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The primary object of the Anvil Points Oil Shale Research 
Center TECHNICAL UEMORANDm,1 is to advise authorized personnel
employed by the Participating Parties(l) that various 
activities are in progress or that certain significant data 
have been obtained within the Research Center. 

These TECHNICAL r4F2.fORANDA have been prepared to provide rapid, 
on-the-spot reporting of research currently in progress at 
Anvil Points. The conclusions drawn by project personnel are 
tentative and may be subject to change as work progresses.
The TECHNICAL MEr,'10RA...~DA have not been edited in detail. 

(1) Mobil Research and Development Corporation, Project Manager 

Continental Oil Company 

Humble Oil and Refining Company

Pan American Petroleum Corporation

Phillips Petroleum Company 

Sinclair Research, Inc. 
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BASES PO!~ hCO.TOdIC EVi~.LUATIO~! OF A 
~U:U~~G··C.<USHL IG-RE?ORTI.l:J CO~ IPLi:..X 

UGED FOR OIL SHALL: PROC:::"3SI.l3 

1. Ii.!'~·R00UCTION 

This we::lCran(luIJ is intenc.1eC: to provide the economic ground rules 
for updating three economic stUdies that have d.eal t ...li th the 
economics of operation of the co~ponent plants of a minin0­
crushing-retorting oil shale processing cO!lolex. These revised 
stUdies are to reflect our Stage II ex?erience in each of 
these areas. 

In the previous economic evaluations SODe inconsistencies in 
bases did exist and further, some omission ana. duplication of 
facilities inadvertently oc.:urre6.. (The earlier studies are 
listed in the references at the enti of this memorandum.) To 
minimize this du?lication; a stuc.:.y intend.e<l tc estimate the 
cost of a cooo~on set of off-site features for the entire complex 
is also presented in t:1is memorandum. 

These netT economic studies are intended to describe the !' state 
of thG art" as it is at the end of Stage II. Some facts neede\.l 
to fully evaluate this state of the art are not available. A 
serious effort will be r'lade to in":icate the assu"uptions \'lhich 
are needec.. to tie together the assorted bits of information nm'l 
available on oil shale processing. 

':.'hese economic studies represent a hypothetical situation which 
is linliteu. by the constraints of the mUlticornpany contract under 
which the research progra::1 !las been carriec..;. out. Refining 
facilities are excluc.le(.~ for this reason. '....ae use of r>roprietary 
inforrr:ation from any of the participating parties has been 
minimizeo. so that t~lese studies may serve as base points froJ!\ 
which inC:~ivi~ual companies may proceed 'tt'li til their own more 
detailed econor.lic evaluations. 

http:excluc.le
http:PROC:::"3SI.l3
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I I. SUt! i.7.I~RY 

A <iescription of the economic t.ases anc' the f1ethoas of estimation 
of investr:lent an..., operatinq co:;ts of a r.1ining-crushing 'retorting 
complex ca:?able of prouucins- 50, 000 ~arrels per cale.n-:-~ar day 
of crude shale oil has been prepare<:. 'l'!lC!se bases an(/ Ltcthods 
'VTill be useu. in updating earlier economic stcdies of r-;ining I 
crushing and retorting in the ligllt of the Sta;e II experience. 

Table 1 swrunarizes changes in the economic 'l:Jases frol~: earlier 
stuCiies. .2quip;.ient and labor costs are to be based on 1966 
levels. ::iO escalation of these costs ~Till be considerec so that 
the cost escalation policy of each participatin~ party may be 
easily factored intc more detailed economic evaluations. 

An a<l.:..itional feature of this memorand~'U is an estimate of the 
off-site facilities" plant overheat;. ana administrative e::?ense 
needeC:' to support such a compl~xo 
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TABLE 1 


CHANGE IN BASES FRO!'1 PREVIOUS STUDIES 


Direct Cost 
Off-Sites 

Colorado Sales and 
Use Tax 

Freight on Equipment 

Indirect Cost 
Engineering and Con­
struction 

Contractor's Fee 

Contingency 

Direct Production Costs 
Maintenance Labor 

Mining Labor 

Underground Differen­
tial 

Maintenance Supervi­
sion 

Mining Supervision 
Operating Supervi­

sion 

Benefits 

Maintenance Materials 

~-0perating and Miscel­
laneous Materials 

Investment Estimates 

Previously these were included partially in 
mining, crushing and retorting costs. In this 
memo, they are separately estimate~ and they will 
be excluded from mining, crushing and retorting 
costs. 

