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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your

expectations, we will replace it free of charge. Simply write to us:
Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.
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One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books, Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
Made in U.S.A.
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23 Eim Avenue 0-116-12

Hudson, New Hampshire 03051-0430

Tel: (603) 882-5195 . FAX: (603} 862-6925 e

QR

150 9001
CERTIFIED

B U —

R RN
HICRO-FOILT™ HEAT FLOW SENSOR

T S
'
§

L
CALIBRATION

g S

rar earT No. S7070/

sERIAL No. Z60%/6 30

HEAT FLOW SENSOR:

output at 70°F: J 37 microvolts/Btu-Ft~2 - Hr -2

{For heat flov into surface)
White ~ Positive (+)

Polarity:

Red - Negative (-]

Temperature Multiplication Factor: See Attached Graph

*Thermal Resistance: 42!2/ °F/Btu-Ft-2 -Hr~-* (Typ)

*Heat Capacity: go3 Btu-Ft=2/°F (Typ) :
Response Time: 675559 sec. (62% response to step function) (Typl
THERMOCOUPLE:
ANSI Type Material Polarity Color
K Chromel Pos. {+)} Yellow
Alumel Neg. (=) Red

Cutput per ANSI MC96.1-1975 and NBS Monograph 125 : ¢

* Thermal resistance is the temperature difference between the front
surface and rear mounting surface of the sensor per unit of heat flov

through the sensor. Heat capacity is the amount of heat required to -
raise the mean temperature of the sensor 1°F, Typical values of
these tvo properties are given primarily to indicate sensor

capabilities and are required for heat flow calculations only in very

rare instances. .
BY: (C3 ,Qum? R DATE: ___ #-/7-76

23 Eim Avenue
Hudson, New Hampshire 03051-0450
Tel: (603) 882-5195 FAX: (603} 882-6325

Q-116-12

IS0 9001
CERTIFIED

MICRO-FOILT™ HEAT FLOW SENSOR

CALIBRATION

RAF PART NO._J 20 70~/
SERIAL NO._Z6p¥/&3/

HEAT FLOW SENSOR:
330
{(For heat flow into surface)

White - Positive (+)
Red - Negative (-}

Output at 70°F: nicrovolts/Btu-Ft—2 - Hre—3*

Polarity:

Temperature Multiplication Factor: See Attached Graph

*Thermal Resistance: Y2774 °F/Btu-Ft~* -Hr—* (Typ)

*Heat Capacity: J03 Btu-Ft~2/°F (Typ)
Response Time: ded sec. (62% response to step function} (Typ)
THERMOCOUPLE:
ANSI Type Material Polarity Color
K Chromel Pos. {+)} Yellow
Alumel Neg. (-} Red

Cutput per ANSI MC96.1-1975 and NBS Monograph 125

% Thermal resistance is the temperature difference between the front
surface and rear mounting surface of the sensor per unit of heat flow
through the sensor. Heat capacity is the amount of heat required to
raise the mean temperature of the sensor 1°F., Typical values of
these two properties are given primarily to indicate sensor
capabilities and are required for heat flow calculations only in vezry

are instances.

e

BYC flcere, S/ anr DATE: &~/ 5-54
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o, e

e
e 23 Elm Avenue Q-116-12 e —————
Hudson, New Hampshire 03051-0490
23 Elm Avenue ’ Q-116-12 e Tel: (603) 882-5195 FAX: (603) 882-6925 o
RdF Hudson, New Hampshire 03051-0490 i ——
J : Tel: (603) 882-5195 FAX: (603).882-6925 e e
(603) (603) T gt 180 9001 S
IS0 9001 e i CERTIFIED
(M N N
CERTIFIED
g s
W.M‘WWMM%M MICRO-FOIL™ HEAT FLOW SENSOR

MICRO-FOIL™ HEAT FLOW SENSOR : E—————

|
g s

CALIBRATION . [P ——

i NSS

CALIBRATION . RAF PART NO. Z Z&7O - ﬁ ) IR

- S .
RAF PART NO. 070~/ ‘ SERIAL NO. Y40/ 23 O
SERIAL NO. Ao TP Y F—
| HEAT FLOW SENSOR: B
M““‘“"“‘“‘““‘W“““W .
HEAT FLOW SENSOR: Output at 70°F: 342 microvolts/Btu~Ft~2 - Hr —* ——————
Output at 70°F: 3‘;3 microvolts/Btu~-Ft~2 - Hy -> i Polarity: {Foxr heat flov into surface) S ———————
- - White ~ Positive (+)
Polarity: (For heat flov into surface) Red - Negative (-} —— —
White ~ Positive (+)
Red - Negative (-) Temperature Multiplication Factor: See Attached Graph .
Temperature Multiplication Factor: See Attached Graph *Thermal Resistance:_ J¢V/ *F/Btu-Ft~2 -Hr-* (Typ)
*Thermal Resistance:__ 0/ °F/Btu-Ft=* -Hr-* (Typ) 4 *Heat Capacity: 297 Btu-Ft~2/°F (Typ)
*Heat Capacity: go3 Btu-Ft~*/°F (Typ) Response Time: o0 sec. (62% response to step function) (Typ)
Response Time: &) sec. (62% response to step function) (Typ) THERMOCOUPLE : s
THERMOCOUPLE: o ————E =
e ANSI Type Material Polarity Color
ANSI '}‘ype Material Polarity Color s X Chromel Pos. (+) vellow
Alumel Neg. (-) Red ———————
K Chromel Pos. (+) Yellow
. Alumel Heg. (-) Red .
; Output per ANSI MC$6.1-1975 and NBS Monograph 125
Output per ANSI MC96.1-1975 and NBS Monograph 125 ——————
* Thermal resistance is the temperature difference between the front
5 s surface and rear mounting surface of the sensor per unit of heat flow ——————
* Thermal resistance is the temperature difference between the front through the sensor. Heat capacity is the amount of heat regquired to
surface and rear mounting surface of the sensor per unit of heat flow . raise the mean temperature of the semsor 1°F. Typical values of I
through the sensor. Heat capacity is the amount of heat required to these two properties are given primarily to indicate sensor
raise the mean temperature of the sensor 1°F. Typical values of capabilities and are required for heat flowv calculations only in very I
these two properties are given primarily to indicate sensor rare instances.
capabilities and are required for heat £low calculations only in very B .
g instancesM ' Byzp QQMDL/;/QAM pATE: 4-/F-%6 ——
o C ’; T ecialists in Temperature Measurement
BY&M@ L &l DATE: %- /-5 ‘ (/Speciali perature Measu T
&pecialists in Temperature Measurement —————
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23 Elm Avenue ’ Q-116-12
Hudson, New Hampshire 03051-0490
Tel: (603) 882-5195 FAX: (603} 882-6925

