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CALORIMETRIC MEASUREMENTS OF 
LASER ENERGY AND POWER -

1975 SUPPLEMENT 

Abstract 

The use of calorimeters for 
measuring laser output energies and 
powers is reviewed, primarily for 
the period 1972-1975 since prep­
aration of an earlier review. 

Introduction 

References 1-113 of this report 
were discussed in an earlier 

Jill 21 1! 
review. ' J The present review 
covers primarily papers that have 
been published since. It will also 
include some earlier papers that 
were unavailable or were overlooked 
at that time. 

Due to space limitations, the 
published version "* of the earlier 
review included less General dis­
cussion of the principles of 
calorlmetry than did the preliminary 
version. It did, however, 
include several additional ref­
erences; three of these --Ll° a p e 

to books and a review article on 

DISK CALORIMETERS 

Jacob et_ ad. described twin 
calorimeters consisting of two 
anodised aluminum plates, 3,2 mm 

calorimetric principles, and 
119—12^ 

seven J are to articles spe­
cifically on laser calorijr.etry. 
Discussion of these latter seven is 
repeated in the sections below. 
Seven references6,21,23-25,27,28 i n 

the earlier version were elim­
inated in the process of abridgment 
to the later form.11^ 

Some papers are not readily 
available or are unavailable in 
English, French, or German trans­
lation; In such cases, and some 
others, the abstract is cited with 
the reference. In many of these 
cases the abstract provides little 
information about the apparatus. 

thick. A differential thermopile 
having Junctions spaced 25-4 mm 
apart in a square grid pattern on 
the back of each plate senses the 
temperature difference. The 
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sensitivity was calculated from the 
mass and specific heat of the alum­
inum and the characteristics of the 
thermopile materials, and was also 
checked by comparison with a com­
mercial po er meter. The laser 
beam impinges directly on the alum­
inum oxide surface; the specular 
reflectivity of this was measured 
and found to vary from 1-3? in the 
8.5-11-um region. The maximum 
acceptable energy density was cal­
culated for short pulses as a 
function of pulse duration, the 
assumed limit being that which 
would give a temperature of 933 K 
(660°C) (melting point of aluminum) 
at the rear of the 2.5-um aluminum 
oxide layer; this is about 3 J*cm 
for 1-us pulses. 

Gelst, Schmidt, ana Case ' de­
scribed a broadband twin radiometer 
having a receiving cavity approxi­
mately as shown in Pig. 1. The 
Inside of the cavity is coated with 
black paint, so most of the radia­
tion is absorbed on the low, nearly 
flat cone at the end of the cylin­
drical cavity; the cylindrical wall 
absorbs most of the radiation 
reflected at the first surface. 
The system thus approximates most 
closely a disk calorimeter, although 
it has some relation to the cone 

Beam I 
Fig. 1. Cup-shaped calorimeter 127 

and hcllow-sphere types. The base 
of the cavity includes a calibrating 
heater, and the temperature is 
sensed with an electrocieposf ted 
radial thermopile. The instrument 
was compared with the NBS c-series 1 ̂  laser calorimeters usin^ a 
0.676-um cw laser beam; agreement 
was within the experimental uncer­
tainty, -1.5*. 

West et_ al.. described a related 
configuration derived from the 
earlier cone-and-tube instruments. * 
One version, Fig. 2, has an 
absorbing disk mounted at an angle 
to the beam and attached to a tube; 
both are black-painted. Mounting 
the disk at an angle to the beam 
ensures that any specular reflec­
tions from the metal, at holes in 
the paint, would strike the tube. 
Three of these and one of the older 
type are maintained at the NBS as 
reference standards for calibration 
of other instruments. Another 
version, ° also related to that of 
Neill, J has a shallow polished 
conical mirror at the end of the 
cylinder to reflect and spread the 
incident radiation onto the cylin­
drical wall, Fig. 3. Both of these 
versions use a double-walled calo-
rimetric body with a copper ring 
connecting the two walls. This 
construction serves to reduce sys­
tematic errors in comparing elec­
trical heating calibrations and 
laser beam inputs because the sur­
face temperature pattern on the 
outer wall becomes largely inde­
pendent of the location of the 
source of the heat on the inner wall. 
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Fig. 3. Inverted-cone-ani-tute "ilorimci-ir. * 7 