Not considered previously. Estimated as $.03/$ 
uninstalled equipment cost. 

Not consistently considered previously. Estimated 
as $.03/$ uninstalled equipmen~ cost. 

Not consistently considered previously; now, estimated 
as $.25/$ stationary equipment investment. 

Not consistently considered previouslYi now, estimated 
as $.07/$ stationary equipment investment. 

Not consistently considered previously. Estimated 
as $.15/$ total equipment investment. 

~perating Cost Estimates 

Formerly about $3.00 in crushing and retorting, $3.50 
in mining. 

Now $3.25 throughout complex. 

Formerly $3.50, now $3.25. 

Not consistently considered previously, now $.05/$ 
direct wage. 

Not consistently considered previously, Now $9000/ 
man year, $9000/man year, and $8000/man year, for 
maintenance, mining and operating, respectively. 

Not consistently considered previously, now $.30/$ 
direct labor base wages plus supervisory salaries. 

.'
$.025 - .03/$ of equipment investment previously, now. 

$.03/$ of equipment investment. 

Not consistently considered previously; directly 
estimated, now. 

(Continued on next page) 



TABLE 1 (CONTINUED) 


CHANGE IN BASES FROM PREVIOUS STUDIES 


Direct Production Costs 
utilities 

Plant Overhead 

Administrative Expenses 

Cost Estimates 

Not consistently considered previously; directly 
estimated, nO\,l. 

Not consistently considered previously; directly 
estimated, now. 

Not consistently considered previously; directly 
estimated, nov". 

KIJagel 

~__J.OL4LJiL~ 




- 6 ­

III. DETAILED DISCUSSIOll 

A. Overall Description of Complex 

The complex w:',ich is to be studied in the three updated economic 
evaluations is a mining-crushing-retorting plant designed to 
produce 50,000 barrels per cale.ndar day of crude shale oil from 
30 gallons per ton Fischer Assay oil shale in Colorado. '.L'his 
plant is sho..m scher;,atically in P'igure 1. The sUI)sequent 
refining and pipelining facilities are not to be inclu~ed in 
this cOMplex since these problems are beyon!.: the scope of the 
Initial Program at Anvil Points. 

B. General Economic Bases 

The method t:lat ...dll be used in this discussion is to state 
the COInr'lon economic bases dealing witil the investment anti. 
operating costs of each of the elements of the complex. The 
particular economic and process bases which are only ~ertinent 
to a single element of the entire cor••ple~c \'lill be discussed in 
the rnemorandUr.1 dealing wi th t~lat portion of the nlant. 

The eCClnc,1ic index to be useri in th03e e'J'aluations is the sale 
price of crude shale oil neeued to proviae a 10% discounted 
cash flow return on investr:'l.ent after taxes. This sale price 
will be resolved into components due to mining crushing, 
retorting, and off-site investment and operation. 

1. Investment 

The investment estination techniques to be used in these 
studies are s\1l-nn.arized in Table 2. 

A fifteen-year project life, the sum of the Y2ars uigits'
depreciation r.1ethod and no salvage value are to be used as 
the bases for tIle equi;:>ment depreciation calculation. 

A four-year invest!llent period will be assume(. '.:'he 
extill1ated project development during this period is shown 
in Figure 2. Sixteen percent of the investnent \-7111 occur 
in the first year of this perioCl.. In t~le three subsequent 
years, 28% of the total investment will occur in dach year. 

Equipuent cost estinates are to be based on 1966 prices. 
jro escalation of equip:r.1ent cost from this base will be 
assumed. 

The cost of land, access roads. site nreoaration (other
than uina (;.evelop!aent) ani workin~J capital \...r1ll be excluded 
from the estimates of invescrrrent. This is because the 
land situation ana. working capital policy are so unique 
for each particular conpany that a ~eneralizeu treatment of 
these costs is virtually ·ueaningless. 



FIGURE 1 
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TABLE 2 . 


