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SECTION I

I8TRODUCTION

BACKGROUND

The Kational Aesroniutics and Space Administration (NASA) has
several wet scrubbers diesigned to rowmove hypergolic fuel vapors
from various gas streams. The scrubbers are located at Cape Cana-

veral BAir Force Station, Florida (CCAFS). The U.S. Air Force (USAF)

is interested in determining if the hypergolic scrubbers are appli-
cable to certain USAF oj erations involving hypergolic fuels. To-
wards this end, a contract was let to conduct a series of tests at
the CCAFS. The purpose of thase tests was to determine the effec-
tiveness of the scrubbe:rs in <ontrolling hypergolic fuel vapors
and to gquantify the emi-=sions from these scrubbers. The two hy-
pergolic fuels under investigation were monomethyl hydrazine (MMH
fuel) and nitrogen tetraoxide (N,04 oxidizer). Tests were con-
ducted during the month of Aujust 1980. This report presents the
results of the testing of the hypergolic fuel vaposr scrubbers.

PROCESS DESCRIPTION
Scrubber System

Two scrubbers were presented for testing, one each for MMH
and N304. These scrubbers were manmufactured by ¥artin-Marietta,
Model Number S70-1095, and were designed to meet Kennedy Space
Center Specification No. 79K(384%2. Each scrubber is a portable,
skid-mounted system roughly & by 6 by 10 feet high The system
contains four vertical-packed bed scrubbing towers. A 750~gallon
scrubber liquor storage tank is located beneath the packed
towers. Scrubbing ligquoer is pumped from the storage tank to spray
heads located in the top of each tower. The liguid flows by gravi-
ty from each tower back into the storage tank. Gas flow through
the towers is countercurrent to liquid flow. The gas flows through
each of the towers in scriss. Figure 1 is a block diagram of the
scrubber system.

The scrubber system is designed to handle a £flow
:ic feet per minute, much higher than was
encountered during the aestigg. The scrubber inlet line is 6 in-
ches in diameter. TFor this test the scrubber syst was modified
&zcept a 3/4-inch gas inlet line. Sample taps and valves were

provided by Boeing :erv::es International (BSI) on the inlet and
and the scrubber liguor storage tank.

outlet lines of the scru
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Scrubber Liquor

When scrubbing MMH vapors, the scrubbing liquor was a 14 per-
cent solution of sodium citrate in water {citric acid). For remov-
ing Ny04 vaors, a water solution of 5 percent sodium hydroxide and
10 percent sodium sulfite was used.

Fuel/Oxidizer Transiers

Separate scrubber efficiency tests were conducted during fuel
(MuH) and oxidizer (N;04) transfer operations. The liguid propel-
lants were transferred from a controlled storage tank to a tank
truck. The transfer is a batch operation involving about 3,000
gallons per transfer. Pressurized gaseous nitrogen is used to
force the propellant from one tank to the other. The tank being
filled is vented through the scrubber to the atmosphere. The ac-
tual liguid transfer operation took about three quarters of an
hour for MMH and about one and a quarter hours for N,04. The pro-
pellant was then transferred back into the controlled storage tank,
after chemical analyses showad that the propellant was not contam—
inated. Samples of the scrubber inlet and outlet gas streams, as
well as scrubber solution samoles, wexe collected during each
transfer.

The transfer ard scrubber operations were performed by BSI per-
sonnel. These operations incorporate very stringent safety regula-
tions. B&11 personnel within 50 feet of the transfer operation are
required to wear special pressurized 1ife support suits, called
SCRPE suits. All perscnnel bayond the 50-foot limit must be upwind
of the transfer site. o electrical eguipnent is allowed within
50 feet of the transfer site.

Prior to the start of a :ransfer, BSI personnel made all the
Safety personnel then inspected all the comnections.
After this, safety pers I determined if the weather conditions
were suitable for the transfer {¥o transfers are allowed if there
is an electrical storm in the area or if there is an inversion.}
After the safety personnel gave their approval, the area was cleared
and those working in the area put on their SCAPE suits. The trans~
fer was then initiated. 3 a:al of 3 to 4 hours was reguived to
complete the operations zssociated with a single transfer.

piping hookups.
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Tables 1 and 2 present the results of testing conducted on the
MMH and Np04 scrubbsrs at the CCAFS. Table 1 lists the results for
the MMH scrubber test s 1 1R

481~R17). Table
ﬁ204-31 through

2 lists the N0 scrub
N204-210).

MMH SCRUBBER TEST RESULTS

Table 1 presents results for inlet and outlet M¥H concenkra-
tions, scrubber solution MMH conceéntration and pH, and the gas flow
rate to the scrubber. The inlet MMH concentration reported is the
average of a series of grab saﬁgzg E ber nf samples depen—
dent on the length of the run, collected during each run, as is the
scrubber solution ¥MH - e inlet gas flow rate
wag calculated from the 7] y the transfer of

w
L
v opr
o
v+
% 5
il
2

liquig propellant per wur As pari of the normal operations
required during a ¥a¥1 transfer, any excess pressure present in khe
receiving tank had toc bs vent e scrubber prior to the
initiation of the actual fuel - ’1“ is exhausted gas was not
included in t% £ ios i;ca the initial tank

venting operat
fer time. How

red to the entire tra
ducted during this ti

The scrubbsr ocu
present a varisty of sz
to Table 1 and furthe
It became apparent to
had started that meas
the sgrubber sutlst w
sampling procedures
cessful was the colliectior F 2 : sample over the
duration of four MMH protocol was observed
for runs MMHE-RS-12, M : MEi-R1Z8. For reasons
explained in Section these results repre-
sent the most accour ?ﬁ&ﬂt!a ions ssasursd
during the sampling r the other uns
shouild be considered

presented in Table 1 re-
dressed in the footnotes

s Sampling Procedures.
aftey the test program
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ficiency for the scrub
nowever, that §§Sé;;§i
?ies irndicated the gé

L
I il
[

]

pM

2.3 ppa {1 ts
;}ectisn ef-

e gsai in giaé;
-

o,

ith

b m

[y

i

[

Wona

il

Ll

W




I

CRat A i L I w v " i 1 o

Uy

LM

*9 DIOUROOF W BY SATNHLI DIVINDOV DACW POIOPYHUOD DAY OHWLWA DEDLY  CHOBMA 3:%4

~dUUS JUDIDIITP AL paTdwes yove OUTRIS OIMARADE ¥ WoJ) BRTNED s:gegﬁaes ggsgzs ;:easaaﬁz
PHADFHUBAY AND] JO TUROT B ADAG POADDTTOD BIDM ;ggasga DI T

