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Summa ry

The objective of this report is to present the results of a pipeline trans-
portation study to convert Cook Inlet Pipe Line Company®s commmon carrier
pipeline and tanker loading facility Tocated at Drift River, Alaska, to
multi-product service for handling shipments of methanol! from a proposed
54,000 BPD capacity coal to methanol processing plant located near Granite
Point, Alaska.

Cook Inlet Region, Inc. and Placer Amex, Inc. requested the study in
connection with the Beluga Methanol Study (D.0.E. grant No. DE-FGOl-
BORA50299). Mobil Pipe Line Company performed the study with assistance
from Mabil Research and Development Corporation's Dallas Field Research
Laboratory. The areas of study the report deals with are:

1) Evaluation of the compatibility of crude oil and methanol in a
multi-product batching type pipeline operation.

2) Engineering design requirements and operating procedures for the
CIPL system to operate i1 -rude/methanol service.

3) Estimation of transportation -nd ship loading cost (tariffs) to
ship methanol through the CIPL "vstem with crude on a batch basis.

The study established that it is feasible to batch in the CIPL system with modi-
ifications and additions to existing facilities. The 1981 average cost to
transport methanol would be in the range of $0.56/bbl to 3%0.79/bbl, as

shown in the table below. These costs are basad on the present method of
determining tariffs for crude o0il, the current construction and material

cost, and the proposed methanol production rate of 50,000 BPD. The dis-
mantling and restoration cost in these tariffs are $0.08/bb! and $0.1C/bbi

for the constant and declining crude volume, respectively.

Case Case Description Tariff $/bb1
1981 1986*

Case I Fuel grade methanol and

constent crude production 0.56 0.62
Case I Sensitivity Fuel grade methanel and

declining crude production 0.58 0.70
Case 11 : 1/3 chemical grade and 2/3 fuel .

grade methanol with constant

crude production 0.66 .70
Case I Sensitivity 1/3 chemical grade and 2/3 fuel

grade methanol with declining

crude production N.68 0.79

*With 1981 investmant
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The 1981 $0.56/bb1 tariff of transporting fue! grade methanol is comparable
to the prasent tariff of $0.58/bb! of transparting crude which includes dis-
mantling and restoration cost of $0.12/bbl. As a result of the effacts of
inflation on operating, construction, and material costs, future tariffs
would be higher compared to present tariffs., Since tariffs are sensitive

to volume, the effect of lower volumes compared to those used in this study
would &1s0 result in higher tariffs.

The future dismantling of the system and restoration of the area is also
highly affected by inflation and volume throughput., Based on the volumes
and the project Vife used in this study, the dismantiing and restoration
could be as low as $0.08/bbl, ar as high as $0.10/bbl.

The cost of transporting both chemical grade and fuel grade methanol, as
shown in Case II, is $0.10/bbl1 higher due to the additional required
facilities. For this study, an average tariff was applied to all volumes
in the systsm, However, in view of the special handling requirements for
chemical grade methanol, the added cost would usually be charged only to
the chemical grade. ‘

It must be kept in mind that the tariff estimates referred to above are all

. vased an the cases studied, and the economic criteria and assumptions made

as a basis of the study listed under Appendix "B" of this report. Any

actual variations from these assumptions which would apply in the future
would, of course, impact on any newly calculated tariffs at a particular time.

Mobil Pipe Line Company and/or Cook Inlet Pipe Line Company does not guarantee,
whether expressed or impiied, a commitment to handle methanol in the CIPL
system by canducting this feasibility study. This decision is solely the

right of the owners of Cook Inlet Pipe Line Company.

T TP T TR I S S T i s
R 2 it ol 0. e ) Lons: 2 = R

st
va 2l g s asning.




1.0

Introduction

Cook Inlet Pipe Line Company (CIPL) is a common carrier crude oil
pipeline system located near Anchorage, Alaska.

CIPL transports crude produced from several offshore production plat-
forms located in Cook Inlet. CIPL takes custody of the crude from
producer-owned land-based terminal facilities at Granite Point and

West Foreland Stations on the western shore of Cook Inlet. The crude
s pumped through a 20 inch diameter pipeline to CIPL's Drift River
Terminal on a common stream basis where it s stored in seven 27G,000
barrel tanks. The crude is periodically Toaded into shippers' tankers,
up to 70,000 DWT, through a single berth, fixed platform, offshare
loading facility (See Appendix C).

Due to declining crude production from existing fields, the CIPL system
is projected to have spare capacity to handle other 1iquid materials,
However, modification and additions of existing facilities for such ser-
vice is subject to the approval of the owners of CIPL. Investments
would require an economic justification reflecting the risk of regula-
tory conditions in existence at that time.