Howlcki 1 3 0 developed a 
blacl:ened-diok calorimeter utilising 
the temperature coefficient of the-
permittivity of a ferroelectric 
ceramic for the temperature ser.sinr. 
Two plates of BaTlO, are sandwiched 
between two metal capa * '.tor plates, 
one of which is blackened. The 
capacitor is connected into an ac 
bridge, the output of which is used 
to regulate the current in a heater 
between the two ceramic plates 30 
as to maintain the capacitor at a 
constant elevated temperature. The 
reduction of the power required in 

131 

33 

the heater wher. radiation impinges 
on the blackened j iritv is assumed 
to be e-.]u:tl to the- radiatlsn power 

^ai-:urai, Mitsuhashl, and Honda' 
describei apparently the same 
calorimeter as in an earlier paper. 

12S Zakurenkc et_ a_l. ^ described a 
somewhat similar disk calorimeter 
with automatically controlled 
1'eltier cooling, using a semicon­
ductor thermopile. 

1 pi Gardener and Hartlng described 
a disk calorimeter, for beams of 
fast atoms, using an arrangement 
with a raaial thermopile and radial 

-3-



heat flow somewhat similar to those 
of Jennings et. al. and 
Hefferd et al W 

CONE CALORIMETERS 

Preston 132 studied the spectral 
response of oone calorimeters by 
comparison with a black radiation 
thermopile, using filtered bands of 
broadband radiation peaked at 0.6;, 
0.8$, and 1.2 um. The results for 
the absorption efficiency of the 
oone were in good agreement with 
those calculated on the assumptions 
that the reflections are perfectly 
specular and that the effective 
average reflectivity of nickel Tor 
rays Incident at 12 angles froit 7.5° 
to 90° Is equal to that for normal 
Incidence. 

Boutlneau and Sauneuf " de­
scribed twin graphite cone calorim­
eters. The Junctions of the 
ircn-constantan thernorile are 
attached at equal intervals along a 
helix on the cone or at the center 
of segments of equal area. Cali­
bration Is performed by discharging 
a capacitor across electrodes 
around the opening and at the apex 
of the cone. Tha response to laser 
pjlses was found to be linear for 
energy densities up to 0.3 J-cm 
for pulses 30 ns wide, and less for 
shorter pulses. The response as a 
function of beam diameter was studied 
by placing a diverging lens In the 
beam and changing the position of 
the calorimeter. From comparisons 
of similar calorimeters In a split-
beam system It was concluded that 

the precision Is limited to -20JS, 
and the design Is unsatisfactory 
for diameters greater than 50 mm. 
A brief preliminary description was 
given of calorimeters of largei 
diameter uring a flat graphite dial! 
with deep circular grooves givir.c 
some cone effect. 

Neil; * described 'i ••ilorlmeter 
consisting of an alumina:-, cylinder 
blackened on the InterKr and con­
taining a polished aluminum cone 
having a base diameter e.-jual to that 
of the cylinder. Reflection from 
the exterior surface of the cone 
reduced the flux intensity at the 
interior of the cylinder below the 
threshold for damage tt the blackened 
surface. 

Strieker and Rom 1 2 described '. 
calorimeter having a curved ^.I^JS 
cone In which a thin s: iral strlj 
of platinum on the interior func­
tioned as a resistance thermometer; 
the response time was a few 
^5lll.='.'Conds. 

HOLLOW-SPHERE CALORIMETERS 

Smith at, aj^. J described a large 
variation of a hollow-sphere calo­
rimeter for powers from 0.3-100 kW 
at wavelengths of 1-11 um. The 
aperture diameter Is 10 cm. The 
beam first strikes a cylindrical 
convex mirror and then a sand­
blasted plate, to diffuse the beam 
and reduce the power density. The 
remainder of the cavity wall con­
sists of black-painted panels. 
Water is pumped through channels in 
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tht- v/al i and the t emi^'rature P Lae 
U: ni'-'.-i.:jr-ed Tor 100-s Irradiation 
['vrUjiLi. ElentrJiai heaters in the 
wntoi- stream are jaed Cor calibration. 