*9

-£T

.U
LI
AT e edn

grodieue dneanode grow aupgpados Yuoturdo 8, 300DRITUGD WT W0
pozdrrur aebupdur yord TuTwan Aoy poun exobupduy o YONTY  *DANI MOTY DRONPDE 9w (9T
U-GY) BUNI ANOF 3SUT WL ADAC PDADULTOD OUIWRE MDHTING WR BUDBOIG0I BDRTUA DEOLYL

susrauaydr erdues poob poauanod ;;gﬁ

o MY 0% paxzeges sordus

WL RaES GV S RARY

LG N

ksg% ggsz% » AT udivn

{8 RROUEGY B

x

) Egaagga asﬁz:sag
*.f

R YW L ] U R VTY

I R I T

SOOI DR ao) aw p LER T
5 fsxm_zce :b:s §eggv:e&sﬂ,x“e sﬁ :ﬁsnﬂ X ;:ﬂﬁsﬁ eggzggxé ‘ez uni :;«3 Buyaaung

sty go Kountotyan wotamnrron Duprwiuns .::za g;gssazagsg DADM 5 puv %zzg

OuY PO aeneoey poeld

iy

£ed
GB*Z

e e
vL'e
19°2
L5*2

[ A ¢ Lyro DOB' 1Y vet YUl W
TeOT LET 0 oo’ ve AN
{ __vﬁ_ e ,_ﬁ ) (O0L DB) {beu (0w .;_ W)

L8 noerBe
98 voL'ey
(A 00B‘Eh
9rL 0Hoo

g6 on
g9t Day poo’ee
ziTE" 0N 0no’ 10T
re T £ 0 000 16T
651 ven noe
1l (1/9) (W) (W) (Wamy
NO LIV LNAINOD NOTINH LN DN OD HOLIVHLLRT NG NOTLA
HWW HWW LA1300 HHW M SYD LANIRY

Q8 WARANOS

ONITTAWYS HAWEMNOE HWW 40 AVKWOS  *T @

1L

XX TR

Tt W
TTR W
OTH = HIWH
w W
w it
wiiWid
Skl e el
L2 O
Pl
Exm N
T HWW

A

il




T T T T

3

PUOTIOTOS JABGOIIDE YsSLId 6

*g BIOUIOOT UT Se SIINSed mumw:uoa 9I0W PBISPTSUOD BI® SONTRA @S2yl *So3ex HuTty

-dwes 3usxs33Tp Je pordwes yosee ‘surexl sjexedds £ woxy SATNSSX Juesaxdsx SsuTeA 33U IBIITA
*SA®IsSURI INOG3 JO TEIOT B IDAO PIROSTTOD dxam saTduwes syl ‘9TU~CTH PU® ZTd-6Y Suny UT Sy g
*9 PJ0UZCO03 UT O3 peaxsjex sodues ISIJSURIY p 03 0WMLPE UE SB URX ‘UTEX] aoburdur TeENg ¢

*UOTIRIZUDDOUOD

A9TANO IBNIDS JO STSATRUR IJRINOOR JSOW uJoveiddox ‘uoturdo §,1030BI3U00 uT ‘sordwes asaUTL

*A1oxexedas posziieue xsbutdwr uoes futean ol posn sasburdur 9 ‘osTy  *8Tea MOTI paonpax 3e
(OTY-€TY "ZT¥-6Y) SuUNI Inc~ 3sef ayl X9a0 polvd[Te0 s7dwes 32TIN0 ue juasaadox sanyes asayl, 9

*(9 «uj00y ©95) soTduwes Isgsuexy p o3 Joumlpe ue Se uex suTeIR VSAYL G
TuoTIUDRD SYdwes uO . Byys BARBTISHAUT O} SejEx buridwes JUSIBIITP P UL SUTRII Snon
~UTIUOD BSHUT JO UOed OS5, *utean e ur sxdburdur TTE Jo wns Byl xoJ 2ae palrodsx syTnse

is3exedas pozdieue uyoed ‘sasfuardut XTs o3 uteay Joburdury pspus3xs ‘o9y unit yats Butaaeas b
*pe3aodax aae s3atusax YostH iYoH pue ‘proe

ora31o *Yosy yo fousatorzze uworiosTToc Huriedwos suny aaTieIeduon PIoM Sd PuR pM sSumy ¢
suoTieuTweluos atdues atgeqoad (poyszsw:

ar eIs pazoafax L1TeoTastaess) ‘sonrea ybTy ATelvurpaOuT JO BSnERDdAq mwhcaaﬁg 30U, ZID EY 2

ruoTyuslax sTdwes poob psjusssad siex buirdues ybiry -~ seijdues wasy 3x0ys ;o sbeasay’ T

gb" T
g9 1
6S0°C . 61°€ g1l 000° THT §°Z1 BTY~HWW
gt
gt'¥
A 1°91 g9 ¢ 00E’LB A LTH~HWH
{g6°1) {009'6%) (v'e1d {OTH~E TH~HWW)
60°¢€ 0° vl L9°0 oov’LS € vT 9TU-HWKH
L0°¢ 9 LT (8°0 000°SY T 11 STH-HWW
HOA ('1/2) (Wdd) (Wdd) {(Waow) *ON LS3IL
NOTLYY LN DINOD NOILYHLNIINGD NOTIMY INE DNOD MoLd
HWW HWW LETLNO HWW LIINT SYD LATNI

NOILNIOS ¥3aganNids

papnT OO ~~ONITTIWYE HIAGEMOS HWW JO XHYHHWNS *T 9TqelL

B ey ot st | ) D10y




oy
WA

, i i | " {AI UOTRO8S 89S) IDTINC AXNIADS dSYJ I0F UOTIRAIUIOUOD ON 8Y3 sjussazdex snTeA STYYL G

| ‘uoTINTOs xaqqnans paserdey ¢
(*3873Nn0 IBQNIDS

| BuijTxe seb CON JO UOTIBOTPUT TEMSTA) ~ung STU3 JO pua syl 3® paaxasqo ybnoaysy yesig ¢

| i *anTea STY3 S3easusb o3 pasn sem sordues ureay JIbuTdwr wIBdR-3A0YS

W 7 U7 woxy SHINSAT 8yl Jo vbexsar oyl ‘Mo sem suteas asburdur Jo Krovdes BATAUDIDI DOUTS 2

v % ! *pajepesb jou sseld 83TS XBTTw.4 'SonTes srewrxoxddy LT

: 89° 11 06° T £1z00€’9 000°PIE z*9 Tre-Yoln
v ! mwm * AT
' | ‘ 9T €1 90°S 2201 000° 29§ 0L oTa-Yoli
,,, AH
w , pT9°ET £0°g v‘wm 000’ ¥1S 0"z su-Yofn
_ | c0ZY' T
| T v6-TT C6°0 L0212 000 6€€ 6°9 mm:woMz -
| LT €T sz°v 20€ 000’519 9°9 tu-"o%n
| | T NOW
S pL¥ €T ZT°s piZ76 000“0LE 0% ou-Yoln
SR | 80°€T L AT o gL8o 000099 zeL su-Yoln
B | pSY ET 28°s p? 289 000’ TLZ 99 ¢g|wQMz.
" , | £8° 2T £E*2 120692 000’6LE 5*9 £u-"olN
S 91" €T gb € £V 0007901 T 9 zu-oln
. 1€°€1 z0°L 295 000°8LS T L Tu-Yoln
| ” € NOW
W | Hd Y) Wady (Wady (Waow) “ON 1533,
| : | NOLIVYINZONOCD NOTLVYINIONOD NOTIVHINIONOD MO
ﬁ , | FLIIIOS Con 1IN0 CoN ZaINI S¥D IIINI

