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Summar~ 

The objective of this report is to present the results of a pipeline trans- 
portation study to convert Cook ~nlet Pipe Line Company's commmon carrier 
pipeline and tanker loading faci l i ty located at Drift River, Alaska, to 
multl-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.O.E. grant No. DE-FGOI- 
80RA50299). Mobil Pipe Line Company performed the study with assistance 
from Mobil Research and Development Corporation's Dallas Field Researcl~ 
Laboratory. The areas of study the report deals with are: 

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

2) 

3) 

Engineering design requirements and operat ing procedures for the 
CIPL system to operate it, :rude/methanol serv ice .  

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

The study established that i t  is feaslble 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 $0.79/bb], as 
shown in the table below. These costs are based on the present r~ethod of 
determining tariffs for crude oi l ,  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 $O.08/bbl and $O.lO/bbl 
for the constant and declining crude volume, respectively. 

Case Case Description Tariff $/bbl 

Case I Fuel grade methanol and 
constant crude production 

1981 1986" 

0.56 0.62 

Case I Sensitivity Fuel grade methanol and 
declining crude production O. 58 O. 70 

Case II  i/3 chemical grade and 2/3 fuel 
grade methanol with constant 
crude production 0.66 0.70 

Case I~ Sensitivity I/3 chemical grade and 2/3 fuel 
grade methanol with declining 
crude production 0.68 0.79 

*With 1981 investment 
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The 1981 $0.56/bbl t a r i f f  of transporting fuel grade methanol is comparable 
to the present t a r i f f  of $0.58/bbl of transporting crude whtck~ includes dis-  
mantling and restoration cost of $0.12/bbl .  As a result of the effects of 
in f la t ion  on operating, construction, and material costs, future t a r i f f s  
would be higher compared to present t a r i f f s .  Since t a r i f f s  are sensitive 
to vo]ume, the effect of lower volumes compared to those used in this study 
would also result in higher t a r i f f s .  

The future dismantling of the system and restoration of the area is also 
llighly affected by in f la t ion  and volume throughput. Based on the volumes 
and the project l i f e  used in this study, the dismant|ing and restoration 
could be as low as $O.08/bbl, or as high as $O.lO/bb]. 

The cost of transporting both chemical grade and fuel grade methano], as 
shown in Case I [ ,  is $O.lO/bbl higher due to the additional required 
f a c i l i t i e s .  For this study, an average t a r i f f  was applied to al l  volumes 
in the system. However, in view of the special handling requirements for 
chemical grade methanol, the added cost wou]d usually be charged only to 
the chemical grade. 

I t  must be kept in mind that  the t a r i f f  estimates referred to above are i l l  
uased on the cases studied, and the economic c r i te r ia  and assumptions made 
as a basis of the study l is ted 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 t a r i f f s  at a part icular  time. 

Mobil Pipe Line Company and/or Cook In let  Ptpe Line Company does not guarantee, 
whether expressed or implied, a commitment to handle methanol in the CIPL 
system by conducting this f e a s i b i l i t y  study. This decision is solely the 
right of the owners of Cook In le t  Pipe Line Company. 
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1.0 Introduction 

Cook Inlet  Pipe Line Company (ClPL) is a common carr ier  crude otl 
pipeline .system located near Anchorage,.Alaska. 

CIPL transports crude produced from several offshore production plat- 
forms located in Cook Inlet. CZPL takes custody of the crude from 
producer-owned land-based teminal faci l i t ies at Granite Point and 
West Foreland Stations on the western shore of Cook Inlet. The crude 
is pumped through a 20 Inch diameter pipeline to CIPL's Drift  River 
Terminal on a common stream basis where i t  is stored in seven 270,000 
barrel tanks. The crude is periodically loaded tnto shippers' tankers, 
up to 70,000 DWT, through a single berth, f ixed platform, offshore 
loading f a c i l i t y  (See Appendix C), 

Due to declining crude production from existing f ie lds ,  the C[PL system 
is projected to have spare capacity to handle other l iquid materials. 
ltowever, modification and additions of existing f a c i l i t i e s  for such ser- 
vice is subject to the approval of the owners of CIPL. Investments 
would require an economic jus t i f i ca t ion  ref lect ing the risk of regula- 
tory conditions in existence at that time. 

Cook Inlet Region, Inc. and Placer Amex, Inc. (ClRl/Placer) has pro- 
posed a 54,000 barrels per day coal processing plant, located at 
Granite Point, for ~),e production of methanol. ClRl/Placer requested 
CIPL to evaluate thj technical feasibility of transporting methanol 
through ClPL's plp~llne, 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 problecs of batching 
methanol and crude in the CIPL pipeline system. Mobil Research and 
Development Corporation analyzed the effects of mixing Cook Inlet 
crude with methanol. Based on these evaluations and assumptions the 
tariff estimates were calculated. 
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2.0 Scope of Work 

The objectives of this study are: (1) to investigate the effects of. 
and any constraints that may be incurred as a result of batchtng crude 
oil and methano] in CIPL fac i l i t ies ;  (2) to detemine the necessary.... 
modifications of the existing CIPL pipeline, pumping equipment, 
storage, and tanker ]oadtng fac i ] i t ies  in order to transport,..,~tore' 
and load into tankers methanol and crude otl as segregated ]tqutds; 
(3) to estimate the cost of the modifications and additions to tha' 
system; and (4) to ca]culate t a r i f f  rates for the various cases of 
transporting, storing and ship loading methanol end crude. 

-2- 

o , ,  



I 
I 

L ' • .  

