.00
36 RT 21,1

t
~
[ Sy

Do dA

L]
e

“d 0 RY D R D6

L D

OO N

00

Pt

Sr10:05

O WS 2. 1 WD = z 5.1 5.5
24 RE &, 9 4 TE 14,0 5 TK 14.9 & TK 11.1

7 TE 14.0 s TE 1  TE  11.1 10 TE 11.1

11 TK 12.1 12 TE 12.0 13 TK 12.1 14 Tk 15.9

1% TE 14.0 14 TE 14,8 17 T 1Z2.1 18 T 12,1
19 TK 12. 20 T 14.0 21 TE 1z.1 22 TE. 15.9

=% TE 14,9 25 TE 25.% 26 Rl 1.79 27 R2  0.17

o RT 0.51 R4 0.95 3O RS 0.80 36 RT  Z1.5
=4 7T 24,4 TT 27.8

WE

P g Bmm §

AN
o -G

152101 04 -

o Ws | .1 1 Wh 18,  ZWE S.2 ZDB 5.5 !
24 RK  £.9 4 TE  1Z. STK  14.0 & TH 121 ’

7 TE  14.0 2 TK  13.0 & TE 14,9 10 TK  1Z.1

11 TE 11,1 12 TE 13,0 13 TK 13,0 14 TK  16.%

15 TE  12.1 16 TK  14.9 17 TE -~ 15.9 18 TE 13,0

19 T 12,1 20 TE 12,0 21 TE  19.7 22 TK 14,9

2% TE  15.% 25 TE  =21.4 26 Rl 0.75 27 Rz 0.51

>z Rz 0.54 9 R4 0.98 SO RS 0.69 36 RT  23.1 i
24 TT  27.% 55 TT  26.b

110207 ? : ;
O WS WD 15. WEB =t : DR 5.5

O
*
oo

I8 RE
4 TT

")
'

=,

A 1 2 2
24 Rk 12.7 4 THE 17.8 S TE 19.7 & TE 15.9
7 TE 17.& 5 THE 15.% ¥ TE 17.5 10 TE 18.7
11 TE 20,4 2 TK 17.2 2 TK 14,8 14 TH 12.7
15 TE 1.7 16 T 18,7 17 TK 1%.7 12 TK 1%.7
1% TE 18,7 20 TH 17.% 21 TE 17.8& 22 T 12,7
2% TE 17.% 25 TE LT 26 R1 2.76 27 Rz 0,61
V2
-7

27 R4 0.5% IO RS 0.74 324 RT O 17.7
35 TT 21.%

pupe e gy

1100
O W=
24 Rl

7 T

DE 'Sﬂ
TH .
TE 1z, 5

1 WD 2. 2 WE .8
4 T 14.0 S TR 19.7
= <

[y
.b

DU L

o TH 121 T 11.1

1
11 THE 12,0 = TE 15.% T, 14.0 TK 42.2 -
15 THE 14.% 1& TH 12.1 17 TK 12.0 TE .0

TK 17.8
ey 0.57

RT 23,7

't

@
&
a

12 TH 23,5 20 TH 15,9 21 TH 12.0
23 TE ) S 25 OTHE 19,7 26 R1 1.0Z2
zE RE 9 R4 0.,E5F 2O RS 0.92
1

Za 717 1.2 =25 77 oE.

L1 R B s b e ,
R D W

G-3 : ENERGY ANALYSTS, iN¢



E R RO

5210209
W= ] Wwh 2 2 WE

. | » DB S.3
10,2 4 T 19.7 o TK
&

& TE 14.0
10 Tk 14.8
14 TE  76.4

s TE 20,4
22 TH 26,3
27 R2 Q.43
o6 RT iz.2

N
\l-bC'
m

TH 14.% T TH 14.0 ¢ TE
. 14,9 12 TK 14. 8 2 TK
T 12.0 16 TE 15.9 17 TE
TH 21.6& 20 TK 24.4 21 TK

. 121.0 25 TEK el 26 R1
Rz 4.77 Z% R4 1.82 20 RS
TT 24,4 2L TT 21.1

[
—
o
WO Db

[l % RUE

[ 0N I Y WY
NN N O N

DRI O SR
$ 00y 00
.

Y

S:10:10 «
QO W= 2.5 wh Chi= Z WE 4,9 2 DR 5.3
24 RE a2,% Tk bH,E S TH 14.% & TE 15,9
7 LB

< TE 12.0 10 TE 15.%

-

TH 14.? TE

TE: = Tk 14.0 14 TK 4%.¢&

[y
1)
u
~
[y
i

11 Tk 14,

R4 4,27 0 RS .33 26 RT 20.0
TT 24.%

28 RE 7.54
34 TT 3.8

R U Ee R SRR

1 2
15 THK 14.; 14 TE 2.7 17 TE  14.8 18 TE 272.1
19 TE 2.3 20 TK  31.0 21 TE 132.9 22 TK 307.2
4% T SS52.9 0 25 TE 25.% 26 RL 1.11 27 RZ 0.5%

s:10311
O Ws .4 1 Wh =42,
24 RK 2.0 4 TK ::.3 Tk 14.9 & TH 15,9
7 Tk 15.9 o TH 15.% Tk 11.1 10 Tk :2.3
11 Tk 15.% 2 Tk 27.2 12 TR 6.8 i3 TK 45
15 TE 14,8 14 TE 2z.2 17 T 2%9.0 128 TH 1010.;
1% TE 244,: TE S31. 4 21 Tk 4287,5 22 TE &841.3
TE TE  &A3. =5 TH 27.2 26 R1 4.1% 27 RZ Q.27
28 R2 7.8 v R4 S.2 20 RS 4,.Q7 24 RT 14.2
=4 TT 21.0 28 TT 18.8

WB 5.0 = DB S.2

R N

] l_t_l
A
<

<
.
O

lj'_’u
I
L

S5 10 1

0 W 3.5 1 Wh 7. 2 Wh 5.2 = DR 5.0

24 RE 2.0 4 Tk 0.0 S TR 12.0 & TR 19,7
7 Tk 13 7 &8 THE 20. 4 @ TE 14.9 10 THE 1.1
11 TE 5.7 2 T 432.7 12 TH 25,3 14 TK 400.2
15 TE 2?2.3 164 Tk 572.46 17 Tk 77Z2.& 2 T 1190.5
12 TE 1127.4 20 TE  240.4 21 TE 894,33 22 T E84&4.0
22 T S02.7 =5 TH 28.2 26 R1 2.21 27 R2 2,06
28 R3 2. 26 =0

% R4 4,25
7 ,

g RS 4,35 246 RT 12,5
24 TT 20,8 25TT 22.4 N TR P

t10: 1z

O WE E.4 1 WD 354, ZWE  S.1 3 OB 5.5
24 RE 13,7 4 TK 44,1 S TK -44.5 6 TK 27.2
7 TE  37.5 & TR 3.  TE 26,3 10 TH  189.0
11 TK  &2.6 12 TK 107501 12 TK 4.7 14 TK 867,
15 T 407.4  1& TE 990.0 17 TK 1093.2 18 TK 1232,
19 TE 1145.0 20 Tk 922, 1 TH 1049.2 2z TH 837

G

DOCR S U N

>3 TE  444.4 25 TE  27.2 26 Rl 0.4& 27 RZ
= RE 2. 40 2% R4 . 27 20 RS S5.14 4 RT
47T 11,3 25 TT Z24.%9 A N

[
[elx}
1 ]

G-4 ENERGY ANALYSTS, INC.



15

15:

[y

1210314

0O WS E.4
24 RE 8,9
7 TE 111.4

11 T =32.%
15 T 711.4
19 TE 1142,

% TE G621
22 RT .13
=4 TT  14.%9

S:10:15

0 WS 3.3
24 EE 14.5
7 T 140,32

11 T &£468.0
15 T 208.7
19 T 1202.0

23 TE hhu.7

i o = o5
Za TT @z

10214

0O WE T2
24 RE 14,4
7 TE 20,1
11 T 77&.0
15 TE  96b.64
19 THE 1122.1

o3 TE 3839
23 RE .13

=4 TT b0

1S 1018

O W= S0
24 Ek 12,7
7 TE S04.%
11 TK 7%4.7
15 T 231.%
19 T 1151.2

2 TR 392_3
2% R3 @ o:

A TT P

20
-’-:‘
=9

~'l='
PRCR

WD
T }:\
TE.
Tk
Tk,
TE
Tk
R4
TT

WL
TK
Tk
TH
Tk
TK

s T

R4
TT

WD
TH
TH

TR

TE.
TE
Tk

R4

TT

WD

TE

TH
TH
TH
TH
TH
R4
TT

-~
PN ]

1.9

-~ —
b

1187.3

107.1
P35, 6
14.%

-.'L"'.-’

29,9

c)l

32,5
T
-tiie @ /

11¢40.4
1187.&
826,32
21.4

-
oL 22

—~
P

-~
ooy

C O
215.7
1097.2
118532
792.7
14.%
.16
£1.0

345,
27.4
327.4
114%,1
1174.%
727.1
12.7
7.61

5.0
o,
5.7

27,0
1124, 2
11!8.8

oy
S

=~

L

G-5

[T

LS VO N

o

X
()

=0

R

nat

17

24

e Yot

=0

-
d

o
ot

17
21

26

L B0

UL 3

-~

17
21
26
o0

WE
TK
TH
TK
TE,
T

> R1

RS

WE
TH
TE
TE

TE

T
R
RS

WE
TE
TH
T
Tk
TE
29
RS

WE
TE
Tk
Tk
Tk
Tk
R1

RS

WE

Tk
T
Tk
Tk
Tk
R1
RS

4.7
—?. 1
1.0
42.2

1118.5
1049.2
-0.43
6. 06

5.2
72.2
101‘

4.3
1224.0
1044, 2

1.11

.97

4.%
1146.0
F11.8

izl ¥

1124.2

- - -~
1 ﬂ-'-n:-d

1-:‘?’

é'- é‘l

=
‘-‘-L'

198, 6
=74.8
67,2
11697
1002, 8
-1.44

Ry~

N 'L.a‘.s’.\

mlﬁ

\-‘1

l
bh.m

7
e
1“”.9
997.9
-2, 91

5. 90

Y

1
1

DO =S X

22
27
36

O SN R D BSOS

IS OO SN

10

1=

i
A‘-a—

27

26

-t

10
14
1z

o

DE
TK
TH
TH
TH
TH
R2
RT

DR
TK
TH
TE
TE
TK
RZ
RT

OE
TK
TH

TE

TE
TK
R2
RT

DE
TH
TH
TK
T
TK
R

RT

DB
T¥

1
1

1
1

777.8

[
NERYVE B
Lot LU e S O B O

1
1

19,7

TE

TK
T
TK
RZ
RT

-
NRY R
L I SR A T S )

Al

<
st e st
-
PSR

bl .Q ‘,

ldﬂ.;
244, 2
766.7
SLES
26,0

4.9
Z1.0

ST b
= b= PR

‘_vu

Pl ‘- .

239.9

mEn Gay =W O §

&.73
22,0

O e ]
L ] L]

- 0N G
L]
DO IO I AT

e

0on e
L]
X

o ‘- 4
T 32,9
5273
278- é‘
203.0

22,4

>
S - 4':‘

Pr—
RSN . AT £ ]

»
0N R

o gL
. .c:' L] « o »

il = BN

‘\jc

é

ENERGY ANALYSTS, IN



110319

O WS 2;7\"i 1 Wh e

X

, BcicI 4.% 3 DR 5.5

24 RE  ®.% 4 TE . ‘31,9 S THE  394.6 6 TE 2.z
7 TE S03.&6 . & TKE  823.% & TE S52.4 10 TE 481.%

11 TK S23.2 12 TH 1155.2 13 T 5%.8 14 TK 1229.&
15 T 9S1.1 16 TK 1188.4 17 TE 1207.2 18 TK 12¢4.&

2y
N (
o
oy

.3 21 TH 1011.6 22 TH 782.0
26 Rl —-4.38 27 R2 S.44
30 RS 4.4 346 RT 16,2

19 T 1145.0 20 TK
>% TH  410.1 25 TH
78 R 8.91 2% R4
=4 TT -3 as 7T 21.0

[y
Y

N
D
P

15:10:20

O WE Z.0 1 WD =23, 2 WB 4.2 = DR 5.
24 RK 11.2 4 Tk Bh. b S TE 435.4 & TH 3
TE  3463.0 & Tk 251.4 T TE  292.0 10 T 454.1
T B897.2 2 TR 1121.5 13 TK 71.8 14 TK 1205.1
5 TE 989.0 14 TE 1186, % 17 T 1174.9 & TK 1214.5

-
AN |

19 TE 1189.4 20 TK &%3,2 21 TK 1019.5 22 TK 777.&
22 TE 424.6 £33 TK 16&.2 26 Rl -8B.57 27 Rz .4

>
R3 &7 2% R4 7.7% 30 RT 6,50 %6 RT - 3S.

ﬁ)@

P~
-
-4 03
-
9] '
03

[
o

WhOL 334, 2 WH 5.0 % DE 5.5
TE 3.0 S TK 455,32 & T z32.9
TE  19%5.7 9 TK 25&.4 10 TK S09.0
T 11465.4 3 TE  44.4 14 TE 1164.5
T 1200.% 17 TH 12064, 1 18 TE 1202.2
TE @91.5 21 TE 999. 22 TK 79%.4
TE 146,82 26 R1 —7.47 27 RZ  7.4%
R4 ®.73 S0 RS .75 36 RT  16.9
TT 19.% - ‘ ‘

k3

R .9
TE 412.%8
! E:q'/.:‘u .;’ '
Tk w249
TH 1203.0
TE  S24.0
Rz 9,49
TT -4.%

NSO ORI RN I N o
A
wcnca&tomib»* .