150 9001
CERTIFIED

MICRO~FOILTY HEAT FLOW SENSOR

CALIBRATION

RAF PART NO. A BTO/
sErIAL No. 3 J0L3F

HEAT FLOW SENSOR:

Output at 70°F: gszé;é> microvolts/Btu-Ft~2 - Hr ~-2

Polarity: (For heat flow into surface)

¥hite -~ Positive (+)

Red - Megative (-)
Temperature Multiplication Factor: See Attached Graph
*Thermal Resistance: ﬁ)?ﬂ/ SF/Btu-Ft-2 -Hr—* (Typ)
*Heat Capacity: 2:03 Btu-Ft-2/°F (Typ)
Response Time: (Iéﬁ(} sec. (62% response to step function) (Typ)

THERMOCQUPLE:

ANSI Type Material Polarity Color
X Chromel Pos. (+) Yellow
Alumel Neg. (=) Red

output per ANSI MC96.1-1375 and NBS Monograph 125

* Thermal resistance is the temperature difference between the front
surface and rear mounting surface of the sensor per unit of heat flov
through the sensor. Heat capacity is the amount of heat required to
raise the mean temperature of the sensor 1°F. Typical wvalues of
these tvo properties are given primarily to indicate sensor
capabilities and are required for heat flow calculations only in very
rare instances.

BY:/C{)W )q;x/@( pate: F-A2I-45

ébecialisrs in Temperature Measurement
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23 Elm Avenue Q-116~12
Hudson, New Hampshire 03051-0490
Tel: (603) 882-5195 FAX: (603} 882-6925

150 9001
¢/ CERTIFIED

MICRO-FOIL™™ HEAT FLOW SENSOR

CALIBRATION

RAF PART No. I BTO-/
sERIAL No. P53 J0L50

HEAT FLOW SENSOR:
Output at 70°F: I

Polarity: (For heat flov into surface)
white - Positive (+)
Red - Negative (-)

microvolts/Btu-Ft—2 - Hr -2
*

Temperature Multiplication Factor: See Attached Graph

*Thermal Resistance:_ )@/ _____ SF/Btu-Ft-% -Hr-* (Typ)
*Heat Capacity: 203
Response Time: 60 sec. (62% response to step function) (Typ)

THERMOCQUPLE:

Btu-Ft~2/=F (Typ)

ANSI Type Material Polarity Colox
X Chromel Pos. (+) Yellow
Alumel Neg. (=) Red

Qutput per ANSI MC396.1-1975 and NBS Moncgraph 125

* Thermal resistance is the temperature difference between the front
surface and rear mounting surface of the sensor per unit of heat flow
through the sensor. Heat capacity is the amount of heat required to
raise the mean temperature of the sensor 1°F. Typical values of
these two properties are given primarily to indicate sensor
capabilities and are required for heat flow calculations only in very
rare instances.
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23 Elm Avenue Q-116-12
Hudson, New Hampshire 83051-0490

Tel: (603) 882-5195 FAX:{603) 882-6325

180 9001
CERTIFIED
MICRO-FOILT* HEAT FLOW SENSOR
CALIBRATION
RaF pART NO._ S DT7O/
SERIAL NO. ?jjﬂé/j(/
HEAT FLOW SENSOR:
output at 70°F: 3'% microvolts/Btu-Ft—2 - Hr ->
polarity: (Fox heat flow into surface)
¥White - Positive (+)
Red - Negative (-)
Temperature Multiplication Factor: See Attached Graph
*Thermal Resistance: A0/ °F/Btu-Ft-% -Hr-* {Typ)
*Heat Capacity: 203 Btu-Ft-2/°F (Typ)
Response Time: O O sec. (62% response to step function) (Typ)
THERMOCOQUPLE:
ANSI Type Material Polarity Colox
X Chromel Pos. (+) Yellow
Alumel Neg. (-) Red

output per ANSI MC96.1-1975 and NBS Monograph 125

% Thermal resistance is the temperature difference between the front
surface and rear mounting surface of the sensor per unit of heat flow
through the sensor. Heat capacity is the amount of heat required to
raise the mean temperature of the sensor 1°F. Typical values of
these two properties are given primarily to indicate sensor
capabilities and are reqguired for heat flow calculations only in very
rare instances.
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23 Elm Avenue
Hudson, New Hampshire 03057-0490
Tel: (603) 882-5195 FAX: (603) 882-6925

Q-116-12

150 9001
CERTIFIED

MICRO-FOIL™" HEAT FLOY SENSOR

RS

e

CALIBRATION

RAF PART No. S B70-/
SERIAL No. 93 JO6HR

HEAT FLOW SENSOR:

3%

Polarity: (For heat flow into surface)
White — Positive (+}
Red - Negative (-)

Output at 70°F:

microvolts/Btu-Ft-2 - Hr -2

Sy A S S

Temperature Multiplication Factor: See Attached Graph

*Thermal Resistance: JokeJ °F/Btu-Ft-2 ~Hr-* (Typ)
*Heat Capacity: 403 Btu-Ft~2/=F (Typ)

Response Time:___(O'(p() __ sec. (62% response to step function) (Typ)

THERMOCOUFPLE:
ANSI Type Material Polarity Color
K Chromel Pos. (+) Yellow
e e Alumel Neg. (-} Red