Cook Inlet Region, Inc. and Placer Amex, Inc. (CIRI/Placer) has pro-
posed a 54,000 barrels per day coal processing plant, located at
Granite Point, for *ie production of methanol. CIRI/Placer reques ted
CIPL to evaluate th: technical feasibility of transporting methanol
through CIPL's pipzline, and estimate tariffs based on certain assump-
tions and economic criteria. Mobil Pipe Line Company, acting on be-
half of the CIPL system, evaluated the operational problems of batching
methanol and crude in the CIPL pipeline system. Mobil Research and
Development Corporation analyzed the effects of mixing Cook Inlet
t¢rude with methanol. Based on these evaluations and assumptions the
tariff estimates were calculated.




2.1 Scope of Work

The objectives of this study are: (1) to investigate the affects of
and any constraints that may be incurred as a result of batching crude
il and methanol in CIPL facilities; (2) to determine the necessary.:
modifications of the existing CIPL pipeline, pumping equipment, _
storage, and tanker lvading facilities in order to transport,.stork
and load into tankers methanol and ¢rude oil as segregated liquids;
(3) to estimate the cost of the modificatfons and additions to thz
system; and (4) to calculate tariff rates for the various cases of
transporting, storing and ship loading methanol and crude.
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3.0 Case Description

Four econaomic cases were selected on the basis of various throughput
levels in the CIPL system as follows:

Case ] Base: - 18,360 TBY fuel grade methanol;
- 18,250 TBY crude o011
- Throughput volumes constant over the
project Tife (19 years).

Case I Sensitivity: - Same as Case I Base except crude throughput
volumes decline 912,000 barrels each year.

Case II Base: - 12,240 TBY fuel grade methanol
- 6,120 TBY chemical grade methanal
- 18,250 TBY crude oil
- Throughput volumes constant over the
project 11fe.

Case II Sensitivity: Same as Case Il Base except crude throughput
decline at 912 TBY over project 1ife.

* TBY - Thousand harrels per year

-3




4.0 Operational Criteria

It 1s essential that both crude production and methano! production
not be interrupted. Since methanol and crude oil will be batched

as segragated fluids through a single pipeline, continuous pro-
duction requires a proper balance between production storage capacity
and pipeline pumping rates.

The proposed methanol plant storage was given as 15 days. There is
existing producer owned crude oi1 tankage at Granite Point and West
Foreland for 15 days and 3 days of crude production, respectively
(See Appendix C) with all crude producers tankage combined into one
unit for common usage.

A preliminary analysis showed that the existing producer tankzge will
be sufficient if methanol is batched at a rate of 332,000 BPD. This
design minimizes the investment for proposed facilities required to
handle methanol.

Proposed and existing tankage at Drift River Terminal has been sized
to meet pipelfne batch sizes based on a 10 day pipeline cycle for
tanker loadings of up to 70,000 DWT capacity for crude oil or fuel
grade nethanol, and 35,000 DWT capacity for chemical grade methanol.

Lot
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5.0 Concept of Operation

Crude and methanol will be pumped in segregrated batches from
Granite Point Pump Station to Drift River Terminal through the
20" iine. Between Granite Polnt and Drift River, crude will
enter the 20" line at West Foreland Junction. Methanol produc-
tion will be stored at the Beluga Plant while crude is being
pumped. Crude will be stored in producer tankage Tocated at
Granite Point and West Foreland Stations during methanol pipe-
line shipments.

Crude oil batches will be pumped for 8 days out of a 10 day cycle.
The remaining 2 days will be allotted to methanol batching. Crude
oil batches from Granite Point will take place every other cycle.
This i5 required because the low crude production rate will not be
adequate to displace methanol from the Granite Point to West Fore-
land Junction section of the pfpeline on a 10 day cycle.

Custody transfer for both methanol and crude will accur at Granite
Point and crude only at West Foreland. Tank gages will be used for
measurement of tanker loadings at Drift River.

All "slop" generated from methanol and crude mixing will go into pro-
posed slop tanks at Drift River.

All interface volumes generated from chemical and fuel methanol mixing
will go directly into fuel methannol tanks.

Product contamination will be minimized by launching spheres in the
pipeline between batches. New sphere launching and receiving facilities
and interface detection equipment will be installed at Granite Point,
West Foreland Junction and Drift River for batching operatijons. Ship-
mants of chemical grade methanol will be scheduled between a 3/4 to
1/4=-front to rear fuel grade methanol batch buffer to minimize the
contamination with crude.

At Drift River, tankage and piping for botk crude and methanol will
be completely segregated. Slop tanks will be installied for crude
0il - methanol mixtures generated by pipeline and tanker loading
operations.

