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SUMMARY REPORT

HGP-A WELL FLOW AND ENVIRONMENTAL CONTROL TESTS

A flash steam separator, equipped with steam pressure and liquid level con-
trollers and venturi meters for measuring the separated steam and hot brine
flows, was installed at the HGP-A Well Site in the Puna District on the Big

Island (Hawaii).

These facilities, depicted in Dwgs. E-03-111 and E-03-113, were installed in
order to accurately measure production rates of steam and hot brine from the
well, and more particularly to determine the amount and composition of noncon~-

densable gases produced by the well in conjunction with the steam.

A well test was deemed appropriate in order to make one final determination of
well flow characteristics before committing the power plant condensing and gas

removal equipment for purchase.

The HGP-A Wellhead had undergone.a substantial workover program during the
summer. The well workover was necessiated by apparent deterioration of the
casing cement bond, as evidenced by rapid increase in static wellhead pressure
corresponding to an observed increase in the temperature profile in the well-
bore. <Cement bond logs were run, and they too confirmed the loss in integrity

of the cement bond.
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In order to restore the mechanical integrity of the well, a casing perforation
and cement squeeze job was performed in the 9-5/8" casing. In addition, a
portion of the 7" slotted production liner was cut and removed from a depth of
2,200 to 3,000 feet. This zone was cemented off because it was én undesirable
zone of production of lower temperature brine. A 7" casingrtie-back string
was cemented to surface to complete the well workover. These modifications to

the well added further impetus to the desirability of retesting the well.

Since the power plant would require a steam separator with its controllers and
associated flow meters for steam and brine flow, it was a matter of buying and
erecting these facilities early so they could be used for the well flow test
facility as well. The well test separator permitted a comparison to be made
of the results with those obtained previously by the Lip Pressure Method.
Otﬁer important benefits accrued by the test were: (1) training of the oper-
ating personnel and debugging the test facility, so this activity would not
have to be done concurrently and thereby complicate the startup of the power
plants itself; (2) assuage the concerns of the community by early demonstra-
tion of the fact that facilities could be designed to operate in an environ-

mentally acceptable manner in a geothermal well production operatioa.

There was a comnitment made to the HGP/Development group that the well flow
tests would be designed and conducted in a manner that would comply with the
requirements for noise and H,S abatement. These requirements were that the

noise intensity would be no greater than 65 dBA at a distance of one-half mile
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from the well site and the HyS gaseous discharge would not exceed the equiva-

lent of 400 grams per MW hour (44 ppm).

Because this was to be a short term test (two weeks maximum), the desire was to
minimize capital costs for the noise and H,S abatement equipment. After re-
viewing various alternatives, the rock muffler and the caustic/hydrogen per-
oxide process were selected to provide the required abatement of noisg and

H,S.

Discussions with control valve manufacturers indicated the steam pressure
control valve (letdown valve) would exceed 110 dBA so this valve and asso-

ciated piping were buried in a concrete valve box. The steam discharged to

atmosphere through a diffuser pipe installed in the plenum of the rock muffler.

The rock muffler was constructed of a concrete box which contained a plenum
chamber created by a framework of steel pipe over which were placed steel

grating and a five-foot layer of 1" to 1 1/2" crushed rock. The cross-sec-

“tional area of the rock muffler was sized for a superficial steam velocity of

2,400 1bs/hour-ft2. The rock muffler proved so effective that a normal con-

versation could be conducted beside the muffler. The noise level measured on

the road fronting the well site was only 44 dBA'

The caustic and hydrogen peroxide system for H,S abatement, which was first
tried successfully at The Geyers during air drilling operations, was selected

as the method of H,S abatement for the short term well flow test.




FMC furnished data developed at The Geysers on the requirements for caustic
and peroxide as a function of the percentage HpS abatement. (See Figure 1.)
Based on this data, the caustic and peroxide injection systems were designed
to provide 7 moles of caustic per mole of HyS and 4.5 moles of hydrogen per-
oxide per mole of HyS in order to achieve 92% abatement. Static in-line
mixers made out of steel bgffles were installed immediately downstream of both
the caustic injection nozzles and the hydrogen percxide injection nozzlgs in
order to increase the efficiency of contact between the chemicals and the H,S
in the steam. By use of the static mixers, it was hoped to achieve a marked
decrease in chemical consumption, approaching the stoichiometric mole ratios

for caustic and hydrogren peroxide of two and four respectively.