Output per ANSI MCS$6.1-1975 and NBS Monograph 125

* Thermal resistance is the temperature difference between the front
surface and rear mounting surface of the sensor per unit of heat £lov
through the sensor. Heat capacity is the amount of heat required to
raise the mean temperature of the sensor 1°F. Typical values of
these two properties are given primarily to indicate sensor
capabilities and are required for heat flov calculations only in very
rare instances.
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4Lovlv33% 3.6 1342 = 2997 2.u45 Thermal Conductlvity calculation using Fourier equation . !
{ — : ? ‘ '

— — Sample = Apache L?ap tuff (du:y) Run 1 - : ——
as3JoLM 2 {e2 /3.‘{'} - .03 5 .30 - ; R
95 J oL\ 3 .7"/ %2 = 2L%\ t.27 I Q=K+(dT/dL) I
a5 Tol 34 8.9 /3238 = 243§ 7.29% k ‘ L S

p B where Q =heat transfer per unit area (W/Ft%) -

953 0"‘(0 qp’f/ 3.2k = LI 2.1% . K1 = thermal conductivity (W/m-K) —
dT = temperature difference between bottom and top sensors (K) SR —
o dL = distance between bottom and top sensors (m)
'{'\eg:t § low) Sov et \"8 5U\S’Uv- 'S W ‘D‘\J ’

mmmm Vadrnn g\rm Q-Q/Q BT sensors.

Y,

Sensor readings

Serial no. Temp % iTemp %% vHeat flow uV  Cal. constant Heat flow ZConvert to WIFE

{ WV/Btu/F-Hr _ BtwF-Hr  1BtwHr = 0.293W

' - . Bottom , ‘

96041631 - 70 343.2 81.9 3.3 24.818 7.272
- 96041632 70 343.2 78.6 3.23 24.334 7.130 A ———
Compevt o \Wlm = 7~0l5/.oqw = 7551 W/m 96041633 70 343.2 98.6 3.42 28.830 8.447|

/ { :

Top : : Tm————

AT = (3432 +393.2.4343.2 +342.2) /of - [245.4 +295.4 +245.5 -4»265.6\/4 9500642 22.2  295.4, 62 3.43 18.076 5.206

- i ~ d 9540641 22.2 2954, 685 3.2 21.406 6.272
9540639 22.3 2955 81.5 3.28  24.848 7.280] s

> 471.75 K ! 95J0640 22.3 2955 90.5! 3.26 27.761 8.134
: et - 5 - S 5 r———
AL = 0.5 Et Conevt to o = ¥.%043 = 1524 e ?;_ - 2-7‘3;::’("”:‘ 75.516 W/m _ o

i - - 0.5 Ft _ 0.1624m -
— Ky = 0.241 Wim-K e

NETL 40N : T
Y < am w Jons 1

KT: 75,51 wlm>= -—-::;‘
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Thermal Conductivity calculation using Fourler equation

Thermal COnductmty calculation using Fourier equation |

Sample = Apache Leap tuff (dry} Run 2

\'Ul\d\\’ Wvﬂ ¢ rMoQAMm MM CW WNWM«ZW
ﬁ)”p Cor /vi Avmgeyg _LQ,.A T Rw 2w b FM
Ot .S\Nmm ree S'o( 0 D ere A 'wa“”‘
() v Q T~
R 2 T

Sample = Apache Leap tuff (dry) Run3 | R

S s

'Q=Ky(dT/dL)