Existing tankage c¢onverted to methanol service will have interna?l
floating roofs installed. Dedicated surveillance metering systems
will be installed on the incoming pipeline stream. New pipe manifold-
ing will be installed for product segregation.




Blending facilities will be installed to blend crude contaminated
methanol slop into the outgoing fuel grade stream. No other means of
slop disposal will be provided.

Tanker loading facilities at Drift River will be modified for multi-
product service. Two 30" loading lines will have reverse flow
capability to accommodate change of product service. Drain up and
flushing capability will be provided for the Toading pump manifold to
reduce contamination. Sphere launching and receiving facitities will be
jnstalled on the two loading pipelines. Contaminated product will be
raturned to the slop tanks.

Wax build-up on the pipe walls will be kept to a minimum by cleaning
the walls through frequent “pigging" operations. Any wax dissolved
by methano! which precipitates will be kept in suspension while

in terminal tankage by using tank mixers.

Water in the crude (a2s high as 1% by volume) which appears in the
crude/ methanol interface, will be totally absorbed by the methanol.
If required, chemical treatment will be considered to facilitaie
separation of the crude/methanol slop mixture, and also to control
precipitation of wax from the methanol. However, no cost for chem-
jcal control of wax pracipitation has been included in this study.

As mentioned previously, custody transfer will occur at Granite Point

by metering and at Drift River by tank gaging. All product loss will

be at shippers expense. Shipper will not receive any compensation

for product toss. CIPL will deliver slightly less volume into tankers
at Drift River than received at Granite Point due to rormal losses.

b=




i wm T A

6.0 .Praduct Quality Control

Laboratory tests were performed on crude ol1-methanol mixtures to
determine any effects on either material as a result of the pro-
posed batching operation. The full lab report text may be found
in Appendix "E". A summary of this report is as follows:

-  Anhydrous methanol separates readily from Cook Inlet ¢rude
after equilfibration at 30°, 77° and 120°F,

-  After separation, the methanol contains 6-8% by volume of
dissolved o1l but the 0il contains no methanol.

- At 30° and 77°F, the liquids formed methanol-in-0i1 dispersions
on shaking, but at 120°F, oil-in-methanol dispersions formed.

- Small amounts of water in the methanol caused a stable emylsion
of methanol-in-o0il to form. This emulsion will require the
application of a chemical demulsifier to cause separation in a
reasonable time,

- Methanol equilibrated with Cook Inlet oil at 30°, 77°, and 120°F
did not contair any detectable heavy metals after settling.

- Diluting separated methanrl 1:1 with acidified water and cen-
trifuging in a calibrated tube 1s an accurate method for
measuring the oil content of the methanol.

-  Hethanol selectively dissolves a colcrless component from para-
fin deposits from Cook Inlet oil. Dissolution rates are initially
high but decrease to very low rates as the surface of the wax is
depleted of the soluble component,

- Methanol dissolved 7.3% of a wax deposit in one hour at 77°F
and 10% in one hour at 120°F. Part of the wax precipitated
from the 120°F methanol when it was cooled to 77°F.

- Capacitance prabes or other methods of measuring dielectric
constants are good interface detectors for the methanol/oil
system. The dielectric constant of methanol is 32.6 and that of
0il is 2.0.




- From a chemical assay of water sampled from the bottom of a
crude tank at Drift River, the sodium content of water was

determined to be .8% by volume.

It should be noted that the crude used in the analysis contained no
w;ter. In actual pipeline operations, crude 0il could contain up te
14 water.

Combining the laboratory test results with the pipeline operations
analysis the following product contamination values were predicted:

~ 1500 barrels of interface (50% crude - 50% methanol) will be
produced per 540,000 barrel batch of methanol.

-  The methanol in the interface will contain up to 8% crude by
volume that will not separate from the methanol, and 1% salt water
by volume absorbed from the crude.

-  No methanol will be absorbed into the oil.

~ Based on the slop being blended into 540,000 barrels of fuel
grade metnanol, the following contamination of the total methano)
. was determined.
A -3
6x10 % Crude by volume
-4
8x10 % MWater by volume

-6
8x10 % Sodium by volume

It is predicted that some of the sodium found in the water will
precipitate out of the methanol/water mixture.

~ Based on thorough intarnal cleaning of the pipe prior to methanol
shipments, methanol contamination from absorbed wax is predicted

to be 1x10 % by volume per 540,000 barrel batch.

No specific tests were made with respect to batching chemical grade meth-
anol. If however, chemical grade batches are buffered by fuel grade
batches, it can be assumed that the chemical grade can be handled with
minimal contamination,




Chemical grade would be cut clean, with the fuel/chemical interface going
to fuel grade tankage. The only contamination that might be considered
significant will be wax. However, since the fuel grade batch will be
washing the walls ahead of the chemical grade batch, wax content is not
expected to be a problem in chemical grade methanol (unless specifica-
tions do not allow trace amounts of Wax).