The caustic determines the effectiveness of the H,S abatement because it
reacts with the H,S and removes it from the steam. The hydrogen peroxide
merely serves to oxidize the hydrosulfide to a sulfate so that it cannot
revert back to HyS as it would if the hydrosulfide stream became acidified.
Therefore, the effective use of caustic is extremely important to the success

of the abatement program.

The caustic was received at the well site as a 50% solution. This was reduced
in strength to 10% for use in abatement. Because of the extreme purity re-
quired in handling hydrogen peroxide, it was used directly as received, as a
50% solution. FMC furnished the injection pump and high purity aluminum

piping for the hydrogen peroxide injection system. FMC (Mr. Castrantas) also
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provided instructions on the safe handling of hydrogen peroxide and was very

helpful in discussions relating to the process chemistry and test results.

The well flow tests were performed over the period December 29, 1979 through
January 17, 1980. Well flow was initiated by opening the master valve and the
10" wing valve to the vent silencer. The initial flow rate was very high and
the ratio of flash steam to brine indicated that flashing was occurring in the
wellﬁoré. As flow continued, the total flow decreased while the steam frac-
ticn increased to about a 50/50 ratioc, indicating “hat the flash point had
progagated down into the reservoir. This flow behavior was similiar to that
evidenced during earlier tests, in the ratio of about 65/35%, although the

steam fractions in the earlier tests were somewhat higher.

Figure 2 is a plot of well flow as a function of separator pressure, which was
varied from 60 psig to 170 psig. It is of interest to note that, unlike wells

in which flashing occurs in the wellbore and where the wellflow follows a

curve when plotted against wellhead pressure, the wellflow in HGP-A is nearly

constant over the range of wellhead pressures tested. This is because flash-
ing occurs in the formation (reservoir) and flow is limited by the formation

permeability.

There was an agreement with the local community that steam flow to the vent
silencer would cease by sundown so as not to disturb the community with the
high intensity noise and H,S odors which eminate from the vent silencer. For

this reason the 10" wing valve to the steam separator was opened to heat up

-
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the system after only about five hours of flowing to the vent silencer. This
amount of time was not sufficient to clean out the well, so cuttings and rock
debris were introduced into the separator test facility. The debris caused
some difficulties with plugging and wear of the seats in the brine bypass
block valves, which were opened to avoid damage to the liquid level control

valve.

The 10" wing valve to the vent silencer was closed, and all the well fiow was
directed to the steam separator by sundown, as prescribed. When well flow was
reasonably stable, the caustic injection pump was started and 10% caustic was
sprayea into the steam through the nozzles located in the steam line down-

stream of the pressure control valve.

For the first test point, because of difficulties with the caustic injection
pump the rate of caustic addition of 10% solutioq was limited to a mole ratio
of 3.2. This rate was less than half the design rate of 7 moles caustic per
mole H,S, but analysis of the H,S (by Drager tube) in the steam discharged
from the rock muffler indicated the HyS level to be less than 6 ppm. The
liquid drained from the rock muffler was very black in appearance (sulfides)

and the pH was in excess of 11.

Analysigﬂépowed 16 ppm of HyS in the untreated brine from the bottom of th%
separator, all of which essentially would be flashed off with the steam when

the separator liquid was vented to atmosphere through the vent silencer.
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Analysis of the incoming steam showédr77§‘ppm \f H,S to be present. There-
fore, the overall abatement was 97%. Tﬁ;;h;;z;emely effective performance was
attributed to the static inliner mixers that were installed. The rock muffler
also contributed to the effectiveness because the rock surfaces provided an

extremely large amount of wetted interfacial area of contact for the HyS and

caustic.

A sample of the steam plume from the rock muffleé was analyzed for caﬁstic
carryover, and there was no evidence of caustic entrainment in the steam. The
rock muffler not only proved effective as a silencer, but it also served as an
effective coalescer to prevent caustic mist carryover with the steam plume

vented to atmosphere.

For the second test point the caustic injection rate was reduced to an equiva-

lent of 2 moles caustic per mole H,S. At this rate of injection the HyS in

‘the steam plume from the rock muffler increased to 20 ppm for an overall

abatement of 95%. The liquid drain from the rock muffler was very black and

114-1¢
the pH = 11. =

141
When the caustic rate was reduced further to 1.5 moles caustic per mole HyS
equivalent (third test point), the H,S in the steam plume from the rock muf-

fler rose to 91 ppm (86% abatement), and the liquid drain from the rock muf-

fler registered pH = 7.
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The test points were repeated in a second series in which hydrogen peroxide
was injected at the equivalent rate of 4.1 mole/mole H,S. The injections of
the peroxide made a dramatic change in the color of the liquor drained from
the rock muffler. The color changed from the black sulfide to water white
(soluble sulfate). There was a fine suspension of reddish material, iron

oxide, which settled out in the percolation basin.