INVESTl<1ENT ESTIMATES 


Direct Cost Method of Estimation 
Process Equipment Detail of these estimates varies for each 
a. Stationary Equipment element of complex. See individual report 
b. Mobile Equipment 	 for description of technique used. 

Mobile Equipment Erection 1% of mobile equipment investment. 
Cost 

Off-Sites 	 See Table 6 for Off-Sites investment estimate. 
a. utilities 
b. 	 Services 
(Each of these items are included as operating expenses during investment 

1. 
period. ) 
Freight on equipment $.03/$ uninstalled equipment' investment. 

2. Colorado 
tax on 

sales and 
equipment 

use $.03/$ uninstalled equipment investment. 

Indirect Cost 
Engineering and Construc- $.25/$ stationary equipment investment. 

tion 
(Includes design services l 
field engineering, field 
offices and supervision, 
temporary construction 
overhead. ) 

Contractorrs Fee $.07/$ stationary equipment investment. 

Contingency 	 $.15/$ total equipment investment. 

Land Cost (including access Excluded from estimate. 
roads) 

Working Capital 	 Excluded from estimate. 

KIJagel 
.. _ ... ).°14L~}_~~__ _ 
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FIGURE 2 

ESTIMATED PROJECT DEVELOPMENT 
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2. Rate of ~~eturn on Investment 

The rate of return which is to be assume(/. in calculating
the sale price cf cru(,e shale oil is 10% on a discounted 
cash flow rate of return basis. 

3 • IncoF.e '~'ax 

A federal income tax of 50% and a Colorado state income 
tax of 5% ''lill be consic...ereci in thes~ analyses. An 
investment credit bf 7% has also been allowe~ on qualifyinry 
investments. Although this creuit had been suspenuec1 in 
19(;6 it 't,-as reinstatef. on !larch 9, 1967 anl..1 is consiaered 
to be a proba~le feature of the tax structure in the future. 

4. Cost of Capita.!..~or ~ $i,oo~~oq Investn~~:!:. 

A table shovling the calculation of the cost of capital for 
a $1,000,000 investment is shown in Table 3. T'.le derivation 
of the equation used in this calculation is shcf,'In in the 
Appendix. 

50 Operating Costs 

The operating cost estimation technique~ are listed in 
Table 4. Royalties and de~letion allo~,"ance are to be 
excludeci from these analyses because of the uncertainty of 
these t\.JO i te.':l!3. ..Jecause the met:tods of charging research 
and development costs vary wi~ely anong companies and 
because the methods of financing projects of this nature 
are quite unique to each company, these cost items have 
also been excludeu from t'1ese analyses. 

Labor costs are baae~ on 1~66 lilage rates and no escalation 
of labor costs will be assumed. 

c. Off-Sites Cost Estimate 

A separate cost estimate has been ma~e for the utility anc 
service facilities comprising the off-sites for the mining·· 
crushing-retorting complex. The separate estimate prevents 
possible duplication or o~issicns that could occur if an off-site 
estinate was included with each of the on-site cost estimates, 
anJ 3hould also improve the accuracy of t!1e off-site cost 
estimate. ~stimateJ investment for off-sites is $15,700~000, 
while t!1e total cost chargeable to off-sites is 29.6 cents per 
lJarrel. 

The revised cost estimates for m1n1ng an::~ crushing ~Jere not com­
plete !.Tilen the off-sites cost estimate ",as Iaa(e. Consequently, 
the off-sites were baseti on the earlier cost studies reported 
in Technical '.le:..-;>.oranda 66-5 and 67-5. as Hell as the Allis­
Chalmers flo''1sheet type design for an 84,000 tons per calendar 



l TABLE 3 

COST OF CAPITAL FOR A $1,000,000 INVESTMENT 

iab1e 
ment 

Ij X DF:i 
Depreciation 

Di Dj X DFi 
Expenses (1) 

Ei Ej X DF! 

Investment 
Credit (2) 

Ci ~ X DFi 

000 
000 
000 
000 

160,000 
254,548 
231,392 
210,364 

125,000 
116,667 
108,333 
100,000 

91,667 
83,333 
75,000 
66,667 
58,333 
50,000 
41,667 
33,333 
25,000 
16,667 

8,333 

85,375 
72,439 
61,154 
51,320 
42,763 
35,342 
28,913 
23,367 
18,585 
14,485 
10,971 

7,990 
5,440. 
3,297 
1,499 

5,760 
10,080 
10,080 
10,080. 