Any economic penalty due to downgrading of chemical grade methanol inter-
face to fuel grade methanol will be borne by the shipper.

It should be noted that further quantification of predicted contamina-
tion values will require more extensive testing. The laboratory tests
are thought to be representative, but actual field data will be required
on wax deposition before firm values can be established for wax contamij-
na%iun. A pipeline test loop may be required to verify contamination
values.




7.0 System Modifications and Additions

The f011ow1ng modifications and additions will be required to convert
CIPL's crude oil system to a multi-product service.

7.1 Beluga Methanol Plaat
(to be installed by CIRI/Placer)

- Install 810,000 barrels of methanol storage.

- Install a 332,000 BPD booster pump station and delivery line
to supply CIpL’ 5 Granite Point methanol pump station with 75
psig suction pressure.

- Install a natural gas fuel line to CIPL's Granite Point Station.
7.2 CIPL 20" Mainline

~ Hydrostatic test mainline.

~ Internally inspect pipeline.

« Install sphere launcher/retriever and batch detection facilities
at Granite Point, West Foreland Junction, and Drift River.

- Install pipeline surveillance metering facilities at Drift River.

7.3 CIPL Granite Point and West Foreland Crude (il Production Facilities
(to be performed by crude producers)

=~ Modify production facilities required to unitize production
tankage.

- Modify booster pump station as required to supply CIPL's Granite
Point and West Foreland pump stations with 82, DOO BPD and 56,000
BPD, respectively.

7.4 CIPL Granite Point Pump Station

- Construct a new 332,000 BPD capacity methanol custody transfer
meter system,

- Construct a new 332,000 BPD capacity, remotely controlled,
10,500 HP (3-3500 HP units), gas turbine driven methanol pump
station.

~10-




7.5

7.6

7.7

- e

Increase capacity of crude oil pump station to 82,000 BPD.
CIPL West Foreland Station
No work required.
CIPL Drift River Terminal
Convert three (3) existing 270,000 barrel, cone roof tanks

to internal floating ruof tanks, and change service from
crude to methanol.

Modify and expand terminal manifolding for segregated multi-
product service,

Construct two (2) new 270,000 barrel, internal floating roof
tanks with manifolding for chemical grade methanol service.

Construct two (2) 10,000 barrel slop tanks, slop gathering
facilities, and slop blending facilities to handle crude/
methanol interface mixtures.

CIPL Drift River Tanker Loading Facility

Instal) sphere launcher/retriever and batch detection facilities
on both 30" leading lines.,

Modify pumping manifold for reversible flow capabitities on both
30" Toading lines.

Install crude/methanol interface collection and transfer facilities
onshore and offshore.

-11-




8.0 Economic and Tariff Summary

For purposes of this study, Cook Irlet's current method of estab-
lishing tariffs for crude shipments was assumed for estimating tariffs
for methanol! shipments. These estimated tariffs are based on methanol
production rate of 18,360 TBY and crude o1l production rate of 18,250
TBY. Additionally, it was assumed that product losses, downgrading

of chemical grade methanol batch interface to fuel grade methanol, and
crude oil loss by absorption into the methanol would be paid for by
the shippers. The tariffs based on these assumptions are summarized
in the foallowing table:

$ Tariff ($/bbl)*

1981 1986

Case I: Fuel grade methanal and

constant crude volume 0.56 0.62
Case ! Sensitivity: Fuel grade methano!l

and declining crude

volume 0.58 0.70°
Case II: 1/3 chemical grade and

2/3 fuel grade methanol,

constant crude volume 0.66 0.70
Case IT Sensitivity: 1/3 chemical grade and

2/3 fuel grade methanol,

declining crude volume 0.68 0.79

*With 1981 investment

The 1981 cost to transport methanol including dismantling and restoration
cost would be in the range of $0.56/bb1 to $0.79/bb1. In Case I, the
tariff for handling a constant 18,360-TBY volume of methanol and 18,250
TBY of crude oil! is $0.56/bb] in the first year increasing to $0.62/bbl
by the fifth year due to the effect of inflation on aperating cost. In
the Case [ sensitivity, the declining crude volume results in the distri-
bution of the plant and operating cost over a smaller volume, thereby
1nc5easi?g the fifth year tariff to $0.70/bb) compared to $0.62/bbi

in Case 1.

In Case II, the additional facilities reguired to handle chemical grade

methanol result in 1981 tariffs of $D.66/bbl1 and $0.70/bbi for the
first and fifth year, respectively.