Zs.'ders and hVlla 1 3^ deD.-rH-ed a 
ho. low-sphere calorimeter 1'or hip;h-
;-<owfv beairu. The- befiin enters 
through a relntively large aperture 
ar.d strikes a curved mirror of ?y-
UndrJcal .'symmetry designed to 
distribute the energy uniformly 
throughout the black-painted in­
terior of the sphere. The tempera­
ture rise is measured by resistance 
Uiirrnometry, usin,': wire wound into 
a I:P -ove in the wall. Calibration 
by the method of mixtures is sug­
gested: swirling a known amount of 
hot water in the sphere and meas-
irinp; the temperature decrease of 
the water and resistance increase 
of the wire. This method would be 
quick and easy, and adequate for 
moderate accuracy. 

Dombi et_ al^ described a 
calorimeter consisting o." a 10-mrn 
cube of thin £old foil with a 2-mm 
hole, equivalent to a hollow sphere. 

B;ichl and Pfeiffer 1 2 0 described 
a hcllow-sphere calorimeter with 
distributed thermistors for the 
temperature measurement. 

BOLOMETER CALORIMETERS 

Koren et, al. djscrlbed a bo­
lometer for laser pulses consisting 
of a thin black film of V 20e evap­
orated onto a 10-ram-dIam sapphire 
plate 8 yin thick. The resistance 
change is measured with an oscillo­

scope. Peak resistance change 
occurs in a few hundred microseconds, 
and the time constant for cooling 
is about 5 ms. The noise level for 
small pulses is about 33 uJ. 

Wollr.sJcl and Bsdziak 138 
1139 described ether bolornetrlc 

devices for laser energy measure­
ments. Mitsuhashl and Sakurai 
reviewed laser calorimetry and 
developed a "twisted-double-wire" 
calorimeter — possibly a bolometer 
type - for pulsed ruby laser radia-

1 hi tion. Kortum and Mueller 
reviewed recent literature on bo­
lometers and ther.-ioelectric 
detectors, for laser and ott.^r 
measurements. 

I*i2 
Lushehlkov et_ al,. descrloed a 

power meter for infrared lasers in 
which the laser beam is attenuated, 
chopped, and compared with the 
chopped beam from a black-body 
source, using a bolometer as the 
detector. 

Farmer J described a commercial 
version of the double cone bolom­
eter, similar to that of Schmidt and 
Greenhow 8 8 and Schmidt. 8 7 

VOLUME-ABSORPTION CALORIMETERS 

Watt described calorimeters 
for short, high-intensity, 1.06-nm 
pulses. The beam enters a cylin­
drical cavity through a coaxial 
entry tube. The cavity is coated 
with a diffusing white paint. Sus­
pended near the front of the cavity 
is a ring of heat-absorbing glass 
whose inside diameter is greater 
than that of the entry tube; thus 
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It is not struck directly by the 
incident beam but eventually absorbs 
most of the radiation scattered 
about in the cavity. The hot junc­
tions of a thermopile are cemented 
to the rlig. The calorimeter con­
tains no electrical heater, but is 
calibrated by a split-beam compari­
son with a cone calorimeter using 
short intervals (0,1-1 s) of a cw 
beam. 

Boulanger et_ al. described a 
twin volume-absorbing calorimeter 
for 20.6-nm beams. The absorbing 
material is Plexiglas or Makrolon, 
0.5 or 1 mm thick, cemented to cop^ 
per plates. An iron-constantan 
thermopile is used to measure the 
temperature difference oetweeu the 
working and reference plates. Cali­
bration is performed by calculation 
from the masses and specific heats 
of the components or by use of an 
electrical heater on the copper 
plate. 