5,760 
9,164 
8,330 
7,573 

11,200 
19,600 
19,600 
19,600 

11,200 
17,818 
16,197 
14,725 

000 856,304 36,000 30,827 70,000 59,940 

1,000,000 462,940 

DFi + (l-t) LEi X DFi 

;6,304 + 0.45 X 30,827 

- L Ci X DFi + tLDi X DFiJ 

- 59,940 - .55 X 462, 9401 
~stment 

shale oil 

~eight (assuming that 60% of investment is due to material), Ei = Ii X .6 X .03 + .03 
or = .036Ii 



TABLE 4 


OPERATING COST ESTIMATES 


/~irect Production Costs 

Maintenance Labor 

Hining Labor 

Operating Labor 

Underground Differential 


Maintenance Supervision 

Mining Supervision 

Operating Supervision 


Benefits 

Raw Materials 
Maintenance Materials 
Operating and Miscellaneous 

Materials 

Utilities 

Royalties 

Fixed Charges 

Rent 


_Insurance and Property Taxes 

I Depreciation
I: 
I: 
l' Depletionp 

.! Plant Overhead 
, (includes medical, safety, pro­
! tection, cafeteria, laboratories, 

I storage facilities, general plant 
and payroll overhead, engineering 
services) 

Administrative Expenses 
(includes executive salaries, 
clerical wages, office supplies, 
communications) 

Distribution and Selling Expenses 

Research and Development Charges 

Financing Charges 

Estimation 
hour
hour(2) No. of men 

$3.00/man hour(l) directly estimated 
$0.05/$ direot wage 

$9000/man year J No. of men$9000/man year directly estimated$8000/man year 

$.30/$ of labor base wages plus 

supervisory salaries 


None 
$.03/$ of equipment investment 
Directly. estimated ­

Directly estimated 

Excluded 

None 

$.015/$ equipment investment/yr 

Sum of years digits for 15 year 
project life 

Excluded 

Directly estimated 
(See Table 7) 

Directly estimated 
(See Table 7) 

None (since product is unfinished) 

Excluded 

Excluded 

(~lCHEMICAL WEEK, pp. 95 - 118, October 29, 1966. 

( Jrivate Communication, Kennecott Copper Corporation, Bingham Canyon, Utah. 


KIJagel' 
10/4/67 
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day crushing plant. Cost estimating was done by detaileQ 
estimates w~ere the off-sites could be sufficiently defined, 
or as a percentage of the on-site cost where the off-site 
requirements could not be '"rell defined. The cost estimate is 
de~cribed in detail below. 

1. Off-Site Facilities Includeu in the Cost Estimate 

The off··sites conform to the bases given in the first part
of this memorandum. ~:o storage ani]. hanl1ling facilities 
(product "tankage and pumping statioa in this case) are 
included. All utilities are furnished except for utility 
lines into the plant and utility lines bett,..,reen ti,le tJlant 
and mine. hll necessary services are inclu0cd except for 
the road between the mine and. plant. Figure 3 gives a 
schematic ~iagr~ of the off-site facilities. 

2. Investment ~stimates 

Details of the invesc~ent estimate are given in Table 5 
for the utilities; and Table 6 for the services, Table 7 
gives the development of the fixed capital investment and 
the cost of capital. 

It J:'ay be notec;, in Table 5 that 325 gallons per minute of 
water have Leen allo\tled for spent shale cruenching and dust 
control. This '.later need is based on very li:ni ted experi­
mentation and. s~lould be used \vi th caution in evaluating the 
\'later economy of thi'3 complex, hm'lever I it is a minor cost 
item. 

3. Plant Over~eaQ and Administrative Cost 

Usually plant overhead anu administrative cost are estimated 
as percentages of the Qirect labor an~ supervision costs. 
Results from this ty~e of estimate looked ~uestionable; 
so that a more detailed calculation was ca~e. An estimate 
,,,as prepared containing every job in the plant overhead 
and administrative area an(: the number of peo?le required 
to fill these positions. This estimate is summarized in 
i£able 8. The materials used Here assul'ned to be a percentage 
of the labor cost. 