-12-




A declining crude volume would increase the fifth year tariff to
$0.79/bb1 for the same reason cited in Case I. Although the cost of
handling chemical grade methanol presented in this paper is distri-
buted over the entire pipeline throughput, it is industry practice to
post a higher tariff for speciality products such as chemical grade
methanol to account for the additional facilities and special handiing
requirements,

The tariffs presented. include dismantling and restoration cost which is
presently $0.12/bbl of the $0.58/bb1 posted tariff. Since the future
dismantling of the system and restoration of the site escalated with in-
flation, the dismantling and restoration cost could be as low as $0.08/
bbl ar as high as $0.10/bbT. This cost is lower than the present charge
due to the additional methanol volumes to the system.

-13-
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9.0 Appendix

A. Engineering Design Criteria and Assumptions
B. Econcmic Criteria
€. System Schematics
0. Project Schedule

E. Laboratory Test Repoert
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APPENDIX "A" ®

Design Criteria and Assumptions

Hydraulic Assumptions

ligquid Characteristics: Reid
Specific Viscosity Vapor Pressure
Gravity @ 60°F CP @ 32°F PSIA @ 100“F
Methano!l 0.795 1 4.4
Crude 0.88 10.0 #.5
Design Flow Rates: (1000 BPD) '
Methanaol _ Crude
Granite Point to West Foreland Junction 332 ' 82
West Foreland to West Foreland Junction N/A 56
West Foreland to Orift River 332 6h
brift River to Offshore Loading 840 B4Q
Design Operating Pressure: PSIG
Methanol Crude
Granite Point - Suction ‘ 75 75
Discharge a0 325
West Foreland - Suction N/A 50
Discharge N/A 285
Urift River - Suction 50 50

Methano! Tanker Specifications

Tankers to he used for transporting fuel grade methanol and chemical grade
methanol will be in the 70,000 DWT and 35,000 DMT class, respectively.

(1} Methanol capacity of tanker to be 3% less than the rated vessel
tonnage (long tons).

(2) No batlast will be unloaded from methanol tankers. Tankers will
have seyregated ballast tanks.

-15-




(3) Methanol tanks will be clean and ready for receiving product
upan arrival at Drift River. No cleaning of product cr dis-

p?sition of product tank washings will be allowed at Drift
River.

~16=




APPENDIX "B"

Economic Criteria and Assumptions

1. Project Life: 19 years
2. Tax Rates: Federal 463
State 9.4%

Investment Tax Credit 10%

3. Depreciation: Tax - 1 1/2 year DOB/16 year SYD
Book - Straight line

4, Operating Cost

Inflation Factors: Labor oy
Materials and Supplies 10%

* Ad Valorem Tax 7%
Power and Fuel Costs 112
5. Gas fuel price: $4/M0F delivered to Granite Point Station.

6. Tariff calculations do not include any costs associated with the
following items, A1l costs 1listed below are assumed to be at
shippers expense.

Methanol and crude loss associated with normal pipeline operation.
- Downgrading of chemical grade methanol to fuel grade methanol.

- Crude 0il lost by absorption into methanol.

-~ Delays associated with tanker loading (Demurrage).

~ Modifications and additions ta crude producers' facilities. \

-17-
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Fleld Research Laboratory

. DATE  March 24, 1981
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Ca Ls Murphy, FRL
W. C. Skinner, FRL
K. M. Winston, MPL, Dallas

205-12.2=3125
COOK_INLET PIPE

LINE BELUGA METHANOL
STUDY PLACER AMEX

Resutts of tests on the equliibrium of methano! with crude oil and on *“he
solubility of wax in methanol are attached. {In summation, the results
and conclusions from the tests are as follows:

1.

2.

3.

5

Te

Anhydrous methanol separates readily from Cook
Inlet crude after equilibration at 3Q, 77 and
120°F, '

Atter separation, The methanol contains 6-8% by
volume of dissolved oil but the oil contains no
methanol .

At 30 and 77°F, the liquids formed methanol=in-oil
dispersions on shaking, but at 120°F, oil-in-methano!
dispersicns formed.

Small amounts of watar in the methano! caused a
sTable emuision of methanci-in-oi! to form. This
emuisfon will require the application of a chemical
demuls|fler to cause separation In a reascnable
+ime.

Methano! equilibrated with Cook Inlet OFl at 30, 77,
and 120°F did not contain any detectable heavy metais
after settling.

Diluting separated methanol 1:1 with acidified water
and centrifuging in a calibrated tube is an accurate
method for measuring the oil content of the methanol,

Methano! selectively dissolves a colorless component
from paraffin deposits from Cook Inlet oil. Dis-
sclution rates are Initlially high but decrease to
very low rates as the surface of the wax is de-
pleted of the soluble component.