DO U S o =

DO VR SO IS

o

1510322

0 Wi I 1 WD 244, 2 WE 4.9 % DE 5.5
24 RE  12.7 4 TE  325.7 S TK  489.3 & TKE 34,7

7 TH 3137 & TE  154.4 9 TK 262.8 10 TE 613.9
11 TE ©44.1 12 TK 1125.4 2 TK  69.0 14 TK 1227.2
15 TH 43,7 16 T 1220.% 17 TE 118%.4 18 TE 1187.3
19 TK 1219.8 20 TE 907.8 21 TE 9%&.9 22 TK 881.0
=z TH OS19,7 0 25 TE 10,2 24 Rl -9.30 27 RE 8.3
7% RZ  9.34 29 R4 £.26 20 RS 4.04 36 RT 18,1
=4 TT 1.1 25 TT  21.0 -

1S: 10023

O WS el 1 WD 354, 2 WEB 4.7 = DB
24 Rk 10,2 4 Tk b7 ) 5 TK 4%3,.2 & TE
= TE 114.0 7 TE  241.3 10 TE

0k

5
21
7 T 27301 L34,
11 TH  2%3.3 12 TE 1130.1 s TR &P, 0 14 TK 1192.5
12 TE 1005.7 16 Tk 1190.5 17 TE 1210.3 12 TE 1134.Z
17 TE 1120,5 20 T 9364, & 21 TE @98.4 22 TK 736.%
2z TE 223,025 TE. 11.1 26 R1 —-12.03 27 R> Y.l
&% RZ 7,07 2% R4 B.46 20 RI Gobd 34 RT 14,2
2 TT =7.3 0 FSTT 20.%

G-6 - | ENERGY ANALYSTS, INC.



1S: 102 ‘f4 . .

0 Ws 3. 1 Wh IIC N
24 RK  10.& 4 TK  ®5.7

7 TE 203, é- _ v T 0.2 TE 252.% 10 T &57.1
11 Tk 204.% 12 TK 1170.7 12 TK 24,6 14 TE 1Z218.2
15 Tk 970.5 16 TE 1191.5 17 TE 1180.1 12 TE 1134.%
19 TK 1114.4 20 T 929.%& 21 Tk &84,.7 22 T  74Z.7
o3 TE 543,00 25 TK 14.0 26 R1 -15.16 27 RZ 8,323
22 R &, 80 29 R4 7.70 30 RS L. 41 24 RT 22,
34 TT S.2 S TT 27.8

T 477.6& 5 TH 1.9

O 0 D

C'."

[ e}

 E.E 1 W 3, WE 5.2 DB  S.0
4 RE 10,8 4 TE  31.9 TK 492.0 & TK  31.9
7 T 241.1 & TK  145.1 o TH 239.4 10 TK 632.8
{1 T &s0.7 12 TK 1179.0 13 TK  83.7 14 TK 1228.3
15 T  ©56.9 16 TE 1171.8 17 TE 1232.5 18 TK 1150.1
15 Te 1182.1 20 TE 9S6.% 21 TK #17.3 22 TK 785.2
=% TE S73.5 0 25 TK 12.1 26 R1 =20.92 27 R2 10.86
-2 Rz 9.14 2?7 R4 ©.20 30 RS S5.90 36 RT 17.5
24 TT -Z.8 =25 TT  28.4

e

|

15:10: 26
O WS 4.0 1 WO 2.
z4 RK 8.9 4 TE  29.1
7 TE 450.7 g TH 308.Z
11 TE 706.1 12 TK 1141.9
15 TE  942.2 .16 TK 1191.5
19 T 1178.0 20 TK 99,0
2% TE  4%7.0 25 TH  13.0
& RZ 9.324 9 R4 7.74
24 TT 4.1 35 TT  29.4

WE o.1 3 DOk TeD
T  492.9 & TR 27.2
T 410.1 10 T &71.4
TE  7%.1 14 TE 1155.%
TK 1&5“.5 & T 1193.4
TK  946.2 22 TH 8z%7.1
R1 -22.92 27 R2 10.25
RS 4.4% 36 RT 25.2

3 B3 B e e '
.wuuwwmm

2

15310227
0 W=D .8 1 WD
24 RK 15.6 4 TE

b
X

bt SELR - b3 O .
[y
~J

2 WE 5.1 - % OE
S TK 497.3 & T
9 TK 40&.5 10 TK
12 T 78.2 14 TK
TE 122%.0 18 TH
21 TH 264.0 22 TK
26 Rl -24.85 27 RZ

20 RS é.f?k’_SjFRT_

7 Tk 470.4 $ TH

0
00U b ) L
[

11 T 222.5 2 THE
15 T 972.2 16 THE 115
12 T 1110.4 S0 THE %
22 TE 435.4 =5 THE
oZE R £, 35 ¥ R4
24 TT L S TT

ot
ke

I R

O U

NN RN R RN R

ey
D et

LX) 0 08 L)

s
o

pd
Xl

[N R X
|:.\ .« w

RN S R R |

X,
&)

5"
L

15:10: 28
0O W=
=4 Rk
7 TE
i1 TE
1% TE
i® Tk 120
2 OTE 425,
=2 R w.l
3ae TT -,

WE =0_ % DB S.E
CTK . 823.1 & TR 28,2
T =21.2 10 TE  &1=.4

T &%.0 14 TE 114£0.4
TH 11853 S TH 1209.3
TE 774.5 =2 T &33.7
R -2¢4.46E 27 R 9.31
DRSS SL9R a4 RT 17.2

1 Wh 4,
4 TH 0.0
S OTe 249.7
2 Te 1102, 4
TE 11&65.6
RO TE 94,9

25 THE 14.9

2% R4 7. 48
3577 4.0

ENU N
DU BN o R SR

[y

~

IR NN RO

RO

SRR R RN

-

o

G B B e e

pady
!

G-7 |  ENERGY ANALYSTS, INi



15: 10829 _
0 WE B2 1 WD = 2 WE 5.0 & DR 5.5

24 RE 11.% 4 TK il S TK S29.4 6 TK &z,
7 TE 287.2 £ TE 18 ¢ TE 210.9 10 TE 5294

11 TH 731.7 12 T 1131.7 12 TH  &7.2 14 TK 1111.4

15 T &91.5 16 TE 1118,.5 17 TE 1120.5 g THE 1149,1

TK 1012, 5 20 TK S48.6 21 TK 790.8 22 TE ©38.5
TK =270.= 25 TH 2.5 26 Rl 'u.dl 27 REZ 9.84

=SR2 7.83 0 2P R4 7.55 30 RT 7% 36 RT  27.4

4 TT 2.2 35 TT 2. o ' g

at,
V.4
S E

-
£l
-
=

1
2

153010220 , B
O Ws 2.0 1 WD 352, 2 WR 5.1 S 1)~ SR < T & B .
24 Rk 15.6 4 Tk 2.2 S TH 544.% A TE 5.7
7 TE 267.% S TE  143.0 @ TH 272.1 10 TKE &40, 0 '
11 Tk gi1&a.& 2 TK 10%1,.2 12 TK 157.5 14 TK 1043 :
1% Tk #44.% 1é& TE 1022.2 17 TK 1059, 2 12 TK 1 T2.1
19 TE 25%.8 20 TK 261.8 21 TK 7639 22 TK S76.2
23T 209.1 25 TH Z20. 4 26 Rl -24.02 27 RZ 8.24
28 R 7.50 2% R4 7.1 20 RS & 16 36 RT 1£.5
34 77 -11.7 35 TT 15.¢ : '

[y
LA
(1]
Fory
ped
..
i
frs

O WS .7 1 WD 0. ZWE 4.6 =2 DE 5.4
24 RK . 1S.6 4 TE  27.5 S TK S18.0 & TK  32.5
7 TE =40.% 2 Tk 140.4 9 TK 257.2 10 TE &13.9
11 TE  754.7 2 Tk 975.4 13 TK 132.9 14 TK 1093.2
15 TK. 939.5 16 TK 1105.3° 17 TK 1098.3 18 TK 1144.0

19 TE  241.4 20 TK IV 21 TK 659.9 22 TH S29.4
23 TH 20,4 25 TE 14,.% 26 Rl ~14.80 ° 27 RZ L ¥
=3 R3 boB% 2% R4 &85 30 RS PRI 36 RT 23,7

477 -4.4 2S5TT 28.1

1521032

O WS 2.4 1 Wo & ZWE 4.7 = 5.5
4 RE 12,7 4 TE  22.5 S TK 482.4 & 24,4
TH 4774 = TE  207.2 o TK =40.2 10 T 559.1

TH 4427 1061.1 13 TK 111.4 14 TE 1012.4

S TH  249.% ¥85.1 17 TE 1028.4 18 1231.4

¥ TK 1163 ??2.0 21 T 795.5 =2z
2z TH 2& Rl ~14.16 27 6.01
Kt | : £.57 3 37.7
15102323 ‘ o :
O WS 2 1 WD 1. 2 uWE 4.9 2 DB 5.4
24 RK 5,0 4 TH  23.5 S TH  423.0 & TE  24.4
7 TH 99,3 & TH 275.9 & T Z14. ﬁ T 10 TE 447.7 .
11 TH S564.5 12 TK 1015.6 12 TK  &9.2 14 T 1033, 3
15 T 726.3% 14 TE 104%.2 17 TK 1083.2 15 TH 1204.0
19 T 987.1 20 TE £72.5 21 TK 723.5 22 TK 3294.7
23 TH 23,5 25 TE . 4.3 24 Rl =17.26 27 RZ 7,49
22 R AJ16 29 R4 7.29  ZORS  S.67 36 RT 17.%
2 TT  -13.1 35 ' '

TT 12,1

'f T el 68 ENERGY ANALYSTS, INC.



15:10:34 _ ' - -
0 WS I 1 WD & 2 WB 4.2 3 DB 5.4 ~
<4 RK 10,8 4 Tk 27.2 o THK 481.2 & TK 23,2
7 TE  A403.& & TE 207.1 % TH S23.8 10 T 407.4
11 TE  &65.3 12 TE 1015.6 3 TK 81.%9 14 TH 1037.2
15 TH  844.1 16 TH 1122.6 17 TE 1114.5 18 TE 1145.¢
19 T 924.1 20 TK  926.0 21 T 704.3 22 TE 526,79
28 TR 47.% 23 T 10.2 26 Rl -17.35 £7 R2 7.01
22 R &.45 Z? R4 7.11 30 RS S.12 36 RT S,
4 TT -11.1 I2TT 20,3 '

S:10:35 ' :
0 W SC TS | 1 WD 4 Z WB 4.8 3 DB 5.6
24 Rk 2.0 4 Tk 24.4 S TK 481.2 ¢ TK 22,5
7 T 401.1 = TH 284.2 Y TE 263,99 10 TK 5046.3
11 TH  &36.1 12 TK 107%.1 3 TK &7.2 14 TK 1066.1
18 TE 2879.1 164 TE 1123.4 17 TE 1042, 18 TK 1140.9
19 TK &21.0 20 Tk &385.8 21 THK 700.7 22 TK 468.6
22 T 40.3 25 TH o 26 R1 —-132.87 27 R2 &.77
22 R3 S.&82 2% R4 L. 64 20 RS e 40 246 RT 19,0
24 TT -12.4 IS TT ig.e

i

o ey mam

15210346

0 Ws S.0 Wi =58, WE 4.9 = DB 5.5
24 RK S W Tk 1,7 Tk 471.3 & TK 26.3 :
7 TE 3I32.9 T 233, T =214.& 10 TE 424.8 , ¢

TKE 1012, 5
TE 1009, 4
Tk ©21.9
Tk T.4
R4 b P
TT 19. 3

11 TE &44.5
15 TH £31.%
19 T 9
23 TH .
2% RT 6.1
24 TT  -9.

TE 4.5 14 TK  991.0
TK 10228.2 18 TK 1155.4
TE. 724.4 22 TK 572.0
R1 -12.&9 27 RZ  5.97
RS S5.88 34 RT 17.4

Lol i B R O 4 8

DR B R B el O N - )
RN SR

T~
-’

LR RO

15210237

O WS 2.9 1 Who 341, ZWR 5.3 2 DB 5.4 '
24 RE  15.& 4 TH  28.2 S TK 475.8 & TE 33,8 =
7 TK  342.0 s TE 1%5.7 9 TE 260.0 10 TE 435.4
11 TE 497.3 12 TE 10%1.2 12 TK  &4.2 14 TE 971.5 | [
15 TE  47%.3 16 TE  921.2 17 TK 1033.2 18 TK 1134.8 :
19 Tk ©78.2 20 TKE 2%5.3 21 TE 820&.& 22 TE S41.2
o3 TK  39.4 25 TE 14,8 26 R1 -15.1& 27 RZ  4.42
22 R:  S.01 =¥ R4 7.01  3IORS  S5.37 36 RT 2 .a,?k“,A'_[,
=4 TT  -5.5% 3= 7T 24.0 i S s

O WS e 1 WD =49, 2 WE 4.9 ] .z
24 RE 11.5 4 Tk 12,7 S T 4%98.2 & TE ~ 24.4
7 T 289.7 S T 149.9 2 Tk A92.6 10 TE 229.2
11 T 41=.7 12 TH 1112.4 12 T 57.0 14 Tk 970.5
15 Tk 724.4 16 T wz24.1 17 Tk }065~1 12 TE 11&2.7
19 TH 10%7.2 20 TE 93401 21 T 827.2 22 Te 3z,
=2 TE 24,4 25 TE 5.4 26 R1 —12.22 27 Rz 5.4
22 R3 DL2E =% R4 7.0% 20 RS 5.31 =6 RT 24,0

2h.D ' '

4 TT -&.4 S TT

ENERGY ANALYSTS, iN .

@
©



15310: 2%

0 WS 3.0 1 WO =54, Z WE 4.9 % DE 5.1
24 Rk 9,9 4 TE &, % S TK S11.7 & TE 19,7
7 TH zzad B OTE  112.3 ¢ TE 155.46 10 TE 257.%2
11 TH 286.6 12 TE 1056.2 = TK  52.4 14 TE 920.%
15 T 711.6 146 TE 960.% 17 TE 1154.2 18 TE 1252.8
19 TH 1202.0 20 T 1045.2 21 TK 754.7 22 TE  40.%
o3 TH LT 25 TE 7.3 2 Rl -17.0% 27 RZ 5.94
22 R: 4.7 2% R4 .94 30 RS S.26 36 RT  19.6

=4 TT -11.7 =5 77 22.1 : :

15:10:40
0 WS = 1 Wh IS, |
24 RE .9 - 4 TE  11.1 T 470.4 TE  24.4

= WE 5.2 = DE 5.1 | .