The HyS results were reproduced in the second series of tests but with one
exception: at the 1.5 mole caustic per mole HyS equivalent rate of injection,
there was a noticeable odor of SO,. Analysis of the steam plume from the rock

muffler indicated the presence of 120 ppm of SO,.

The presence of SO, raised the question as to whether SO, had been present in
the first series of tests in which only H,S had been analyzed. A third series

of tests were performed duplicating the same conditions but analyzing for SO,

at each test point. After some difficulty in obtaining reliable SO, analysis

at the beginning it was determined that SO, would not be released into the
vented steam providing the pH of the liquor from the rock muffler was main-

;ained above 11.

A 20% caustic solution was made up and additional tests were made at caustic
mole ratios up to 8 and peroxide mole ratios to 6. There was less than 1 ppm
of HyS or SO, released in the steam plume from the rock muffler at these high

injection rates.
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Conclusions

1. The steam flow rate at plant design conditions, 160 psig separator, are

adequate for the power plant design capacity of 3 MW.

2. The quantities of noncondensable gases in the steam are no greater than

those specified in the condenser and gas removal equipment specifications.

3. More than 92% H,S abatement can be achieved in the test facility at near
stoichiometric quantities of caustic and hydrogen peroxide injection
because of the high contact efficiency provided by the static mixers and

the rock muffler.

4. The rock muffler satisfies the requirements for noise attenuation and
serves as an effective coalescer to prevent chemical mist entrainment in

the vented steam.

Recommendations

1. The condenser and gas removal equipment be released for purchase as
specified.

2. The rock muffler be kept as an integral part of the plant installation,

so it can be used for steam venting purposes whenever the power plant is

shutdown.



The caustic and hydrogen peroxide system be retained but only caustic be
used . in the treatment (H,S abatement) because the liquor from the rock
muffler immediately percolates into the ground through lava tubes and
there is little opportunity for the liquor to become acidified and re-

lease H,S.

10




- P e i
£ 0

\EH TESTS

JED

PolNTS

mD\cA"raf:

e
-

s

1

|

| &

'
|

=)

NDU

1

i1
|

Al T

ic

|

y

at

ANDILCATE

(N

| IWE

|

T T B =
H!Q}\Txolh‘:i?

MO

l

Lt
2

=4
|

4

S

NS

B

= ~..|Il.l,|sl—‘ll| ==k

S 5

LA

BEsig
g

B (SR

GE. ||

NTA

PEECE

E=r

| [ s |
5.} i -
]
i
- - - o ——— e —
S 5 RRRRES NS DTl
) A R T RN :
; 1 a
] . { g 5 |
i e i dos. :
] . .(. il
i
N |




ST T E TR AR IR NN Eu AR R Rt s RS
SRAEE AERREER 114 | SN I SRR B ] BEEEEEE N T
S el | i :Lw:T: EERRSRENAES Ein RIREREEY ._:w_:i_ =
1 il e L 91 O 0 O I 0 G O ) O O LR1ASE 10 P 100 0 A - v O L Sl L BB LR gV S A PN - S J 1) 6 Vit SR
Wi A i | e R .A..._” i || : i ,l_'_ ! AP 3 3! SRR I b Lt : ey AN
SIS BRE | ERRER ] T_+“ e LT, g i@l T L PR e T e
5 ._ _. _ w0 w .a__ H ! p_ __ __.H i A ¥ ¥ 4 _.A __W_ A_h.m _* N H NHM_
"_.w. BECAEREARrOER ot | _;_ e EENINERARER Ml R R AR
ERE: BUEEEE TN BEGPANENEI e N NN ER B o i _ . sy Enny
g LN T T S

¢ 3 § il 5 B ¢ s | o bk { ! R BS | {2 - § 12
Rl TR ik A1 1] SEEERUREESRRRRRE _.._ | EENENE! SRALT N
“ T “_ T _ o RN T u 1@1 .,M.W_Tm., __...MlTu - Dr REREE w. . _" {4 A PR 1" TIT.I i
. (Vo) gd 2ol -_ 2 w _; _-__,_ & :A...., {41 3 _ __ _ L = o1 .i.;
| o I 3 . Ll & BRE s [ _ bdobd E L L .* =14 J - A e _.n
". ﬂ\.g | =< & doik 2 ledis BN | 4 1 Fi T _1 4 41 1 N AL_, = A__M - | o | Bk
| || ; 1 _ ; Lt -] ) Ay ki ARERE
! (C4ER e e : - : 1 i ~ b0 b
e AL L | il -4 Vi 0%