1*J6 
Gunn* described twin calorim­

eters built in diameters from 
13-330 mm. Two anodiaed aluminum 
disks are suspended in a massive 
aluminum housing; on each are uni­
formly distributed 12 or 21 junc­
tions of a chromel-constantan wire 
thermopile. Calibrating heaters 
are located on the rims of the disks. 
The absorbing material is cemented 
to the fane of the disk; various 
colored glasses were teBted at 
1.06 w and 0.46-0.69 urn.1**7 

Three different glasses withstood 
energy densities up to about 
60 J»cm~ for 200-ps, 1.06-um pulses. 
The noise level of the calorimeters 

Is typically .10 liJ per square 
centimeter of absorber area. A 
more economically constructed ver­
sion using commercial semiconductor 
thermoelectric modules has also been 

i lift described. 
Calorimeters of the same type but 

with different absorbing materials ~ 
magnesium oxide, lithium fluoride, 
and various plastics — were also 
studied for use from 9.2M-10.76 Mm 93 with both cw and short pulse beams. 
Stlrred-liquld calorimeters were 
also built and used with copper 

ikS sulfate solution for 1.06-um 
beams and various organic liquids 
for 9,27-10.59 um. 9 8 The solid-
absorber calorimeters were also 
compared with a previously-described 

70 tubular calorimeter' using short 
1̂ 7 intervals of cw beams at 1.06 jim 

and 9.27-10.59 vm.ya 

Karlova anci Kuz'mir. * briefly 
described a calorimeter using 
magnesium fluoride as a volume 
absorber for high-power 10-um 
pulses 

Joh: 
described energy meters for 10.6-um 
pulses in which the energy is totally 
absorbed in a gas, sulfur hexa-
fluoride. Offenberger et, al. 1^ 
described another in which pulsed 
beams are partially absorbed in a 
dilute mixture of propylene and 
helium. In all of these the pres­
sure increase rather than the tem­
perature increase is measured. The 
type is capable of ready extension 
to large beam diameters and large 
pulse energies. Related to these 
energy meters is the use of various 
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?AHTIAL-AB:>ORI'T1O:I CALOHIMETER.: 

Vulltev ana Kalinin"1*'*4 described 
a power-measurine calorimeter using 
two mirrors; this may be similar to 
that oT Rasmussen. 
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Reflectance and Absorp*ance Measurements 

Calorimetric methods may be ap­
plied to the determination of the 
reflection and reridiatlon losses 
from materials used as absorbers in 

126 laser calorimeters. Jacob ft al. 
mounted a specimen of anodl2ed 
aluminum -osorber ab->ve a disk calo­
rimeter and surrounded the specimen 
with a hemispherical mirror to 
direct radiation reflected from the 
specimen onto the disk. A sm^ll 
hole in the mirror admitted a la-er 
beam to the specimen. The system 
gave an upper limit of 5% for* the 
reflectance at 10.6 urn. 

Boulanger et, al. measured the 
reflection loss from their plastic-
plate calorimeters by tilting the 
calorimeter at an angle of 5° to the 
Incident beam and placing a mirror 
so as to return the specularly-
reflected component to the calorim­
eter absorber. 

i jig 
Gunn described a reflectance 

calorimeter consisting of a blackened 

metal cup, fitted with a thermopile 
and calibrating heater, arranged to 
Intercept nearly all of the 
specularly-reflected and diffusely-
reflected radiation as well as 
excess thermal radiation lrom the 
heated surface of specimens of 
absorbing material, .-. hole in she 
cut: admits the l&^er bear, at an 
angle of 15° tc the s;eci:nen, which 
is mounted or. an a I un i n arr. disk 
fitted with Its L'w:; thermopile and 
calibrating heater tc measure the 
aosorbed energy. Separate measure­
ments ^f the specular reflectance 
were also described. 

West and Schmidt have described 
In greater detail a previously-
described •* procedure for using ajj 
auxiliary calorimeter to measure the 
losses from blackened tube-cone and 
tube-disk calorimeters. 