7 TK ¥ Y 2 T 27.4 T 122.9 ° 10 TE 21&.4
et 14

u o

0L M)

1
11 Tk 202 2 TH 1025.4 13 TK S2. TE  860.2
15 TE  é&z3.08 14 TK uué.7 17 TK 111/,9 iz T 1217.7
1% TE 1144.0 20 TK 1035.32 21 TK 708.0 22 TK 0. %

23 TK -27.0 5 TK .5 26 Rl -23.39 27 R 4.98
22 RZ 4.54 2% R4 &.90 B30RS 4.9 36 RT  26.5
34 TT  —4.&6 35 TT  24.% | |

[y
i

=:10:41 ‘ v
0 Wz S B WD

1 =0
£4 RK .0 4 TK

02

2 WE 4.9 CS 1 - S <
o TK 437.2 & TK =
4
c

RNEA

A B OO

)

7 TE 164.1 g TK . TK 137.6 10 TE 182.%
11 TE S6%.0 2 TK 1032.2 13 TK €7 14 TK 980.Z
15 TH 732.7 16 TE 937.5 17 T 1152.2 18 T 1219.8
19 TH 1073.1 20 TK 101S.6 21 TK 6%6.1 22 TK  53.3
23 TH  40.3 25 TH 0.4 & Rl -22.11 27 RZ 4.8
& R 4,93 2% R4 7.07 30 RS S.54 26 RT  19.1
%4 TT -16.5 35 TT 18,7 B

N

'.

159:10:42
O WS .3 Wwoo =44, 2 WE S.2 & DB 5.5
24 RE 8.0 4 TH 1.5 S TK 390.2 & TH 1.7
7 TE 190, 8 TE 85.4 o T 220.%5 10 TE  207.2
11 TE é'“.: 12 TH 1032, 2 13 TH 54,3 14 T 1042.2
D 15 T 220,0 164 T - 982.1 17 TH 1121.7 12 TK 11e9.4
1% T 10461, 1 20 TK 10Z4.4 21 TH &27.0 22 THE 17.&
23 TE =20.1 0 25 TH 1.5 24 R -23.11 2 s S. &4
”327“5* '_4.84'd‘2? R4 7.z2 30 RS S.21 3L RT 16,9 o

T:110:43 o A I : o
0 WS .4 1 WD ]u.i. ZWE @ S.0 DB S.4
T4 RE = 4 TE ;,-J.u S TK E84.8 & TE  17.8
7 T 134.7 S OTE @1, 1 S TE 200.2 10 TE 210,90 -
11 T 492,2 2 TE 1021, 2 TE  50.4 14 TE 1009.¢ o
15 TH 74654 16 T 77u.g 17 TE 1158, % 18 TE 122%.3
1% TH 1127.46 0 20 TE 973.4 21 TK 712.% 22 TE  ZE.3
23 TE —-1.3 25 TE .5 264 Rl -18.4% 27 R: 4,92
=8 ORI 4,14 29 R4 LAo36 ZORS 4.94 26 RT 19.4
EATT ~e.E 0 35 TT 17.% ' ‘

i
k
i
i
}

S R oy &0 "~ ENERGY ANALYSTS, INC.



FE:i0H:44

O

-
£

11
15
19

i Du)
=4

1%z

1S
1%

b

34

[y
LN

o TE Y24,

= -
W= 3.5

Rk 2.0

TE  210.0

Tk 8.2

CTE &79.8

T 1154.2
TE -2.1
R 4.14

TT _4- é' .

10:45

W= .2
Rk 12.7
T 254.4
T 4A04,0
Tk 729.0
T 1307.0
TE —-10.1
R 3.¥6
TT -2.4

s 10244

WE .9
F:": '.' - (.)
T 249.7
TE  &57.1
TI'.,: : (-) T\ - u-
TH 1202.0
TE  215.7
RI .95

TT -10.7

=210:47

WS 4,
RF: 14,
TE 231,
T 719,

o,
D]

300 s 00 e O

T 1101.1

TE 405.;‘
& R 2,71

TT -17.2

. 10.2
Tk ==21.1
TE &7%.8
TE &9, 1l
TE 110%,
TE £47.2

D

3 .10
TT -14.+

= .7
-

1

Tt e

[
Dl

WD

Tk
TE
TK
TH
TR
THE
R4
TT

WD
TH
TE
TE
TE
TE
Tk
R4
TT

Wi
TE
L
Tk
TE
T
Tk
R4
TT

W
TH
TH
TH
Th:
TH
¥,

R4

TT

WD
T
TE
T

» T

TE
TH
R4
TT

s 0.

-

ja* % \-'

7%.1

IIUu.S
wz0.

?46.2

O bs

G 27

20.%

» :"—|7l )

AtE‘
2.9
1040, 3
104301
P05, &
10.2
6. 16

o 0

- .

Fo:"
el s

P2
1048
1044, 2
111=.4
1024, 3
2.4
7.46

'F.P. .—
adew .-'

=

3.4
109.5
1107, 4
1101. %
1100,3=

—-0.2

7‘ . -' -'

zz.4

G-11

1=

LR AR

ey SR TN N IS SR I N ]

L RN

50

13
17
21
26

=0

WE

TH

TE

TK
T

TE

L R

RS

Wk
TK
TH
TH
TH
TK
R1
RS

WE

TE

TH
TK
TH
TE
R1
RS

WE

T
TE
TH

T

Tk
R1
RS

WE
TE
TH
TH
"FI,..'
Tk

- R1

RS

5.3
3730
260.0

51.5
1142, 9
&07. 4
-20. 44
.14

414 ﬁ
202 .. 6

-‘1 . J.

1 0\.' s
159.4
~17.%0

w.‘l o

L
wln al

401.1
243, 2
0. 6
1250.4
601.b
-14.7%
&. 4%

| ]
-l

411.9
20201
2.4
1121.1
771.=
-15.589

gl
S.P3

-
ol ot

4735.%

2451

&0.7
1214.6
£7.1
—1(.71
-/

10
14
1e

-
22
~
o

6

L)
ot

&

10
14

18

22
27
36

~F

10
14
iz

R
2

=
-
-
T

<

» 34

g

D
TH
T
TH
Tk
TK
RZ
RT

DE
TE
T

TH

Tk
T
R2
RT

DE
T
TK
TH
TE
TK
RZ
RT

OB
TK
TH
T
T
Tk,
RZ

RT

DE :
TH

TH
TH

= TE

TH

RZ

RT

5-4

14.0"

240, 7%

9

—-
LR

WMIQQIM

-
>

L e
[ ]

\J-
QL

i
g

¥ QG
.

B L QO Ol

0

[y

0000 e L

. .::.-

5.4
24.4
411.%
1062, 1

1254.9

423, 4

7.9

23. 4

5.0
31.0
4320, %
1152, 4
1144,0
731.7
7.71

I

4, %
21.4
L2 .=
109? =
1157.32
706.1

o -
---i

4.4

u o'

. R B B B

bt N N b b

|
1

ENERGY ANALYSTS, IN(



15210349
0 Ws
24 Rk
7 TE
11 TE

15 TH

19 TE &
22 TE
28 R2

4 TT

22 10250
O WS
24 Rk

7 TE
11 TK
15 Tk
17 TE 1
=3 TE
28 R3

=477

15:10:51
O W=

24 RE

7 Tk
11 TE
13 TE
19 TH
2z THE
28 R
=4 TT

e

-

10. &

=75.7
744. 6

Sz0.1

020, 2

720.%

o e
DuCireape pux}

—16‘- 4

4.0

6.0
299, 0
707.1
&31.7
062, 1
754.7
7.90

’.~1 -
ade s

H

-
L

N IR |
e NI N B

'

KA

o0 00 N kY
]

- .
LU
[

n\l-u
L0 O

e N0 03 )

|
DO

15:10:52

0O WE
24 RK
7 Tk
11 TH
1% Tk
19 TH 1
SEEOTHE

'»23 Rz

4.0

12.7
1946, 4
£17.5
77%.7
013, &
746201

7.70

=
T

]
o~
-

et R - R AR

DR RUOSRCURE R ) IO o -

.
0 .
P}~
Tt o
7 » -t
=1,

. ,
'{‘ [ . .~.

1

Wwh

TH
TH
TH
TE
Tk
T
R4
TT

WL
TK
Tk
TE
TH
Tk

TE
R4

T

wo
TH

T
TH
TE
Tk
TE
R4
TT

Wo

TH
T
TH
TE

S TE

TE.
R4

Tz

Wi

TH

TE
T

Lo TE
T
T

R4

L

250,

14,0
212.%
VI,

1162:.7
1104,

- e
L= B

7.6%
IE:. 1

49,

d.-
.-':11
1037.3
1102.4
inOu <

L.9T
17.0

=49,
12.1
157.5
1025.4
1045, 2
10z2,.2

.
o . ot

7.07

15.%9

240,
15, %
127.2
1045, ¢
1152, 2
1174,%
7.J

77‘

o

-3 R D r:.j | RO )

7
=0,
1034,
1028,
1092,

-
‘-4_

b.72
1E.E

N WD ey

I'-;l [Py

WE

TKE

TE

Tk

TE

TE
4 R1

R3

WE

TE

TE

TK

TE
TE

R1

RS

WE

TH

TK

TE
TH
TK
R1
RS

WH
Tk
TE

TK

TE
TE

26 Rl

S0

RS

WR
TE
T
Tk
TE
TE
R1

o

= e
wts

47“3- E‘

Lo &
‘-‘- .:’

76.4

1192.1__)

‘-:L)4. '.
-14, 04
S . 44‘

5.l
S04, 5
I3L.6

80.0

4&'1 - 5

-

70.%9
1024, 2
756, 5
~10.032
S 40

= |
40,2

— -~

.l-a../'- -

74.
11283, 2
837.5
-15.641

5. 95

LN B
Y,

r—th‘

be) l'.o_'l -
-

[y
2

XU UR R B
n

| B
0
w

DE I IO
[SIEN

[a
LU N

10

. K

&7

b

10
14
ia

]
TH

TH

TH

g TK

: T
RZ

A RT

DR
TE
TH
TE
T

> TK
. F\"'

RT

UB“ :

Tk

0 TH

T

TH

TE

-

-

RT

oE
T
T

TE

T}‘.v
Tk

]
-

RT

UE
b T

TH
TH
Tk

22 TH

il

-
<7

T

RZ2
RT

 ENERGY ANALYSTS, INC.

S, 0
“26.3

5'1 '. :: )

10822
,11-u;ﬁ'

671,64
\.'. t'-

17.%2

5.3
20,64
47%.4
1024, 4
1119.5
700.7
5,22

17.3

24.4

= -
| ,. - .::

1(>£ 1.1
114/"()
6 ‘l:

-
=
st

i




P Y

15:10:54

0O Ws
24 Rk

7 T
11 TH
15 T 793,
17 TH 1039,
22 TE w52
28 R3 7.72 2% R4 [ S 30 RS 5. 01 24 RT 23,7
24 TT =-146.7 25 TT 23.4

L]

(i)
—
b
—

250, 2 WE ] = DR 4.9
4 TE 15. 9 S TK  447.1 6 Th 1.w
= TH 1.1 2 TH 162.2 10 TE  207.2
Z THE 1040, 12 TK 2.6 14 T 242,.2
14 TE 926.0 17 TE 10Z0.5 12 TE 117z.8
20 TE 1094.2 21 T 2320,0 22 TE 764.9
25 Tk -1.72 26 Rl -132.14 27 RZ .99

mﬁmm
.

- N '3‘ NN
[y
[N ]

N e
YR K

15: 1055

O W= =
24 RK 7. -

7 TE w. 4 s TK L7 2
11 TH 3. 12 TK 8&835.7 2 TH S5.2 14 TK 996 &
15 T 494,32 14 TK 785.2 7 T &72.95 12 TK 114=2.1
1

.

1w as7. 2 WE
4 TE  1&.3 S Tk
2 2 TH

O

TK 20, &
10 T 220.5

5

-5

b

H N

R R
ag

!

1

1
1% TE 1027.4 20 TK 114%,1 21 TH a29.1 22 TK 77@.7
=22 TK 1039.3 25 Tk -4.%2 26 R =132, 49 27 R2 2.71
28 RE 7.0d 2% R4 t4.14 30 RE 4.7& 36 RT 14.0
24 TT 24601 IS TT 14.7

S0OB 4.9 i’

15:10:54 : h ) |
O WS 2.5 WL ‘ > WE 5.1 : DB
4 RE 12.7
7 TH PE. T
11 T 242.0
15 Tk &11.2
19 Tk 9246.1
=2 TE 10-_.._
22 Rz Gy S

24 TT =149

T T2, S TK 4325.1 & T 2
TE 74.5 ¢ TK 108,4 10 T 22
Tk 762.9 12 TK 5?.3 14 TE 74C
TE  711.4 17 TE. =o& 18 TK 1047 ’
TK 1010, 4 21 TE 74-.- 22 Te 737.5

TE =03 24 R1 =21.%2 27 Rz 2.2

R4 .53 0 RS 4,20 36 RT 21.64
TT 20.1

NG WSO -

(O S N

15:10:57
S0 W=
24 RE

7 TE

1 TE
1S THE
19 TE
I I A N
=8 R3

2 WE D s DB 5.0 |
o TE  415.5 & TH &4 2
¥ TH S46.70 10 Tk 187.1
12 TH S8 = TE 47.¢& 14 Tk 541.2
14 TE 53 17 T 574.4 12 TH 974.%2

20 TR 77 21 T T731.7 22 TH 731.7

o5 TH Q.4 26 R1 =-23.320 27 Rz 1.52
GU 2% R4 4.2 20 RIS .22 36 RT 17.&

n
[0
X}

[ SR | BN 5y ]

Wo 354,
TH 9.9
TH 98,5
1
&

i

LA
.

Ll U (Y S o

[ ~ S
[ I

DL PR I B S Y

AN
t
un

-~
]

e

=y

¥,

}._,

=40TT —Zl.b EERTT 12.7
R L8 R
O WS 27 1 Wh 252, 2 WE 4.% = B 5.4 o
24 RE 16,5 4 Tk 77,1 S T 413.7 & TH 62,5
7 TH 7,0 £ THE %2.0 7 TE &7.2 10 T 143.2
11 THE  1464,.0 2 TH 455, %2 12 TE 42,2 14 T Z&9.4 ‘
15 T Z275.7 14 TEH 2%1.1 17 T 40z.% 12 TE  4&24.7
1% T 44,5 20 Tk &&2.5 21 TE S24.2 22 TE  SZ21.5
2% T 735.4 25 TE .S 26 R -21.01 27 R2 1.0%
s Rz Ho 2L 29 R4 C PR T =0 R% 2,42 36 RT 20,1
4 TT -21.7 5 TT 21.4

G-13 ENERGY ANALYSTS m .