ﬁ THTEG Cl % 1 5
y s o

T

S sy

PAPH ~ SHOWING GTEAM WATERZ "AND TOTAL
J o
] s o et
P 1%
PO L

SSUREPINE SIS URISSIDS ) SN SUNSIPSS [P S T SR
&y v i T
i

SIPARATOR
: |

q!

T

| i
| ) Lot :
H ; ul ]
1 ) 1 i
% 55 108, Y9N L.IL L 1S T £ l.m Sl e - A— i —\ 5 -

AR IO Y| NPT =

FLASH
1

FIG

—
B
.

H
i
|
BEE S
!
}
!
T
{
s
¢
1
1
|
|
'
I
!

N ST

»
i

=

e e T
} :
1

|
! ! |
| | ”
|
| | 1 _ BNk
" | | LT ]
v A = ! i ! b | ! g 4
_ z 1y _ BER [ “ IRRRRN . R
o B ks " | ) | L.l.bu_ Jusletl | ' | m : | i ) | O ) L0 SR
i < m"_ ! I ‘_;.M.HL . “,m % 1 i
N ol U R R R e
¢ et bt o e | ! ! L el i ! SN ERE
A =1 5 “ _ 4 v-.ﬂ 5 Pt ll_ltu« 5“_1741 q; = T,W _.ﬂn EREEE m ! “|4 T .L,.a
i gl n | T e 1 sl
BE | i ! _ [ | .m_: _h_ [ 1 r a | EESRE
REAE IAEREENE 2 L .l_l____ ! {11 ERISERINERE _ “i
T | A bt ! 0 L gl gk IS R T IS T (A R (B 1 !
Piidpieli | L ! FLLLEET et e e bbb i i
;___h; |t | L ERRRRRRCRRRERERR ESESRESE “,.L EREak
Lo L LM b s P e P et L e ]
SRt o : ! S 5 O I A ) bt LM A R s e T o T Sl B B S s e R e P CE R
i . . L R R | W i T L EEERRREY R B
RAERERERUREAR k w __ _: LR H el L Z_mm_ ENRRERSRRURRE RN _
§ s 4 4 i S T O | b g | 3 = R A U ‘ 1% § 3 ey .
sasaRiseRaEannnil DRREUWE L D DT e ] Lk et L B et 6 ] e Bl |

Q o 0 4 p
@ 3 < o 0

. o~ 2
% . (Su/gooor)  DavE MO WWALS

A

(e X<

. i (i s e ’ e g g PA o IR e B T o P

Aoy Ny 3 8 n. ’ : q"ﬂ ww ” N@ ., - I M_zl. _J‘ nvv.li:v,.. ; ”.h ﬂ.q.. J._ R R (o_.._uv.;‘aiw ~ﬂw.~ JI-.OJ‘. Wr-u)iw y r . i
. s [ v [ & ' . 3 ¥ 3

: : : L o oo _‘ TSR A7k 4 Tead be oo d ,.

