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A. Redesign

The A11OCO sniffer and auxillary  equipment and an extensive parts box

were received in good condit ion. The AMOCO sniffer was incapable of water

analyses for specif ic hydrocarbons and it  was therefore redesigned to

permit gas chromatographic-1-ike  analyses for trace amounts of specif ic

l ight hydrocarbons. The redesigned unit is sho~m in Figure 1.

The system is designed to permit the scrubbing collection of  hydro-

carbons from 10 to 50 1 of sea water or more,  i f  necessary. Prov is ion

has also been made for batch analysis of up to 250 mk of sea water using

the system shown in Figure 2. This  modi f icat ion can be used if very high

concentrations of hydrocarbons are encountered.

The water scrubbing section of the unit was retained from the old

AMOCO equipment. Helium gas was used as part of the scrubbing gas and also

as a carrier for the hydrocarbons removed from the water  samples. The

sample gas stream is passed through a drying tube and into a liquid

nitrogen-cooled U–trap which col lects al l  of the hydrocarbons. The trapped

gases are then analyzed by a f lame ionization detector (FID)  (Perkin-Ehner)

as they evolve from the heated U-trap. The analysis obtained is similar

to a programed temperature gas chromatographic  analysis and a typical

standard analysis pattern is shown in Fi2ure  3.

B. Construction

The light hydrocarbon analyzer (LHA) was constructed using the frame

and much of the original equipment from the old ANOCO unit. The AMOCO unit

was shock mounted and then designed for more rugged field  use. Since the

filter chambers had been leaking, a new gasket sealing compound had to be
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used to replace the unsatisfactory si l icon material previously used by

~~oco . Other problems encountered included elimination of leaks and,

plug<ed  l i n e s , s impl i fy ing the car r ier  gas system and mounting the U-trap

in the instrument. The most serious problem was an anplifier  fa i lure dur ing

a sea trial  but this amplifier was replaced with a new

t rans i s to r  i npu t  s tage  amp l i f i e r  (Kiethley  Model blbS)

so l id  s ta te  FET

and after the Rust

Rack recorder was replaced

(Linear Instruments Corp. )

C. Laboratory Testing

by a new integrating str ip chart recorder

no other data col lection problems w e r e  e n c o u n t e r e d .

Laboratory  testing, redesign  and construction  were  an interrelated part

o f  t h i s  pro~ect. The experimental parameters of carr ier gas f low rate,

hydrogen gas and air feed rates to the detector, and sample gas flow

had to be adjusted to obtain maximum sensitivity, maximum separation

components and minimum separation time. This was done along the way

modifications were made in the equipment. Analysis time  was reduced

than five minutes per sample.

Standardization of the detector response was found  to be easily

r a t e

o f

as

to less

accomplished using a standard 1000

ni t rogen gas (Micricyl  ca l ibra t ion

ppm mix of C, to  CL normal alkanes  in
J_ u

gas, MG technical products, Kearny,

N. J . ) . Samples of ’  20 to 500 p~ were in jected direetly  onto the l iquid

nitrogen cooled U-trap through an injection port. The l im i t  o f  de tec t i on

for hydrocarbons was found to  be less than 0.1 nfl/sa.mple. This was well

below the needed limit of detection for sea water analysis even when

working at open ocean ambient concentrations (about 50 nfl/k).

The eff iciency of the water scrubbing system was tested using a
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100 !? hold tank, as shown in FiGure  4. The efficiency had to be kno~m

to relate the standardized detector response to  light  hydrocarbon con–
.

centra.tionc  in  wa te r . ‘l’he scrubbing factor was found to  be an exponential

expression and is discussed later in this report. In  the scrubbing

eff iciency experiments amounts of hydrocarbons were placed  in 100 I  of

water. The LHA continuously scrubbed these hydrocarbons from the tank as

a funption  of time and returned the par t ia l ly  de~assed  water  to  the hold ing

tank. Periodical ly two minute col lect ions were

assure that the scrubbing process was monitored

of time, the pump was temporarily halted during

acqu<red  and analysed.  T o

as a continuous function

the analys is  cyc le .

Figure 5 summarizes the results of a typical scrubbing experiment.

The scrubbing versus flow rate experiments were accomplished in an

analogous manner. The instrument’s f lew gauge was cal ibrated in l i ters

per minute of water flow and the scrubbing experiments were repeated at

var ious f low ra tes. The results of these experiments are represented in

Figure 6.

Data in Figure 6 indicates that control must be maintained over

sample flow rate. Calibrations of the system for scrubbing factor upon

which quantitative results depend must be made at the actual sampling

f low ra te . The k factor is not a highly sensit ive function of f low rate,

a.10z  change in sample f low rate wil l  cause a 10Z change  in results.