15:10:5% "
O W= .4 1 WO =54,
24 R 11.8 4 Tk
7 TH 52.4 & T
11 TR 111.4 12 TH
15 TE 300, 14 TE
19 TE 4%7.2 20 TE
2- TE S&7.2 25 TE .5
5] 7. 46 =9 R4 286
24 TT =-1l4é.8 =25 17T 13.7

WE ['B I
T 35 T 55,2

£
9,3
Tk 4% . & 10 TE
w9
=

l.r\ |'_v:l

Tk 3 14 T 292.5
T 267.3 12 TE .412.=
TK 4%51.6 22 TE  373.%9
R1 -18.0% 27 Rz 2
RS 2.16 36 RT 19.5

o~
J
&
O3 BD ) s ba
S0 N0 L B

nv

15:11:00

o=}

=

(:) NE: e et 1 WD . 332. ::;. WE‘ 5- -t -—'o -
24 RE 11,8 4 THE 626 5 TH 385, A TE 52,0
7 TE  44.1 & TE  71.8 7 TK . 10 TE  78.2

11 TK
15 T

7%.1
Rl =]
ST &

b

TK
TH

2E7.0

145,11

TK
TE

14
iz

T
TE

167.0

2721

19 TE 3%4.7 20 TH 394.1 TK  353.4 22 TE 261.9
28 Tk 4.5 25 TE =2.32 A Rl —-12.2% 27 Rz 0.4&1
28 R3 &.72 2% R4 2.60 30 RS 2.66 & RT 12,2
34 TT -19.0 =TT 17.0 '

i 11:(:)1

[y
ih

O W= 2.6 1 WD =52, 2 WB 5.2 & OB 5.1
24 RK 12.7 4 TH C S TE 373.% L TH &1
7 TK 27.5 2 Tk S2.4 v TK %.4 10 TH  &&.Z2
11 TK &0, 7 12 TK 159.4 12 TK 29.1 14 T 112,32
15 TE 204,33 16 T 120.7 17 T 130.0 12 TE 184.Z2

I25.6 20 TK S3Z.3 21 TE 231.4 22 TK
o OTE S 2320 25 TE 4.4 26 R1 -11.77 27 Rz
= RZ Lo &% 27 R4 2.7 30 RE 2,21 3246 RT

=4 TT -18.1 25 7T 23.4

o THE 203.2

1.20
21.0

15:11:02
O WS
Z4 Rk 14

i WD =02, 2 WE 5.2 = DB 5.2
4 TH SZ.4 5 T 357.5 & TE 75. 4

7 TE :un 2 THE 42,7 . 9 TE 23,8 10 T
11 THE S2. 2 TKE O 120.7
15 TE  144.1 14 TH IO 17 TE
1% TE  Z4%.1 0 THE  44L32.2 21 TE
oo THE :4,.u 25 TH 4.4 26 R
= R 7,164 =27 R4 :.:ﬂ 20 RS
4 TT -13.2 35 77

= 57.0
12 THE 29.1 14 Tk ae.=
7.5 18 Tk 1Z25.4
217. 4 22 TE 155.6&6
—5.10 27 R2 Q.74
1.81 6 RT 21.9

oo m

15:11:02

O WS W =54, R

1 > WE
4 TE 41

S TE

.
S
o’

0 00

v

Doy R XY

S 5.2
=4 Rk 11. .2 32,4 TE D401
7 THE Z0.0 = THE 41.z2 7 TE 23,2 10 TE 44,1
11 THE L. 4 2 TE ¥1.1 0 12 TE 26,3 14 TE A0, T i
1% Tk 1%54.4 14 THE ~4.4 17 T 2.0 12 T 73,2
1% T 122,32 20 TE 320,32 21 TE 149.9 2z THE  1lg.2
= OTE OZ11.0 =25 TE 7.3 =26 Rl —L.92 =7 RZ 0,31
e = Lo 20 9. R4 2,20 0 RS Z.47Z 4 ORT 146.%
=4 TT ~i12.4 =5 OTT 1401

ENERGY ANALYSTS, INC.



%

13311204

O W= .8 1 WD G54,
24 RK 11.2 4 TE 4.7 TE Zzz.8 & TE 40,3

7 TH 27.¢ 2 T S1.% Tk 24.4 10 TE OIS
11 TE BCIC PR - 2 TK t4.4 12 TE 22.5 14 TH 4=, 1
15 T 14%5.1 14 TE . 0 17 7K 54,3 18 TH 57.0
1% TH 135.7 20 TE  =05.4 21 TK 133.& 22 TK  21.1
23 TE 144.0 25 TH .4 26 Rl -4,91 27 R2 O.41
22 R2 .72 29 R4 2.02 30 RS 1.56 26 RT 19,0
24 TT -16.1 0 TT 2005

WE S.2 = DB 5.2 ?

RO N

i

13:311:05

A

O W= 4.0 1 WD 5. < WE L& 2 DB S.3
24 RE A 4 Tk 24,4 = T 203.4 & TE =82
7 T 2305 & TH 24.4 ¥ TH 21.64 10 T 25,3
11 T 26,3 12 TK 49,6 13 TK  19.7 14 Tk 29,1
15 TE  144.2 14 TE 47.% 17 T 41.%= 18 T~ 44.1
19 TE 109, 5 20 TE 231, 21 TK 110.5 22 TK 69,9

26 R1 . -1.25 27 Rz 0.4k
30 RS 2.16 36 RT 17. 4

22 T 12%.1 25 TH

By s

X
0140
)

[
~

8 R 7.86 29 R4
=4 TT -17.% 35 TT

11:04

Ws 2.7 1 WD
RE 10.& 4 Tk
TE 21.4 £ TH
TH 27.2 12 TK =

[ 3
n

-
"’

&

WE S, & Db 5.0
TH 28 TK 27.2
TE 2 10 TE Z4.4
12 TK 1 14 TK 27.2
TE 132.% 14 TH 17 TH 27.5 12 TH 2.8
TH 77.2% 20 THE 161,32 21 TE 8L.5 22 TE Sé.1
TH 112,32 25 TH Lo 26 Rl -1.42 27 Rz 0.2%
Rz &.42 2% R4 1.82 30 RS 2.41 3& RT 23,9
TT -7.4 SC N I 2303

3G

LR AR1
v N

RN I -

R

[ K]
LA

.

o~

1) f-.

D)
LIS

B G- db
o~ b
ifl

DX S I I A

..n.

5:11:07

O WS . 1 WD
24 R 13,7 4 Tk
7 TE 24.4 LI
11 Tk 27.2 12 Tk

o
DX ]

NETRL L RN T N
[y
D

2 WE 5.0 s DB S.4
S TR 277.7 & TH 25,3
¢ TE 23.5 10 TE 24.4
= TE 26.3 14 T 8.2
17 T 4.7 12 TE 2l.w

rr———

~._n:| Y
. &

ORI O Y]

4
15 TE | 12%.1 14 TE 7.
19 TEY 5.8 20 TE 104, 21 TH 71.% 22 TE 50. &
=23 TE 21.1 25 TH 12, 26 R 1,07 27 R2 0,44
28 RE 7.74 2% R4 .S Z0 RS 2. 25 3& RT 2.1
=4 7T 4.0 I=TT 21.5

15:11:0%

O W= Z.5 1 WD T, 2 WE S.2 e ] 4,
=4 RE &, 4 Tk .2 5 TE  260.0 & TE S 24,8
7 TH 15.7 = T 19.7 @ TE 14.3 10 TH 12,7 ‘
11 THE 21.4 12 TE 8.2 12 TE 1S.9 14 TH z4.4 :
15 TH  114.0 14 TE 1.9 17 TE  Z6.3 18- TH 3.5
1% TH 43,1 20 TH 45,9 21 TE 8S,.2 22 TH C
=3 THE 74.5 25 TE .2 26 RL -0,04 27 RZ . 0.50

=
Y
'—"

oEORE 7.ET =% R4 1. 20 R% =2.11 36 RT 14,9

22 TT -17.4 S TT 14.1
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15211209 '
2 WE 4,% = LR S Z

0 WS . 1 WO =44, =
24 RE g, 4 TE - 21.4 s TE 49,7 & TE 20,4
7 T P, 2 TH 19,7 T TE  14.0 10 TE 14,8

T 24.4 I TE 2.7 14 TE 19,7
14 TE 2.1 17 T 246,03 12 TE 19.7
20 TE =12.0 21 TK $0.6 22 TK 37.5

25 TE . 3 2t R1 0,32 27 RZ Q.29

11 TH
15 TH
19 TH
2% TH

fars

Posd 0N 0 s s

DRI DE NN N
Pt
"&

SN O D O

=2 RZ . Z% R4 1.9z 20 RS .24 346 RT 27.4
=4 TT = 25 TT 2003

15:011:10

O W= Db 1 WD =40, 2 WE 5.2 i
24 RK Y 4 Tk 19,7 S T 241.2 &

7 THE 20, 4 o TH. 15,9 * TK 15.9 10 TE 14.8
11 T 25,3 12 T 27.2 = TE 15.%9 14 TK 146. &
15 T 114.2 14 TE 27.2 17 TK 22.5 12 TE 22.%5 .
1% Tk 47.% 20 T ~6&2.4 21 TK 42.2 22 TK 31.9
23 THE o, v 25 TK 1z, 24 R1 1.75 27 R2 1.11
8 R3 G, 49 29 R4 1.22 30 RS 1.52 26 RT 24.46
=4 77 ~7.5 == TT 26,3

: DB 5.5
THE 14,0

15211211

O W= T b 1 Wh =04, 2 WE 5.2 S 324 5.2
24 RK 1=.7 4 Tk 20,4 5 T 23z.8 HOTE 17.2
7 TE 22.5 S TE 12,7 7 TE 21. 4 10 TE 20,4
11 THE 25,3 12 Tk 25,3 = TK 20, & 14 TE 22,5
i TE 11%5.1 14 TE 1.4 17 TK 30.0 2 TE 22.5
1% THE 55,2 20 TE —-112.92 21 THE 45,0 22 THE 25,7
22 TE 47.% 25 TH 14.0 Z6 Rl 1.464 27 RZ 0.4%
2 R2 2. 67 2% R4 1,29 20 RS 1.36 26 RT 22.4

=24 7T -Z.4 =577 24,
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NBS BOFST PRESSURE RECORDINGS

Acronym Description Units
GO Gas Orifice psig
w0 Water Orifice psig

" RO Restriction Orffice psig
WP Water Line (near nozzle(s)) psig
GAP Gas Differential Pressure inches of water
WaP Water Differential Pressure inches of water
RAP inches of water

Restriction Orifice Differential Pressure

First [ ] is at time of ignition.
Second [ ] is at time of water injection.

Time corresponds to times of data acquisition'systen.

G-17
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TEST 3

Time GO WO RO WP GaP | Wap RAP
0.0 0.0 0.0 0.0 0.0 | 0.0 0.0
:10: 1.0 0.0 0.5 ]| 0.0 105.0 0.0 | 908.0
: 1.5 0.0 1.0 0.0 | 242.0 | 0.0 | 905.0
: 3.0 0.0 3.0 2.0 | 241.0 0.0 | 899.0
: 8.0 0.0 8.0 4.0 | 240.0 0.0 | 903.0
15:10:13 | 14.0 2.0 | 13.0 7.0 | 239.0 0.0 | 904.0
15:10:14 | 23.0 9.5 | 16.0 | 11.0 | 238.0 0.0 | 922.0
15:10:15 | 38.0 | 20.0 | 25.0 | 15.0 | 238.0 0.0 | 927.0
15:10:16 | 41.0 | 26.0 | 29.0 | 21.0 | 237.0 0.0 | 936.0
15:10:17 | 43.0 | 28.5 | 34.0 | 29.0 | 236.0 0.0 | 933.0
15:10:18 | 43.5 | 20.5 | 34.0 | 32.0 | 235.0 0.0 | 930.0
15:10:19 | 43.5 | 20.5 | 34.0 | 32.5 | 234.0 0.0 | 927.0
15:10:20 | 43.5 | 29.5 | 34.0 | 32.5 | 235.0 | 0.0 | 924.0
15:10:21 | 43.0 | 20.5 | 34.0 | 32.5 | 236.0 0.0 | 921.0
15:10:22 | 43.0 | 29.5 | 33.5 | 32.5 | 237.0 0.0 | 919.0
15:10:23 | 43.0 | 32.0 | 33.5 | 33.0 | 238.0 0.0 | 917.0
15:10:24 | 43.0 | 33.0 | 33.5 | 34.0 | 230.0 0.0 | 914.0
15:10:25 | 42.5 | 34.0 | 33.5 | 33.0 | 224.0 0.0 | 910.0
15:10:26 | 42.5 | 32.0 | 33.5 | 32.0 | 224.0 0.0 | 906.0
15:10:27 | 42.5 | 37.0 | 33.5 | 33.0 | 228.0 0.0 | 903.0
42.0 | 4.0 | 33.5 | 350 | 227.0 | 62.0 | 899.0
0:29 | 42.5 | 34.0 | 33.5 | 38.0 | 225.0 | 105.0 | 842.0
15:10:30 | 42.0 | 45.0 | 33.0 | 47.0 | 222.0 | 63.0 | 842.0
15:10:31 | 42.5 | 46.0 | 33.0 | 53.0 | 220.0 | 79.0 | 814.0
15:10:32 | 43.0 | 49.0 | 33.5 | 62.0 | 218.0 | 46.0 | 777.0
15:10:33 | 43.0 | 64.0 | 34.0 | 62.0 | 214.0 | 84.0 | 749.0
15:10:34 | 43.0 | 63.0 | 34.0 | 65.0 | 213.0 | 101.0 | 680.0
15:10:35 | 43.0 | 68.0 | 34.0 | 72.0 | 212.0 | 92.0 | 595.0
15:10:36 | 43.0 | 74.0 | 34.0 | 72.0 | 210.0 | 105.0 | 512.0
15:10:37 | 42.5 | 83.0 | 34.0 | 80.0 | 209.0 | 121.0 | 446.0
15:10:38 | 42.5 | 83.0 | 33.5 | 81.0 | 208.0 | 120.0 | 374.0
15:10:39 | 42.5 | 83.0 | 33.5 | 82.0 | 207.0 | 119.0 | 326.0
15:10:40 | 42.0 | 84.0 | 33.5 | 82.0 | 206.0 | 118.0 | 276.0
15:10:41 | 42.0 | 86.0 | 33.5 | 83.0 | 205.0 | 134.0 | 220.0
15:10:42 | 42.0 | 86.0 | 33.5 | 83.0 | 204.0 | 135.0 | 162.0
15:10:43 | 42.0 | 86.0 | 33.5 | 83.0 | 204.0 | 136.0 | 110.0
15:10:44 | 41.5 | 86.0 | 33.0 | 83.0 | 210.0 | 136.0 | 58.0
15:10:45 | 41.0 | 86.0 | 33.0 | 74.0 | 214.0 | 137.0 0.0
15:10:46 | 41.0 | 77.0 | 33.0 | 53.0 | 198.0 | 137.0 0.0
15:10:47 | 39.5 | 68.0 | 32.5 | 36.0 | 186.0 | 127.0 0.0
15:10:48 | 39.0 | 59.0 | 32.5 | 33.0 | 174.0 | 84.0 0.0
15:10:49 | 38.5 | 47.0 | 30.0 | 32.5 | 158.0 | 42.0 0.0
15:10:50 | 37.5 | 38.0 | 30.0 | 32.0 | 150.0 4.2 0.0
15:10:51 | 37.0 | 32.0 | 29.5 | 32.0 | 119.0 0.0 0.0

o
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TEST 3
(Continued)
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APPENDIX H