o

R S

: where 'Q =heat transfer per unit area (W/FE) o
i : g S i T T
Kt = thermal conductivity (W/m-K)
- Q=Kr(dT/dL) g | 'dT = temperature difference between bottom and top sensors (K} | T
: , ) dL = distance between bottom and top sensors (m) e
where 'Q =heat transfer per unit area (W/Ft%) T : ; :
i Ky = thermal conductivity (W/m-K) i ‘ —————————
dT = temperaml’e difference between botiom and top Sensors (K) _ Sensor readlni Py 0 2 T RS
dL = distance between bottom and top sensors {m) Seriaino.  Temp C Temp K Heat flow pV Cai constant Heat flow jCcnved to W/Ft
f — : j uV/Btu/Ft Hr  BtwFf-Hr  1BtwHr = 0.203W | ~
Bottom | ‘ ‘ . )
Sensor readings "“““ 96041630 76.6.  349.8 66.3 3.39 19.568  5.730
Serial no. | Temp °C Temp %K Heat flow uV Cal. constant Heat flow  Convert to W/F2 . 96041631 76.6.  349.8 71.7. 3.3 20727 6.366] e
W/BWFEHr  Bo/Fe-Hr  1BtwH 96041632 76.6_ 349.8 65.4 3.23 20.248. 5933 ‘
Bottom r u/Hr = 0.293W 96041633 76.6:  349.8 64.3 3.42 18.801 ‘ o 5.509
96041630 69.5  342.7 79.5 3.30! 23 451 6.871 - j " _ B
: : . (e} ; :
96041631 : 69.4 342.6 85.6 3.3 25.939: ; 7.600 95‘30542 : 39.6  312.8 60.6 : - ————————
96041632 69.4. 342.6 77.1 3.23 23.870 6.994 ‘ 95J0641 39.6 312.8 69.2
96041633 69.3 3425 77 3.42 22.515 5.507 | TR Y s
Top i ‘ — ' 95J0640 39.5. 3127 69.4 e ——
95J0642 22.4 295.6 72.4; 3.43. 21.108 5.185 U SO _— R
95J0641 22.5 295.7. 83.4 3.2 26.063: 7.636 S S .
95J0638 22.5. 2957 118.2 ) 3.28 36.037 10.559 ‘ Q=__ 6.279 WIF? 67 586 wim? SRS
950640 22.4  295.6 81 . 3.26 24847 > 280 \ dT= 37.056 K I S B ‘
: : dL = 0.5 Ft 0. 1524 m - —
- 7.465 W/FY ) 80.358 W/m? - | Kr=  0.278 Wim-K
dT = 46.95 K : e
TN St oSSR ; i
dL = 0.5 Ft 0.1524 m ‘Y
Ky = 0.261 Wim-K R
\ R \\
et \
i \
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Thermal Conductivity calculation using Fourier equation Thermal Conductivity calculation using Fourier equation
! e :
Sample = Apache Leap tuff (dry) Run 4 Sample = Apache Leap tuff (dry) Run 5
Q=Ky(dT7dL) Q=K+(dT/dL}
where Q =heat transfer per unit area (WIFt) N — where Q =heat transfer per unit area (W/Ft2)
Kt = thermal conductivity (W/m-K) s :KT = thermal conductivity (W/m-K) ‘
dT = temperature difference between bottom and top sensors (K) . 'dT = temperature difference between bottom and top sensors (K}
dL = distance between bottorn and top sensors (m) dL = distance between botiom and top sensors (m)
) ; ‘
Sensor readings : Sensor readings L « : z
Serial no. Temp °C Temp %K Heat flow 1V Cal. constant  Heat flow  Convert to W/Ft? Serial no. Temp °C Temp K Heat flow uV ‘Cat. constant _ Heat flow Canvert to W/Ft
uV/BtU/Ft2-Hr  BtwF-Hr  1Btu/Hr = 0.293W J WV/BWFE-Hr  Blu/Ft™-Hr  1Btw/Hr = 0.203W
Bottom » Bottom | ‘ .
96041630 94.3 367.5: 99.3 3.39 29.292 8.5683 s 96041630 86.5 359.7 116.6§ 3.39& 34.395: 10.078
96041631 94.3 367.5: 109.3 3.3 33.121 9.705 196041631 86.5  359.7 126.8 3.3 38.424. 11.258
96041632 94.4  367.6 100 3.23 30.960 9.071] 06041632  86.6  359.8 116.9. 3.23, 36.192 10.604
96041633 94.3  367.5 97.1 3.42 28.392 8.319 96041633 86.5  359.7 112.5, 3.42 32.895 9.638
‘ : L : |
Top . ;, ; ] Top ; v
9540642 40.1:. 313.3 - 917 3.43: 26.735 . 7.833 95J0642 20.2; 283.4 102.3 3.43: 29.825 S 8.739
95J0641 . 40 313.2 104.2 3.2 32.563 9.541 95J0641 20.1  293.3 117.4 3.2 36.688 10.748
9540639 40, 3132 148.8 3.28° 45.366 13,202 9540639 202  293.4 164.7. 3.28 50213 14.713
95J0640 40 313.2 103.2. 3.26 31.656 9.275 ¢ 9540640 20.2  293.4 114.4 326 35.002 10.282
Q- 9.452 W/Ff 101.747 W/m? ] ] Q= 10.758 WiFE _ 115798 Wim* S
54.3 K I ] , dT=  86.35K _ b ]
0.5.Ft : 0.1524 m i dL = 0.5 Ft 0.1524:m
Ky = 0.286 W/m-K Kr= 0.266 Wim-K
WS :
\ .
\ N
J—
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Thermal Conductivity calculation usi jon | hoarm ' —\ﬁ; , el >
ty using Foiurier equation Z e S \Oe\v—u) VS (,e/d;‘]l g;f /.:_Lt)gv:.:(:\w g;r
Sample = Apache Leap tuff (dry) Run 6 e do AP 34SBA_ mwlbimetev. This mekevy has been
; e Y5+t mV ceodies Svova Slet sensers
; NS Pl At =
‘Q=K(dT/dL) Y s m —cea/ —TII_A-MQ 4 5 ff\m | l«.z MEenl
Lwhere Q =heat trans.fer per unit area ‘(W/th) WW“\“wmmMMMMW.MM{TMNW }{Zu 2 YeCl C:pr M- » X ‘”“"““(““‘““‘ ?M?““yv@&&““,”) —m
Ky = thermal conductivity (W/m-K} g 2 01’” \L L ”b @@:&"’» w«mMmm‘wmhéw\mwﬁ‘@(&@&wm = 6 (%Q
dT = temperature difference between bottom and top sensors (K} i i
di = distance between bottom and top sensors (m)
‘ ) Southwest Research Institute
Sensor readings : ‘ T 6220 Culebra Road
Serial no. - Temp °C Temp °K_Heat flow uV_Cal. constant _Heat flow Convert to W/Ft? - San Antonio, TX 78238
. 5 5 Department of Quality Assurance
Bott uV/BtU/Ft-Hr  Btu/Ft™-Hr 1Btu/Hr = 0.293W Calibration Laboratory
ottom : , -
96041630 32.1°  305.3 22.7 3.39 6.696 : ' - : 4
: : . 1. S
9041631 2.1 3053 o 2 898 1202 Certificate of Calibration
96041632 32.2  305.4 21.1 3.23 6.533 1014 26 June 1996
96041633 32‘2f 305.4 20.3 3.42. 5.936 1.738
‘ N Issued to: RON GREEN DiV20 BS57
Top 1 Manufacturer/Model:  HP 3458A
 |9sJ0642 . 188 292 17.4 3.43 5.073 1.486 Description: DIGITAL MULTIMETER
_|95J0641 187 291.9 20.4. 3.2 6.375 1.868 Serial Number:  2823A02203
ggjggig : :g_sl 292 28.7 3.08 8750 2564 Asset Number: 001438
: .8 292 19.6. : T el
°. 3.26, 6.012, 1.762 [Environmental Conditions ]
o 1927 WIFE >0 744;W Z — Temperature:  73.0 Humidity:  40% "
- . : S _20. /m
gz = ‘ 13'307: g} - ; - [calibration Information 1
= ; Rk 0.1524'm )
: Calibration was in accordance with requirements of MIL-STD-45662A and ANSUNCSL Z540-1-1994.
Ky = 0.236 W/m-K Measurements are traceable to the National Institute of Standards and Technology (NIST). This report
may not be reproduced except in full without written approval of the originator. Inspection and test data
_ are on file and available for inspection.
Calibration Date: 25 Jun 96 Calibration Procedure: MFG
Interval: - 12 months Accuracy: MFGR SPECS
1 Next Calibration Due: - 25 Jun 97 Received: In Tolerance
\ e — Remarks: CAL BY ROTHE DEV., SAN ANTONIO, TX
\ o CERT# 43831