Calorimetric methods have also 
been used for measuring the absorp­
tivity of mirror materials. 1* 1 , 1 5 D - 1 D 7 
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Test and Comparison Procedures 

13,127,129,146,168-172 Many papers J' " '* ' 
have dealt with electrical cali­
bration of calorimeters and with 
techniques for comparing calorim­
eters and other power- and energy-
measuring instruments in laser beams; 
a few key points will be mentioned 
here. In general, a split-beam 
arrangement must be used; a single-
beam system is usable only if the 
laser stability is better than the 
precision required of the comparison. 
The two calorimeters under compari­
son may be interchanged between the 
two beams, or they may be inter­
changed in one beam while a third 
calorimeter is used as a monitor in 
the other beam. The calorimeters 
should be far enough from the laser 
to reduce the effect of laser-
flashlamp radiation to an acceptable 
level. Irises and entry tubes may 
be used to reduce the effects of 

variable extraneous radiation and 
air currents. The splitter and any 
windows in the system should be 
wedges, in order to avoid inter­
ference effects from parallel sur­
faces. The angle of incidence of 
the beam at the splitter should be 
small if the angle of polarization 
of the laser beam varies. A lens 
may be used in one or both beams 
and the position of the calorimeter 
varied to test the effects of vari­
ation of power-energy density. 
Irises and central stops may be 
used to ensure that the beam lies 
well within the aperture of the 
calorimeter; diffraction effects 
must be taken into account. 

O'Neil et al,.1T3 have discussed 
samplers, attenuators, and method­
ology for diagnostics of high energy 
pulsed C0 2 lasers. Franzen1711 studied 
Fresnel beam splitters tor the same. 

Miscellany 

175 Zakurenko et al.'1'1-' used an ice 
calorimeter for laser energy meas­
urements. In thi3 system, the 
energy received by the calorimeter 
causes melting of ice, which is 
measured as a volume decrease in an 
ice-water mixture. The abstract 
does not indicate the type of 
receiver used within the calorimeter 
to absorb the laser energy; but the 
virtues of ;..•.• calorimeters include 
ability to measure slow processes 
and lack of dependence of the 

response on the location of the 
deposition of heat, so an absorbing 
liquid, such as an aqueous solution, 
or a conical or other cavity could 
be used. 

Several papers have ,-ealt with 
pyroelectrlc detectors as applied 
to laser and other measure-
ments. 1 2 2' 1? 6- 1 8 0 

Blevin and Brown in a paper 
on determination of the Stefan-
Boltzmann constant include some 
useful information on black coatings. 



Von Gutfeld discovered a 
transverse thermoelectric voltage 
effect in evaporated molybdenum and 
tungsten films irradiated by short 
laser pulses; the phenomenon may be 
useful for detectors. 3-

Several earlier papers have in­
cluded significant amounts of review 
material on calorimetric and other 
methods of laser power and energy 
measurement.23,25,27,28,183-185 
Three papers *̂ '* referenced 
earlier11***115 have been reprinted.186 

The designation of laser calo­
rimeters as disk, cone, hollow-
sphere, bolometer, volume-absorption 
and partial-absorption types is 
rather arbitrary^ there is con­
siderable overlap, and many instru­
ments do not fit cleanly into any 
category. Table 1 presents a sum­
mary of some of the more important 
characteristics of most of the laser 
calorimeters described in the 
i-eferences. The following numbered 
paragraphs define the abbreviations 
used in the corresponding columns 
in Table 1. 
1. Perhaps the most fundamental 

division Is between calorimeters 
that absorb radiation at a sur­
face (sur) and those that absorb 
it throughout a volume of 
material (vol). 