TEST NUMBER 4
DATA ACQUISITION RECORDINGS AND PRESSURE READINGS
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NBS BOFST CHANNEL ASSIGNMENT

Channel | Acronym Description Units Location
0 WS Wind Speed mph Met Tower (10 m)
1 WD Wind Direction ° from N Met Tower (10 m)
2 WB Wet Bulb °C Met Tower (10 m)
3 DB Dry Bulb °C Met Tower (10 m)
4 KT K Thermocouple °C Cable Array (#1)
5 KT K Thermocouple °C Cable Array (#2)
6 KT K Thermocouple °C Cable Array (#3)
7 KT K Thermocouple °C Cable Array (#4)
8 KT K Thermocouple °C Cable Array (#5)
9 KT K Thermocouple °C Cable Array (#6)
10 KT K Thermocouple °C Cable Array (#7)
11 KT K Thermocouple °C Cable Array (#8)
12 KT K Thermocouple °C Cable Array (#9)
13 KT K Thermocouple °C Cable Array (#10)
14 KT K Thermocouple °C Cable Array (#11)
15 KT K Thermocouple °C Cable Array (#12)
16 KT K Thermocouple °C Cable Array (#13)
17 KT K Thermocouple °C Cable Array (#14)
18 KT K Thermocouple °C Cable Array (#15)
19 KT K Thermocouple °C Cable Array (#16)
20 KT K Thermocouple °C Cable Array (#17)
21 KT K Thermocouple °C Cable Array (#18)
22 KT K Thermocouple °C Cable Array (#19)
23 KT K Thermocouple °C Cable Array (#20)
24 KR K Reference °C Junctions for K
Thermocouple Thermocouples
25 KT K Thermocouple °C Gas Outlet ,
26 R1 Radiometer (7°) kW /m2 Radiometer Array (#1)
27 R2 Radiometer (150°) kW /m Radiometer Array (#2)
28 R3 Radiometer (150°) kiW/m Radiometer Array (#3)
29 R4 Radiometer (150°) kW /m2 Radiometer Array (#4)
30 R5 Radiometer (150°) kW/m Radiometer Array (#5)
34 17 T Thermocouple °C Gas Line
35 TT T Thermocouple °C Water Line
36 R T Reference °C Junctions for T

Thermocouple

Thermocouples

H-2
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1683237225

0 W= 1.0
24 RK 15.6

7 TH 1%.7
11 Tk 23,3
15 TE 22,5
17 TK 22,5
23 TE 14. 8
28 R3 0.7&
24 7T 1401

1) 2]
Tk
TE
Tk
Tk

WD WE 4.9
TH = T 232
TE 20, TH  22.5
TE 2¥.1 TR 21.6
TE. 20.4 17 TK -2 3
T 20,6 21 TK 20.4 TE 31.0
S OTE 14501 26 R1 4.77 Rz  0.41
R4 0.5% 20 RS 0.%1 36 RT L0
STT 15. =

<0 L k)
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e
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O Wz 1.0 1 Wh 22
24 RK T 4 TE 27.2 T 19.7
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11 T 14, % 2 TE 2603 = TK 14.%
15 TE 17.% 14 THE 15.% 17 TK —7.1
19 TK 17.5 20 TE 4.8 21 TK 14,
2% TR 1z2.0 25 TE  139.4 26 R 4.#4
28 R3 Q.49 2% R4 0.%1 30 RS 0, &4
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Wwh =7. £ WE -, = DB Gl
T 27.2 = TK 21,6 LOTH 12,7
TH 22,5 Y TH 14.9 10 THE 19.7
7

Wb e

)

12 TH 21.6 12 TK 14,0 14 TK 17.%2
14 TE 16,8 17 TK -0.= 18 Tk 20.4
20 TE 17.& 21 TK 16. 2 22 TK 19.7
25 THE 16909 <t R1 1.464 27 RZ2 0,53
29 R4 Q.61 S0 RS 0. 6% 246 RT 11.0
2| TT 18,5

1 WO =1. Z WR 5.4 = B ]
4 Tk 21,0 5 TK 20,6 & THE 20,6
S TH 23.5 2 TH 15.% 10 TE 22.5
12 TE 24.4 Z TK 12,7 14 TK 19,7
14 TE 22.5 17 TE 5.4 12 TK 24,4
20 T 14,8 21 TK 15.% 22 THE 21.6
20 TE 16600 26 R 1.11 27 RZ 0,2%
29 R4 0.37 20 RS Q.44 36 RT 2.2

2077 B

1wn 1S, WE 5.7 ®DE 5.9
4 T 24.4 TK  19.7 & TK  15.9
z

DU

t Th 21,4 2 TE 11.1 10 TE 14.0
> TE 2.7 2Tk 13,0 14 Tk 16. 8
16 TE 14.8 17 TK -0.= 12 TE 14.0
20 TH 14.8 21 T 1¢.1 z2 T 1?.
25 TE 157.5 26 Rl 2,585 27 R2 O.=
29 R4 0.67 0 RS 1.17 26 RT
5 T7T 14.1

Ly,
\l

-
L] l-

m

I U WE S.é = DE 5.7
4 TH 27.2 5 TK 19.7 & TE 19.7
& T 20,4 E 14.% 10 TH 12.7
2 TE 22,5 2 TK 14,9 14 TK 14,3
164 TE 19.7 17 TE -0.3 8 T 17.%
20 TK 17.% 21 TE 15,9 22 TE 21.6
25 TE 146103 246 R1 2.4% 27 Rz O 632
=27 R4 0,63 20 RIS 0.87 & RT 14. &
=DOTT 24,1 '

[ )
13

1 Wh 1. Z WE .0 = DR 5.5

4 Tk 21.0 5 TH z4.4 & TE - 22,5
S TH =5.3 ¢ TH 21.& 10 TE 22,9
12 TR 27.2 = TE 1.7 14 TH 22.5
14 TE 22,5 17 TE .2 12 TH 19,7
20 TH 1.7 21 TH 2.5 C TH 5.3
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b3

)

25 T 141,32 2& R1 AL . RZ 0,42
2% R4 0.4¢4 20 RS 0,72 26 RT 7.1
25 77 14,4 '

)
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WE S.& ZDE 4.0 l
24 Rk 10,5 4 Tk 27.1 TE 20,6 & TH 20,6

7 Tk 14,5 = TH 22.5 Tk 14.% 10 Tk 22.5

1t TH 15.9 12 TK 3.5 o TE 14. 8 14 TK 17.& i
15 TE 17.& 14 TE 12,7 17 TE &3 12 TH 1.7 !
1% TH 19.7 20 TH 20,46 21 TKE 15,9 22 TE 21.4

=3 THE 14.0 25 TE 140,32 26 R 2.94 27 RZ Q. &4
28 R= Q.85 2% R4 0.41 20 RS 0,20 26 RT Z.1
=4 TT_ 1.4 =TT 17.3

1.2 1 WD 1.

QL)

1 1 WL pei 2 WR = DB Lo2

24 RK R 4 TK 2603 - TK 12.7 TK I

o THE 21,4 Y TH 14.% 10 TK 20

11 TH 14.0 2 TK 21,64 12 T 14.0 14 TK 19,7

15 TE 14.2 164 THE 1.7 17 TE 4.4 12 T 17.3

19 THE 1&6.8 20 TH 15.% 21 TH 14,0 22 TH 19,7
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24 Rk N 4 TK 28,2 S TE 20. 4 & TH 1.2

7 TE 1.9 & TE 2205 v TE 14,0 10 TK 12.7
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19 TE 12,7 20 TE 164.2 21 TE 16,8 22 TR 22.5
23 TE 12, 23 TE 175,46 g
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1.5 '

~SNbd N
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2% RI Q. 24 29 R4 0.74 20 RS Q.37 34 RT .5
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24 RE  14.6& TH  21.9 S TK  24.4 & TH 26,3
7 TH 18,7 S TH 25,3 o TE 19.7 10 TK  22.5
11 T 19.7 12 TK  28.2 13 TE 18.7 14 TK  20.6&
15 Tk 21.6 16 TE 20,6 17 TK 7.2 185 TE  Z1.4
1% TK 22,5 20 TE  23.5 21 TK 25,3 22 TK  23.5
oz TE  14.8 25 TE 210.0 24 Rl Z.85 27 RZ  0.39
% RT  0.4% =¥ R4 0.841 30 RS 0.467 3& RT 6.0
=4 TT 15.1 35 TT  14.5

0O WG 2 1 Wh s 2 WE 5.9 & DB S |
24 ERK 2.7 4 TE 2%.1 S TH 23,5 & TR 22.5
7 TE 18,7 S TH 23.5 ¥ TE 17.%& 10 TE 22.5
11 Tk 14,2 12 TE 24.4 2 TK 12,7 14 TK 20, &
15 TH 1.7 164 TH 20,4 17 TE &2 12 T  22.%5
19 Tk 19,7 20 TH 17.& 21 TE 17.2 22 THE P
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18 TE &10.=
22 TK 734.5
27 R2 276
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0 WS 0.8 1 WD =. Z WE 5.3 DB 5.7 [
24 R 7.0 4 T 290.7 S TE 2721 & THE S576.2

7 TE 1096.2 & TH 1252.% o TH 1209.2 10 TK 1294.9

11 TK 1330.1 12 TK S13.5 13 TK 760.2 14 Tk 1275.= i
15 TK 1176.% 14 TK 1191.5 17 TE 11€2.1 12 TK 1020.1 !
19 TK 1224.0 20 TK 993.9 21 TK 761.2 22 TK 629.2

2% TE  &%31.9 25 TK  11.1 26 Rl 2.80 27 RZ 10.75

22 RT 7.14 29 R4 S.42 20 RS  S.14 36 RT &, 6
=4 TT ~0.4 22 77 15.5

O WS 0.% 1 WD & S WB 4.0 3IDE 4.3
24 RE 14.6 4 TE 277.7 S TK 285.1 & TK 577.1
7 TK 1037.2 & TK 1Z13.5 @ TK 1259, 10 TK 1268.9
11 TK 1349.0 12 TK 509.0 13 TE 706.1 14 TK 1263.9
15 TH 1211.4 16 TE 1212.5 17 TK 1205.1 18 TK 1107.%
19 T 1219.8 20 TK 1069.1 21 TK 791.7 22 TK &483.64
2E TE 450.8 25 TE 15,9 24 Rl £.43 27 K2 10.80
22 R3  7.4% 29 R4 S.640 IO RS S.33 36 RT 9.4
4 TT 0.7 35 TT  12.4

v peN emm §

[

( wz 0.5 1 Wh 4, 2 WE 4.9
24 RE 11.& 4 Tk 286,00 S TE 2%1.46 TE
7 TE 2I1.E S TE 1:244.2 ® TE 1272, Tk
11 T 13320.1 2 TE 9.9 13 T &75.2 14 Tk
15 T 1211.4 14 TE 12251 17 TK 1174.% iz TK
12 T 1194, & 20 TK 1029.4 21 T 778.0 22 TK
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5.1 > TE  S69.0 1% T 732, 7 14 TK 1234, 4
&

! 14 Tk 1024.2 17 TH 1107, 12 T 1034, 2
197 TE 10432, 2 20 TE &17,.= 21 TK 4_3.2 22 TR w2
2% TE -321.1 25 TH 15.% & RY 4,77 27 RZ 7.26
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@2 R3 2.82 2% R4 S.EE 20 RS .22 34 RT
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4 R 11.& 4 TE  z203,2 5 TK 282,33 & TE S20.5
7 THE  &&7.1 a2 T 779.7 ¥ TE &246.7 10 Tk 10022 ?
11 TE 262,64 12 T S&9,.64 12 TH  &70.7 14 T 1022, 3
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.
. t:l

x4 TT 25 TT  22.4

»
H-19 ENERGY ANALYSTS, IN



P
.

N PER a ¥

-

143322845

0 WE 0.5 1 WD T Z WE D0 & DE S.E
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24 RK 8.9 T 226.2 T 33.E 6 T 253.5
7 TH  129.1 TH  144.%2 T Z3S.4 10 TE  138.5

TE 155.6 14 TE 106.2
Tk 24.4 18 TE 2.7

T 247.%
TH  =21.0

11 TH 27.1
1% T 177.5

N0y Qo kR

(ST

1% TK 25,3 TE 12.7 21 TH 10.2 22 TE 109.%
3 TE 101.2 TH 12.1 26 R1 -0.164 27 RZ Ctc
23 R 0.5& R4 1.04 30 RS 1.324 & RT 12.2

DURR I Ie ol SUROCEN

[N S W

24 77 -0.0 TT 21.8
14132147

O Ws 0.7 1 Who = 2 WE 5.4 'R b
24 RE 10.2 4 TE 1&7.7% = TE  243.1 & TE =1

7 Tk &Y, 0 2 TE 151.% 2 TE 75.4 10 TH 141,33
11 TK :4 = TK  177.% 2 TK 57.0 14 TE 182.3
15 TH 14 TE  248.4 17 TE 75.4 12 TE 1.9

3‘\1
s
t

1% Tk 0.0 20 TE Z2.8 21 T -3&.1 22 Te 493,88
22 TH E =5 TH 12,0 26 R 2024 27 RZ 1.20

C .;: |-| u‘|

l_n 1 \J
k
L

=22 RE 0. &3 2¥ R4 0.52 20 RS Q.53 36 RT 24,0
=24 77 12.0 CL 1.3

.
T Do N
Doy}

L)

-
e’
.

1 Wh 5. Z WE
4 TE =00,.= =S TR
2 THE  Z2vE ¥ TH
12 TH TF
14 TH g
20 TH
25 TE

DB 5.7
TR 296.2
10 TE  117.0
T 20.0
FTH 431
T 371.%
> 7Rz 1.09

[V
[ury

.
enoon

LU B E R N

ORI
[V
(OO =3

Ul L S -

|
Lo SO 5 SO )

RGO I | |
L

:J.