Hi" :: • 

- -  ~1 

i 
L 

P 

3.0 .Case Description 

Four economic cases were se lected on the  bas is  o f  var ious throuqhput  
levels in the CIPL system as follows: 

Case I Base: - 18,360 TBY fuel grade methanol; 
- 18,250 TBY crude oii 
- Throughput volumes constant over the 

project l i f e  (19 years), 

Case I Sensitivity: 

Case I I  Base: 

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

- 12,240 TBY fuel grade methanol 
- 6,120 TBY chemical grade methanol 
- 18,250 TBY crude oil 
- Throughput volumes constant over the 

project 11fe, 

Case I I  Sensit ivity:  Same as Case ! I  Base except crude throughput 
decline at g12 TBY over project l i f e .  

* TBY - Thousand ,barrels  per  y e a r  
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4.0 Operational Crtterta 

I t  ts essential that both crude production and methanol product|on 
not be Interrupted, Since me¢hanol and crude ot1 wt11 be batched 
as segregated flutds through a stngle pipeline, continuous pro- 
ductfon requires a proper balance between production storage capactty 
and ptpellne pumptng rates. 

The proposed methanol plant storage was gtven as 15 days, There ts 
exis¢tng producer owned crude oi~ tankage at Granite Potnt and West 
Foreland for 15 days and 3 days of crude production, respectively 
(See Appendix C) wtth all crude producers tankage combined into one 
untt for c~mon usage. 

A preliminary analysts showed that the extstlng producer tankCge wtl1 
be sufficient i f  methanol ts batched at a rate of 332,000 BPD. This 
des|gn minimizes the investment for proposed fac i l i t i es  requtred to 
handle methanol, 

Proposed and existing tankage at Drt f t  Rtver Teminal has been stzed 
to meet ptpellne batch sizes based on a 10 day ptpeltne cyc|e for 
tanker ]oadings of up to 70,000 DWT capactty for crude otl or fuel 
grade nlethano], and 35,000 DWT capacity for chem~ca| grade methanol, 
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5.0 Concept of Operation 

Crude and methanol wtl l  be pumped In segregrated batches from 
Granite Point Pump Station to D r i f t  River Temtna] through the 
20" l tne.  Between Grantte Potnt and D r i f t  River, crude wi l l  
enter the 20" l tne at West Foreland Junction. Hethanol produc- 
tion wi l l  be stored at the Beluga Plant whtle crude is being 
pumped, Crude wtl] be stored In producer tankage located at 
Granite Point and West Foreland Stations during methanol pipe- 
l ine shipments. 

Crude oil  batches wi l l  be pumped for 8 days out of a 10 day cycle. 
The remaining 2 days wtl l  be a l lo t ted  to methanol batchtng. Crude 
oil  batches from Granite Point w i l l  take place every other cycle. 
This is required because the low crude production rate wi l l  not be 
adequate to displace methanol f r m  the Granite Point to West Fore- 
land Junction section of the pipel ine on a 10 day cycle. 

Custody transfer for both methanol and crude wi l l  occur at Granite 
Potnt a.~d crude only at  West Foreland. Tank gages wtl l  be used for 
measurement of tanker loadtngs at D r i f t  River. 

All "slop" generated from methanol and crude mtxtng wi l l  go tnto pro- 
posed slop tanks at D r i f t  River, 

All  interface volumes generated from chemtcal and fuel methanol mixing 
wtl l  go d i rect ly  tnto fuel methanol tanks, 

Product contamination will be minimized by launching spheres in the 
pipeline between batches, New sphere launching and receiving f a c i l i t i e s  
and interface detection equipment w i l l  be instal led at  Grantte Potnt, 
West Foreland Junctfon and Dr i f t  River for batchtng operations. Ship- 
ments of chemical grade methanol w i l l  be scheduled between a 3/4 to 
1 /4- front  to.rear fuel grade methanol batch buffer to mtnimlze the 
contamination with crude. 

At D r i f t  River, tankage and piping for both crude and methanol wi l l  
be completely segregated. Slop tanks wi l l  be insta l led for crude 
oil  - methanol mixtures generated by pipeline and tanker loadtng 
operations. 

Existing tankage converted to methanol service wi l l  have internal 
f loat ing roofs insta l led.  Dedicated surveil lance metering systems 
wil]  he instal led on the incoming pipel ine stream. New pipe manifold- 
ing wi l l  be insta l led for product segregation. 
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Blending fac i l i t i es  wt l l  be Installed to blend crude contaminated 
methanol slop into the outgotng fuel grade stream. No other means of 
slop disposal wtl l  be provided. 

Tanker loadtng fac i l i t i es  at Dr i f t  River wi l l  be modified for mult i -  
product servtce. Two 30" loading ltnes wt l l  have reverse flow 
capability to accommodate change of product servtce. Orain up and 
flushing capabil ity wtl l  be provided for theloadtng pump mantfold to 
reduce contamination. Sphere launching and receiving fac i l i t i es  wi l l  be 
installed on the two loading pipelines. Contaminated product wi l l  be 
r~turned to the slop tanks. 

Wax build-up on the pipe walls w i l l  be kept to a minimum by cleaning 
the walls through frequent "pigging" operations. Any wax dissolved 
by methanol which precipitates wi l l  be kept tn suspension whtle 
in terminal tankage by using tank mixers. 

Water in the crude (~s high as 1~ by volume) which appears in the 
crude/ methanol interface, wi l l  be to ta l l y  absorbed by the methanol. 
I f  required, chemical treatment w i l l  be considered to fac i l i ta te  
separation of the crude/methanol slop mixture, and also to control 
precipitation of wax from the methanol. However, no cost for chem- 
ical control of wax precipitation has been included in this study. 