4. Total Cost of Off-Site Facilities 

The total cost of the off-site facilities is developed
belo\-J', 



-----

FIGURE 3 

SCHEMATIC DIAGRAM OF ,THE OFF-SITE PACILITIES 
FOR MINING-CRUSH lNG-RETORTING COHPLEX 

FOR CRUDE SHALE OIL PRODUCTION 
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KIJagel 
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TA ,lE; 5 


UTILITIES ESTIMATE 


Installed Physical Cost 
Utility ___C_apacity $M 

Electrical System(l) 	 45,000 kva 1,790 
Steam Generation and Distribution 30,000 lbs/hr 	 200 
l"later System 	 864 M gal/day(2) 1,000(2) 
Compressed Air System 	 200(3) 
Sewer and 	Drainage System 300(3) 
Gas System 	 None 
Utility Buildings 	 l,OOO(3} 
.r.Uscellaneous 	 200(3) 

Total 	 4,690 

Estimated 	Utility Consumption For Off-Sites 

Electricity: 29400 kwhr X ~ = 29,400 ¢/day' X 0.75 use factor = 22,050
day kwhr 

7000 lbs X 24 hr 50¢Steam: 	 X = 8400 ¢/day X 0.33 use factor = 2772 
M day 1000 lbs 

Water: 45 	r-1 gal X 2.5¢ = 113 ¢/day X 0.9 use factor = 1017 
day M gal 25839 ¢/day 

25839 ¢ dayMaximum cost/barrel = = 0.5l7¢/bbl 0.5¢/bbl 
day 50000 bbl 

Notes: 
(1) Electrical system includes main transformer station, switchgear 'and primary distribution feeders, 

and subst~ionfor reduction to 4.2 kv and 440 volts where necessarY4 Second distribution feeders, 
motor controllers and wiring, etc. assumed to be included in on-site estimates for mine, crushing, 
and retorting, but are included in this estimate for off-site facilities. 

(2) Includes water for spent shale dust control. Experiments to data show that about 10% water mixed 

with spent shale is required to supress dust (May 24, 1967 Monthly Progress Memorandum, p. 38). 

This is about 1120 gpm for 84,000 T/CD of raw shale. 


It is assumed that future work will reduce this requirement to 500 gpm, 150 gpm of which will be the 
retort water make, 25 gpm of which is used water recovered from miscellaneous plant usages, leaving 
a total of 325 gpm of new water required. 

RAReitz(3)Estimate by percentage method. 10/4/67 



TABLE 6 . 

SERVICE FACILITIES 

Physical Investment Estimate M$ 

Service Buildings 
Plant Level 

Administration Building 700 
Laboratory (equipped) 230 
Employee Building (changehouse, lockers, cafeteria, medical) 280 
Shops (equipped) 500 
Warehouse (space parts, supplies, etc.) 450 

Mine Level 
Office, changeroom, cafeteria building 450 
Garage (equipped) 800 
Warehouse 200 

sub total 3,610 
Fence, gatehouse, parking lot, and intraplant roads 1,000 
Service equipment 500 
Miscellaneous items (10% of above) 511 

5,62L 
round to 5,600 

RAReitz 
10/4/67 



TABLE 7 


INVESTMENT AND COST OF CAPITAL 


Direct Costs 
Utilities 
Services 
Freight to site(l) 
Colorado Sales Tax(l) 

Indirect costs(2) 
Engineering and construction 
Contractor's fee 

Fixed Capital Investment 
Contingency 

Total Fixed Capital Investment 

Depreciable Investment(3) 

Cost of Capital :: 

1.18 ¢/bbl , 

As estimated 

$ 4,690,000 
5,621,000 

186,000 
186,000 

$10,683,000 

$ 2,670,000 
745,000 

$ 3,415,000 

Depreciable Investl (15.2 MM$):: 17.9 ¢/bbl 

Notes: 

Rounded 

$ 4,700,000 
5,600,000 

200,000 
200,000 

$10,700,000 

$ 3,400,000 
$14,100,000 

1,500,000 
$15,600,000 

$15,200,000 

(1)3% of materials with 60/40 material to labor split on off-sites. 
(2)Engineering 	and construction is 25% and contractor's fee is 7% 

of direct cost excluding sales tax and freight. 
(3)Exc1udes freight and sales tax. 