2. In the case of surface absorption, 
the absorbing surface may be a 
bright metal (met) or may be 
blackened with some coating such 
as black paint, anodizing on 4. 
aluminum, or enamel on copper 
wire (blk). The (blk) absorp­
tivity is usually higher but the 

damage threshold lower than in 
the (met). In the case of volume 
absorption, the absorber may be 
a solid (sol), liquid (lie) , or 
gas (gas). 
In the case of surface absorp­
tion, the radiation may strike 
the surface perpendicularly, or 
nearly so, with reflected energy 
being lost, as in a disk calo­
rimeter (dis ). Various config­
urations may be used to increase 
the absorptance. These Include 
the cone (con) and hollow sphere 
(hoi). A grooved disk (grv) 
gives some of the effect of r 
cone. A cup (cup) absorbs the 
radiation mainly on the blackened 
bottom, as in a disk calorimeter, 
but Intercepts some of the scat­
tered radiation on the cylin­
drical wall. An Inverted cone 
or convex mirror (inv) of polished 
metal within the calorimeter may 
be used to spread high-Intensity 
radiation onto a blackened cylin­
drical or spherical wall. A bo­
lometer of randomly packed 
insulated wire, a "rat's nest" 
(rat), gives multiple reflections 
within the mass of wire. Disks, 
cones, or hollow spheres may be 
constructed of randomly or reg­
ularly arranged wire that serves 
both as the absorber and the 
thermometer or bolometer; the 
Indentations of the resulting 
surface Increase Its absorptivity. 
The calorimeter may be designed 
for total or near-total absorp­
tion of its laser beam (toe) or 
for partial absorption (par) with 
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most of the beam continuing on, 
available for other uses, 

5. The measurement may be of the 
power (p_ow) of a cw beam, or of 
the energy (en) of one or more 
pulses or of a timed interval of 
a cw beam. 

6. The calorlmetric metnodology may 
be isoperibolic (lso) In which 
the temperature rise of the cal-
orimetric body is measured, with 
some correction for beat lost 
during the rise. The steady-
state conduction method (sst) is 
most often used for power meas­
urements but may also be used 
for energy measurements by 
integrating the temperature-time 
curve, A particular case of the 
steady-state method is the liquid 
flow (flo) method. In another 
isothermal method energy is 
measured by observing the amount 
of phase change (pba), solid to 

liquid or liquid to gas, that it 
causes. 

7. The temperature measurement may 
employ a thermocouple (tc_), multi-
junction thermopile (tp), 
thermistor (tst), or metallic 
resistance thermometer (res,). A 
particular case of the latter is 
the bolometer (bol). Or tem­
perature change may be inferred 
by measurement of a change of 
volume (ych) or change of 
pressure (£ch). 

8. The calorimeter may incorporate 
a heater (htr) for calibration 
with electrical energy, or have 
no heater (noh). With appro­
priate circuitry, the resistor 
of any bolometer-type calorim­
eter can be made to serve as its 
own heater; it is sometimes 
unclear whether this has in fact 
been done. 
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Table 1. Characteristics of laser calorimeters. 

Reference 1 2 

1 vol liq 
1 sur blk 
1 sur blk 
1 sur bin 
5 sur blk 

vol sol 
sur blk 
sur met 
sur blk 
sur blk 
sur blk 
sur blk 
sur met 
sur blk 
sur 'oik 

sur blk 
sur blk 
sur blk 
sur met 
sur blk 
sur blk 
sur blk 
sur blk 
sur met 
sur blk 

48 sur met 
19 sur blk 
50 sur blk 
51 sur blk 
52 sur blk 

53 sur blk 
51 sur blk 
56 sur met 
58 vol liq 
59 sur blk 

3 1 5 

- tot en 
dls tot pow 
con tot pow 
con tot pow 
dis tot pow 

- par en 
con tot en 
inv tot en 
rat tot en 
dls tot pow 
dis tot en 
grv par pow 
grv par pow 
dis tot pow 
grv tot pow 
dis tot pow 
dis tot pow 
con tot pow 
dis par pow 
dis tot en 
cup tot en 
con tot pow 
con tot pow 
con tot en 
con tot pow 
con tot en 
hoi tot en 
inv tot en 
con tot en 
con tot en 