As mentioned previously, custody transfer w i l l  occur at Granite Point 
by metering and at Dr i f t  River by tank gaging. All product loss wi l l  
be at shippers expense. Shipper w i l l  not receive any compensation 
for product loss. CIPL wtl l deliver s l ight ly  less volume into tankers 
at Dr i f t  River than received at Granite Point due to nomal losses. 

~° 
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6.0 •Product ~ua!t¢¥Contro1 

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

Anhydrous methanol separates readily from Cook In le t  crude 
af ter  equil ibration at 30 ° ,  77 ° and 120°F. 

After separation, the methanol contains 6-8% by volume of 
dissolved ot1 but the oil contains no methanol. 

At 30 ° and 77°F, the. l iquids formed methanol-In-oil dispersions 
on shaking, but at 120°F, otl-fn-methanol dispersions formed. 

Small amounts of water tn the methanol caused a stable emulslon 
of methanol-in-oi] to form. Thts emulsion wtl l  requtre the 
application of a chemical demulsifter to cause separation tn a 
reasonable time. 

Methanol equil ibrated with Cook Inlet  otl at 30 ° ,  77 ° , and 120°F 
did not contatn any detectable heavy meta]s a f ter  sett l ing.  

Diluting separated methanql 1:1 with acidi f ied water and cen- 
tr ifuging tn a cal ibrated tube ts an accurate method for 
measuring the ot1 content of the methanol. 

Methanol select ively dissolves a colorless component from para- 
f in deposits from Cook In le t  o i l .  Dissolution rates are I n i t i a l l y  
high but decrease to yew 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 i t  was cooled to 77°F. 

Capacitance probes or other methods of measuring die lectr ic  
constants are good interface detectors for the methanol/oil 
system. The d ie lec t r ic  constant of methanol is 32.6 and that of 
oi l  is 2.0. 
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From a chemical assay of water sampled from the bottom of a 
crude tank at D r i f t  River, the sodium content of water was 
determined to be ,8~ by volume. 

I t  should be noted that the crude used in the analysis contained no 
water. In actual pipeline operations, crude o i l  could contatn up to 
I% water. 

Combining the laboratory test results wlth 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 wlll contain up to 8% crude by 
volume that wil] not separate from the methanol, and I% salt water 
by v~lume absorbed from the crude. 

- No methanol w111 be absorbed into the o i l .  

Based on the slop being blended into 540,000 barrels of fuel 
grade methanol, the fo l lowing contamination of the total methanol 
was determined. 

-3 
6x10 % Crude by volume 

-4 
8x!0 % Water by volume 

-6 
8x10 % Sodium by volume 

I t  is predicted that some of the sodium found in the water will 
precipitate out of the methanol~water mixture. 

Based on thorough internal  cleaning of the pipe p r io r  to methanol 
shipments, methanol contamination from absorbed wax is predicted 

-3 
to be lxlO % by volume per 540,000 barrel batch. 

No speci f ic  tests were made with respect to batching chemical grade meth- 
anol. I f  however, chemical grade batches are buffered by fuel grade 
batches, i t  can be assumed that the chemical grade can be handled with 
minimal contamination, 
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Chemical grade would be cut clean, wtth the fuel/chemical Interface going 
to fuel grade tankage. The only contamination that might be considered 
significant wt l l  be wax. However, stnce the fuel grade batch wt l l  be 
washing the walls ahead of the chemical grade batch, wax content ts not 
expected to be a problem In chemical grade methanol (unless specif ica- 
tions do not allow trace amounts of wax). 

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

I t  should be noted that further quantif icat ion of predicted contamina- 
tion values wi l l  require more extensive testing.  The laboratory tests 
are thought to be representative, but actual f i e ld  data wtl l  be required 
on wax deposition before firm values can be established for wax contami- 
nation. A ptpeline test loop may be requtred to vertfy contamination 
val ues. 
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7.0 System Modifications and Additions 

The following modifications and additions w i l l  be required to convert 
CIPL's crude o i l  system to a multi-product service. 

7.1 Beluga Methanol Plant 
(to be insta l led by CIRI/Placer) 

- Install 810,000 barrels of methanol storage. 

7.2 

Install a 332,000 BPD booster pump station and delivery llne 
to supply CIPL's Granite Point methanol pump station with 75 
pslg suction pressure. 

Install a natural gas fuel llne to CIPL's Granite Point Station. 

CIPL 20" Mainline 

- Hydrostatic test  mainline. 

- Internal ly inspect pipeline. 

- Instal l  sphere launcher/retr iever and batch detection f a c i l i t i e s  
at Granite Point, West Foreland Junction, and Dr i f t  River. 

- Instal l  pipeline surveillance metering f a c i l i t i e s  at Dr i f t  River. 

7.3 CIPL Granite Point and West Foreland Crude Oil Production Fac i l i t i es  
(to be performed by crude producers) 

- Modify production f a c i l i t i e s  required to uni t ize production 
tankage. 

Modify booster pump station as required to supply ClPL's Gran(te 
Point and We~t Foreland pump stations with 82,000 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 control led, 
10,500 HP (3-3500 HP uni ts) ,  gas turbine driven methanol pump 
station. 

-10- 
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7.5 

7.6 

7.7 

Q 

Increase capacity of crude oii 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 roof 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 
fac i l i t i es ,  and slop blending 'facil it ies to handle crude/ 
methanol interface mixtures. 