R




; 20-) . :
i o b A0x A0
! y ) 2058 UCA  COMITIONS w4 0 A
},,{Eﬂ 3+ A MDY, TOL N 200 {
LD o/ . "@ . WLLIAD PRISUIAL PRIS 373 50
. . A 3 WL ADW. UL L3/»# (UG00 15000
30C 130 <, STCAM LR TR0Q 10 4000
(ﬁz\. " LORA0 LB/ 3100 4000
"5v) . » "8 GAY LeA 538 s8.3
h /—vr.ooc.t.u o
l 0 :gn(o‘unou |
YRS MO (£-9) g
SEOUCER = - N ("ur\) CHOMCAL TREATMONT
' ; 3 —_—
P'v t' j' AU #0700l vt Lo caba e 2 :
) i NS A SET) "_(_" WTDWG PP WA, AL bR 124
R ) ¥ 3 WO, 0L WTLUOO G /it 333 (11}
matt @ MTEAMG FAMS MAR. G [KA “n0 ¢
-@ S AN - [
o < v P _ﬁOTE.,r
) L (Ef)\’__@ p 5/ gt v 1) OF REGLEALD MaOM 1S KCREASID §Y MGHIR CONCINTAATION.
> . Jaus w902-27-C5(Q) 2) A JOWNER FURNISHED MATZRIALE® : ;
. : i 5 1) ALL INSTRUMENTATION 1S DWNER FURNISHED MATERIALS”
kol s ) 4) $(L DATA SHEET 05-1%008 OF SPECIFKATION ISC-FHMNG .
%OI-( ; b g 15 FRON 1,8 RO MATEZRIALS FCA P12ING MATERIAL SUFPLILD AS OwNnER
01-C53 4 caarzut! svsTel SHENICAL FEED FURNISHED MATERIALS®
; worn (PKT o0 €-03-113 {(F-9) S EGUIFMENT INBIOE MATCHED AREA SUPPLIED BY FXMC CORR i
QwsTIc §) # AC0ED 1O UwNEA FUARISHED INSTRUMENTION A\ )
{
’ (n-008-(<$ }
i
]
!
1Ew-023-(5(R) l !
- Ew-002- 4% CST) ‘ }
- Hi
j0eCer st et -5LE MOTE 3
& — e 7
' - FROW (mEMICAy FLID 1
> oo a g
. " <t G3-n _&\"’l
SAdEC 1ok 1307 55 1 |, "yoaccis pisoxioe
. At (=4 -X2=1~16 R 4
\ 2 5§ &’ '.
4 003124 :
& §
i
: EQST . vEnT STACKY ‘ ‘ !
| (-\'-noc- szt ) % :
s, 3oo? : ; A b2 £ GAADE 4 {
2 g b
5 Cj (%-0234-C3
] Ew-026-2C3
2041A 1A-oR-¥-C341 ¥ i P 10+CS 106CS 4
20413 ELOCATE EXISTING Y 7 g
ORIFICE MATE @ ouG ‘ 3 it : ‘
wuca ‘ . Lorcsy
2 v ; I : 1 7 ;
< -t & F 4
PERCOLATIUN POND ’ PLRCOLATION POND .
EXISTING
wELL 'WEAD
! wiLL TEST oMLY
e —— A |
APIPE MLL JOINTS - ‘ \ Gl WAyt "S— i
20-1lABC3D fai o gin SPARGER 80X - PERCOLATION PONDS
T LENGTH= P4 SIZE 2Y 0201 .'our" i
F pr a4
I‘ OIAMITER-32' .4 Wil 3 0EPTH OF NOC 8 ‘
. |
] ) ; °
Ul | TV Cotrwiae 7E10 SATTm T I s T S e e e RESEARCH CCRPORATION 2 ﬁ:__.
; MR ¥ - TR PRI « AT - Ird il
g i K| 2 W{}- @ oo i, ey it S bt UNIVERSITY QF HAWAD il
/ : & oo P s e e arrmovaLs
” K pi 17 § ‘
iy """A" - AT o J.QA:KO-L!“.L‘.SL Jr" gul o A O




£ -

: . : | ' | : | ) L Y . 2 ' | R ; | »
0, STONAGE » & @ 0 » BACKFLCW PREVENTOR & EMERGENCY EVE WASH FULL FLOW % nave
W7 TLY TANKER BIRC & iNSELT {ERING FUMFE 20-6AL 8B AMD SHOWES FILTER O TEUPALHT MG MATOMD KA SOPLeD
101 AE SCREEN 35 2027 bl s g Eoaka .
e i et il 8 S one 1050w 71§ ‘Cwntl FUAMSRED MATERAS
KR CIENTRATCH

l;"l oy ]