S0 ee NN 0D
ENIR U -

—t

2

b
L]

TE
26 R1

(2]
[y

[y
o
-

DOUNDE L B S Y ]

| K]

t

ot

1
|

28 R= Q.29 * R4 & 20 RS L 22 34 RT Y

=4 TT 4.1 3; TT 17.4

0O W= . Q.7

1 WD =, 2 WE 4.% Z DR 5.2

24 RE .Y 4 TE 254.4 5 TH 449,38 6 TE 3Es,
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NBS BOFST PRESSURE RECORDINGS

Acronym Describtion Units |

_ -
GO Gas Orifice psig

Wwo Water Orifice psig l
RO Restriction Orifice psig l
WP Water Line (near nozzle(s)) psig '
GAP Gas Differential Pressure inches of water l
Wap Water Differential Pressure inches of water -
RAP Restriction Orifice Differential Pressure | inches of water

First [ ] is at time of ignition.

Second [___]is at time of water injection.

Time corresponds to times of data acquisition system.
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TEST 4

N S W W

60 WO RO WP GAP WAP RAP
]!;!!mglggl 0.5 0.0 0.0 0.0 3.8 0.0 0.0
6:38:29 0.5 0.0 0.0 0.0 75.0 0.0 93.0
+38:30 1.0 0.0 1.0 0.0 | 113.0 0.0 | 465.0
:38:31 5.0 0.0 2.5 0.0 | 203.0 0.0 | 628.0
+38:32 20.0 0.0 7.0 0.0 | 217.0 0.0 | 707.0
:38:33 26.0 0.0 12.0 | . 0.0 | 216.0 0.0 | 772.0
:38:34 35.0 0.0 20.0 0.0 | 215.0 0.0 | 832.0
+35 38.0 0.0 27.0 0.0 | 214.0 0.0 | 830.0
:38:36 40.0 0.0 31.0 0.0 | 214.0 0.0 | 828.0
:38:37 39.5 0.0 31.0 0.0 | 213.0 0.0 | 824.0
:38:38 39.5 0.0 31.0 0.0 | 213.0 0.0 | 820.0
+38:39 39.0 0.0 31.0 0.0 | 212.0 0.0 | 816.0
:38:40 39.0 0.0 31.0 0.0 | 212.0 0.0 | 812.0
:38:41 38.5 0.0 31.0 0.0 | 211.0 0.0 | 808.0
:38:42 38.5 0.0 31.0 | 0.0 | 210.0 0.0 | 804.0
16:38:43]| 38.5 2.0 31.0 3.0 | 209.0 | 49.0 | 800.0
38144 38.0 3.0 31.0 7.0 | 208.0 { 91.0 | 795.0
:45 38.0 6.0 36.5 25.0 | 207.0 | 122.0 | 794.0
:46 38.0 30.0 30.5 37.0 | 206.0 | 164.0 | 790.0
147 37.5 90.0 30.5 97.0 | 205.0 | 188.0 | 744.0
148 37.5 | 100.0 30.5 | 109.0 | 204.0 | 213.0 | 715.0
149 37.5 45.0 30.0 | 52.0 | 203.0 | 234.0 | 679.0
+50 37.0 30.0 30.0 | 36.0 | 199.0 | 188.0 | 629.0
:51 37.0 25.0 29.5 31.0 | 196.0 | 134.0 | 580.0
+52 37.0 20.0 29.5 27.0 | 192.0 79.0 | 526.0
+53 36.5 12.0 29.0 19.0 | 182.0 | 64.0 | 468.0
:54 34.5 6.0 28.0 14.0 | 166.0 30.0 | 414.0
+55 32.0 4.0 27.0 13.0 | 150.0 0.0 | 352.0
:56 28.0 3.0 26.0 9.0 | 133.0 0.0 | 277.0
+57 23.0 2.0 24.0 7.0 | 119.0 0.0 | 186.0
+58 18.0 0.0 20.0 0.0 | 105.0 0.0 | 112.0
+59 14.0 0.0 17.0 0.0 | 100.0 0.0 56.0

: 00 8.0 0.0 13.0 0.0 90.0 0.0 11.0
:01 2.0 0.0 9.0 0.0 67.0 0.0 5.0
:02 0.0 0.0 5.0 0.0 38.0 0.0 0.0

W peW W
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PNl WM O Em ¥

NBS BOFST CHANNEL ASSIGNMENT

Channel | Acronym Description Units Location
0 WS Wind Speed mph Met Tower (10 m)
1 WD Wind Direction ° from N Met Tower (10 m)
2 WB Wet Bulb °C Met Tower (10 m)
3 DB Dry Bulb °C Met Tower (10 m)
4 KT K Thermocouple °C Cable Array (#1)
5 KT K Thermocouple °C Cable Array (#2)
6 KT K Thermocouple °C Cable Array (#3)
7 KT K Thermocouple °C Cable Array (#4)
8 KT K Thermocouple °C Cable Array (#5)
9 KT K Thermocouple °C Cable Array (#6)
10 KT K Thermocouple °C Cable Array (#7)
11 KT K Thermocouple °C Cable Array (#8)
12 KT K Thermocouple °C Cable Array (#9)
13 KT K Thermocouple °C Cable Array (#10)
14 KT K Thermocouple °C Cable Array (#11)
15 KT K Thermocouple °C Cable Array (#12)
16 KT K Thermocouple °C Cable Array (#13)
17 KT K Thermocouple °C Cable Array (#14)
18 KT K Thermocouple °C Cable Array (#15)
19 KT K Thermocouple °C Cable Array (#16)
20 KT K Thermocouple °C Cable Array (#17)
21 KT K Thermocouple °C Cable Array (#18)
22 KT K Thermocouple °C Cable Array (#19)
23 KT K Thermocouple °C Cable Array (#20)
24 KR K Reference °C Junctions for K
Thermocouple Thermocouples
25 KT K Thermocouple °C Gas Outlet
26 R1 Radiometer (7°) kW /m2 Radiometer Array (#1)
27 R2 Radiometer (150°) kW/m Radiometer Array (#2)
28 R3 Radiometer (150°) kW/m Radiometer Array (#3)
29 R4 Radiometer (150°) kW/m Radiometer Array (#4)
30 R5 Radiometer (150°) kW /m Radiometer Array (#5)
34 T T Thermocouple °C Gas Line
35 1T T Thermocouple °C Water Line
36 TR T Reference °C Junctions for T
Thermocouple Thermocouples

1-2 ENERGY ANALYSTS, INC.



nbe blowosut fire simulation, test o
1/27/24
=4 channels Per scan

17:00:2 12
O WE .2 1 WD 24,
24 RE 11.%& 4 Tk 38.5

WE S.2 S DB 5.5
TE 2.5 & TH 19.7

=

7 Tk 24.4 & TH =4.7 Y TK 12.0 10 TK 28.2
11 TK 20.6 12 TK 29.1 13 T 15. %9 14 TK 17.%
S TH 18.7 14 TE 20.4 17 TE 1%.7 12 T 19.7
12 TK 24.4 20 TH 17.& 21 TK 17.3 22 TK pc
23 TE 12.7 25 TE  261.2 26 R1 S Vé £7 RZ 0.37
22 Rz 0.25 Z7 R4 Q.89 30 RS 0.%4 36 RT 7.1
24 TT7 12.5 2B 77 12,0

17:00:14

R Wy R T

O W= 1.1 1 WD 22, 2 WE .8 = DE &.0
24 RK Y. 4 TE 57.5 S TK 22,5 6 TK 18.7
7 TH 21.4 2 TE 24.7 & TK 11.1 10 TE - 23.5
11 TE 20,6 12 TK 28.2 S TK 15. 9 14 TK 14,0
15 TE 12.7 14 TE 8.7 17 Tk, 15.9 18 TK 22.5
1% TK 22,9 20 TK 20.6 21 TK 14,9 22 TK 22.35
23 THE 14.8 25 TE 259.4 26 Rl Cic 27 Rz 0.41
28 R3 0.31 27 R4 0.72 30 RS 0,39 Z& RT 11.2
4 77 13.5 3= 7T 21.1 '

17:00:15
0O W= 1
Z4 RE 7
7 TH 12
11 TK 21.6 2 THE 22.5 s TE 10.2 14 TK  11.1
15 TE 12,7 14 TE 20,4 17 Tk 14.0 12 TE 14.0

1 WD 22, 2 WB 5.5 = DR S.2
4 TK 35.7 5 Tk 17.& & T 17.2
& Tk 0.0 ¥ Th e 10 TH . 20.4

19 THE 14,9 20 TK 17.& 21 TK 12.1 22 TK 22.5
=3 THE 14.0 25 TE Z64.83 26 R1 L£.05 27 Rz Q.64
28 R3 0.42 29 R4 0.3 20 RS 1.0z Sé RT 7.1
24 77 s.0 IS TT 15.1

17: 001 16
O Ws 1.1
24 RK 5.9
7 TH 18,7
TE  20.64

wo 21,
TK 35,7
TE  31.%
TE  24.4

WE .0 = DB S.4
T 1.7 = &6 TK 1%.7
Tk 10.2 10 TH 23.5
TE 12,0 14 TK 14.%

fary

DO N RN B )

=5 TH 14,8 TH 2.5 TE 14.% 12 TK 14,8
Y TH 17.% TH 12.7 TH 14,8 22 TK 23,5
TE 14,8 T Z4&Y.4 R1 b P ) 27 Rz S pcicy

IO XN

R4 0.¢61
TT 21.3

Leg
!

R 0,42 RS 0,&7 4 RT 11.7

TT 12.7

DU JCo ol SRR S

[ SO N I

B 00 e

GY B BRI B = s

17:00:17

O W= 1.1
4 RE o,
7 T 20.464
1 TH 12.7
b 7

W
TH
TH
TE

2 WE
5 TH
@ Tk
= TH

Z DE 5.
A TH 12,7
10 TE peic i
14 TK 14,0

~N k2
«
e
ot

O e DN R 0N
[ &l
-

= b b
G o=

DO R S P

0 SR

TH 1%, TE. . 17 TE . &8 TH 128.7
T THE 2RLT 0 TK . 1 TH 22 TR 20. 6 !

26 K1 Rz 0. wE

ZTE - 2004 :
30 RS 0.%1 6 RT 14.2

& RT O 0.0%
2 TT  20.4

TE -
R4
TT

{3 ]

[ SR I SRR Y
D3 e RO 00 N

a:) .
H
Ty
(23]
[
~J

MESENES N

O Ln

)

.
-
-
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e e e

R oW wm T

17:00018

We 1.2 1 WD PEICI =< WE S.¢ s DE L. 2
ek 2.0 4 TH 34.7 = TK 22.5 & TR 17.2
TE 17.& S TE 0.0 ¥ TE 10.2 10 TH 4.4
T 6.8 .12 TE =24.4 T TK 2.1 14 TK 14,9
TH 14.& 14 Tk 14.8 17 T 15.% 18 TE 2.7
Tk 14.% 20 TH 15.9 Z1 TK 13,0 22 TK 23.%3
Tk 15.% 285 TE 281.2 =6 R1 4,48 27 RZ O.45
R= 0.67 2% R4 0.33 30 RS 0.%0 & RT .7
TT S.w =SOTT 12,2

D)
-’

|

U N

IS0 0 D

[0 N N B N Sy

17:00:219

0 Wz 1.2 1 WD 22. 2 WE 5.
24 RE .0 4 Tk. CHC 5 TR 1%

7 Tk i17.& 2 TE 0.0 2 TE 1 10 TE 20.46
11 TK 12,7 12 TH - 2.2 = TR 12 14 THE 11.1
15 TE 15.% 14 TE 21.64 17 TE 14,2 12 THE 15.2
1% Tk 17.& 20 TK 12,7 21 TK 17.2 -~ 22 TE 12.7
22 TE 14.% 25 TE ZES.7 26 R1 4,32 27 Rz Q.62

22 R= 0, 3¢ 29 R4 0,34 30 RS Q.37 246 RT .1

24 TT  10.¢ =5 TT  17.%

o = DE t.0
7 & TK 19.7
i
1

17:00: 20

0 W3 1.3 1 WD 22, 2 WE 5.8 = DR 6.0
=4 Rk .0 4 Tk 2.9 S TR 22.5 A TH 16,8

7 TE 20,6 L8 THE 0.0 o Th 10.2 10 TE 42.5
11 Tk 20, 4 12 Tk 3 TK 10.2 14 TE 1Z.1
15 TKE 15,9 14 TE 17 TE 2.0 12 TH 18.%
19 T 5.9 20 TH 21 TK 14,0 22 Tk 1.7
=22 TE 17.2 25 THE R1 I 27 RZ 0. 41
22 R3 Q. 42 2% R4 20 RS 0.464 26 RT 1.2
=4 17 12,9 25 TT

D0 DN
31
™

EXIRx B
L]

3 .
b O G e e by
o
AL

e

17:00: 21 )
O WE 1.2 i WD =1.