NOILNTIOS ¥IAALNUDS : '

ORITAWYS dEgamDs Yofn 4o Auvmwns ‘g aTqe




w

been liquid MMH. The presence of the liguid !'Md in the inlet sam-
H ple would cause the concentration of gascous MMH to appear very

! high. This would also cause the collection e’ iciency of the

: scrubber {(on a gaseous basis) to be inordinately high.

Figure 2 represents a plot of scrubhar solution MMH contentra-

tion and pH versus scrubber opera - *=wuml. Przdictably, the MMH
concentration increcased with opeu=* b

: ) considering that an acid-base rea ¢

-

»sy

@e. ! so predictably,

~ bacen rheorized by Ken-
i nedy Space Center personnel as the cor-.<lling reaction in the MMH
: scrubber, the scrubber solution pH alwo iacreased. After run MMH-
R17, the scrubber sclution was replaced with f{resh citric acid. As *
can be seen in Table 1, the scrubber outlet concentration dropped

considerably (from an avervage concentration for MME-R17 of 3.4 ppm

to 1.6 ppm for run MMI-R1B), indicating that the scrubber solution

may have been approaching exhaustion prior to its replacement.

o

b

N,04 SCRUBBER TEST RESULTS

Table 2 presents the inlet and outlet nitrogen dioxide (NO,)
i concentrations, the scrubber solution sulfite (SO3) concentration
. and pH, and the inlet gas flow rate for vests conducted during a
series of NyO4 transfers. As for the MMi transfers, the inlét gas
flow rate was calculated from the displacement effected by the 1li-
quid NyO4 transfer. Inlet NO, concentrations and scrubber solution

H
values are the average of several grab samples collected during :
) each transfer.

A o s i it bt gl

as explained in the footnotes to Table 2 and further explained
in Section IV- Sampling Procedures, only those outlet NO, samples
collected over intervals of an Ny04 transfer were used to determine
the scrubber outlet NO; concentration for that transfer (i.e., scrub- z
ber outlet NO, samples collected over the duration of the transfer : %
were not used in determining the outlet concentration).

b T,

b et aLg

As part of the sampling protocol, two blends of N0, were to
be investigated: MON 1 (99 percent N,04 and 1 percent NO) and MON 2
3 (97 percent N,04 and 3 percent NO). Transfers NO,~Rl through )
~R6 were conducted while MON 3 was being transferred. Runs NOp~R7
through ~Rl12 were conducted on MON 1.

e o i et 1 74 DAY T VL

As part of the sampling protocol, scrubber outlet safplés were
analyzed for nitric oxide (NO) during runs N,04~R8, -R9, and =R10. A 1 ;_
These results are presented in Table 2 as the seceond ocutlet concen— ' k)
tration value reported for these runs:

The inlet NO; concentration measured during the N;04 transfer
averaged 428,000 ppm. This value represents not only NO; gas; but
alsoc Np04 droplets in the inlet gas stream, as droplets of N5,04 wére
obsesved during inlet sample collection- (see Section IV, Sample Pro-
R - cedures). Ny0y reacts with the NO; absorbing solution as NO; does,

‘ ) thus giving the appearance of very high NO; concentrations in the
: ; inlet gas stream.

’
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Figure 3a, 3b is u« plot of scrubber liguor SO ® concentration
and pH, and scrubber outlet NO, concentrations
erating time. The most obvious observation is }é rapidity with
which the scrubber solution was exhausted. (Fach fresh charge of
10 percent SO, lasted for approximazely 2.5 Fours of scrubber op~
eration.) At the completion of Runs N,04-R3, EQS, -R8, and -R11},
th- scrubber soclution appeared depleted, as as
three separate observations: the high Noz_cﬁ
towards the end of these runs, the low 803— <
- in the scrubber solution at the same times and he observation of
a reddish-orange plume of gas (presumably hog: xiting the scrubber )
exhaust towards the end of Runs NyO4-R3 and -#ll. )

varsus scrubber op-

ceramingd from
nirations measured
entration measured

T

23

concentration started high and dropped to lower va s before the
scrubber solution was depleted. No explanation can be given for
this obsexrvation; however, it can be speculated that the scrubber
system exhibits a lag effect due to the large scrubber volume in
comparison to the gas flow rates.,

For Runs N504-R4 and -R6, it will be obsurved tha outlet NOjp

Referring to Table 2, the outlet NG, concentration averaged
1,109 ppm for the 11 transfers conducted during this test program.
If the results from those runs where the scrubber liquor 503 ap-
peared exhausted are excluded the cutlet NO, concentration aver-
.. aged 57 ppm. Referring to Run N504~R9, the scrubber ocutlet con- ;
centration was only 6 ppm NOp during the run. This sample was :
collected during a special transfer in which the inlet gas flcw
rate was only 2.0 actual cubic feet per minute (A
average of 6.5 ACFM for the other 10 transfers. nce it can be
assumed that the reaction of NO, gas with an agueot solu-
tion is a mass transfer limited reaction, the reduced gas flow

F¥) versus an

rate may have enhanced the removal of NO; from the gas stream.
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SECTION III

SAMPI,ING EQUIPMENT

The equipment employed for sampling bhoth the MMH and K304 gas
scrubbers during this survey was identical.

INLET GASEOUS SAMPLES

For sampling the inlet gas, a 1/4-inch valved stainless steel
tap with a rubber septum on the end was placed in the scrubber in-
let line. Gaseous samples were extracted from this line using a
30-millimeter (ml) hypodermic syringe with a 2-inch Luer-Lok® need-
le. After the gaseous sample was collected and the sample absorb—
ing solution (0.1 N HC1l for M¥H and Saltzman reagent for NO3) was
drawn into the syringe, the syringe was capped by setting a rubber
cork on the end of the needle.