S0 4000 = 20LL0 GAL, TOTAL (as

‘i Il ASTAUIRI YT 0of aadxt0 & wid BE SUPPLILO AY
Y

Cenil R FUASNAY MATIAAS

/’~o||-nics

5

S ¢
|
¥ & ) 51§ 1OTE 4
: 20-9
i
ﬂ } 3 eV IRT PIRL
r
4CALS b (e =
S Y AR SRR TR T T T T T T T T T TR TR
AVAD % : b
ocx - (- 002~-1-58 H D { s YC_P:P[L:N(
g rl / . m. > (s ; MGLaLE_SECTICN
) \3 : < » €-C3-111 > (D-1)~
i 1_ | e 14 5 \{ ~
\ !T . CHOOBRAL, oy N NN OANGN NN S S BRI N S R N R e NN N A N N NIRRT N T T e
308 »L-Jn 1 J 03 AL 4~ ‘20%2L S ‘0"":"" L4cs- "‘1’f Zio3-a-3 hos AL-2
s 2 ¢ ‘ Py Qi AL
4GOS ALY  E— 20-7 '
(1Y Gl B WS § T eee. W EMERGENCY
YE WaSH
. i s.uowcea '
» BALKAL L PRIVEX LA g ‘ -
« 20-6A ._L CwC-0C2-R-CS
")y L
T . 040
; 20-68 -(t—{_, ' ) 101:C58 CHC-CGr- 7
l Pw-O1 P-l-CS\ BACKFLUw PREVENTCR -Pw-0IC-1% (S Q..
4 o L) aQ— { B o > s
i 0 .’r{': /. 2 B ]E N [d43e
L ' O CrC5 4 10k (3-38>

11€s-%
— Pw.023-1°-C$ N e 2 7 08—
+y
LA TOTALYIL METER I NS By -
: NS - 1y T ovf & ) EXSYING CLPIPE =
1_._6_--@ I EXISTING POMD
: ‘ p :
H PE=Qm -1k 0y — o
i _/
2 201 CS4 @ @
Y
4
LY
12 |a -
el ==
12
Q-2 :ot:sru...’wmyn 1018
woe I ij‘g
il 8 20¢CS-9 1 :
’ Zu _ ‘ 'n v
3 1-C : ¥ .
N =~ Ce0Hs- -8 g E‘ _ ~ ’cﬁ\ Jad ] i 3
OI1-€S- 26 | WOHCS- 0oics g 4 (%-C33-1%-C3
I‘ 101-C5-19 1C1CS 4% 16 €s 1 Loich -2 ’
10FCS ¥ 2 L i
sy — ¥ pe—cn-cor-1H-cs Ao H($-32 4
| CHCKa-1g e ’ Xe i ' ('—‘\ 0 AP
’ ’ : ! 014529 D Qv 0 MPELINE
101821~ _ [ Car g i RQZZC D S1C T
o % 1 > 1. ot (¢c-1)
P 592
- O1-CS-3 !
-c.-cnz\ L cnosy-cs NFuTURT Com
101°C5-24 wroratizme® A FOR MITEUNG
e L__,\ uETEA PUMP 1 «-id
: ™ ’
I3 INCS T NN L JOLL§-33 ePL
YR i ( 2 l3°”~"‘ 10rC5-20 101-C%-3 st
\TaK '-u(»(Y R » o~ t . v . -Ew-023 «'CS
UN AT My STATC T @ 3 .
i oA 13-4 “JR Lowou-r -ca p! ! o PEncOLATION
I)E)'rcci 235 - s % -01€5-27 Byl
7 COIHY-(S 5 ’
i ‘ 3————2( oa St (€-9)
(" CAUSTIC STORAGE CAUSTIC m,mgsena\ CAUSTIC DILUTION CAUSTIC MIXER = CAUSTIC METERING w g S WATER SUPPLY
TANK % M TANKS a F PUNP PUMP
10-12 & 14-4 10-1tAS B 9-2A88 1941 194190
30M (CHCENTRATION 40 (A3 ALY, TCK CAPMCITAYIY) GALLONY Al L. HP _Q BEILER D500 230 TON 2Q__GPW&140 TOHW
CAPACITYY 2000 GALLOXS /3 M2 \/.z W & 24 __MNPSHA
: e
b:.’. o JELLWO TEST tTilEm 2 ! <)- | o RO 7,805 50 OO, Kt RESEARCH COSPORATICN |, Y r;;p'y'«‘ NEEI
= ) 52, 1 Q"} wosatns ; amsaniers o v PRQAOE QF FEAC ‘MU
7 = W : % ‘ﬁ;:"j‘ﬂ K3 bt ot ! hd QI3 AL o4 raemmtin auseian So UNIVERSITY 0% HAWAL IPIEING A J).;'.‘fbl "‘LJJTA
s, . PR £ % P, v S TR o) e s30T IEST ChERD
= L e £ gyl -u»‘l Vi 153220 FOR DIO Ry Py g1 MR RS TSR -1 Y RS 1403 4
— N/ 1 S ¥ < e - e ; -
::_ CEPERLacE Shawianl v T e niziaies o '—:l va s .::1___”12.!... _”-_.;' 3 :"::“f:g"‘m- e ib’,‘e‘!Q 03 l | 5

1

’

e r—————

67)9523:'.
PR

L