RAReitz 
·10/4/67 



.ABLE 8 


PLANT OVERHEAD AND ~DMINISTRATIVE.COST 

Plant Overhead Cost 
Hourly employees on days 

maintenance 3 men X $6760/man yr 
other 18 men X $4680/man yr 

Hourly employees on shift 
48 men X $6240/man yr 

Salaried employees 
52 men X $9000/man yr 

Sub Total 
Materials (15% of labor cost) 

Total 

Wa<;[es 

$ 20,280 
84,240 

299,520 

468,000 

Benefits 

$ 6,084 
25,272 

89,856 

140,400 

Overtime 

(1)
$ 1,014(1)

4,212 

74,880(2) 

Total 

$1,213,758 
182,064 

$1,395,822 

Administrative Cost 
Salaried employees 

13 men at $12,000/man yr 
Hourly employees (office staff) 

20 people at $5400/man yr 

Materials (15% of labor cost) 
Sub Total 

Total 

156,000 

108,000 

46,800 

32,400 5,400(1) 
$ 348,600 

52,290 
$ 400,890 

Total Cost $1,796,712 

180000000 ¢ X 
5000 

1'ear
365) 

1
ba 

= 9.86 ¢/bb1 

Notes: 
(1)5% overtime 

(2)25% overtime for shift coverage 

RAReitz 
10/4/67 



Cost of Capital 17.9 ¢/bbl 
Insurance and Local Taxes 

(1.5% of Investment per year) 1.3 
Utilities Ccnswne~ 0.5 
Plant Overhead and 

Aillninistrative Lxpenses 9.9 

Total 29.6 ¢"/bbl 


The estimate fixed capital investment for the off-site 
facilities is $14,100:000 excluding contingency and 
$15,600,000 including contingency. 
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IV. RCF:"rt£;..rCLS 

Hont:l1y Progress Uemorancia 

August 17, 1964 pp. 12 through 15 

September 17; 1964 pp. 9 through 11 

August 20, 1965 pp. 20 t:lrough 25 

August 19, 1966 pp. 29 through 34 

Octuber 21, 1966 pp. 38 through 42 

l)ecember 21, 1966 pp. 30 tllrough 32 

Technical ~iemoranda 

66",,3 	 Sellers, J. D. - PRBLLlliJARY COST STUDY ON U~!DERGROU;;D 
.1INIl~G )F OIL SHALE BY THE ROO! 1 1;.~D PILLAR aETHOD, 
September 2, 1966. 

67-3 	Snyder i P. T,!. f Jr. - 2COil'O:llC OPTlilUil OPERATILJG 
Co:r.JITIOilE; FOR. '.:,'HE GAS-CO:.lBUSTI:)H ~ZTORT January 27 rI 

1967. 

67-5 	Reitz, a. t,.. - co.;'!' 3TUuY O~; TIE ?RO;)UCTIO:I OF 84.,000 
:"'/D OF C?.u:~HE~ SlIALr.. FRO: GYP.ATORY-COl~E CRUSHL!G 
PL.!\lJ'I'S, February 8, 1967. 



(Let i = 0 - investment starts 
i = s - plant starts up 
i = e - project completed) 

S = ---­ L II X DFi1 1S-l 
(l-t) f DF i 0 

11 

+ (1- t) ')e 

0 

Ei X DFi -

s-l
L Ci 
o. 
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APPENDIX 

DERIVATION 	OF DISCOUNTED NET CASH FLm"l EQUATION USED 
IN CALCULATING COI:·IPONENT COSTS 

DCr = Discounted net cash flow over project life 
DCFi = Discounted net cash flow in year i 

Ii = Investment in year i 
DFi = Discount factor for year i 
Si = Sales required to offset investment, operating expenses and 

income taX 
E·1 = Expense in year i 
Di = Depreciation in year i 
Ci = Investment credit in year i 

t = Income tax rate 
(r- -, ') 