SCRUBBER LIQUOR SAMPLES

To-collect scrubber liguor samples, a valved 1/4-inch stain-
less steel tap with a 1/4~inc% sample line was placed in the dis~
charge line of the scrubber solution recycle pump. Scolution sam-
ples were drawn from this line into 500-ml borosilicte glass bot-
tles with Teflon® lined caps. The 1/4-inch sample line extended
to the bottom of the sample jar; efforts were made to ensure that
the sample line was kept below the sample jar liguid level during
sampling. This was done to minimize loss of MMH in the MMH scrub-
ber solution and oxidation of 50,” in the N,0, scrubber solution
during sample collection.

OUTLET GASEQUS SAMPLES

Figure 4 is a uysneralized diagram of the eguipment enployed
to collect the outlet gaseous samples. A 1/4-inch stainless steel
valved tap was placed in the cutlet line of the scrubber. To this,
the upstream manifold shown in Figure 4 was attached. To the mani-
fold, a series of glass nmidget impinger trains containing the ap-
propriate absorbing solution was coupled. The midget impingers
were standard impingers fitted with glass bubbler tips rather than
frits. All connecting tubing upstream of the glass impingers was
either Teflon® or stainless steel.

Gas exiting the midgst
gel drying tube to a pSlypropylens vacuum line of approximately 75
feet in length. This length was needed to ensure that all unpro-
tected personnel and all electrical egquipment was at least 50 feet
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upwind from any potential FMH or N,;04 leaks, as required by safety
regulations. Outlet gas samples were drawn through this assemblage
using a RAC® (Research Appliance Corp.)} vacuum pump - dry gas meter
rotometer assembly for measuring sample flow rates and total gas
volume sampled.
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.at 10= to 15-minute intervals after the first sam

SECTION IV

SAMPLING PROCEDURES

This section addres ocedures employed for sampling the
M¥H and §2§§ scrubbers a CCAFS. Proged far sansliﬁc the
inlet ga ésﬁgénirati cns and scC rubﬁer i
same f’f th
cause of differences ;n the nature of tk
for cutlet gas concentrations varied consid

pro
he

L

N»O4 S=Z§b§§f$ The first subsecuxon 0: t -

for both *%e M and 1504 scrubbers, T‘e sescgé =t b e¢*1cn de—
scribes sampling procadures for M¥H scrubber out
tions, and the third subsection addresses ?géﬂ
gas concentration sampling.

INLET GAS AND SCRUBBER LIQUOR SAMPLING PROCE

Inlet Gas Sampling Procedures -

As originally planned, sampling for inlet gas concentrations.
was ifo have employed a midget impinger train assesbly similar to
%é ‘ﬁltiatlﬂn of

the ones used for sampling the outlet gas. Prio
the test survey at Lbe CCAFS, an investigation
concentrations of MN¥H and NO, that might b
vapor ﬁIES§H§ES; févealea that gas coﬁeént

Therefére; tﬁe ﬁﬁc;sxan was made to sa‘sie he iﬁl
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Luer-Jok® syringes. .

Generally, the procedure for sampling inlet gas
ringes was as follows. Within 5 minutes of the initiation of an
MHMH or Ny;0; transfer, the first gas sample was extracted with a
syringe. Immediately after this gas sample was co }Eected, known
aliquot of absorbing solution was drawn into thé syringe containing
the gas sample. The syringe was then capped with a rubber cork and.
shaken to efisure good mixing between the gzs and absorbing solution.
Generaily, for the M¥H transfers; subsequent syringe samples were
collected at approximately 10-minute intervals after the first sam-
ple collection. For K304 transfers, syringe samples were collected
was collected.
Gas sample volumes for MMH were were 15 ml and 10 ml for NO; samples.
The absorbing sclution for the MMH samples was 0:1 N HCI, and the
amount of HCl drawn into the syringe after sample collection was 15
ml. For NO, samples, the absorbing solution was Saltzman Reagent,
and the reagent aligquot was 20 ml.
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After the completion of
sammple and absorbing solution wer
tory for sample recovery.
about ége minute, after w%ic%
melric flasx. Subqaaﬂ

the syringes conta
ported to the field
wwas vigorously shaken

i contents were expelled imto
¥. the syringe was washed thorough-

Lion; the wash contents were
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Scrubber Liquor Samples

The sférubber liquor sanples wer
the inlet gas samples. Aas e?;zaz,
ment; borosilicate glass bottlé
sclution samples. These Sémg;é? lmmedxately after ©oi~
lection and were transported at the completion of a transfer to the
Ffisld laboratory for analysis.

At the inception of thi is
was to sample thé outlet MMH & using m;daet impinger
trains: The contractor propos - total of six ¢
§§t§é§ samples during each t.ansfers f%a samples wereé to have
been inteyrated samples coiiééaeﬁ throughout the entire transfer
operation. The remaining four to six sazples were to have
been collected individually at 10= %o ;S—mzaate 1ntezvazs éa:iﬁg
the tfansfer. These samples would ?

tration changed Jduring the transfer.
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ransfer, results indicated
cutlet concentraticons wer ery isw, almost at the lower
detectability for the me §§ égy employved to analvZe the
Subsequently, for runs ! and MMH-R3, the contents
of the impingers was anal S€ga ately in an atteémpt t5
iine if the impinger trai ﬁs hibltzng good collecEion
R’so, since the gua £ MHH being collected
T‘ 1§¥, it was decided to
rt~term impinger train.
5?3 were not conclusive,
ffedting the low values ob~
ntion of the suhject ¥MH 4in
ficia-xﬁ), and poor retens
which appzared to strip
5: Thus, the sampling team
3£ collécting sufficient sample
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served for Run MMH-R1 OLtlét'

the absorbing solution (0.1 ¥
tion caused by high samplin g
collsacted ¥MH from the lea

was confronted with the di
#MH for analysis in the time

investigate different
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the impinger train, as measured via a vacuum gauge installed in the
inlet manifold assembly. After the appropriate vacuum had been es-
tablished, the impinger contents were checked for bubbling, and the
dry gas meter register was observed for movement. If no bubbling
was observed, and if the dry-gas meter registered less than 0.02
cubic feet in one minute, the system was considered leak tight.

In no case was sampling allowed to proceed unless this leak check

had been conducted satisfactorily. During sampling, the vacuum
did not exceed 2 inches of vacuun.

At completion of a transfsr, the impinger trains were discon-
nected from the sampling manifold, sealed with rubber caps, and

transported to the field laboratory for sample recovery and analy-
sis.

Sample recovery was accomplished by transferring the impinger
contents into an appropriately sized volumetric flask. The impin-
gers were then washed with -the solution employed as the absorbing
solution for that impinger train. The wash contents were then

transferred to the volumetric flask, and the flask was brought up
to volume with absorbiny solution.