con tot en 
con tot en 
oon tot en 
- tot en 
con tot pow 

6 7 8 

lso tc htr 
sst tc noh 
sst tc noh 
flo tc noh 
sst tp noh 

iso tp noh 
iso tp htr 
iso tp htr 
iso bol noh 
Iso tp htr 
sst cp htr 
sst tp noh 
sst tp noh 
sst tr htr 
sst tc noh 
sst tc htr 
flo tc htr 
flo tst htr 
flo tst htr 
lso tc noh 
iso tst htr 
sst bol htr 
sst tc noh 
iso tc noh 
sst tc noh 
iso tc noh 
iso tc noh 
iso res noh 
iso tst htr 
iso tst htr 
iso tc htr 
iso res htr 
iso tc noh 
iso tc htr 
sst tp htr 
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Table 1. (Contd.) 

Reference 1 2 3 4 5 6 7 8 
60 sur met con tot pow sst tc nob 
61 sur blk con tot pow flo tc noh 
62 sur blk con tot pow flo tc htr 
64 sur met grv tot en ISO tst noh 
67 sur met con tot en sst tp htr 
70 sur met con tot en lso tp htr 
71 sur met hoi tot en ISO tp noh 
72 sur met hoi tot pow flo res htr 
73 sur blk rat tot en lso bol htr 
71 sur blk rat tot en lso bol htr 

75 sur blk rat tot en ISO bol htr 
76 sur blk rat tot en lso bol htr 
77 sur blk rat tot en lso bol htr 
78 sur blk dls tot pow sst bol htr 
80 sur blk dls tot pow sst bol htr 
81 sur blk con tot pow sst bol htr 
82 sur blk con tot pow sst bol htr 
85 sur blk con tot en Iso bol htr 
86 sur blk hoi tot en lso bol htr 
87 sur blk hoi tot en ISO bol htr 
88 sur blk hoi tot en lso bol htr 
89a sur blk hoi tot en lso tst noh 
89b sur blk hoi tot en ISO bol htr 
90 vol llq - tot en Iso tst noh 
91 vol llq - tot en lso tp htr 

92 vol llq - tot en ISO vch noh 
93 vol llq - tot en lso vch noh 
91 vol iiq - tot en lso vch htr 
95 vol nq - tot en pha vch noh 
96 vol liq - tot pow flo tc htr 

97 vol sol - tot en lso tp noh 
98 vol sol - tot en lso tp htr 
99 sur met dls par pow lso tc htr 
102 our met dls par pow sst bol noh 
104 vol gas - par pow lso pch noh 

- 1 2 -



Reference 1 2 
119 vol liq 
120 sur met 
123 sur blk 
121 sur met 
125 sur blk 

126 sur blk 
12? sur blk 
128 sur blk 
129 sur blk 
130 sur blk 

131 sur blk 
133 sur blk 
133 sur blk 
134 sur blk 
135 sur blk 

136 sur met 
137 sur blk 
143 sur blk 
144 vol sol 
145 vol sol 

146 vol sol 
148 vol sol 
149 vol sol 
150 vol gas 
151 vol gas 

152 vol gas 

Table 1. (Contd.) 

3 4 5 
- tot en 
hoi tot en 
inv tot en 
con tot en 
dls tot pow 

dis tot en 
cup tot pow 
inv tot en 
cup tot en 
dls tot pow 

dls tot pow 
con tot en 
grv tot en 
Inv tot en 
Inv tot en 

hoi tot en 
dls toe en 
hoi tot en 
— tot en 
— tot en 

— tot en 
— tot en 
— tot en 
— tot en 
— tot en 

— par en 

6 7 8 
iso pch htr 
lso tst noh 
Iso tp noh 
lso bol noh 
iso tp htr 

iso tp noh 
sst tp htr 
Iso tp htr 
Iso tp htr 
iso — htr 
iso tp htr 
iso tp htr 
iso tp -
iso res htr 
iso res noh 

iso tp htr 
iso bol noh 
iso bol htr 
lso tp noh 
iso tp htr 

iso tp htr 
iso tp htr 
iso res noh 
lso pch noh 
iso peh noh 

iso pch noh 
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