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CEAR RESEARCH

Tahde 2. The amumed elemental composiion for ofl, water and gas
samples a8 u=ad fof CEARCPG mulation with densites of
08 gom~? for odl, LO25 g om—* water and 00031 g om— for gas

Sample Element  Weight fraction
- Hydrogen  0.15

Carbon (0.5
Pue waiep  HFPICOgEn 01111

Oxygen  0.ESES

2alt sodium 03934
Chlorine . B

Carbon 0,75
Hydrogen 025

s o
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Figure 1. Schemalic design and dimensions of the muliphsase Dow messurement system (uoit com).
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Table A The asznmed elemental Composition for the & ght elements
in the =ample nsed for CEARCPG simolation with a deasity of

092 gom™.

Element Wit fraction
Hydrogen 0127 563
Carbon 0U3T5 TEL

Oy e OLATE 055
Sodlinm L0 0115
Chiorine CLO0 G0
Potsssiom QU000 223
Calcium QL0 223
Magnesinm 0000 72
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relationzhip between weight percentage { Wiof salt (MaCl) and
solution density (o) in g cm ™ is taken bere as

o= 0007 5395 W+ | 00000,
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Tahle 4. Simulated sensitivities for the assumed odl-seawater—gas sample analysis for hres different background levels for all three phases

True weight  Fitted weight spectial
fracton® fraction” a () amea &)
H. O 53.858%: 53.88% 371 25.89
salt L& 1655 .04 FB23
Cias+odl 44 44%: 44 4% 3.35 29.06
Background 1000 100 D03 T 0.21 B.ES
H O 53.858%: 53.89% 4.30 16.04
salt L& 1655 .04 23.68
Cias+odl 44 44%: 4443 % 3.BE 17.53
Background 1000 100005 % 014 4229
H O 53.858%: 53.96% %32 334
salt L& 1655 0.05 4.93
Cias+odl 44 44%: 44 35% 243 374
Background 1000 10000 3% 0.05 87.29

s Background 15 a relative valne caly.
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Tahle 5 Calculated wedght Tracons of =it and g&= plus odlin
LHEnown samples.

Fhagse RealWEF  FUWEF Bior

0% Je=m =t =4l | 35%: 1.36% O0.58%
Waler S54.06% 52.21% 341%
CH 4459%  4642%  4.12%

2% mofe =alt sall 2. 2% 201% 049%
Waler 53.70% .07 441%
CH 44.29%  4]193% 533%
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Toexiract the gas volume fraciion one can use a traditional
camma-ray densitometer using a Cs-137 source, which has a
single energy of 0,662 MeV and a half-lite of about 30 years
(Johansen and Jackson 2004, In fact, one could use this
radicizctope gamma-ray source simulianeously with the Cf-
2532 =source while using the same Mal detector as used for the
prompl gamma rays. since the gamma-ray enargy of the Cs-
| 37 15 in aregion of the prompt gamm a-ray specirum that dosss
ol interfers with determining the prompl gamma rays.
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water. Assuming that the response to the Cs- 137 gamma ray
iIntensity 15 essentially an exponential, an analy=sis using the
relationships

arip) = (dp/dR e (/)
and
Rigil = R exp|—{w/oipt] + &,

where K 12 the total counting rate response to the Cs-137
oamma rays, fis the cylinder diameter (254 cmj and b is the
oamma-ray gauge background response. Indications are that
a 1% wariation in @ (which i= equivalent t© a 1% vanation
in &) would be easy tooblain.
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o DiNova also used the same Monte
Carlo simulated data that was
generated by Wang et al with his
spectrum stripping approach.
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Figure 24: Library Contribution to Experimental Spectrum
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Figure 15: Experimental Spectrum
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Table 6: Comparison between Calculated and Known Amounis

A MoWN Calculated Helative
Library Coefficient Coefficient Errar
Air 1.00E+14 9990E+13 0.10%
Salt 1.00E+14 1.000E+14 0.00%
Water 1.00E+14 9924E+13 0.76%
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composition and densitv of the produced water sample
Weicht Denszity of solution

Elements fractions g-"r:m3

Hvdrogen 0.107 367

Oyvegen 0.852 122

Sodmm 0.015 641 1.0224
Chlorine 0.024 455

Strontium 0.000 414
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Counts
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Table 5. MCLLS calculated and real weight fractions of the elements in the produced water sample.
Also given are the errors in the estimates,

Calculated weight
Element Real weight fraction fraction Error [%4]
Hydrogen 0.107 367 0.004 2 96.1
Oxyvgen 0.852 122 -0.98 215.01
Sodium 0.015 641 00143 8.0
Chlorine 0.024 455 0.000 7 97.14
Strontimm 0.000 414 0.000 8 5224
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Real weight Calculated weight
Element fraction fraction Error [%5]
Hydrogen +
Oxygen 0. 959 489 0,960 046 0.06
Sodium 0.013 641 0.0152 282
Chlorine 0.024 4535 0.0241 1.45
Strontium 0.000 414 0.000654 578
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o Theresults indicate that all the components except
strontium give good measured amounts. This is to be
expected in that Sr is present in a very small amount.

o Thereis an indication that pulse pile-up is a problem at
the higher energies. This could be eliminated by first
correcting the experimental spectrum for pulse pile-up
distortion.
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PROJECT

o Saudi Aramco has asked me to look at a new design for
measuring Cl and S in flowing oil by PGNAA.

o The paper describes a device that consists of a 24-inch diameter
pipe that is 48 inches long that has two cross flow pipes —one is
about 3 and the other 6 inches in diameter. They house the Am-
B source and Nal detector, respectively.

o Measurements with this PGNAA device are desired for Cland S
In a flowing oil mixture.

o The sourceis an Am-B source emitting about 1.X107 neutrons
per second.

o The detector is a Nal crystal of unknown size — could be up to a
diameter of six inches and more than six inches in length, but
appears to be 5inches long by 3 inches in diameter.

o Three windows on the spectrum are used of about 2.0to 2.4, 5.0
to 5.6, and 5.6 to 8.0 MeV for H, S, and ClI, respectively.

28
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Fig. 1=—S5all-in-crude monilor system.
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Fig. 3—Typical gamma ray specirum.

2



POSSIBLE SAUDI ARAMCO

PROJECT, 6

o Theinverse analysis described in the paper consists of the two
equations: Salt=K;+K,F~+K;Fs and Sulfur=K,+K:Fs+KsF where the F
and Fg are ratios of the Cl and S counts to the H counts, respectively.

o This device reminds me of the first (SAIC) PGNAA device for measuring
the elemental analysis of coal on a conveyor belt. It had “Cadillac”
hardware and “Model T” software.

o Arange of improvements can be made in a new design for this device.
Hardware improvements might be: (1) an Am-Be neutron source, (2) a
neutron accelerator source, and (3) installation of the detector(s) and/or
the source outside of the main pipe. Software improvements might be
(1) the use of the Monte Carlo — Library Least-Squares (MCLLYS)
approach that uses the entire experimental spectrum and generates
library spectra for all components by Monte Carlo simulation or (2) use
of coincidence counting which would decrease the background
considerably.

o Itis avery interesting problem.
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