N,04 OUTLET GAS SAMPLING PROCEDURES

As was the case with MMH sampling, the sampling team encoun=-
tered difficulties in using impinger trains effectively to sample
the scrubber ocutlet for the subject gas. For the N;04 scrubber,
the difficulty encountered resulted from the fairly high NO, gas
concentration present in the scrubber outlet, and the poor trans-

fer of NO, gas into the aqueous medium present in the impingers
{Saltzman reagent).

Continuous impinger train samples were collscted for the dura-
tion of this phase of the test program, as were short-term impinger
trains. Not until after evaluation of the data at the completion
of the test program, however, did it become obvious that the reten-
tion capacity of the continuous trains had been exceeded. For ex-
ample, NO>-Rl impinger trains CTl and CT2 measured NOy concentra-
tions in the scrubber outlet of 12 ppm and 28 ppm, respectively.
Short term impinger wrains T3 through T6é measured an average NOo
concentration of 56 ppm for the same time period. This pattern re-
peated itself for continuous samples collected of the N,04 scrubber
outlet gas; for this reason, results reported for the Ny04 scrubber
outlet WO, concentrations were calculated using the average of the
short term impinger train results for each of the NyO4 transfers.

The technigues employed for setting up, leak checking, and re-
covering the impinger trains used to sample the Ny04 scrubber out-~
let were identical to those used for the MMH scrubber.

(See pre-
vious heading, MMH Outlet Gas Sampling Procedures.)

For
reageat;

Run NOp-Rl, =:ach impingsr was filled with 20 ml of Saltzman
however, due to the high NO, concentrations measured during

U O Al 0 0
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this run, the decision was made to increase the amount of Saltzman
reagent to 30 ml in cach impinger. After analysis of NO,-R4 had
been completed, results indicated that three impingers

per train, as originally planned, were not safficient. The decision
was made to increase the number of impingers per train to six for
run NOz-R5 and all subsequent N;04 transfers. However, even with
six impingers in series, small amounts of NO, were observed in the
last impinger of all trains. (Saltzman reagent turns pink upon
contact with low concentrations of NOj.)

while the test program was underway, the desire was expressed
for a quantification of the amount of nitric oxide (NO) beaing dis-
charged from the N,04 scrubber. Bmployed was a method from Air
Pollution Sampling and Analysis, 2nd Edition, for sampling NO
(Method 405 ~ Tentative Method of Analysis for Nitric Oxide Con-
tent ui ihz Mtmnaphere), whereby an oxidation chamber is placed
in a sampling train for convertiny il tc MN2;. and the NU; formed
is measured using the standard Saltzman technique. This was done
during runs NC;-R8, -R9, and ~R10, plumbing this NO sampling train
at the end of an NO, sampling train (Train T6). The oxidation
chamber was plumbed in after the NOp impinger train, and the NO
train followed the oxidation chamber.

Table 4 presents a summary of sampling techniques, flow rates,
etcs, employed during the testing for NO, in the scrubber outlet
gas stream.
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SECTION V

LNALYTICAL PROCEDURES

This section describes the apalytical methods employed during
the hypergolic vapor scrubber testing conducted at the CCAFS. The
first subsection addresses the analytical techniques employed dur-
ing MMH scrubber testing, while the second subsaction addresses the
N,04 scrubber testing analytical methods.

Test data summary tables,
including example calculations, are presented in Appendix A.

MMH SCRUBBER ANALYTICAL TECHNIQUES

MMH Analysis

The analytical method for MMH determinations was the color-
metric procedure whereby MMH reacts with p-dimethyl amino benzal-
dehyde (DAB)} in an agueocus acid medium to form a highly colored
product. Using a Perkir. Elmer or Spectronic 20 spectrophotometer,
with the instrument set to zero absorbence using a reagent blank,
the absorbence was read at 460 namometers (nm) This absorbence was

then compared with a calibration curve prepared using agueous solu-
tions of MMH and DAS.

Because of an egquipment malfunction encountered during the test
period involving the Perkin Elmer spectrophotometer, the field lab-
oratory personnel were forced to use a Spectronic 20 single-beam
spectrophotometer for a portion of the test psriod. Figures 5 and
6 show the calibratisn curves employed for ¥MH analysis using the

two different spectrophoiometers. Observe that these fiqures also

address the use of DAB prepared: (1) in methanol, and (2) in water.
Du2 to the shortage of wr-thanol available at the field laboratory,
it was necessary to analyze some of the MMH samples using DAB pre-
rared in water instead of the specified methanol. The calibration

curves drawn in Figures 5 and 6 were determined using linear re-
gression.

pH Analysis

The MMH scrubber solution pH was measured using a standard
glass pH electrode and an Orion pH meter. Samples were shaken
well before measurenment; samples were stirred with a magnetic
stirring bar during meas :rement.

The pH calibrations were done
using standard buffer solutions.
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1.6 B

1.4 -

1.3} USING PERKIN
ELMER

1ol SPECTRO-
* PHOTOMETER
101 Tr
1.0 u
0.9

ABS

0.8
0.7
0.6
0.5
0.4
0.3

0.2

0.1

2
1

.61 wg/ml
.76 ABS (PE) S

i A

9.22
0.44
0.87
1.74
2.18
2.61

[5] Spec 20
® PE

USING SPtCTRONIC 20
SPECTROPHOTOMETER

CALIBRATION DATA

ABS at 460 nm

MMH CONC. {ug/ml) PE SPEC 20

0.218 0.095
0.453 0.24C
0.859 0.480
1.250 0.700
1.580 0.880
1.760 1.100

1.0 2.0 3.0
MMH CONC. (mg/ml)

* p - Dimethylaminobenzeldehyde

FIGURE 5.