CIPL Drift River Tanker Loading Facility 

Install sphere launcher/retriever and batch detection facilities 
on both 30" loading lines. 

Modify pumping mantfold for reversible flow capabil i t ies on both 
30" loading lines. 

Install  crude/methanol interface collection and transfer fac i l i t ies  
onshore and offshore. 
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8.0 Economic and Tar i f f  Summary 

For purposes of this study, Cook In le t ' s  current method of estab- 
l ishing 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 oii production rate of 18,250 
TBY. Additionally, i t  was assumed that product losses, downgrading 
of chemical grade methanol batch interface to fuel grade methanol, and 
crude oii loss by absorption into the methanol would be paid for by 
the shippers. The tariffs based on these assumptions are summarized 
in the following table: 

m 

Case I: Fuel grade methanol and 
constant crude volume 

$ Tariff ($Kbbl)* 

1981 1986 

0.56 0.62 

Case I Sensitivity- Fuel grade methanol 
and declining crude 
volume 0.58 0.70 • 

Case I f :  1/3 chemical grade and 
2/3 fuel grade methanol, 
constant crude volume 0.66 0.70 

Case I I  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 $O.79/bbl. In Case I ,  the 
tar i f f  for handling a constant 18,360.TBY volume of methanol and 18,250 
TBY of crude oil is $0.56/bbi in the f i rst  year increasing to $0.62/bb1 
by the f i f th  year due to the effect of inflation on operating cost. In 
the Case I sensitivity, the declining crude volume results in the distri- 
bution of the plant and operating cost over a smaller volume, thereby 
increasing the f i f th year tar i f f  to $O.70/bbl compared to $0.62/bb1 
in Case I .  

In Case I I ,  the additional f a c i l i t i e s  required to handle chemical grade 
methanol result  in 1981 t a r i f f s  of $0.66/bb1 and $O.70/bbi for the 
f irst and f i f th  year, respectively. 
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A decllning crude volume would increase the fifth year tariff to 
$0.7g/bbl 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 facllitles and special handling 
requirements, 

The ta r i f fs  presented tnclude dismantling and restoration cost which is  
presently $O.12/bbl of the $0.58/bbl posted t a r i f f .  Since the future 
dismantling of the system and restoration of the s i te  escalated with in-  
f l a t ion ,  the dismantling and restoration cost could be as low as $0.08/  
bbl or as high o~ $0.10/bbl .  This cost is lower than the present charge 
due to the additional methanol volumes to the system, 
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9.0 Appendix 

A. Engineering Design Criteria and Assumptions 

B. Economic Criteria 

Co System Schematics 

Do Project Schedule 

E. Laboratory Test Report 
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APPENDIX "A" 

DesiBn Criteria and Assumptions 

H~draullc Assumptions 

Liquid Characteristics : Reid 
Specific Viscosity Vapor Pressure 
Gravlt~ @ 60°F CP @ 32°F PSIA @ IO0"F 

Methanol 0.795 i 4.4 
Crude 0.88 10.0 I~.5 

Design Flow Rates: (1000 BPO) 
Methanol Crude 

Granite Point to West Foreland Junctlon 
West Foreland to West Foreland Junction 
West Foreland to Drift River 
Drift River to Offshore Loading 

332 82 
NIA 56 
332 66 
840 B4{) 

Design Operating Pressure: PSIG 
Methanol Crude 

Granite Point - Suction 
Discharge 

75 75 
900 325 

West Foreland - Suction 
Di scharge 

N/A 50 
N/A 2~5 

Drift River - Suction 50 50 

Methanol Tanker Specifications 

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

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

(2) No ballast will be unloaded from methanol tankers. Tankers will 
have segregated ballast tanks. 
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Hethanol tanks wl l l  be clean and ready for receiving product 
upon arrival  at Dr i f t  River, No cleaning of product Gr dis-  
position of product tank washings wt11 be al]owed at Dr i f t  
R t vet. 
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APPENDIX "B" 

Economic Criteria and Assumptions 

1. Project Life: 

2. Tax Rates: 

3. Depreciation: 

. 

g 

6, 

Operating Cost 
Inflation Factors: 

19 years 

Federal 46% 
State 9,4% 
Investment Tax Credit 10% 

Tax - I I /2 year DDB/16 year SYD 

Book - Straight line 

Labor 
Haterlals and Supplles i0% 

'Ad Valorem Tax 7% 
Power and Fuel Costs 11% 

Gas fuel price: $4/MCF delivered to Granite Point Station. 

Tarif f  calculations do not include any costs associated with the 
following items, All costs listed 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 oil lost by absorption into methanol. 

- Delays associated with tanker loadlng (Demurrage). 

- Modifications and additions to crude producers' fac i l i t ies .  
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APPENDIX "C" 

SYSTEH SCHENATICS 
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LABORATORY TEST REPORT 
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~. T O  O. R, Dunn 
MPLw Dallas 

MOBILRESF.~RCHANO OEVELOmENTGORPOR&TION 
Fie ld Research Laboratory 

OATS March 24, 1981 

C.C.  E. L. Jonesp FRL 
C. L° Murphyp FRL 
W. C. Sklnner= FRL 
K. M. Winstonw MPL, Dal las 

205-12.2-3125 
COOK INLET PIPE 
LINE BELUGA'METHANOL 

. 