Sample f low rate control was found to require careful observation of the

flow meter during operation and occasional changing of  filters in the

sample pump system. Durin&  operations f low control was maintained to

w i t h i n  f5% re la t ive of  the ca l ibrat ion f low rate . Since  f low ra te  is
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the major source of error compared to  others (temperature, cal~bration~,

etc.  ) , 15? is a good estimate of the data precision of the system.

Scrubbing as a functi.oi~  of temperature experiments were done in

the 100 k Dewar tank. l’he temperature was adjusted before  the analysis

began and maintained by the addition of small amounts of ice. Low tempera-

ture experiments were terminated before any appreciable di lut ion error

oc~ur?ed, The results of these experiments are shown in Figure 7.

Temperature has l i t t le effect on the k factor for methane over a

wide range. Failure to cal ibrate at each operating temperature should

result in errors on the order of 27 re l a t i ve .
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D.

‘ and

the

,Scrubbing  Theory

The theory of exponential di lut ion has been investi~ated  by Ritter

Adaxrs* . The rate (-dCL/dt)  at which the hydrocarbons are eluted  from

LHA is proport ional to the concentration of hydrocarbons in the

sample. Thus ;

(1)  dCL/dt  =kC L

where k is a constmt  characteristi~  for the LHA and CL i s  t h e  c o n c e n t r a -

t i o n , nk/L,  of hydrocarbon in the aqueous sample. If Xt is  the amount ,

n~,  of hydrocarbons that has been scrubbed out after t ime t, [lJO] the

concentrat ion, nR/k,  of the hydrocarbon in the water sample before

scrubbing and V the volume, 1, of water scrubbed then equation (1) becomes;

( 2 )  d C L / d t  =  -k((VIWo]  - Xt)  / V ) .

Since  CIJ= (V~Wo]-~)/V  it follows  t h a t  dCI,/dt  = -dXt/Vdt  a n d  e q u a t i o n-.

(2) canbe  expressed as;

( 3 )  -l/V(dxt/dt)  =  -k((VIWo]  -~)/V)

which can be simpli f ied to

( 4 )  dXt/dt  =k(VIWo]  -  ~).

Rear rang ing  equa t i on  (4)  gives a famil iar dif ferential equation;

(5]  d X t/  (VIWO1 - q)  =  k d t

and integration of (5) gives;

(6) -ln  (V{WO] - ~)  = kt + Cl.

At t= O, Xt becomes zero and the integration constant can be evaluated and

equation (6) becomes;

*  Ritter,  Adams, Anal.  Chem 612 (1976).
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( 7 )  In (VIWol/  (VIWO] -Xt))=kt.

Equation (7) can be expressed as;

( 8 )  VIWol/(VIWo]  - Xt)  =  exp(kt)

and then rearran~ed  to give;

( 9 )  Y% =VIWOI  ( 1 -  exp(-kt)).

D i f f e r e n t i a t i o n of  (9)  g ives;

(10)  dXt/dt  =  VIWO]k exp(-kt).

Taking the In  of equation (10) gives;

( 1 1 )  In  dXt/dt  = ln(VIWO]k)  -  k t

and a plot  Of t V S  in dXt/dt  wi l l  give a l ine with slope k,  t h e  s c r u b b i n g

factor  for  the analyzer . Once k has been obtained equation (9) can be

used to evaluate the  [Wo]  for environmental samples taken.

Since the scrubbed hydrocarbons are collected over a constant time

i n t e r v a l , At, the signal that is actually recorded by the LHA is not the

di f ferent ia l  o f  Xt wi th  respect  to  t ime but  is  in  fact  the increment  in  ~

with respect to delta t ime. I t  is  necessary ,

p lo t  o f  the increment  in  Xt  vs time will  also

the re fo re ,  t o

resu l t  i n  t he

The amount of hydrocarbon released after scrubbing for

expressed by equation (9). Thus the amount released after

t i- At ,  is  g iven by;

show that a

evaluation of k.

t ime ,  t ,  i s

s c r u b b i n g ,  .

(12)  % ~ At  = VIWOI ( 1  -  exp(-k(t  + A t ) ) .

The amount, (Xt + At  - Xt)  co l lec ted over  the t ime in terva l  At  is  the

difference between equation (9) and equation (12) and can be represented as;

(13)  AX =  (VIWO] exp(-kt))  ( 1  -  exp(-kAt  ) ) .

Expressing exp(-kAt)  as a series and neglecting the second order terms

gives;



(14)  exp(-ld:t)

and the  ~~lbstitution
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= 1- ldit

o f  e q u a t i o n  (11+) into (13 )  ~~v~~s;

(15) AX =  {VIWO] exp(-kt))  (k.Lt)

which  cam easily  be represented as;

(16)  AX /A t  =  VIWo]k  exp(-kt).