4.0

Calibration Curve MMH Concentration versus Absorbance,
DAR Prepared with Methanol
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[c1 Spec 20
® PE
1.3 139.2 ug/ml
1.535 ABS (PE) 54 /
1.2+ 139.2 ug/mi
4 1.42 ABS
1.1F {Spec 20)
1.0F
0.9 F
o)
0.8 - : CALIBRATION DATA
wo.7L USING SPECTRONIC 20
@ Y! I SPECTROPHOT METER ABS at 460 nm
0.6 5 MMH (ng/ml)  PE SPEC 20
- 0.1088 0.010  0.030
5k - 0.2175 0.020  0.050
/" USING PERKIN 4435 0.080  0.070
0.4 | € “TROPHOTOMETER  0-870 0.091  0.112
4 St ;*ROPHC'G ETER 730 0.206  0.235
0.3k . Vi 2.610 0.318 0.343
i 3.480 0.430  0.478
0.2 . 6.960 0.770  0.850
10.440 1.230  1.120
- 13.920 1.575  1.420
001 o - -
v, 1 = | i 1 i i b

1 1 1 i1
5

1
0 1 2 3 4 € 7 8 9 10 11 12 13

MMH CONC. (ug/ml)

* p - Dimethylam nobenzeldehyde

FIGURE 6. Calibration Curve MMH Concentration versus Absorbance,
DAB Prepared with Hater
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0.7

0.6

0.5

0.4

ABS

0.3

0.2

0.1

0

FI

CALIBRATION DATA

ABS at 550 nm

Nil0p (107 ng/mi)

4,06 0.022

8.12 0.053
12.18 0.080
16.24 0.110
20.30 0.131
40.60 0.273
60.90 0.400
81.2C 0.527
101.50 0.656

i i i i ] i i - |

10 20 30 40 50 60 70 8) 90 100 110
NaNO, CONC. (1072 wg/r1)
GURE 7. Calibration Curve - NaNO, Concentration versus Absorb-

ance {Perkin Elmer Spectgophotcmeter)
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1-3{' USING PEIKIN ELMER

SPECTROPHOTOMEZTER
102[‘ ’—\

&

o

Lk iy
Lom O
. A

0.3¢r

0.1 A

b~/

. .
(=) Jo RN -X

L]

CRF O S5 () s D
L]
00N

USING SPECTRONIC 20
SPECTROPHOTOMETER

CAL IBRATION DATA

1w
wa
.

=3

—d
g

ABS at 412 mm

PE SPEC 20
0.030 0.0465
3.090 0.100
0.219 0.210
0.460 0.460
0.702 0.655
0.935 0.85
1.240 1.02

FIGURE 8. Calibration Curve, Sulfite Concentration versus Absorb-

ance
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Example Calculati

S.aple tNo.

i@ sampled, met

-
e

cal‘bration coef

4
.

[

oy

.
o
St

SuyTve

SIS

[
e

¢,.679 CF

5561°R

29.93
in. "ig

2.039 a5
Units

12,500
$48.833

1.4208
x 1073

0.72

82.3118
ters

Lol 1]

e

oo o b

Cwafe en

an

Db




2. Calculation of willig- ams of NaNO, colleataed in

impiager
traia duriag sanuling.

Trom the eguation for a straiuht line, y = mx # b:

> ~ 3
ng NeNO = (¥ _T.2) pr
m

.4(‘ -
ing NaNO2 : (Qﬁc-i«— 1 cm=~- ) 12,500 = 0.9134 ng

3. Zonversion of williyr ms of HaNOs Lo PPM of NO,

P

ppm s e -2 SR 11 a/mg (1,00

s : 0,000 parts/millinn)
Vst M K 1,000

vhere Votp +¥ U2 voluae in licers ocuupled by one mole at

standard teaperaobure and pre sure (68°F.and 29.92 in. Hg),
ana M is the mlecular waight of HaNO, (69 g/molel.

ppm = (3:0164) .24.04) (1 ) 1500 = 219 ppm
2.02 69 €.72




8.

b.

LUERIVED

1.

2.

STERATIONAL DACA

MHH/SULFUTE CONCENTRAPTIONS
[N SCRUBBER L IQUORS

S e

i

Example Calculations

Sample No. MMI-R1-5S81

ol
el

Sample absorbence (x) 0.337 amS
Uni‘s
Sample dilution factor (DF) 500 -
Slope of calibration curve (m) 0.98963 -
Y-intercept of calibration curve (b) 3.9667 :
x 1073
ZATA

Calculate ug of #MH contained in 1 w1 of :crubber licquor

1 m

HMH = (x = by pp

2is

~ 1o -3
G vy = (ELQQZsiKQL%EEZ,§~}Qa,) 500 = 168 ug
ml 0.98963

Convert to grams MMH per liter

ug/ml MMH (1500 ml/1)
108 ug/q

g/1 MMH

g/1 wH = 168 (1000) = 0.168 g/1
10°




SAMPLE

_RUN TIME ______

1050-1131
7/31/80
1052

1107

1117

1127
1102-1131.5
1104-1131.7
1050-1100
1105-1115
1115-1125
1125-1127.8
1128-1131.7

8/1/80
0951
1002.5
1012.5
1023.5
1033.5
0946-1039

0947-1039
0947.5-1090

1001-1021

1021-1038

1222-1258
8/1/80
1224
1234.5
1245

1251
1256.5

GAS SAMPLE
. NUHBER

MIHI=IN-R1-51
2
3

A
4

w6

]

MHH-0UP-R1-CT1
cr2

71

T2

T3

g

TS

MMH-IN=R2-81
s2
X
5S4
S5

AMH_SCRUBBER SAMPLES

—...(ERY)

MMH-OUT-R2-CT1~-A

©or2
‘T4A
B
c

MMH-0UT~-R2-"

e

PR A

MMH-IN-R3~51
s2
s3
sS4
S5

B
c

3
k]
C

A

C

MMH
CONC.

e g

LIQUUR MMH
SAMPLE CONC.
NUMBER

23,300
138,000
17,500
46,000
.1

251,000
242,000
166,000
210,000
88,000
0.1
0

- [ .
e e e N

Loe= Be e B o = B 0 e B B = B ]

.

[

135,000
90,000
47,900

131,000

600,000

MMH~R1-SS1 0
$s2 9
S$S3 0.
S83 0

M4i-R2-S81 0.6
852 1.0
SS3 1.1
Ss4 1.4
585 1.5

"

MMH-R3-SSL 1.8
$S2 2.0

ss3 2.3
2.4

2.4

SS4
S$85

MG/ pH

1.53
1.59
1.59
1.85

1.71
1.82
1.85
1.90
1.94

1.92
1.96
1.97
2.00
2.04

D M1 0 e,

W 0




o

AHH SCRUBBER : WMPLES (Continued)

SCFUBBER -
MMH Y, iOUOR MM
SAMPLE GAS SA'PLE CONC. $:'PLE CONC.
RUN TIME . mUMBER _  (PPM) _ NeMBER O (G/L)

1222-1231.5

1231.5-1247.5

1247.5-1300

1226-1304.8
8/4/80

1228

1236

1242

1253

1258

MMIi=OUT-R3-CTl-

MI-OUT-R3-T3-A
B
C

MMH=-TN-R4-S1
52
s3
S4
S5

A

1224-1309 MHUH-OUT-RE-CT1l-a
C
D
1225-1310 CT2-A
B
¢
D
1225-1310 cr3-a
B
c
D
1351.5-1417
8/4/80
1353 MMH-IN~-R5-S1
1403 s2
1408 s3
1413 s4
1417.5 s5

0

<

« e 0 »

.