Results of tests  on the equi l ibr ium of methanol wlth crude ol l  and on the 
s o l u b i l i t y  of wax in methanol are al~rached. In summation, the resu l ts  
and conclusions from the tests  are as follows= 

. Anhydrous methanol separates read i ly  from Cook 
In le t  crude a f te r  equi l tbra#lon at  30p 77 and 
120=F, 

. Af ter  separatlone The methanol contains 6-8~ by 
volume of dissolved oi l  but the oi !  contains no 
methanol. 

. At 30 and 77°F, the liquids formed methanol- in-oi l  
dispersions on shaking, but a t  120=F, oi l - in-methanol  
dispersions formed. 

4,  Small amounts of water in the methanol caused a 
stable  emulsion of methanol- in-oi l  to for~. This 
emulsion wi l l  require  the appl icat ion of a chemical 
demuls l f ler  to cause separation in a reasonable 
t lme.  

5° Me#hanoi equ| l lbrated wlth Cook I n l e t  0|1 at  30, 77, 
and 120=F dld not contain any detectable heavy metals 
a f t e r  s e t t l i n g .  

6 ,  D i lu t ing  separated methanol 1:1 with ac id i f i ed  water 
and centr i fuging in a ca l ibrated tube is an accurate 
method for  measuring the o i l  content of the methanol. 

7. Methanol se lec t i ve ly  dissolves a color less component 
from paraf f in  deposits from Cook I n l e t  o l i .  Dis-  
solut ion rates are I n i t i a l l y  high but decrease to 
very low rates as the surface of the wax is de- 
pleted of the soluble component. 
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8. Methanol d issolved 7.55 of  a wax depos i t  In one hour a t  
77=F and 10% In one hour a t  120"F. Par t  of the wax pre- 
c i p i t a t e d  from the 120=F methanol when i t  was cooled 
to  77°F, 

9. Capacitance probes or  o ther  methods of measuring d i -  
e l e c t r i c  constant  are good in te r face  de tec to rs  for  the 
methano!/o i l  system. The d i e l e c t r i c  cons tan t  of  methanol 
is }2 .6  and of a l l  is 2 ,0 .  

We hope these r e s u l t s  are s u f f i c i e n t  to  es tab l i sh  the f e a s i b i l i t y  of sequencing 
methanol and crude o l l  in a p i pe l i ne .  Please advise i f  you have any quest ions 
about the crude. 

ESSnavely/clm 
Attachment 

B. J. Warner 

" I I  
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Cook I n l e t  PIpe Llne Belu a Methanol Stud Placer Amex 

Placer Amex Corporat ion plans to produce methanol from coal in the area 
of Cook I n l e t ,  Alaska, and has approached Mobil on the f e a s i b i l i t y  of 
t ranspor t ing the methanol by Cook I n l e t  Pipe to tanker terminal f a c i l l -  

• t leso Mobil Pipe Line requested tha t  FRL study the e q u i l i b r a t i o n  end 
s e t t l i n g  of methanol/Cook I n l e t  crude o i l  mixtures and the s o l u b i l i t y  
of Cook In le t  pa ra f f l n  deposi ts In methanol to a id in es tab l i sh ing  the 
f e a s i b i l i t y  of p l pe l l n l ng  methanol and in planning the p ipe l ine  terminal  
con t ro l ,  storage and seDaratlon f a c i l i t i e s .  This report gives ~he resu l t s  
of the FRL study. 

Results and Conclusions 

° Anhydrous methanol can be interfaced w t ih  Cook In l e t  crude o i l  in a 
p ipe l ine .  Methanol at  the in ter face w i l l  contain 6-8% o i l  by volume 
but the o i l  w i l l  contain no dissolved methanol. 

. 

. 

4 .  

. 

Mixtures of anhydrous methanol and Cook I n l e t  crude separate r a p i d l y  
a f te r  e q u i l i b r a t i o n  at  30°~ 77 °, and 120=F. 

Small amounts of  water cause methanol t o  form a stable emulsion wi th  
Cook In le t  crude but these can be resolved wi th  commercial demul~i- 
f i e r s  applied a t  a concentrat ion of about 200-400 ppm. 

The o i l  content of methanol can be measured by d i l u t i n g  the methanol 
1:1 by volume w i th  a c i d i f i e d  water and c e n t r i f u g i n g .  

Hethanol equ i l i b ra ted  wi th  Cook I n l e t  crude o i l  a t  30 =, 77 ° and 120=F 
ex t rac ts  no heavy metals from the crude. 

. Methanol s e l e c t i v e l y  d issolves a co lo r less  component from p a r a f f i n  
deposits from Cook I n l e t  o i l ,  D isso lu t i on  ra tes  are i n i t i a l l y  high 
but decrease to  very low rates as #he surface of  the wax is  depleted 
of the soluble component. 

. Methanol d issolved 7.3% of a wax depos i t ion  in one hour at  77°F and 10% 
in one hour at  120°F. Pert  of the d isso lved wax prec ip l fa ted  from the 
120°F methanol when I t  was cooled to  77=F. 

. Capacitance probes or other methods of measuring d i e l e c t r i c  constant 
are good in te r face  detectors for the methanol /o i l  system. The d i -  
e l e c t r i c  constant of methanol is 32.6 and of  o i l  is 2.0, This method 
can also be used t o  measure the o i l  content  of methanol provided a 
correct ion is made for any water which is  present in the methanol. 
Water in methanol can be measured by the Karl Fischer t i t r a t i o n .  



I 

• . 

. 

. 

• o .  

, ° 

• ° 

Qf~  

, * i ~  • qm ,  i * 

( 

t q • , 

- 2 -  

Recommendations 

. The p ipe l ine  terminal should be equipped with a separation f a c i l i t y  
for separating methanol /o i l  mlxtures which w i l l  form at  the methanol/  
o i l  inter face In the p i p e l i n e .  