The error  invo lved in  expanding exp(-k~t)  to the first  order term is

five parts  in 1000 when kAt has a value of 0.1 and decreases as the value

of kAt  decreases. S i n c e  k is equal to (ln  2)/T~,  whe re  ~~ is  the half life

of the scrubbing experiment, the expansion of exp(-kAt)  i n t roduces  an

error of less than f ive parts in 1000 when the col lection t ime, At, is less

t h a n  0.14~  of T%. Therefore equation (16) is an excellent approximation

of equation (10) when At is less than 1~.~ifi  of T~ and equation (16)  can be

ut i l i zed to  evaluate the scrubbing factor ,  k.



_l}+-

E. Prelimiria.ry  Field Testing

Field  t,ests  were made on two fresh water lakes. These were not

overly successful because the high or~anic  content of the lake water

overloz?ed  the detection system. The pumping and filtering systems were

also overtaxed and no modifications for fresh  water work were attempted.

However, the batch analysis method, (see Figure 2), could be used in”

s i t ua t i ons  l i ke  t h i s . A successful at-sea f ield test of the LHA unit was

made in  October  1975. The two sampling methods, as well as alternative

water col lection methods, were investigated and only minor correctable

problem were encountered. In general, the sea tr ial showed that the

equipment would operate on the R/V Bellows and provided a much needed

tra in ing exerc ise for  a l l  pro ject  personnel .

F. Rig

1.

).!onitoring

calibration  of  Deteetor

Selected amounts of methane, ethane > ProPane and butane were

d rawn  into  a microliter  syringe (Unimetrics)  and then injected onto the

cold trz~. Corresponding detector response areas were plotted against

injected gas volumes (Figure 8) and this data is also summarized in

Appendix A. Periodic laboratory cal ibration checks were

a calibration check was performed at each rig monitoring

2. On Site Sampling

conducted and

s i t e .

The light hydrocarbon analyzer as described was employed in

all  operations. Water sampling was done throuGh  the ship’s sampling

pump systems during the first cruise period and by means of a towed tube



C e

6-

> .

4

.

-15-

Figurv  8

u
W-J

2-

L-. t
50

J
150

.
nl.



-16-

and pl~”q, sys~c-m durlrl~  al. ] subsequent operations  . Durin~  a.].  field

operd- ~:~ns  the  f low rate was kept constant. ‘The analysis procedure con-

siste~  C? cold trapping for two minutes of scrubbjng  time while u n d e r w a y .

Trapped, scrubbed gases were then analyzed for a period of approximately

three to five minutes and the analysis cycle repeated. The analysis

syster. zherefore  analyzed a composite sample of water obtained while the

ship wzs underway and presented the average water quality for the distance

travele~  in the two minute period.

‘a-”ubbing  experiments,b~. as described in section C, were conducted at

sea to  ietermine  the value of the scrubbing factor. Linear regression

analysts  was employed to determine the slopes of lines obtained from the

experi~.ental  data. These values of the scrubbing factor, k, are pre-

sented ia  Appendix A . Excellent correlation between experimental data

and scr~bbing  theory was obtained and in all experiments conducted the

collecu:on  t ime, two minutes, was less than 0.144 ~~.

3.

p r i o r  ts

Data Discussion

‘The drilling rig site near Port Aransas, Texas w-as surveyed

drilling on December 1-2, 1975. Data presented in Appendix A

indicazed  tha t

methane values

feature of the

there is a detectable amowrt of me thane  p resen t . The

are in accord with the f indings of others. An in terest ing

data is that the methane values decreased as the samp l i ng

point became further removed from the ship channel outlet to the Gulf.

No part icular pattern of hydrocarbons was noted in the test a r e a .

Because of the termination of dri l l ing operations prior to b e i n g

able tc  survey the site near Port Aransas,  Texas a second t ime, i t  was

decided to  survey a dri l l ing operation at lat i tude ~?0371i3.87”N,
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lon~i+.;.de  96°57’55.17”TJ , near Port O’ Conner, Tezcas. The survey was

done Gn January 23,  1976, and no general light  hydrocarbon contamination

was observed in the area. One of the samples obtained showed a substantial

amount of l ight hydrocarbons, nevertheless, we believe it was caused by a

single bubble of natural gas seepage and must be a solitary event since

any s~;kstantial  continual seepage or leakage from drilling would contaminate

the en;ire  area surveyed.