I
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Thermal Conductivity calculatio

using Fourier equation

Q=K1-(dTIdL)

Sample = Apache Leap Tuff (Run7)

where

Ky = thermal al conductivity (W/n:-K)

dT = ternperature difference betv

] bouom and top sensors (K)

B _dL = distance between bottom and top sensors (m)

|Sensor readings

96041633 174.1 0.95

Serialno.  Temp °C Mum- Correct Temp °K Haat ﬂow Conven to WIFP

factor Temp Bw/F-Hr  1BtuwHr = 0.293wW
Bottom . . e
196041630 174 0.95  185.3 4385  118.769 34.799 -
96041631 174 095 1653  438.5  104.806 30.708 ]
96041632 174.1 095 165.395 438.595 114.404 . 33.520

165.395 438.595  90.577

Top. S I e
9540642 24.2 1.04 ,Wgskgs 298.368 58573 17 162 e
9500641 24.5  1.04 2548 298.68  84.308 24702 |
95J0639 24.2 1.04°  25.168 298.368 99.692  29.21¢0 e
9500640 244  1.04  25.376 298.576. __ 91.030 26.672

Q= o e7. 914 W/Ft e 300 475 W/m

dT=_ _140.05K e S
dl= 05208 Ft _ e 0.15873984 m

0.03536 W/m-K

L —————

Thermal Conductivity caiculation using Fourier equatien
Sample = Apache Leap Tuff (Run 8) o )
::7777 A;I:\Veire Q= sheat tran§ferriger unit area (W/th) o e
K = thermal conductivity (Wimi() - o

_ - ) dT_= temperature difference between bottom and top senso

) _ . dL = distance between bottom and top sensors (m)
Sensor readings , .
Serial no. Temp ’c Multi- Correct Temp %K Heat ﬂow Convan to W/Ft

_ tactor Temp BtwFt>-Hr  1BtuwHr = 0.203W ]

Bottom . - I _ —
96041630  205.2  0.94 192.888 466.088 _ 136.552  _ 40.010.
96041631 2053  0.94_  192.982 466.182 126.684 __ _ 37.118
86041632 205.3 0.94 192.982 466.182 126.580 37.088
96041633 205.3  0.94  192.982 466.182 112,031 32,825 B
L
95J0642 25 1.0 26 2092  79.751 23.367
95J0641 25.5  1.04 2652 20972 _ 110.168. 32279 |
195J0639 252 1.04  26.208 299.408 111591 32696 |
19540640 25.4 1.04  26.416 299.616 102.701 ~30.091
0. 33184 WFC o _357.205 Wim?
i _168.67K S .
dt. = _.0.5208 Ft e
Kr=  0.340+ 0.03532 W/m-K

Thermal Co

nductivity calculat

Sample =

Apache Leap Tuff {F}yn_éi

o Q=K7(dTIdL)
where o

4L = distance betwesn bottom and top sensors (m) _

Q- -heat transfer per umt area (W/th) e ]

KT = thermal conducuvny (W/m-K)

‘g = tempqratyre difference between bottom and tmensors (Ki

Top_ . ~ e

|95J0642 ) 7244 .04 2§”376 298 szgi ”7§§h706 o 18.666 ]

(96J0641  24.7 104 25688 298.888_ 86.600 _  25.374
95J0639 _ 24.5  1.04 2548 29868  87.533 25,647 )
9500640 24.7 _ 1.04 25688 298.888 81.331 23.830

25.944 WIFE
_14082 K
0.5208 Ft

|Sensor mﬂdlan N B R ]
Serial no.  Temp °c Mulh— Correct Temp K Heat flow Conver! to W/Ft2

factor  Temp ___ BtwFtHr  1BtwHr = 0.293W
Bottom i . e -
96041630 174.9  0.95  166.155 439355 99.148 20, 290050
96041631 174.9 0.95 166.156 439.355  101.855_ _  29.844 ]
196041632 175 0.95  166.25 439, 45 101.000 20593 e
96041633 174.9.  0.95  166.155 439.355  87.188 25.546 }

279 265 W/m

_ 0.15873984m




| Thermal Conductivity calculation using Fourier equation _
| e e . MM
Sample = _Apache Leap Tuff (Run 10) R I
. QeKglay T T
[ where _ Q=heat ransfer per unit area (W/FY) B
Ky =thermal conductivity (W/mK)
_ X dT = temperature difference between bottom Va;aﬂto;;r;s'or;(?)" ]
. ._____dL = distance between bottom and top sensors (m)
S leadlngs d‘i 7»7 T i o S
Serial no.  Temp %c Multi- Correct Temp % Heat flow Convie;tnt; ;N/;l; ] ——«——
,,,,,, __factor __Temp __BW/FP-Hr  1BtuHr = 0.293W
Bottom T
96041630 145.5  0.96.  130.68 412.88 _ 76.086  22.293 B
96041631 145.5 _ 0.96  139.68. 412.88  77.474 22700 |
96041632 145.6,  0.96  139.776 412.976. 0.000 0.000
96041633 145.6 _ 0.96  139.776 412.976 65157  19.091
TOp T _ o o T - T
950842 = 23.6  1.04  24.544 297.744  48.788  14.295 ]
950641  23.9  1.04 _ 24.856 298.056 67.383 C1g743.
95,0639 23.8, 1.04 24752 297.952  66.918 __ 19.607
19510640 239 1.04  24.856 298.056 62.358 182711
ST TR e AL I ——
Q. _19.429 WiF? , 209.134 Wim?
g - - _LENYL e —————
oL - e 0.15873984 m
) O - - - - i ] - ] ]
Ky = 0.289 + 0.03017 Wim-K o
Thermal Conductivity calculation using Fourier equation ~ _ N 1
Sample = Apache Leap Tuft Run 1) R
Qe=Ky(dT/dL) o B - - U,
B whare . Q heat transer per unit area WFR) e m————— s
Ky = thermal conductivity (W/m-K) - |
| . dT =temperature difference between bottom and top sensors (K)
| . __dL=distance between bottom and top sensors (m)