2 .  The separation f a c i l i t y  should have a residence t ime of six hours 
minimum and preferably  12 hours. 

3 ,  Commercial suppliers ( T r e t o l i t e ,  Nalco, C-E Natco) should be requested 
to supply a chemical demuls i f l e r  for methanol /o i l  emulsions. 

~ .  The separation f a c i l i t y  should be equlpped so tha t  w~x or other sol ids 
can be removed. 

5.  A continuously Ind ica t ing  or recording capacitance probe should be used 
to detect the methanol /o i l  in ter face .  

EXperiments and Results - E q u i l i b r a t i o n  Studies 

The ra te  of separation of methanol /o i l  mixtures w~s measured a f te r  e Q u i l i -  
bra t ion  at  30 = , 77 = and 120=F. Since the o i l  and methanol were to be 
subjected to various tests  a f t e r  separat ion,  four r e p l i c a t e  mixtures were 
made up for each temperature.  

The separation measurements were made in lOOcc graduated prescrip* ion b o t * l e s .  
Each b o t t l e  contained 50 cc of methanol and 50 cc of o i l ;  these were out in 
the temperature-control led evnironments and were shaken vigorously when +he 
approcr ia te  temperature was achieved. The bot t l es  were then replaced ;n tho 
temperature chambers to ad jus t  for heat-of-mixing and then shaken again before 
t iming ~or the i r  separat ion rates was star ted.  Al l  of the samples except one 
sep3rated f a i r l y  r a p i d l y .  In the 30 = and 77=Fp the in ter face  appeared f i r s t  
near the top of the l iqu id  level~ as time passed= the In ter face  dropped toward 
the  o r i g i n a l  50 cc l e v e l .  Appearance of the in te r face  at  the top indicated 
t h a t  the l iquids formed a dispersion of mett~anol in o i l .  In the 120=F t e s t ,  
the in te r face  appeared near ~he bottom of the b o t t l e  and rose with t ime toward 
the 50 cc leve l .  This r e s u l t  indicated that  an o i l - i n -methano l -d ispers ion  had 
formed which was opposite from the dlspersions far,ned at  30 ° and 77 ° ,  

A~I of the mixtures sep6reted rap id ly  at  f ! r s t  (F igure 1) but slowed a f t e r  
about two hours. A f te r  four hours, the 120°F mixtures were very close to the 
u l t i m a t e  in ter faces.  The u l t imate  interfaces were a l l  below 50 cc ind ica t ing  
t h a t  more oi l  had dissolved lJl the me~hanol than methanol had dissolved in 
the o i l .  This was v e r i f i e d  by analyses of the two layers as described l a t e r .  
Data from the s e t t l i n g  t e s t s  are given in Table 1. 

The s p e c i f i c  gravi ty  of methanol and Cook I n l e t  a l l  ere given in Figure 2 .  
The s p e c i f i c  gravi ty  of anhydrous methanol is 0.792 and Cook In le t  o i l  is 
0 .8396 .  Therefore,  methanol is expected to r i s e  to the top which i.: what was 
observed. An 83~ solut ion of  methanol in water has the same speci f ic  g rav i ty  
as Cook I n l e t  o i l  end t h i s  mixture could not be expected to separate by gravity/ .  

' n 
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Tab le  I 

Time to Separate o f  Cook I n l e t  O11 and 
Anhydrous Methanol E q u i l i b r a t e d  

a t  Var ious Temperatures.  

50 MI O i l ,  50 MI Methanol 

L n ~ e r t a c e r M I S .  
Time 
HOUr.__._SS #..~I #.~2 #_.~3 #.9.4 

0 .35  85 70 85 82 

0 .57  78 62 70 60 

1.02 70 58 60 60 

1.52 65 55 O0 55 

2 .35  60 55 55 55 

46.1 47 44 45 44 

2 .2  58 58 58 

4 .0  56 56 92 

4 .7  55 55 52 

5 .2  55 55 52 

6.0 55 55 52 

51.0 45 45 i -  

No In te r facP  

I I  

I !  

I I  

I I  

I I  

0 .17  10 29 22 28 

0 .38  25 37 33 38 

0 .85  37 38 39 4e 

1 .80  40 40 40 41 

2 .97  40 40 40 41 

3.63 40 40 40 ~I 

4 .20  40 40 40 41 

4 .97  40 40 40 ¢1 

50.1 44 4~ 42 43 

L i 
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100 

~ 8O 

:~ 60; 

I -  
z 
U.I 

n. 40  
IJ.I 
n 

x - -Sp.Gr.  OIL = 0 .8896  

20  
0.8 0.g 

8p.Gr. C H s O H - - H 2 0  

FIGURE 2. SPECIFIC GRAVITY OF METHANOL-WATER 
SOLUTIONS AND COOK INLET OIL 
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One of the  samples made for  e q u i l i b r a t i o n  a t  77=F would not separate  (Table 1 ) .  
This s t a b l e  emulsion is be l i eved  to  have been caused by water absorbed in the 
methanol from the atmosphere. La ter  t e s t s  in which small amounts of water were 
d e l i b e r a t e l y  added to the methanol j  formed several  s t a b l e  emulslons,  but not in 
every case.  Since v a r i a b l e  amounts of  water could be absorbed by the methanol 
in a p lpe l lne~  i t  would be a d v i s a b l e  to have an e f f e c t i v e  chemical d e m u l s i f i e r  
on hand In the  event t h a t  the  i n t e r f a c e  mixture  forms a s t a b l e  emulsion.  