« s .

SO OO0 OSSN IND
L)
P N b e b WA N

.
ot

33,00
87,700
97,2060
91,900
160,000

* e e &
N

e & s e

D OOOCU OO OO
L]
ot pet pt el ped et ped e pd N B

93,900
89,700
82,300
86,500
63,700

W R 1]
e
~S3
<4

55

i-R5-581
Ss2
S§S3
5S4

5385

S -,

2.01
2.04
2.07
2.15
2.17

2.24
2.25
2.26
2.27
2,27

wndy

p————

H
1
&

W 1 IR 0 P MO v, g, T

————

§ o 80 st s 74

PR S

%
H
i
H
H




ol w

iSRS

N E— s = = e =

12 SUKUBRER SAMPLES (Cont inued)

MMH
CONC.

- AG/m)

- m——— - a—ana ——

.o BH

2.35
2.36
2.39
2.39
2.41

T T T T T U RUBaER T T T
MMH LIQUOR
SAMPLE GAS SAMPLE CONC. SAMPLE
(RGN TIME ____ FUMBER _ (*PH)_ .. NUMBER
135¢9~-1418 MMUI-0UT-RS-CT1-A 0.1
B 0.2
c 0.1
D 0.1
1351-1418 CP2-A 0
B 0
C -
D [
1351-1418.5 Cr3-a 0.2
B 0
C 0
D 0
09261609
8/5/80
0931 SMI-IN-RG-S] 31,800 Mi-R6-851
0941 s2 45,500 8s2
0947 S3 53,600 ss3
0954 S4 65,700 ss4
1003 S5 79,300 Sss
1010 Sé 84,800
0925-1012 M ~0UT -RG-CT1-A 0.1
B 0.1
C 0.1
D 0.1
E -
F 0.1
0925-1012 Cr2-A 0.2
B 0.1
C 0.1
D 0.1
E 0.1
F 0
0926-1011.5 Cr3-a 0.1
B 0.1
Cc 0
D 0.1
E 0
F 0
1150-1222
8/5/80
1155 MMH~IN~R7-581 78,600 MI1H-R7-881
1200 s2 53,300 882
39

Vo

e

MR 10 ol ot

L

s
et s e s S il




i ¢ o

S st ane,

SANMPLE CAS SAMPLE
RUN TIME . _NUNBER

1207.5
1212.5
1218.5
1221.5
1150-1223

1150-1223

1151-1223

1120-1147
6/6/80
1128

1134

1139

1144

-

1120.5-1148.7

1257-1328
8/6/80
1300.3
1304.5

1310

1316

1320.5
1328.8
1257-1330.3
1257.5-1330

1]
Jod

#4i-1N=R9-

i o o
[FUR ]

4
S5
MMH-0OUT-R3-CT1~

CcT2-

MMH-IN-R10-51
s2
s3
54
S5
S6

MMH-0UT-R10-CT1

cr2

MMHE=IN-R7~-53
54
55
36

MUH~-OUT-R7-CTLI-A

B

C

D

E

CT2-A

B

C

D

E

F

cr3-a

B

c

D

E

F

A
A

62,190
24,500
63,590
32,890

.
oo

L] . . -
P ot ot

et

LR o B S S e I o TR o R oo R e IR o T e R e R o v T i Y e e e i o

99,490
121,000
65,800
466,000
188,000
0.4
0.4

43,400
133,000
131,000
163,000

96,200

44,400

0.3
0.4

SCRUBBER
L I9UOR

SHMPLE

IRHER SANPLES {Cont inued)

4MH-R10-5881
582
883
584
885

6.9 2.46
7.4 2.48
7.0 2.50
7.0 2.54
7.4 2.57
7.9 .57
7.9 2.59

o

I

u

iy

cilthy

fl




R,

<
H

| v
W

CRE

e

SAMPLE
RUN TIME

0850-0929.9
8/7/80
0854.5
0859.5

0908

0915.5

0923

0929.5
0850-0933
0850.5-0933

1055-1126.15
8/7/80
1058.8
1103.8
1109.5

1115

1121.3
1125.3
1055-1127
1056-1127

1122—1&48-8]
1258-1330
0351~6933
1657-1127

0844-0924.8
8/8/80

0847

0359.5

0907

0913

g9z21
6844-0925

0844.5%-0925

1036.8-1109.8

8/8/86
1030
1647

AMH-IN-R12-581
52

4}

%]
WY U de Gy
[PV % I

b I R > i

[fr]

£l
\
ot
[}
4
3
2
3]
L2
5 a0
3

e
el

MMH-IN-F13-82

]

ur tn
ARt B

Uy

MMH-QUT-R13~"71-

MMH-IN-RI4-S]

S2

3

Lex B

w

MMH
CORC,

(PP)

- o ———

SCRUBRER
LIQUCR
SAMPLE

71,700
25,900
22,2090
29,960
68,900
37,0600
0.4
0.6

17,000
15,800
17,0600
80,500
41,900
56,100

18,960
12,400
35,900
21,300
32,300
0.2

H~RLI-S81
582
583
554

$56

¥¥i~-R12-SS

“MH-RI3~581
582
883
S54
855

BRER SAMPLES (Contimed)

W W
MWW~ W

10.7
10' 1

2.70
2.71
2.74
2.76
2.76
2.76

2.80
2.81
2.82
2.84
2.84

2.92
2.92

257,009 MHi-R14-851
25,7090 §82
41

R i

W I g

i
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ol

b

MIH

—. ——

SCHIIWWER SA

PLES (Continucd)