Sensor readings

Serial no.  Temp °C Multi- Correct Temp %K Heat flow Gonvert to W/FY

| tactor Temp Btu/Ft>-Hr _ 1BtuwHr = 0.293W

|Bottom § . -
96041630  121.9  0.97  118.243 391.443 58.613 17473
06041631 1220 0.97  118.34  391.54 58.845  17.242 R

96041632 122 0.97 11834 391.54 0000
06041633 122 097 118.34 391.54  49.440 14486

Top
9540642

9500641 236  1.04
0500639 23.5 1.0 24.44° 297.64 53.581

237 1.04  24.648 207.848 49.333

24.336 297.536:  38.583 11,305
24.544 297.744 54269 _ 15.801
15699
__.14.454

. 163.402 Wim®

o = e
S 0.15873984 m

0.02895 Wim-K

Kr = 0.276 =

Thermal Conductivity calculation using Fourier equation

Sample = Apache Leap Tuff (Run12) . . |
Q=K (dT/dL) o B
where Q _=heat transfer per unit area {W, - . |

Ky = thermal conductivity (W/m-K}

77777 dT = temperature ditference between bottom and top sensors (K) |
L . dL = distance between bottom and top sensors (m)_ o
|Sensor readings S, S e e
Serial no.  Temp °c Multi- Correct Temp % Heat flow Convert to W/Ft?

factor _ Temp  Btw/Ft*-Hr __ 1Btu/Hr = 0.293W
|Bottom ; - - .
|96041630 94.9 0.98.  93.002 366.202 41.843 12260 ]
96041631 - 95 0.98 93.1 366.3 40.043  11.733 .
196041632 95  0.98 934 . 0.000 0000
96041633 94.9  0.98  93.002_3 32740 9.593
Top__ - - ]

losyoeaz 225 1.04 23.4  296.6  27.060

9550641 227 1.04  23.608 296.808 37.767

95J0639  22.6  1.04  23.504 296.704 38.018_
34,565

95J0640 227  1.04  23.608B 296.808

Q= 10.549 WIFY’ o 113.557 Wim® |

dL=  0.5208 Ft 015873984 m

Kr= T0.250 ¢ 0.02723 Wim-K

Thermal Conductivity calculation using Fourier equati

b Reobot-idL [ e

[Sample = Apache Leap Tuff (Run 13) e ]
Q=K(dT/dL) N -
B where ___._Q =heat transfer per unit area (WLEQ B o
- o B ,KY = ﬁerml conductivity (W/m-K)
o ____ dT = temperature difference between bottom and top sensors (K)
dL = distance between bottom and top sensors (m) B

Sensor readings

Serialno.  Temp °c Multi- Correct Temp % Heat flow Convert to W/Ft2

factor _Temp BtufFt’-Hr  1Btw/Hr = 0.293W

Bonom —— ——— e - —
96041630  69.9 1 69.9 3431  28.167 _ 8.253
96041631 69.9 1 698 343. 21.964 6435
96041632 69.9 1 69.9 3431  0.000  0.000
96041633 69.9 1

69.9 3431 18.091 530

T ]
95J0642 219  1.04 22776 295976 __ 17.192 6037

22,88 296.08  23.946  7.016
2288 296.08 24177  7.084
22.88  296.08 21971 6.438

9540641 22 1.04
95J0638 22 1.04

95J0640 22. 1.04

Q= _ B.509 WIF®?

. 70,085 Wim® |

aT- 7otk P
di = _ e . D.15873984 m |
Ky = 0.236 + 0.02494 Wim-K_ T

75




caleuiath

using Fourier equation _

Apache Leap Tufl (Run 14)

_ QeKe(dTra)

_ W,‘Kl = thermal conductivity (W/m-K}

Y

Sensor readings
Serialno.  Temp °C Muiti- Correct Temp % Heat flow

<. .. .where _ Q-=heat transer per unit area (WIFf)
e ... ___ dT = temperature difierence between
tance between bottom and top sensors (m)

battom and top sensors (K) |

Convert to W/Ft?

Bottom

___factor _ Temp . _BtuFHr

96041631 496 1.02 _ 50.592 323.

96041632 496 1.02 _ 50.592 323
96041633 49.7  1.02 _ 50.694_323.89:

Top
95J0642 21

9540641 21.6  1.04  22.464 295.66

95J0639  21.6  1.04  22.464 295.664

9940840 218 1.04 22464 295664 12605 -
i - o 39.974Wm? |
a7 = 3.974 Wim®

96041630 496 1.02. _ 50.592 323.792  16.701
12360
_ 0.000
. _9.662

104 2236 29556 e7a3

JBWHr = 0.293W

L 015873984 m

Kr= 002382 wimk
Thermal Conductivity calculation using Fourler equati . o
[Sample = _Apache Lesp Tuff (Run 15) B ]
L eekwmey
L Q -heat ransfer per unit area WIFE)
. MK = thermal conductivity (W/m-K) ]

dl = lemperatuée yaifierence between bottom and tgp ;ensor; EKV) ) vr

dL = distance between bottom and top sensars (m)

|Sensor readings -

Serial no. Temp °%C Mutti- Correct Temp % _Heat flow

Convert to W/F¥?

factor Temp Btu/FP-H

¢ 1Btu/Hr = 0.293W

Bottom

96041630 202.2  0.94_  190.068 463.268 119

531 3s.022

96041631 2023  0.94 190.162 463.362 130,

725 38.302

06041632 202.4  0.94  190.256 463.456 0.