O i l  Oisso~ved in  Methanol. 

A f t e r  48 hoursp the methanol layer  from the e q u i l i b r a t i o n  tes ts  was removed and 
analyzed for  o l l  content ,  The separated methanol was f i r s t  cent r i fuged  to 
measure susponded o l i ;  none was observed.  To measure d lsso lved  o i l ~  25 cc of 
methanol was d i l u t e d  with 24 ¢c of d i s t i l l e d  water and one cc of  concentrated 
h y d r o c h l o r i c  acld and cen t r i fuged  a g a i n .  This t reatement  separated dissolved 
o i l  from the  methanol and the  separated o l l  was measured in the  graduated 
c e n t r i f u g e  tube .  I t  was found t h a t  the  separated methanol layers contained 
6 .8~  o i l  a t  30 ° and 77=F and 8.0% a t  120=F. 

~lethanol in Oi l  

The o i l  layers  separated from the  e q u i l i b r a t i o n  t e s t s  were analyzed for methanol 
by a gas chromatograph equipped with a mass spectrometer a t  A l l i e d  ~ n a l y t i c a l  
Labs, Inc .  of O ~ l l a s ,  Methanol could not be detected tn the o i l  indica~lng tha t  
the methanol content  of the o i l  was less than 0 . 1 5 .  

~letals In Methanol 

The methanol separated from the  e q u i l i b r i u m  tes ts  was analyzed for  heavy metals 
by the  f o l l o w i n g  procedure: the  methanol was evaporated to  dryness and the 
-es idue  was d isso lved  in 60 cc o f  6M HCI and boi led for  20 minutes,  The 
s o l u t i o n  was then d i l u t e d  to 100 cc wi th  d i s t i l l e d  water  and analyzed a t  FRL 
by at: i n d u c t i v e l y  coupled plasm~ spectrograph.  No metals were detected .  The 
l i m i t  of d e t e c t i o n  for  m o s t ~ t a l s  by t h i s  ~ t h o d  is less than one part  per 

m i l l i o n ,  

D i e l e c t r i c  Constant of  M~thanol 

The d i e l e c t r i c  constant  of anyhdrous methanol and of the  methanol layers separated 
from the e q u i l i b r a t i o n  tes ts  were measured with a capac i tance  br idge and capac i -  
tance c e l l .  Resul ts  are given in Table  3 .  A d i e l e c t r i c  constant  below 33,03 
means t h a t  o i l  ( d i e l e c t r i c  constant  about 2 . 0 )  Is  d issolved in the  methanol and 
a d i e l e c t r i c  constant  above ~3 .0~  means t h a t  the methanol conta ins  water ( d i -  
e l e c t r i c  constant  about ~q .O) ,  A capaci tance probe used as an i n t e r f a c e  detector  
in the  p i p e l i n e  would increase in capaci tance by 17 t imes as the  flow changed 
from Cook I n l e t  o l i  to  anhydrous methanol .  

| - - -  m 
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Table 2 

Methanol D i sso l ved  In 011 and 
011 D i sso l ved  in Methanol 

Hours a f t e r  
Equi.l,,,l,bratlon 

46°1 

51.0 

50.1 

Ol I In 
Methano I e % 

6.8  

6 .8  

8 .0  

Trace Meta ls  in Methanol = 0 

Ol I BS&W = 0 

Me't'hano I 
In O i l  r % 

0 

0 

0 
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Table 3 

D i e l e c t r i c  Oonstant of Anhydrous Methanol and 

Methanol-Oil Solutions for Equl l lbra t lon  Tests 

Anhydrous methanol 

30°F methanol 

77°F methanol 

12G=F melhanol 

g9% methanol, 1% water 

' )~  methanol, 2% water 

g7~ methanol ~ 1% water 

D i e l e c t r i c  ConsCant 

33.03 

30,64 

28,60 

29.62 

33.71 

34 o39 

35.07 

011 Content t % Vol,. 

0 

6,8 

6.8 

~.0 

0 

0 

0 



1 . :  i ~' 

t 

• - f 

• I 

• I 
• L i 

D 

I • ' ~ , ~ "  

" 9 -  

Wax Solubi l l *¥  in Methanol 

The s o l u b i l i t y  o f  p a r a f f i n  depos l ts  ( f u r n i s h e d  by Cook I n l e t  Pipe L i n e )  in 
methanol was measured by dip tests  at  77"F an~ 120"F. Para f f in  was coated 
onto weighed screens which were rewelghed to ol~Paln the amount of p a r a f f i n  
presen t .  The coate<l screens were a t tached  ~o arms of  a mechanical dev ice  
tha t  moved t~e screens up =nd down about Z inches at  a rate  of 20 cycles 
per minute. Five t e s t  tubes f i l l e d  with methanol were placed so tha t  the 
p a r a f f l n  screens moved up and down beneath the surface of the methanol. 
A screen was removed each hour~ dried by blowing with unheated a i r ,  and 
weighed ¢o measure the amount of para f f in  d issolved.  In the 120"F t e s t ,  
one of the tubes was emptied each hour and r e f i l l e d  with fresh methanol 
to determine i f  the methanol was being saturated with dissolved p a r a f f i n .  