SCFiJBBER

SIoH LIQUOR MMH
GAS SAMPLE CONC. ShMPLE coNC.
. _EumBErR __ (prM)_ _ NUNBER (G/1.) pH
1053.7 Mnil-IN~R14-S3 33,500 Mini~-R14-583 12.1 2.92
1180.7 54 .19,¢90 584 9.8 2.93
1105.5 S5 23,290 355 12.9 2.96
18037~1110 $i-QUT-R14A~CT1=-A 0.2
B 0.1
1637.5-1100 2R 5.3
12~-8 0.1
1005.8-1044.8
8]11/80
13(33.v MMH-IN~R15-S1 94,500 MiMI-R15-SS1 12.56 3.062
1013 82 20,720 582 13.2 3.05
1620.3 S3 18,200 583 13.4 3.47
1025.5 S4 23,700 $s84 14.5 3.09
i834.3 SS 22,100 $S5 14.1 3.10
1349.5 56 90,100
1806-1045 Mi-0Ur-R15-CTL-A 0.5
i B 2.2
1606.5-1045 CTr2-Aa 0.5
B 0.3
1206-1236.2
8/11/80
12623.3 W4H-IN-R16-S1 97,000 MUH-R16~-581 15.1 3.57
1212.3 s2 57,200 382 14.0 3.08
1219.5 S3 77,600 583 13.8 3.190
12246.7 S4 12,760 384 12.3 3.11
1233.7 55 25,700 Ss5 14.7 3.11
1226 56 74,300
1266-1237 MMH~QUT~R16~-CT1-2 0.5
B 0.2
1206.5-31237 CT2-A 0.3
B 0.2
MMIE~-QUT-RIC-CT3-A 0.6
0845-0925 B 0.5
1038-1110 C 0.3
10067-1045 D 0.3
1207-1237 E 0.1
F 0.1
1039.5-1148 &
1311.5-1415.5
8/26/80
1048 MMif-IN-R17-S1 1,170 MMH-R17-5881 15.8 3.9S
11n1.5% s2 71,1006 582 15,2 3.18
1116.7 53 71,400 8S3 15.9 3.18
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MiH SCRUBBER SAMPLES (Tuntinued)
e e e an ———— |
HMiH q
SAMPLE coxNe. :
RUN TIME o Apey)
1118.7 MEH-IN-R17-S4 80,600 A'E-R17-584 15.4 3.20 j
1132.7 ss 79,400 ss5 15.9 3.22
. 1145.5 55 103,000 $86 15.2 3.24 )
1316 £7 63,500 887 15.8 3.23 1
1328.7 53 23,300 s58 16.0 3.24
1334 £3 92,500 SS9 5.2 3.25 ;
1340 <10 85,9900 5810 18.6 3.28
1401.8 s11 128,690 5811 17.5 3.30
1415 £12 111,600 s512  16.7 3.33
MME~OUT-RIT7-IT1-A 1.2
B 0.7 ;
1039.5-1148 c 0.5 :
1311.5-1416.7 } D 0.5 ‘
E 0.4
F 0.3
JP2-A }.-?
B 1.0
1040-1148 | c 0.6
1312-1416.7 } D 0.3
E 0.2
1041-1148 T&-R 2.3
1312.5-1418 ;
) 1055.5-1207.3 &
8/27/80
1058 M- IN-E18-S1 598,000 MEi=R13-8S) 1.9 1.91
1108 s2 121,000 582 1.9 1.89 4
1117 s3 105,000 s83 2.0 1.79 ‘
1121.8 ] 107,600 554 2.3 1.94
1152 S5 120,000 S35 3.0 1.93 :
1201.7 sh 101,000 556 3.2 1.95
- 1331 s’ 122,000 557 3.2 2.11
1 1344 53 98,000 $58 3.3 2.14
* 1352.5 $) 83,090 $59 3.8 2.18
1355.9 S10 79,000 $S10 3.8 2.20 {
1419 s11 77,000 S$S11 4.1 2.26 : y
it 1427.3 s12 84,000 ss1z2 4.3 2.29 )
¥MH-OUT~K18-CT1-A 0.4
B 0.2 )
1055.5-1207.5 | c 0.2
1327.5-1432.8 ) 0.2
E 0.1
F 0.1




SAMPLE
_RUN_TIME_

WHMRER  {(G/L) pH

MI4i-OUT-R18~-CT2-A 9.5 R
B 6.4

1056-~1207.5 c 6.1 1
1228=1433 l D 0.2 s |
E 0.2 ‘
F 0.2 )
¥I-OUT-RIZ~T6-A 0.6 ‘3
B 0.3 ;
1056.5-1207.8 c 0.2 |
1378.5-1333.2 } D 0.2 !
. E 8.2 N '}
F 5.2 ;
e e ——— - ———— e e - = |

2
H
. {
N 4
s
b
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X204 FCRUBBER SAYPLES
T T "7 7 ScxuspER T b
N0, LIGUCR 303=
SZMPLE GAS S MPLE CONC. SAMPLE CoONC .
_RUN TIME ~ WUFBER . erM) _1UMBER _Av) O ope
1304-13535.6
8/13/80
. 1321 NO,-1X-R1-51 312,000 0,-R1-$51 7.23 13.39
133" 52 235,000 s82 7.23 13.33
134« 53 , 170,000 $S3 6.93 13.29
1349 s4 523,000 554 6.69 13.24
1304-1355 NO5-OUT-R1-C Pl 12
1316-1355 cr2 28
1315.5-1325.5 5 47
1326.5-1336.5 15 34
> 13356.5-1345.5 T4 70
1345.5-1355.5 73 72
6907.5-1020.5
8/14/80
9937.5 NO,-IN-R2-S1 104,000 NO,-R2-5S1 4.43 13.23
0947.3 s2 144,000 552 2.52 13.21
0957.8 53 118,000 SS3 3.97 13.18
1006.5 sS4 130,000 s54 3.71 13.15
1014.8 S35 131,000 SS5 3.45 13.12
1925 s6 11,400 556 2.78 13.09
0907.5-0959.5 NO,~OUT-R2-CTrl 56
0932-1020 cr2 5
0933-0950 T1 156
0950-1000 T2 21
1056-1010 T3 21
1010-1012.8 T4 20
1023~1029.5 T3 39
1247.8-1333.3
: 8/14/80
H 1253 N0, IN-R3-S1 82,000 NO, R3-SS1 2.68 13.09
: 1301.5 52 191,000 552 2.86 13.07
g 1311.5 s3 405,000 S$S3 2.66 12.99
. 1323 s4 550,000 sS4 1.97 12.75
: 1332.5 S5 664,000 $S5 1.47 12.25
i 1248-1333.3 NO,~OUT-R3~CT1 373
P 1248-1333.5 cr2 345
- 1243-1259 Wl 208
1259~1309 2 176
1309-1319 3 377
1313-1329 TS 1,386
1329-1333.8 5 11,320
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Ne, :IQUCR

SAMPLE GhS SAMPLE CONC. SEMPLE

RUN TIME NUMBER {PP¥) NUMBER pH
1355.9-1413.5 RO,-OUT-R10-T5 63
1413.5-1438.3 T 24
1413.5-1439.3 {X0) T6 58
1325-1438
8/25/80
1329 NO5—~IN-R11-51 332,000 RO;~R11-8S1 1z2.98
1335 s2 354,660 SsZ2 12.85
1354 s3 327,000 583 12.12
1410.5 sS4 231,000 554 11.20
1423 s5 389,000 sSS 10.59
1434 S6 252,090 sSS6 10.25
1326-1438 ¥0,~-0UT-R11-CT2 3,860
1326.5~-1333 T4 9.659
1333-1419 T3 2,390
1419-1438 TG_ 6,650
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