000 0.000

96041633 | 202.4 ~ 0.94 190.256 463.456 _ 108.

449 31.776

9500642 253  1.0a_  26.312 209.512 78,

95J0641  25.7  1.04  26.728 299.928  111.910 32.789

329 22.950.

95J063¢ 255  1.04 26.52  299.72 107.

579’ ~ 31.52t

196J0640 257  1.04  26.728 299.928 98.

802 28.949

Q= setewr

dT= . 16361K
dL = ~ 0.5208 Ft

Kr=  0.330: 0.03432 Wim-K

340320 W/m®

0.15873984 m
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Thermal Conductivity calculation using Fourlor

. N

P

= Apache Leap Tuff (Run 16)

Q=Kr(dT/dL)

where Q =heat transfer per unit area (W/Ft)

Kr = thermal conductivity 7(W/m-K)

dT = temperature difference bety bottorn and top sensog (?) )

dL = distance between bottom and top sensors (m)

Ee—n;;rvr;adlngs

Serial no.  Temp ’C_Mutti- Correct Temp %K_Heat flow Convert to W/Ft?

Bottom

factor 'Temp i _Bw/F-Hr  1BtwHr = 0.293W

96041630 217.8, 0,935  203.643 476.843  96.873 28.384

196041631 217.9  0.935 203.7365 476.937 89.231 26.145

96041632 218 0.935 203.83: 477.03 __0.000 0.000

96041633 217.9  0.935 203.7365 476.937  121.589 35.626

Top__

950642 60.2. 1.015  61.103 334.303 80.820  23.680

9540641 60.1 1.015, 61.0015 334.202.  114.803 33.637

9540639 80.1 _1.015 61.0015 334.202 _ 111.200 32582
95J0640 60 1.015 _ 60.9 3341  104.258 30548
Q= 30.088 WFE 323852 Wim?

dT = 142.74K o - -
oL = 0.5208 Ft 015873984 m

0.360 + 0.03732 W/m-K

Conduotlvjt’ calculation using Fourler equation

 Apache Leap Tuff (Run 17) o o ) o
i Q?T(dr/du )

jj7 ; o o a7 = temperature dlﬂerenoe'o;wﬁo—ongoﬂom and top sensors (K)
o dL = distance between bottom and top sensors (m) ]

Sengg leadlngs L o

Serial no.

Q =heat transfer per unit area (W/th)

Kr = thermal oonducﬂvlty {(W/m-K}

Temp°C_Mul- _ Correct  Temp K Héat flow  Convert to W/FE

Bottorrr

96041630  150.8 0.96  144.768 417.968  57.294

factor  Temp Btu/FP-Hr  1Btu/Hr = 0.283W

96041631 150.9  0.96 _ 144.864 418.064 54.896

96041632 150.9  0.96  144.864 41B.064 0.000

95J0641

96041633 150.9  0.96  144.864 418.064 _ 74,377 _
0 T -
9540642 31 1.035  32.085 305.285  50.823 14.891

95J0639 31.2  1.035  32.292 305.492 69.539 20375

31.3 1.035  32.3955 305.596 70.042 20.522

9500640 313 1.035 32.3955 305506 64.417  18.874_

isarswWFE . 198872 W/m’
11255

_0s208Ft T """ g7sa73984 m

- ——— —m . 4

0.280 0 02935 WIm-K

NS —

Thermal Conductivity calculation using Fourler equation

[Sample = Apache Leap Tuft (Run 1) T T
| Oekdmay T T ey

_ Q- sheat transfer J:o_grrurnrt area (W/th)
KT - thermal conduc!lvrty (WIm-K]

dT = temgeralure difference beMe

4L = distance between bottom and to _g sensors (m)

bottom and to};sensors (K)

Kf = thermal conductrwty (W/m-K)

Senal no. Temp °C Multr- Correct Temp °K Heat?lovrﬁ Co;/;rr;; W/F! ]
L factor _Temp _ BwFfHr
Bottom e - ]
96041630 159.3  0.95  152.928 426.128  §1.233 15, ~
96041631 150.4.  0.96 153.024 426.224 _ 46.156  13.524
96041632  159.4  0.96 153.024 426.224 _ 0.000  o0.000
96041633  159.4  0.96 153.024_426.224 _ ©8.109 19.956
Tp T T e e
95J0642 668 1.02  §7.936 331.136  46.888 _  13.738
95J0641 . 57.834 331.084 66448  19.469
9500639 56.7  1.02  57.834 331.034 63932 18.732 ]
950840 56.7_ 1.02 _57.834 331.034__ 60.419  17.703
e e 181,660 W/m? ]
ar=__ e
= el . 0.15873984m
0.303 2 0.03161 Wim-K T T
_using Fourier equation e
Sample = Apache Leap Tuff (Run 19) o
QsKT(dT/dL) -
| where e Q=h -heat transife_riger un|t t area (W/ 2 o

_ i i : ~ T o ﬂ (emperqtgrg difference b;t;een bogom and
__ o dL = distance between bottom and to tisensors m)

Sensor readlngs

Serial no. Temp °C Muni- Correct Temp % Heat flow Convert to W/Ft
factor  Temp _ BW/F-Hr  1BtuHr = 0.293W B

|Bottom _ , e
96041630  134.2  0.97  130.174 403.374  37.121 _ _ 10.877.