The p a r a f f i n  d isso lved  r a p i d l y  a t  f i r s t  but  slowed to  a lower r a t e  a f t e r  
one hour (Figure 3 ) .  This meant tha t  e i t h e r  the methanol was becoming 
saturated or a component of The para f f in  was dissolved and the ra te  
slowed as the  comoonent was depleted f ron  t h e  p a r a f f i n  c o a t i n g .  The t e s t  
in which the  methanol was changed every hour d ! s s o l v e d  no more p a r a f f i n  
than would be expected for  tha t  t ime of exposure (Figure 3 and Table 4) ;  
t h e r e f o r e p  i t  was concluded t h a t  t h e  methanol s e l ~ t i v e l y  d isso lved  a 
component of  the  p a r a f f i n ,  Methanol t h a t  d i s s o l v e d  p a r a f f i n  a t  12OAF 
formed a s l i g h t  p r e c i p i t a t e  when cooled to 77"F. The methanol ?hat 
dissolved para f f in  at  77°F formed a voluminous white p r e c i p i t a t e  when 
evaporated to about hal f  i t s  or ig ina l  volume. 

m 
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Table 4 

Wax S o l u b i l i t y  In Me~hanol 

77=F 
Hrs_._.~,, Wax Wt__.~. Wt. Loss % Wax D I ssol red 

1 0.95 0.07 7.3 

2 0.63 0.06 9.5 

3 0.79 O.l I 13.9 

0.68 . . . .  

5 0.85 . . . .  

120"F 

1 0.82 0.0811 10 

2 0.62 0.0742 12 

3 0.80 0.1043 13 

0.64 0.0908 14.1 

5* 0 .75 0.0961 12.8 

* Methanol changed every hour.  

, I ~ :  I I 
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CORE LABORATORIES, INC. 
DALLAS CHEMICAL LABORATORY 

DALLAS, T.EXAS 75229 
2141350-7893 

W A T E R  A N A L Y S I S  

Hobii Research and 
Company Developmpn~ Corporation 

Formation 

Loc~tion Cook Inlet 

Date Sampled 

_WellName 

. Depth Sampled From• 

_ Field ..--- County 

.Date Analyzed_ A p x ' i i  14_ ]_OR1 

File DCb 8L6059 

Sample N o , ~  

Produced|rater .... 
+ _  

~tate A ln~kn  

Analyst . | .  A_ IJi fk+nhnil~ 

i | i , i | .  

Tolal Dissolved Sohdl 2~?RR milL calculated 

, 0 2510 Resist'vity . . . . . .  ohm.meters @ 76 gF measured 

iii i l l  ii 

Sp. Gr . .1 .  q 15.7 . . . . . .  @ 76 "F 

1 .01~7  @ . . 2 0  "C le0"ll 

Constituents 

Sodium 

Calcium 

Magnesium 

Iron 

• Barium 

2O 
100 Na 

l0 Ca 

10 Mg 

iO Pc .... i. 

meqlL mg/L 

323.04 742,." 

91.07 1825 

39.48 4B0 

0 . 0 7  2 . 0 7  

0.03 2.2 

.... I ' " ' I " " I ' " ' I " "  

,+l,,b,,,bl,b, 

,ml,,lbI,],l,lllt 

. . h . , I . . l . . I . i .  

! 0  

.... I ' " ' I " " I ' " ' I  .... 

Illllllllllllllllllillll 

,,il,,,l,,,,l,,,,I,,,i 
. . I . . h i , i h . , h . , .  

.... I'"'1""t'"'1 .... 

,4,,1,,4,,I,,,' 
,,,h,,,h,,,h,,,l .... 

pH 6_~8.0@ 77 *F 

0 

lllillll,llliiiil,ll 

Hydrogen Sulfide .,. Absent  , 

Constituents 

; - ~ '  

Illilil,lll,llllill 
,.,I,,.l..h,,,I.,, 

Chloride 

9;,;.rbonate .... ~ . I . _ _  

+Sulfeie ' 

Carbonate 

I-Ivdr,~ilr, le 

10 
.... l',lil..ll.,ll., 

,,,I,++,,!,,,,1,,,, 

iilliliililliliiiliilil 

, , , . , , , ,I . , . l , . .h,, ,  ,, 

meq/L milL 

1111 

0.31 14.8 

0.o q,Q 

0.0  0.0 

t 
" " I " I " " I " " I " '  

,llI]llllllll,llllllllli 

I l l l l l l i l l l l l l l l l l l l l l l l  

i . ,I.,,h,.h,,,I .... 

20 
" 'T'"I"I '" ' i"" e l  

'illliilillilillilliilli 

,',1,,.!,,4.,,1,. 
. ,h . ,h . ,h . ih i , ,  C (  

, .  ".'° 

100 

tlC03 10 

SO+ i 0 

CO] 10 
S c a l e :  meqlL 

. 
• Gravimetric Analysis 

p~h~n~lzeYp~rlt. &Pmin~lue.ns.~ol~.i..n/,i.l.pr.!t.itio,I _-.,i_¢ b.,,.e.d ,m ,,h,~,,v.l!i,,l,, .rod li,~ler.|,l ,uptilillll hy the ~llent.tu whtill,, ,,,d hit whm¢ cxl:lulivt and eunrldelitb 
k , * .  I ~ . . -  i t . l - _  . . " .  ' ' ' ~  m l t ; J l n l ~ l ~ . . i ,  t t i n : l  i l l  t41|it I l e l l .  t : % p f l ' , ~ , ~ ' ; I  I V l l t i . ' , . J i l !  IIItl~ l l l : , l t  I t l l i l u m i . ~ l i t  , l | "  ( . ' l i f e  : . . l t iu ra t** r i , . ,  [ , , l :  i ' . l l  , , e r : ; n  , . n , I  n m i t i l . . n t  . ~ i , . , t . l , 4 . l l  
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