DCFi = Si X DFi - Ii X DF· - E'1. X DF· - (IS'! 1 - (E· + D') t - CiJ DFi.1 	 1 L_ 1 1..J 

Over the life of project 

DCF = 0 =2:: DCFi = (1-t) - 2::: Si X DFi + tL Di X DFi + Ci X DFi ­

But, Si is constant 

Therefore, 
1S = 

(l-t) 

L Ci X DFi} 

For the special case when all the investment is made before startup: 

KIJagel 
lQLAL-=6~7__~ 
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INTEROFFICE COMMUNICATION 


Ponca 
November 1, 

City, Oklahoma 
1967 

TO: Harold Gilliland 

SUBJECT: REVIEW OF TECHNICAL MEMORANDUM NO. 67-29, "CORROSION­
EROSION PROGRAM" ANVIL POINTS OIL SHALE PROJECT BY 
L. J. SKOWRONEK 

General 

Based on this report and some discussion with John Hasz, I would 
generally agree with Skowronek's evaluation with the exception of corrosion 
in gas handling system. It is not clear to me why he feels that measured 
metal loss rates of 25-50 mpy are "very mild." 

SPECIFIC COMMENTS 

A. Erosion 

My experience in erosion problems is limited to blast jOint 
protection. From the information in this report, it would appear that 
they are overlooking some approaches that might be practical, e.g., use 
of tough, resiliant materials (rubber, polypropylene, etc.) as protection 
for "free fall"impact areas; minimize free falls by smooth curves. 

The use of high strength steel dump truck beds would seem to be 
a natural. In fact, the U. S. Steel book on T-l steels has a number of 
examples of ore, rock and coal hauling vehicles. 

B. Corros ion 

It is my opinion that this conclusion is not representative of 
the data reported for some parts of the system. At least some economic 
justification should be included The corrosion rates on the piping in theo 

gas and water handling areas were frequently in the 0025-.050 inches per 
year range, which would require a 1/8-1/4" corrosion allowance for a five 
year service life. The situation may be worse in the future, as the gas 
corrosion occurred under a dust-laden tarry deposit up to 1/2u thick. 
Elimination of the tarry binder as recommended in C would expose the metal 
to the combined action of corrosion and dust abrasion The marked dis­o 

agreement (about 100 times) between the equipment metal loss and the test 
panel metal losses is disturbing to me, but no mention was made of the 
disparity. 

During my discussion with John Hasz, some additional facts not 
mentioned in the report were brought out which led to a plausible explana­
tion of the observed corrosion as well as offer some clues to future 
behaviour under modified conditions. Table 2 summarizes the equipment 
corrosion data: The "atmosphere" column is misleading to a novice in that 



Harold Gilliland 
Page 2 

the gas is predominantly combusion product (60% N2 , 30% CO
2

, a few percent 
H2 + CO trace 02 and l2S-lS0°F H2 0 dew point). The product off gas has 
a definite ammon~a odor and NH HC0 is the primary dissolved salt in the

4 3
produced water. The pH of this water is generally high (8. 8 ±.2) from 
the acid and base constants of NH 0H and H C0 as expected. Since the

4 2 3
high solubility of the ammonia in water probaoly results in a rapid 
stripping of the ammonia from the gas, little or no ammonia passes the 
electrostatic precipitator. As additional water condenses downstream on 
the cool uninsulated pipe walls, CO and trace oxygen will dissolve therein2to produce acidic corrosive conditions since no ammonia is present to 
buffer the solution. The tarry deposit would probably help reduce the 
corrosion by shielding the water film from free access to CO2 and 02. It 
could also contribute to the corrosion by preventing direct wall contact 
with the 200-250 °F gas which might keep the water evaporated. This 
mechanism could be checked by exa~n~ng a section of line for FeC0 and

3Fe20 corrosion product under the tar and evidence of pitting attack3
resulting from the oxygen. 

C. Fouling 

While there would be a number of other factors to be considered, 
it would seem that some of the fouling of the gas handling system could 
be eliminated by recycling some of the product oil (and/or possibly water) 
into the gas stream as it enters the collector pipes in the retort. If 
enough liquid is present to keep the solid-liquid mixture fluid, operation 
of the multiclone should be greatly improved. 

CMH-aw 
cc - JWH-BMC 
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