24 FRE 10.& 4 Tk 7.5
7 Tk Z21.4 s THE 2.

i1 TK 21.64 12 TH 21.0 1

WE 5.7 = DR S.k
TE 22.5 & TE 20,4
TE 12.1 10 TE 24.4
TE 14,% 14 T 14,

LU X

[

15 T 19.7 164 TE 20,4 17 TE 17.8 12 THE 17, 7
19 TH 23,5 20 TE 22,5 21 THE 17.8 22 TH 2.5
23 OTE 17.2 25 TE 411.% 24 R1 4,462 27 RZ Q.7%
5 RE 0.4% 2% R4 0. 72 20 RS 0,57 6 RT 11.1

24 TT 1%.1 25 TT 0 22,7

17:00Q: 22

O W 1.z 1 WD 15, 2 WE S5.% = DB Aal
24 RE- v, 4 Tk 27.5 = T 21.4 & THE 1%.7
7 TE 20,4 = THE T2 Y THE 12,1 10 TE 27.2
11 TE 2.5 12 TE 2603 12 TE 12,0 14 THE 15,9
15 TE 14. 2 14 TE 1%.7 17 TE t7.% 12 TE 15,
12 THE 17.& 20 TH 22,5 Z1 TE 15,9 =2 TH 21.4
=22 TH 14,2 =25 Tk 412.2 =26 Ri .3 27 Rz Q.27
28 R3 0. 31 22 R4 Q.74 0 RS 0,62 34 RT 12.7
% 5 TT ZRLE

=477 1509
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N WM e ¥

PR PN Ol

—
~4

Whn 7. 2 WE
TH, 34.7 S TK 1% TH 19.7
<

[
R RN )|

2

[22]
O
WD e
BARES

o~

3 P TH =1, ¥ Tk . 10 T £4.4

Tk 17.8 2 TK 25.3 = TE 12.0 14 TH 2.
< A T 1.7 17 TH 14.0 12 Tk 14,8

TE 14.8 20 Tk 21.6 21 TH 14.0 22 TK 21.4

2 U e N] D D oee
o
-t —
N ~
. .
£ XX
[
o~ b,

DX l':.j r_-._'l bk Pb b

= TH 15.% 25 Tk 443,50 =26 R1 4.77 27 R2 0.2%
2 ORE 0.42 29 R4 0.52 20 RS 0.57 36 RT 2.2
4 T7T 12,4 IS TT P -
17:00:2%
O Ws 1.4 1 WD 17. 2 WE . S.0 = DB S.3 ®
24 RK 10,2 4 TE =7.5 S TK 235 & TE 20.64
7 TE 12,7 o TH =3. 8 = TH 14,0 10 TH 26.3
11 T 22,5 2 TK 27.2 =z TK 14, % 14 Tk 15.%
15 T 17.2 14 TE 21.4 17 THE 12.7 12 TE 17.2
19 TE 12.7 20 TH 1.7 21 TE 20. & 22 TK 24.4
= THE 17.2 25 TE  44=2.0 26 R 4,2k 27 RZ 0.5%
0. &8¢

~~,
"’

. 246 RT 5.3

& R 0.2% 29 R  0.56 30 RS
4 TT 6.1 25 TT  15.7
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24 RK 7.0 4 TK T2.Y S TE 20. 4 & TH 19.7
7 TH 15.% & TH 222 ¥ Tk g3 10 T 21.4&

11 TK 21l.6 2 TK 2603 = TH .2 14 TK 11.1
1% TH 13.0 14 Tk 20046 7 TE 14.% 18 TK 14.0
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17: 00221
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O WS 0.4 1 WD 11. ZWE 5.5 % DR 5.8 ’
24 RE 12,7 4 Tk 122,64 S TKE 127.2 & TH L3S
7 TE 87v.1 & TK 705.z2 Y T E75.3 10 THE 1047.2
11 TE 1221.9 12 TK 261.9 T TH 455,32 14 TE 1140,% s
15 T 997.9 16 T 11732 17 TE 1130.7 12 TE &yz.5 !
19 TE 1239.9 20 TH 1053, 2 21 TE 735.4 22 TE 6166
2T TE &12.4 25 TE gv.2 26 R1 10,17 27 Rz .71
28 R 7.16 2% R4 S.23 20 RS 5.17 34 RT LS

£ M
[

TT 17.4

-~

[}
D
.

=24 TT

17:01:14

0 Wz 0.3 1 WO <. < WE T.5 < OB J-E
Z4 RE 13,7 4 TE 1321.0 = TE 100,33 & T 321,

7 TE 915.4 = TE 289,64 ¥ TK 1041.1 10 TE 1136, 8
11 TR 1320.2 12 T 274.0 = TR 779.7 14 TH 105%,.2 =
15 TE 100z, &8 14 TE 1134.8 17 TK 1100.3 & T 1059.2
12 TK 1152.4 20 TK 1004,7 21 TE  702.%5 22 TK 612.1
=2 TR 441.7 23 TE 49,4 26 R1 741 £7 RZ .27
o8 RS 7.14 2% R4 .42 20 RS 4.50 3& RT .5
=4 77 1.7 ETT 17.% :

17:01:215

O Ws 0.& 1 WD & 2 WE S5 = OB a2
24 Rk 12.7 4 TE 132.5 o TE @28 & T 4132.7
7 T 794.%5 o TE 10Z25.4 YT 1131.7 10 T 1094,2
11 TH 1294.0 2 T  2%9.9 12 TK 777.& 14 TE 1114.4
15 TE., 942.7 14 TR 1146%,7 17 TK 1032.3 12 TE 1059, 2
19 TK 1191.5 20 TH 924,7 21 TE  &90,7 22 TR 57?.9
=3 TE ZRZLE =25 TR F1.0 26 R 7.97 27 RZ 2,464
=2 RE 7.07 29 R4 L1 B0 RS 4,73 36 RT 7.2 :
=24 77 ~-2.1 2ETT 17.2 ?

$ 1 Wh . Z WE 5.3 % DR S. 4
24 RE 12,7 4 Tk 237.5 = TE  159,9 & T S91.4
7 TE 41,4 =2 TE 1012.5 2 TE 1179.0 10 TE 1137.8
11 Tk 1214.7 12 TE  =132.7 T TE 864.9% 14 THE 1173.5 [
15 TE  993.9 14 TE 1237.8 17 TE 1024.2 12 TE 938.5 ®
19 TE 1193.6 20 TE  953.0 21 TE &94.% 22 T 421, 4
&3 T Z67.5 0 25 TK 22,5 24 R1 10.44 7 RE  8.4% '
28 R 4.9¥ 0 IV R S.EE 0 30 RS S.14 0 34 RT Bz [
=4 TT ey 25 TT 14.4 ;

17:01:17 - ' [

0 WS 0.7 1 W L 2 WE 5.5 = DB 5. o
24 RE 4.0 4 TH Z&b. b S TE 148,92 & T  &11.%

7 TE &28.4 & TE 90,2 Y TE 1034.2 10 TK 109%.%
11 TH 1275.3 12 TE  351.2 13 TK 931.8 14 Tk 1154, =
15 TE 974603 16 TE 1124.2 17 TE 1049.2 12 TE 914, 5
19 TE 1241.0 20 Tk 974.4 21 T 701.6 22 Tk éza. =
23 TE  4483.0 25 TH ¥.2 26 Rl 8.2% 27 RZ  9.01
E RE . 7.45 2P R4 S.6F 3O RS 5,35 34 BT 14,1
5 TT =34 35 TT 18,9
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P PR WA

17:01012
O Ws Q.

[12)

, & 1 Wo o, WE S.5 DE 5.7
24 RE 13,7 4 T 2E7.9 TH 201.4 & TE  &59.9
7 TE  201.0 5 TH 1102.% > T 11S5.3 10 T 10462,1
11 TE 12635 12 TK  430.0 z TE 942,72 14 TE 1207.Z
1S TE 1023.4 16 TE 1205.1 17 TK 1114.4 18 TE  ¥55.9

R I S

19 Tk 1282.1 20 TE 1008.7 21 TE 728,122 Tk 4535
% T o3A.4 S TH 14,8 26 K1 $.44 27 R2 E.S

=5 R3 7.10 =9 R4 b, B 30 RS 4, o7 24 RT %.5
=4 717 ~&ad 2577 1z.1

17:01:19 :
O Wz Q. 1 WD 14, 2 WE 5.5 = R S.8
4 RE O 12.7 4 TE 308,22 S T 230,79 & T 744,64
7 TE 204,82 o TE 105Z2.2 @ T 1172.8 10 TE 1;Oq.2
11 TH 1232.5 2 TE 4232.0 2 Tk S80.1 14 Tk 1204.0
15 TH 1002.7 14 TH 1272.4 17 TE 1151. 28 12 TH 1024.4
19 T 1251.7 20 THE 1013.6& 21 THE 748.3 22 TE 701.4
22 THE 2Z24.3 =25 TH 14.9 24 R S.42 =7 RZ .59

=25 R3 7.3z 29 RS 6. 4% 20 RS 3.51 =S4 RT TN |

=4 TT -10.3 25 TT 14,0

70120
W=
Rk
Tk

[

i

o L
Ragiul

1 WD =0. = WB 5. j s S8
4 Tk 293.4 S Tk 229.0 T, 7335.%
STE 1081.2 @ TH 114%=.1 10 T 1174.%
TH 12 T 4387.5 =T 732.4 14 TE 127%.32
TE = 14 TH 1250.4 17 Tk 1152.2 = THE 10;&.:
TE 1208.2 20 TE 1004.7 21 TE 751.0 2T TH  &69,.8
TE  445.0 25 TH 14.% 26 R L.TE *7 RZ 9.4?
Rz 7.320 2% R4 5. 64 =0 RD S.14 =4 RT 7.1
TT -5 25 77 i5.4

.
o
Ny Y )

[ )
LB o

L

[ o

b SN

NI BN

O 0 O e
IR NO A Y ]

0N =

DO R Ol el o
Iy 00 0 -

17:01: 21 .

0O WE 1.0 1 WD 21. 2 WE 5.5 = DB 5.
24 Rk 2.0 4 T 256,73 5 TR 27301 & T L6701

7 T #15.4 2 TE 1024.2 ¢ TR 113603 10 T 1128.4&
11 TE 1292.2 12 TH 442,46 12 TE  £44.0 14 TE 1142.%
15 TH 10942 164 TE 1235.7 17 TE 1159.4 12 TE 1004.7
17 TE 1214.5 Z0 TE 1030.32 21 TK 763079 22 TR &&L. 2
23 TH 2z0.1 25 TE ] 26 R1 =] 27 RZ2 G
28 RE L.74 2% R4 &40 20 RIS 4.7% & RT 7.1
=4 7T -&.4 2= 7T 1402 '

17:01:22
Q W= 1.0 WD
24 RE 12.7 Tk

1 2 WE
4

7 TE  821.0 = TE
16

= OTHE
¥ T 1<
2 TE o
17 Tk

bx]

n

[y

% DE =.
& TH 6328
10 TH 1095.Z
14 Tk 1084,Z
& THE 1038.2

| 0

—
o~ O 00
EN R e

¢ B
~
Z

[

-
LI,
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o S AR
[ovy

11 T 1:22.3 TE
15 Tk 1077.1 A TE

L] L ] [ ]
Dl B
l]

[y
RS Y
= Ry RN

[ IR A g - (OO 8]
RGN BN BT e
[ury
o

19 TE 1141.% 20 TH . 1 THE  ASZ, 2z TH TS, 7
=Em TH -572.7 25 TE .1 2&OR1 4 27 RZ b 52
o RT O 4.4% 29 R4 LEE 0 RS ) I8 ORT £,
22 TT =40 25 TT bz
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17:01: 23
O WX
24 RE
7 TH
11 TK
15 THE
1v TK
25T
28 RI
=4 77T

17:01: 2

O W=
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7 TE
11 TK
15 TE
T TE
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4 7T

E = N
~d
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o R
=4 TT
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=24 TT
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WRR W W

o

QO Wz Q.= 1 Wk 0, 2 WE 5.5 = DB 5.7
24 RE 12,7 4 Tk 20Z.4 S TE O 2E7.Y TR 1467.0
7 TH 29,2 S TE 21,4 T 771 10 TE LS
11 Tk 117.0 2 TE 242.%2 12 Te 109,5 14 TE 101.Z2
S TE 12901 14 T 20.0 17 TE 44,5 18 TH 7.5
19 T 45, W 20 Tk e D 21 THE 12.1 22 T 120,%
=23 Th 1#.: 25 TE 2.3 =26 R1 1.320 =7 RZ 0. 31
28 R= 0. 5A =9 R4 1.04 30 RS 1.02 24 RT 2.5
24 TT -12.2 25 77 17.%

2
TH
TH
TE
TH

W 41. = WB

=4 RE 7.0 TE  194.7 a5TE
7 Tk Z252.5 TE 141.3 2 TE
11 T 110.%5 2 TK 211.% 1
15 TK ] 164 THE C I i

] = Q. &

R |
[ ]
o

O -
o
[y
Do O 0 BE v I ) X

[

]
-

'\-4

L]

N
1.
iz ]

DR S .\J O B I S

=

2 TE T2.4
7 T 2.
1
&

RN AT, N3]
RN NP P T

DL O B e

1% TK 42.2 20 TH -7.1 21 THE -31.1 T 129,
22 TE -25.0 25 THE -1.2 26 R —-1.07 RZ .7
o8 R2 0.2 29 R4 0,78 20 RS 0.83 RT 7.

=4 TT -14.7 S5 TT 16,3

172012320
O W= 0.7
24 RE 12.7

Whi 4%,
T};: 1 55- /:‘

WE S = LB
TE  402.0 & TH

s
0N = O

Xl ORI =B

e ifis
)

[ty

—-\
3

.

JO

o

RS o6 RT (=

L

R4 0.5&
TT 21l.1

é Rz Q.20
24 TT -1323.8

7 TE Z97.1 TE 1&8%.0 ¥ TE 105,82 10 TH S51.9
11 TE  145.0 12 Tk 131, 12 TH RS 14 T 77.3
15 Tk SE.E 14 T V5.7 17 TE KT 12 TK ICIC I
1% TE s 20 Tk —-12.0 21 TH &, 2 22 TE 124,73
23 TE -25.0 25 T b2 26 R1 -0.%8 27 RZ 0.57

o

O WS Q.7 1 WD 4%, = WB S.6 = DR D&
24 RE 2.7 4 T 144,11 SOTE O 27E.4 & TE 141,32

7 Tk 32F.E B TE - 201.4 = TE 152.7 10 TH 74.4
11 T 186.1 2 TE 154.4 12 THE Y7.5 14 Tk 75.4
15 TE 7.2 14 TE 117.0 17 TE 4.7 12 TE 26,02
1% TK 2. 20 T -12.0 21 TE e 22 TE 123.2
=23 TE 12,1 =% TE —0.3 26 R —0.04A 27 RZ 0,55
22 ORE: 0,20 2% R4 0,71 30 RS 1.0 34 RT 15.0
=4 77 —lan b S TT 2303

17:01¢322

O WE 0, & 1 WD 47. 2 WE S.b o DR 2.3
24 RE 11.3 4 Tk 141.= SOTH 3957 AT 159.4
7 TE  231.% 2 T Z03.Z = TE 1021 10 TH 77.3
11 Te 1328 12 T 132,9 3 OTH “1.1 14 Tk 74,4
15 T Sh. 1 16 THE 15827 17 TE TN | 2 TK 0.0
1% TH Z2.P 20 TH -0, = 21 TH 1Z.0 22 T Z214.7
=23 TR 2.3 25 TH -1.= 24 R —0.61 27 Rz 0.7%
ZE RE 0.27 2% R4 1.04 20 RS O, 29 sS4 RT 4.4
w4 TT  -25.0 2577 1=.7 A
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i

0133232
D W= 0.5 1 WD LI
RE V. 4 TE 1282
7 TE 14401 2 Tk 173.6
11 THE Ve, & 2 TKE 112,38
1% TE 48.7 14 TE 1335.7
1% Tk 1.9 20 Tk 2.0
TE J.; 25 TH 0.3
R 0.70 2% R4 0,33
TT =-23.% EETT 14,9

BN

WB .7 = DR 5.8
TE  2347.% & TE 1451
T 24,8 10 Tk £7.0
Tk So.7 14 Tk AS.3
TE 44.1 12 T 27.1
Tk 2.3 22 T  163.9
K1 0.75 27 Rz 0.2%
RS 0.51 26 RT ez

Sl e N DO R

DO RN S

ll

I> 000

IO N ]

17:01:34
O W= 1.4 1 WD -
Z4 RE 10, % 4 Tk 120.7 Tk 293.4 & TH 117.%
7 Tk 110.5 S TE 144,11 TH 7.4 10 TE &tl.b
11 TK 70.% 2 TE 100,32 TR 0. & 14 Tk oS
13 TE 41,2 14 TE V.4 17 Tk 4.7 12 Tk 30,0
1% TK 31,7 20 TH =.4 21 T - &.3 22 Tk 131.0
22 TE 17.8 25 TH 1.5 24 R1 1.57 27 Rz 0.57
23 Rz 0.74 <% R4 Q.3% 30 RI3 0.51 3L RT PpC
34 TT =19.% 25 TT 164.2 .