8. Methano!| dissolved 7.3% of a wax deposit in one hour at
77°F and 108 In one hour at 120°F. Part of the wax pre-
cipltated from the 120°F methanol when It was cooled
to 77°F.

9. Capacitance probes or other methcds of measuring di-
olectric canstant are good interface detectors for the
methanol foil system. The dielectric constant of methanol
is 32.6 and of ol is 2,0.

We hopa these results are sufficien* to establish the feasibility of sequencing
methano! and crude oil In a2 pipeline. Please advise | f you have any questions

about The crude.
Hforon
% B. J. Warner

ESSnavely/clim
Attachment
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Cook inlet Plpe Line Beluga Methanal Study Placer Amex

infroduction and Background

Placer Amex Corporation plans to produce methano! from coal in the area
of Cook Inlet, Alaska, and has approached Mobil on the feasibility of
transporting the methanc! by Cook Inlet Plpe to tanker terminal facili-

- Tles. Mobi) Pipe Line requested that FRL study the equliibration and
sett]ing of methano!/Cook Inlat crude ol mixtures and the solubil ity
of Cook Inlet parattin deposits In methano! to aid in estabilshing the
teasiblility of pipelining methanol and in pianning the pipeline terminal
control, storage and separation facilities. This report glves the results
ot the FRL study.

Results and Conclusions

T« Anhydrous methanol can be interfaced wtih Cook Inlet crude oil in a
pipeline. Methano! at +the interface will eontain 6-8% oil by valume
but the oil wi!l contaln no disselved methanol.

2. Mixtures of anhydrous methane! and Cook Inlet erude separate rapidly
aftter equitibration at 30°, 77°, and 120°F.

3. Small amounts of water cause methanoi to form & stable emulsion with
Cook Inlet crude but these can be resolved with commercial demulsi-
fiers applied at a concentration of about 200-200 pom,

4. The oll content of methanoi can be measured by diluting t+he methansl
1:1 by volume with aciditied water and centrifuging.

3. Methanoi equilibrated with Cock Inlet erude oil at 30°%, 77° and 120°F
extracts no heavy metals from the crude.

6. Methano!l selectively dissolves a colorless component from paraffin
deposits from Cook Inlet oii. Dissolutlon rates are initially high
but decrease to very low rates as the surface of the wax is depleted
of the soluble component,

7. Methano! dissolved 7.3% of a wax deposition in one hour at+ 77°F and 102
in one hour at 120°F. Fart of the dissolved wax precipitated from the
120°F methano! when i+ was cooled to T7°F.

8. Capacltance probes ar other methods of measuring dielectric constant
are good interface detectors for the methanci/ocil system. The di-
electric constant of methana! 15 32.6 and of oil is 2.0. Thls method
can also be used to measure the oil content of methano!l provided a
correction is made for any water which is present in the methanal.
Water in methanol can be measured by the Karl Fischer titration.




Recommendations

1. The plpeline terminal shou!d be equipped with a separation facllity
for separating methano!/oll mixtures which will form at the methanol/ :
oil interfaca In the pipeline.

2. The separation faciltity should have a residence time of six hours
minimum and preferably 12 hours.

3. Commercial suppiiers (Tretolite, Nalco, C-E Natco) shouid be requaested
to supply & chemical demulsifier for methancl/oil emulsions.

4, The separation facility should be equipped so that wax or other sclids
can be remcved. .

S. A continuously Indlcating or recording capacitance probe shouid be used
+to detect the methanal/oil inter face.

Experiments and Results - Equilibration Sfudies

The rate of separation of methanol/oll mixtures was measurad atter equili-
oration at 30°, 77° and 120°F. Since the oil and methanc! were to be
subjected to various tests after separation, four replicate mixtures were
made up tfor each Temperature.

The separation measurements were made in 100cc graduated prescription bottles.
zach boTtle contaired 50 cc of methanol and S50 cc of cit; these were out in
the temperature-controlled evnirenments and were shaken vigarousty when the
approcriate temparature was achieved. The bottles were then replaced in the
temperature chambers to adjust for heat-of-mixing and then shaken again betfore
timing for thelr separation rates was started. All of the samples except one
separated falrty rapidly. In the 30° and 77°F, the intertface appeared tirst
near the top cf the liquid levei, as time passed, the intarface dropped toward
the original 50 cc level. Appearance of the interface at tie top indicated
that the l|iguids formed a dispersion of methanol in oil. In the 120°F test,
t+he interface appeared near *he bottom of the bottle and rose with time Toward
the 50 ce level. This result indicated that an oil-~in-meThanol-dlspersion had
formed which was opposite from the dispersions formed at 30° and 77°.