During the January 2-6 cruise period the towed sampling system

was tested  in the Corpus Christi ship channel, Results demonstrated the

abil i ty of the analyzer to detect l ight hydrocarbons in  po l lu ted waters .

Nearby ref ineries were l ikely the source of C 2 to C6 hydrocarbons found

in the turning basin in the urban area of Corpus Christi. Waters  decreased

in tiydr~carbon  concentration as the more open areas of  Corpus Christi bay

were crossed and further yet as the ship channel approached the open Gulf.

Data shgwn in Appendix A includes some results of air analyses of the port

area.

. .
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T A B L E  I

LHA SURVEY PRIOR TO DRILL!t{G
nE/E

sample
No.

o - l
0 - 2
0 - 3

1

;
4
5
6
7
8
9

10
11
12
13
)4
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

;:
33
34

;2

390
290
250

170
110
64
54
31

5:
35

:;
38
36

103
31
39

;:
38
40
36
28
39
35
31
57
48
28
36
25
26
34
25
28
43
48
47

8 . 6
3 . 8
4 . 2

.

6.7
6.3
3 . 8
6 . 9
4.2
6.1

;::

5.9
5.5
7*I

;::
4.8
5.0
5*3

u
6.7

N
2.7
9.0

3.6
4.0
8.0

;::
2.9
3.2
2.5
7.8

11
8.6

14

9*5
10

1 3
6.7’

,.9.2
9.2
9.0
9.5

12
9b5
9.2

10
11
14
16
14
11
8 . 6

‘z:;
13
10
8.2
f?.8
7.4

16

318
4 . 8

13
11

617
7.8
2.7

12
16
14
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TABLE 2

SURVEY OF CORPUS CHRISTI SHIP CHANNEL

nl. /k
samp 1 e

N o . C H4 C3H8 C4H 10 c5~12 C;H,4

W-1

W-2

W-3

u - 4

W-5

w-6

M-7

w-8

w-g

M-14

W-15

W-16

940

l o s t

940

840

660

470

450

l o s t

380

270

220

80

16

36

10

2.3

2.3

2.3

2.7

3.4

6.1

1.3

.

340

200

200

180

23

6.2

11

6.5

5.7

230

120

140

170

13

13

16

8.2

6.9

97

65

67

6.5

11

10

1.9

L o c a t i o n s : w-l  to  w - 3 i n t e r i o r  p o r t  o f  C .  Christi

W-4 t o  W-$) Nueces b a y  t o w a r d s  Gu!f

u- 11+ - W - 1 5  Outer ship c h a n n e l

w-16 At j e t t y  n e a r  o p e n  gulf



TABLE 3. LHA- U n i t  A i r  Analysis of C o r p u s  Christi S h i p  C h a n n e l

P!?/k

Smplc N o . C] H)+ C3H8 ~4~lo

A-7 0.11 17 0 . 3

A-6 0.02 6.7 0 . 4

A-5 0.02 4.9

A-4 Q.03 5.7

A :3 0.03 6.4 0.9

A - 2 0,03 7.3 0,4

A - 1 0.03 9.5

N o t e  l o c a t i o n s :

A - 7  to A - 5  i n t e r i o r  p o r t  o f  Corpus  Christl

A-4 t o  A - 1  Nueces b a y  tow~rds Gulf
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TARL E 4

R I G  MONITORlflG, D R I L L I N G  WIDERWAY

n9. /9,

Sample
No. C H4 Remarks

R- I 300 4025 m from rig
R-2 I 70 2816  m fr~m rig
R-3 200 1 7 7 0  m  f rom r ig
R - 4 200 965 m from r i g

100 m  C i r c l e

o-! 2 6 0
0-2 220
0 - 3 220
0 - 4 220

5 0 0  m C i r c l e

05 I
052
053
06 I
062
063
07 I
072
073
08 [
082
083

09 I
092
093
101
I 02
i 03
I l l
112
113
121
\ ~~

230
200
I 90
210
I 05
200
200
320
180
I 50
I 00
240

1000 m Circle

880
330

C 2

260
I 40
280
250
290
~50

200
220
180

180
C3

40
C 4

I 00



T C*

11.5

14.0

22.0

25.2

25.2

25.2

2 2 . 0

22.0

Table 5

Regression Analysis for Scrubbing Factor

f l o w  17!L/min

k  x 1 0 - 2 S.d.  X iO
-2 corr. alkane

4.07 0.48 0.997 CH4

4.68 0.36 0.982 CH4

3.58 1.2 0.978 CH4

4.25 0.56 0.985 CH4

3.96 0.27 0.985 ‘ C2H6

2.95 0.24 0.977 C3F’8

4.05 0.74 0.992 C2H6

4.25 0.62 0.980 C3H6