RUU A

1

17:01:325
O Wx 1.2 WD 25 = WB S.9 oe &0

o Ol

11.4 S TE  2&7.5 TE  104.%
7 TE 0L & TE 27.2 & TK b2 10 TE b b Y
11 T S52.4 12 TE S, =
15 TE 2. 14 TE 4.4 17 THE J2.% 18 THE 21. 64
12 T 2%, 20 TH 7.3 21 TH 10.; 22 TH 103.2
23 TH 14.% 25 TE = 26 R =-1,07 27 R2 0.327

& RE 0.27 2% R4 0,30 0 RS 0. %0 34 RT 10.0
33 TT  =1é.0 2ETT 1¥. 4

i
24 RE Y. 4 T 1
= 1

s, = TE 40,3 14 T &1,6

RO I Y ]

DL
3
|

!

0 WS 1 1 WD S5, = WB 5.5 = DR 5.8 ;
T4 RE ] 4 TE 111.4 5 TE  270.% & TH 104,99 |
7 TE . & TE 124.4 @ TE  S57.0 10 T 52,

11 TE 2 Tk 89,2 12 Tk 42.2 14 TK  S59.8

A TE 74.% - 17 TE 26,3 12 T 239
1f T 20 TH 12.1 21 TE 11.1 22 TE 102.1
=3 THE 25 THE S 24 R -0,98 27 Rz Q.61
22 R3 Q.27 =% R4 0.7% 20 RS 1.22 & RT t.4
24 TT  —22.5 =TT 15.%

~

1% TE

[ SO I RS
[y
™~

Ll R RUIA | )

N Y Y N v ]

-
o
.
2

}
'
LA

N

|
|
[
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TN

NBS BOFST PRESSURE RECORDINGS

Acronym

Description Units

GO Gas Orifice psig

WO Water Orifice psig

RO Restriction Orifice psig

WP Water Line (neér nozzle(s)) psig
GAP Gas Differential Pressure inches of water
 WAP Water Differential Pressure inches of water
RAP Restriction Orifice Differential Pressure inches of water

First [ ] is at time of ignition.

Second [ | is at time of water injection.

Time corresponds to times of data acquisition system.
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APPENDIX J

TEST NUMBER 6
DATA ACQUISITION RECORDINGS AND PRESSURE READINGS
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NBS BOFST CHANNEL ASSIGNMENT

Channel | Acronym Description Units Location
0 WS Wind Speed mph Met Tower (10 m)
1 WD Wind Direction ° from N Met Tower (10 m)
2 WB Wet Bulb °C Met Tower (10 m)
3 DB Dry Bulb °C Met Tower (10 m)
4 KT K Thermocouple °C Cable Array (#1)
5 KT K Thermocouple °C Cable Array (#2)
6 KT K Thermocouple °C Cable Array (#3)
7 KT K Thermocouple °C Cable Array (#4)
8 KT K Thermocouple °C Cable Array (#5)
9 KT K Thermocouple °C Cable Array (#6)
10 KT K Thermocouple °C Cable Array (#7)
11 KT K Thermocouple °C Cable Array (#8)
12 KT K Thermocouple °C Cable Array (#9)
13 KT K Thermocouple °C Cable Array (#10)
14 KT K Thermocouple °C Cable Array (#11)
15 KT K Thermocouple °C Cable Array (#12)
16 KT K Thermocouple °C Cable Array (#13)
17 KT K Thermocouple °C Cable Array (#14)
18 KT K Thermocouple °C Cable Array (#15)
19 KT K Thermocouple °C Cable Array (#16)
20 KT K Thermocouple °C Cable Array (#17)
21 KT K Thermocouple °C Cable Array (#18)
- 22 KT K Thermocouple °C Cable Array (#19)
23 KT K Thermocouple °C Cable Array (#20)
24 KR K Reference °C Junctions for K
Thermocouple Thermocouples
25 KT K Thermocouple °C Gas Outlet
26 R1 Radiometer (7°) kW /m2 Radiometer Array (#1)
27 R2 Radiometer (150°) kiW/m Radiometer Array (#2)
28 R3 Radiometer (150°) kW /m Radiometer Array (#3)
29 R4 Radiometer (150°) kW/m Radiometer Array (#4)
30 RS Radiometer (150°) ki /m2 Radiometer Array (#5)
34 17 T Thermocouple °C Gas Line
35 1T T Thermocouple °C Water Line
36 TR T Reference °C Junctions for T
Thermocouple Thermocouples
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nbe blowcut fire simulation, test &
/27784
=4 channels Per scan

; i 1 WD 5. 2 WE 5.7
24 RE o, 4 TE 25,2 S TE 20.6
7 TE 19.7 s TE 22.5 v T 10.2 10 TE 15,9 [
11 TK 14.0 12 TK 25,3 12 Tk 12,1 14 Tk 14,0 i
15 TE 15.% 14 TE 1%.7 17 TH 14.0 12 TE 16,58 ’
19 T 14,79 20 Tk 20,6 21 TE 12.1 22 TK 2.5
23 TH 1.7 25 TH 197.4 246 R1 1.85 2 2 QeS8
i i c] 0,232 2% R4 0. 65 20 RS Q.44 24 RT 2.3
=4 TT PN | &5 7T 17.2

j= £.0
Tk 12,7

R O]

17 1\_I|.|_L
QO W i
24 RK 2
7 THE 17
TE 14,
T 14, & TE 17.8 17 TK 2.0 18 TK 1
TE 15,9 20 TE  20.&4 21 TE 13.0 22 TE 23
C TE 2046 25 TE 197.64 26 Ri .58 27 RZ 0.
2 RE 0,20 2% R4 0.41 20 RS Q.35 34 RT .0 ' \
4 TT 5.8 35 TT 16,3 '

1 Wh CICH < We D2 = DB S.E
4 TK 27.2 5 TK 19.7 & TK 19.7
& THE 22.5 ¥ TH 10.2 10 TE 15.9
2 TK £23. 3 12 TK 12.1 14 TK 13,

e sy om §
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B aem B oo
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1 WD 4. 2 WE 5.9 3 DB 5.7
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4 10 T 42,2
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THE 21
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11 TR 27.5 2 TH = 1 2. 14 T 113,33
15 TE  150.8 164 TE 104,00 17 TE 30, 12 TE 2603
19 T 25,2 20 TH . & 21 TR 1.0 22 TH F1.0
22 TE 27.4 25 TH .2 26 R 0,61 27 RZ Q.77
22 RZ 0.14 2% R4 0. 44 20 RS 0,62 24 RT A
28 TT -21.4 2577 12.7

17:17: 3

O Wz 1.4 1 WD 45, 2 WE by = DB S.e

24 RE 2.9 4 Tk 4.7 S TE 212.% & TK 41.=
7 TE 134.7 Z TE 20.46 0 9T 41.= 10 T 45.0
11 TH 43,1 2 TK 45.0 3 TH 2%.1 14 T 109.5
15 TE 14401 164 TE  10%.5 17 TH 27.2 18 T 232.5
19 TH 28,2 20 TE SE.9 21 TE 2.9 22 TE 7.5
23 TK 0.2 25 TH 1z, 26 R =-1.98 27 RZ2 0.17
28 R3 0.14 29 R4 0.95 20 RS 0.92 36 RT .7
24 TT -z24.4 2577 2l.4 o
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NBS BOFST PRESSURE RECORDINGS

Acronym Description Units
Go Gas Orifice psig |
Wwo Water Orifice psig l
RO Restriction Orifice psig
WP Water Line (near nozzle(s)) psig
GAP Gas Differential Pressure inches of water
WAP Water Differential Pressure inches of water
RAP Restriction Orifice Differential Pressure inches of water

First [___| is at time of ignition.

Second [___] is at time of water injection.

Time corresponds to times of data acquisition system.

J-25
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TEST 6

Time GO WO RO WP GAP WAP RAP
0.0 0.0 0.0 0.0 0.0 0.0 0.0

- 9.0 0.0 0.0 0.0 167.0 0.0 187.0
23.0 0.0 15.0 0.0 194.0 0.0 468.0
32.0 0.0 18.0 0.0 193.0 0.0 674.0
32.5 0.0 24.0 0.0 192.0 0.0 719.0
32.5 0.0 25.0 0.0 191.0 0.0 719.0
32.5 0.0 26.0 0.0 190.0 0.0 716.0
32.5 0.0 26.0 0.0 190.0 0.0 711.0
32.5 0.0 26.0 0.0 189.0 0.0 708.0
32.0 0.0 26.0 0.0 188.0 0.0 705.0
32.0 00 26.0 0.0 187.0 0.0 703.0
32.0 0.0 26.0 0.0 186.0 0.0 700.0
32.0 3.0 26.0 3.0 185.0 5.3 697.0
31.5 20.0 26.0 5.0 185.0 7.9 694.0
. 31.5 30.0 26.0 10.0 184.0 21.0 692.0
31.5 | - 30.5 25.5 17.0 184.0 26.0 689.0
31.5 30.5 25.5 22.0 183.0 31.0 686.0
31.0 30.5 25.5 27.0 183.0 30.0 683.0
-31.0 30.5 25.5 30.0 182.0 30.0 681.0
31.0 30.5 25.5 31.0 182.0 29.0 678.0
31.0 30.5 25.5 | 31.0 | 181.0 29.0 675.0
30.5 30.5 25.5 31.0 181.0 29.0 673.0
30.5 30.5 25.5 31.0 180.0 28.0 670.0
30.5 30.5 25.5 31.0 180.0 28.0 667.0
30.5 30.5 25.0 31.0 179.0 28.0 664.0
30.0 30.5 25.0 31.0 179.0 27.0 661.0
30.0 30.5 25.0 31.0 178.0 27.0 658.0
30.0 30.5 25.0 31.0 178.0 27.0 655.0
30.0 30.5 24.5 31.0 178.0 26.0 652.0
29.5 30.5 24.5 31.0 177.0 26.0 649.0
29.5 31.0 24.0 31.0 177.0 26.0 646.0
29.5 31.0 24.0 31.0 177.0 26.0 643.0
29.5 31.0 23.5 31.0 176.0 26.0 640.0
29.0 31.0 23.0 31.0 176.0 25.0 636.0
29.0 31.0 22.0 31.0 175.0 25.0 632.0
29.0 31.0 21.0 31.0 175.0 25.0 628.0
29.0 31.0 20.0 31.0 174.0 25.0 623.0
29.0 31.0 18.5 31.0 174.0 25.0 619.0
28.5 31.0 17.5 31.0 173.0 21.0 614.0
28.5 31.0 16.0 31.0 172.0 11.0 558.0
28.5 31.0 14.0 31.0 171.0 2.6 465.0
28.0 31.0 11.0 31.0 170.0 0.0 232.0
:17: 20.0 31.0 8.0 31.0 169.0 0.0 93.0
17:17:17 6.0 31.0 3.0 30.5 167.0 0.0 19.0
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DATA ACQUISITION RECORDINGS AND PRESSURE READINGS
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B Pea R I

NBS BOFST CHANNEL ASSIGNMENT

Channel | Acronym Description Units Location
0 WS Wind Speed mph Met Tower (10 m)
1 WD Wind Direction ° from N Met Tower (10 m)
2 WB Wet Bulb °C Met Tower (10 m)
3 DB Dry Bulb °C Met Tower (10 m)
-4 KT K Thermocouple °C Cable Array (#1)
5 KT K Thermocouple °C Cable Array (#2)
6 KT K Thermocouple °C Cable Array (#3)
7 KT K Thermocouple °C Cable Array (#4)
8 KT K Thermocouple °C Cable Array (#5)
9 KT K Thermocouple °C Cable Array (#6)
10 KT K Thermocouple °C Cable Array (#7)
11 KT K Thermocouple °C Cable Array (#8)
12 KT K Thermocouple °C Cable Array (#9)
13 KT K Thermocouple °C Cable Array (#10)
14 KT K Thermocouple °C Cable Array (#11)
15 KT K Thermocouple °C Cable Array (#12)
16 KT K Thermocouple °C Cable Array (#13)
17 KT K Thermocouple °C Cable Array (#14)
18 KT K Thermocouple °C Cable Array (#15)
19 KT K Thermocouple °C Cable Array (#16)
20 KT K Thermocouple °C Cable Array (#17)
21 KT K Thermocouple °C Cable Array (#18)
22 KT K Thermocouple °C Cable Array (#19)
23 KT K Thermocouple °C . Cable Array (#20)
24 - KR K Reference °C Junctions for K
Thermocouple Thermocouples
25 KT K Thermocouple °C Gas Outlet
26 R1 Radiometer (7°) kW/m2 Radiometer Array (#1)
27 R2 Radiometer (150°) kW /m2 Radiometer Array (#2)
28 R3 Radiometer (150°) kW /m2 Radiometer Array (#3)
29 R4 Radiometer (150°) kW /m?2 Radiometer Array (#4)
30 R5 Radiometer (150°) kW /m2 Radiometer Array (#5)
34 TT T Thermocouple °C Gas Line
35 17 T Thermocouple °C Water Line
36 TR T Reference °C dJunctions for T
Thermocouple Thermocouples

K-2 ENERGY ANALYSTS, INC.
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e

NBS BOFST PRESSURE RECORDINGS

Acronym Description Units
GO Gas Orifice psig
Wo Water Orifice psig
RO Restriction Orifice psig
WP Water Line (near nozzle(s)) psig-
GAP Gas Differential Pressure . inches of water
WAP Water Differential Pressure inches of water
RAP Restriction Orifice Differential Pressure inches of water

First [ | is at time of ignition.

Second [ ] is at time of water injection.

Time corresponds to times of data acquisition system.
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