196041631 1342  0.97 130.174 403.374. 37.156 __ 10.887

96041632  134.2  0.97 130.174 ¢ ) 0000 ~  0.000 o ]
96041633~ 134.2  0.97. 130.174 403.374  47.801  14.006

Top e o j
|95J0642 ~ 56.2  1.02 5§7.324  330.524 34.160 ”19@9 ]
9540641 56 1.02 §7.12 330.32 49618 14, 538 )
|96J0638  56.1 1.02  57.222 330.422 AQ_QZS . 13.764 o }
9540640 56 1.02 5712 33032 = 45112 13.218 _

Q- 12.471 WIFE
ldT = 72977 K

jdL = . 0.5208 Ft

134 242 W/m

_ 0.15873984 m




e e . SR Thermal Conductivity calculati using Fourler equation

Thermal Conductivity calcutation using Fourier equation A ‘ R e - e
e o - T ‘ Sample = Apache Leap Tuf (Run 22) . I e

Sample = Apache Leap Tuff (Run20) ] B o

Come e o o o ’ ' Q:kaéT/ﬁL)' T o T
__ Q=Kx(dTidL) ‘ L

. ) e ] o \ o B where B Q =heat transfer per unit area (W/Ff)ﬁ, o
| ... where  Q =heat transfer per unit area (W/Ft9) e ] ) e : s : ) Kz = thermal conductivity (W/m-K) -

Kr = thermal conductivity (W/m-K) : | T dT = temperature difference between bottom and top sensors (K)
ar - ter;pér;lu;ecﬁe_r:ﬁggty;é; bottom and top §giws:c;r; gKl . B T - dL = distance between bottom and top sensors (m}
_dL = distance between bottom and top sensors (m)

o . . NN S 74
s 7 [ ‘ — 7 : Sensor readings - ) o
Sensor readings - ‘ B Serial no.  Temp °C Mutti- Caorrect Temp %K Heat flow Convert to W/Ft?
factor  Temp BtwF1*-Hr  1Btu/Hr = 0.203W

Serigino. Temp’C Multi-  Correct  Temp %K Heat flow  GConvert to W/F

. factor Temp _ _BWFP-Hr  1BtuHr = 0.208W IR e Bottom

830 11 97 107 7 e : . 96041630 76.9 0.9
106041830 1111 0.97 107.767 380.967 _ 24.585 7.203_ :
96041631 111.1 _ 0.97 107.767 380.967  24.899  7.295

 76.131_349.331 14.443 4232
96041631 76.9  0.99  76.131 349.331 _ 15.058 4.412

96041632 76.9 0.9 76.131 349.331 0000, 0000
96041633 76.9  0.99  76.131 349.331 19.808 5.804

(96041632 1111 0.97 107.767_380.967  0.000

__ om0
96041633 1111 0.97  107.767 380.967 32745 9.584

L ; 9500642 38.1 _ 1.02  38.862 312.062. 15.007. 4.397
5.08  328.28 7 - ;

9500642 54 24869 7287 N . 9500641 38 1.02 __ 38.76_ 311.96 21.309 6.244 |
876 328.076  36.949  10.826

Tp

95J0641 538 1.02 e 95J0639 38.1 1.02  38.862 312.062 20.399 5.977
1950639 53.9  1.02  54.978 328.178 34.067 9982 | : - 95J0640 38.1-  1.02 38.862 312.062 19393 5682
19500640 538 1.02  54.876 328.076  33.817 9.908

T T : b o ‘ Q- sesowrF 55508 Wim
. _8.871 WiFf ’

: ) . dT=  37.295K e :
52.815K T T I ldL-  o.5208Ft i 0.15873984 m
B o o B Kr = 0.241 ¢ 0.02535 Wim-K
Kr= 0.287 + 0.03000 W/m-K R e e
|Thermal Conductivity calculation using Fourler equation
Thermal Conductivity calculation using Fourier equation_ _ e . S
e e S T - Apache Leap Tu#f (Run23) =~
|Sample = Apache Leap Tuff (Run 21) o I o L ~ S e
o e e - Q=Kr(dT/dL)
Q=Kr(dT/dL) B _ e o - - T
— P 1 . where  Q =heat transfer per unit area (W/Ft))
B where Q =zheat transfer per unit area (W/F) NI - : Ky = thermal conductivity (W/m-K) B
B Ky = thermal conductivity (Wimk) ! o T = temperature difference between bottor and top sensors (K) |
dT = temperature difference between bottom and . . ‘f"“'"“ ) ) e dL - distance between bottom and top sensors (m) ]
. _dL = distance between bottom and top sensors (m) i e
T T T ”wj»-...m T T

o e |Sensor readings e ,,,‘
S readings e R T Serial no.  Temp °C Multi-  Correct Temp °K_Heat flow  Convert to W/F2
Seriaino. Temp’C Multi-  Correct  Temp % Heat flow  Convert to W/Ff — ‘ ; | factor  Temp BtwFHr  1BtwHr = 0.293W
factor  Temp Btu/Ft®-Hr  1BtwHr = 0.293W ] . - R Bottom )

Bottom 7 i o ) - ; 96041630 173.6.  0.95  164.92 438.12 ¢
96041630 861 099  85.239 358.439 12421 3.638 ‘ -

630 96041631 173.6.  0.95  164.92 438.12
96041631 86.1 0.99  85.230 358.439 13.040 S P 96041632  173.6 095 164.92 438.12

96041632 86.1 0.99  85.239 358.439 0.000 . 196041633 173.6 0.9  164.92 438.12
96041633 86.1 _ 0.99 85239 368.439  16.940 N

18946
_18.304
__0.000

. 25.8a4

e [Fop T T T T e e T
Top B | ; 9500642 547  1.02 55794 328.994 54451 15958 |
95J0642 531 1.02 54162 327.362 _ 13.782  4.038 - e 9500641 547 = 1.02 55794 328.994 75211 22.07
9510641 52.9_ 1.02_ 53.958 327.158 21704 6350 | — - 95J0639 546 1.02  55.692 328.892  75.027 21983 |
95J0639 531 1.02  54.162 327.362 19.145  5.609 -

_ - 95J0640 54.6  1.02  55.692 328.892 _  69.840 20.463
95J0640  52.9° 1.02  53.958 327.158 19.388 5.681

= Q- 20.504 W/FY ]
1o o . spasawm? IS ; ¢r- __doeask T
a7 = 31.1 )

d.=  05208Ft

_ 220715 Wim®

a- 4,873 WFE

S dL-  _0828Ft " oise73e8am
0.15873984m

e T e —— » Kr= 0.321 +
0.02801 W/m-K

0.03339 Wim-K

Kr = 0.267+
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