Al of the mixtures sepsrated rapidly at first (Figure 1) but slowed after
about Two hours. After four hours, the 120°F mixtures were very cliose To the
ultimate interfaces. The ultimate interfaces were all below 50 cc indicating
+hat more oil had dissoived tu the methano! than methanco! had dissolved in
+he oil. This was verified by analyses of the two layers as described later.
Data from the settling tests sre given In Table 1.

The specific gravity of methancl| and wook Intet ail are given In Figure 2.

The specific gravity of anhydrous methanol is 0.792 and Cook Inlet oil is
0.8396. Therafare, mathanol is expected to rise to the top which i’ what was
observed. An 83% solution of methanol in water has the same specific gravity

as Cook Inlet oil and this mixture could not be expected to separate by gravity.
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Tabla 1
Time o Separate of Caok Inlet Oi! and
Anhydrous Methanol Equilibrated
at Various Temperatures.

50 MI 0il, 50 MI Methano!

Interface, Mis.

Tima
Temp. °F Hours #1 #2 £ L]
e 0.35 85 70 85 82
0.57 78 62 70 60
1.02 70 58 60 60
1.52 65 55 60 55
2,35 60 55 55 55
46,1 47 44 45 44
17 2.2 58 58 58 No Interface
a.G 56 56 52 "
a.7 55 55 52 "
5.2 55 55 52 n
6.0 55 55 52 "
51.0 45 45 - "
120 0.17 10 29 22 28
0.38 25 37 33 38
0.85 37 38 39 40
1.80 40 40 40 41
2.97 40 40 a0 41
3.63 40 40 40 a1
| 4,20 40 40 40 41
( 4.97 40 40 40 a1

50.1 a4 42 42 43
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One of the samples made for equiiibration at 77°F would not separate (Table ).
This stable emulslion is baljeved to have been caused by water absorbed in the
methano! from the atmosphere. Later tests in which small amounts of water werae
del iberately added to the methanci, formed several stable emulsions, but not in
every case, Since variable amounts of water could be absorbed by the methanol
in a pilpellna, it would be advisable to have an effective chemical demulsifier
on hand in the sven® that the interface mixture forms a stable emulsion.

0il Dissosved in Mathanol

Atter 48 heours, the methanol layer from the equilibration tests was removed and
analyzed for otl content. The separated methano! was first centrifuged to
measure suspended oll; none was observed. To measure dissolved oil, 25 cc of
methanc! was Jdiluted with 24 cc of distilled water and one cc of —oncentrated
hydrochloric aclid and centrifuged again. This treatement separated dissolved
5il from t+he methanc!| and The saparated oil was measured in the graduated
centrifuge tube. |t was found that the separated methanol lavers conTtained
6.8% oit at 30° and 77°F and B.0% at 120°F.,

Methano! in 01l

The oil layers separated from the equilibration tests were analyzed for methanol
by 2 gas chromatograph equipped with a mass spectrometer at Allied Anatlytical
Labs, Inc. of Dallas, Methanol could not be detected in the oil indicaTing that
the methans! content of the oil was less than 0.1%,

“Metals In Methanol

The methano! separated from the equilibrium tests was analyzed for heavy metals
by the following procedure: *the methanol was evaporated to dryness and the
~esidua was dissolved in 60 cc of €M HC! and boiled for 20 minutes. The
solution was then diluted to 10Q cc with distilled water and analyzed at FRL

by air inductively coupled plasme spectrograph. No metals were detected. The
|imit+ of detection for most metals by this method is less than one part per

mil lion,

Dielectric Constant of Mathanol

Vi

The dielectric constant of anyhdrous methanol and of the metheno! layers separated
from the equilibration fests were measured with a capacitance bridge and capaci-
"tance cell. Results are given In Tabla 3. A dielectric constant bel!ow 33.03
means that oil (dietectric constant about 2.0) is dissoived in the methanol and

a dletectric constant above 23.03 means tThat the methano!l contains water {(die
elactric constant about 8N.0). A capacitance proba used as an interface detector
in the pipeline would increase in capacitance by 17 times as the flow changed

from Cock Inlet oil to anhydrous methanol.
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Table 2

Methano! Dissolved In QI and
Q! Dissolved in Methanol

Hours after 011 iIn Methano |
Temp. °F Equiltlibration Methanol, % In Qil, %
30 46,1 6.8 0
7 51.0 6.8 0
120 50.1 8.0 . 0
Trace Metals in Methano! =0

Oi1 BSaw =0




Dielectric Constant of Anhydrous Methanol and

Table 3

Methanol=01t Sclutions for Equilibration Tests

Sample

Anhydrous methanol
30°F methanol

77°F methanol

126°F med hanol

99% methanol, 1§ water
95% methancl, 2% water

97% methanol, 1% water

Dielectric Constant

33.03
30.64
28.60
29.62
3.
34,39
35.07

01l Content, ¢ Vol.

;!.
'..;’ '
i
1
i
3
'E
E:
{
b

- e e e A RLAT.

e e et A s e




wax Sotublillty in Methanol

The solubility of paratfin depesits {furnished by Cook Intet Pipe Line) in
methanal was measured by dip tests at 77°F and 120°F. Paraffin was coated
onto weighed screens which were rewaighed to obtain The amount ot paratfin
present, The coated scresns were attached to arms of 2 mechan ical device
rhat moved the screens up znd down about 2 inches at a rate of 20 cycles
per minuta. Flve test tubes filled with methano! were placed so that the
paraffin screens meved up and down beneath the surtface of the methancl.

A screen was removed sach hour, dried by blowing with unheated air, and
weighed to measure *he amount of paraffin dissolved. In the 120°F test,
one of tha tubes was emptied each hour and refilled with fresh methanol

+o determine if the methano!l was being saturated with dissolved paraffin.

The paraffin dissoived rapidly at first but slowed to a lower rate atter
one hour (Flgure 3). This meant that either the methanol was beceming
saturated or a component of the paraffin was dissolved and the rate
slowad as the component was depleted from the paraffin coating. The “es™
in which the methanc| was changed every hour dissclved no more paraftin
than would be expected for that time of exposure (Figure 3 and Tabie 4j;
therafore, |t was concluded that the methanc! selectively dissolved a
componant of the paraffin., Methanol that dissolved paraffin at 120°F
formed a slight precipitate when cooled to 77°F. The methanal that
dissalved para¢fin at 77°F formed a voluminous white precipitate when
evaparated to about half its original voluma.




Table 4

Wax Solubitity in Methanol

TI°F

HrS, Wax Wt. Wt. Loss £ Wax Dlssalved
1 0.95 0.07 7.3
2 0.63 0.06 2.5
3 0.79 g.1 13.9
4 0.68 - -
5 0.85 -~ -

120°F
! 0.82 0.0811 10
2 0.62 0.0742 12
3 0.80 | 0.1043 13
4 Q.64 0.0508 14,1
IS* Q.75 0.0961 12.8

* Methanol changed every hour.




S1S3L ALITENT0S NiddvHVd 40 S1INS3H

SHNOH ‘3L DNIddIa
£ g

-

£ 3HNOI4

. GIONVHS
~ IN3AT0S

. {®Iyg) x
(84§ll)e

X—

qu-—-J-.n-u‘-w--«--

.\K“

d o0cl ¥
4084 ©

w

o
-

w
L

0¢

% ‘SSOT "LM XVAi



CORE LABORATORIES, INC.
DALLAS CHEMICAL LABORATORY
DALLAS, TEXAS 75229
2147350-7803

WATER ANALYSIS

Fiie_DCL 816059

Mobil Research and

Company __Development Corporation  _ well Name Sample Ny,
Formation Depth Sampled From Produced Water
Location _COOk Inlet Field County State Alasks
Data Sampled —-Oate Analyzed _ADRAL 14, 1983  Anstysr _ 1. A, tutksnhane - O
Total Dissolved Sohds 26288 ____ ing/L. calcutated Sp. Gr. 10157 © 76 _°F
Resislivily__.?ﬂg__ ohmmeters ® __79_ °F measured A.0167 2~ @ 20  °Cied'F)
Hydrogen Sultide . _Abseqt
pr._5.80@ 77 °f
Constituents meg/L mg/b Caonstituents meq/L mp/L
Sodium 323,04 7127 ‘ Chioride 435,17 15426
Catcium 91,07 1825 Bwrbonate .o dBu2 . MI11
Magnesium 3%.48 480 *Suiteie ‘ a.31 14.8
lron 0.07 2.07 Cardonste 0.0 0.0
* Batium 0.03 2.2 Hydraxide 0.0 0.0 .
20 1 10 s ° 5 .10 13 20

g i L s i et B i i R 100

100 Na"'||]| [ T e B } ||||W

10 Ca kmIlun]un[nnlmqn|i|un|nnlnnlnnhzr

ot oo uu|ua‘:[im[nn]uu i nllnuluulnnlnuL HCO; 10

O (T T TR P T o e e T e e e e 10

10 Fe ududantododebivnbobonl bbbl Lo &3

ilane

L T IO . | P T T | SO R O T AL U IO U | Co3 10
Scale: meq/L

* Gravimetric Anglysis
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