
Annex XI 
To the Agreement Between the Department of 
Energy of the United States of America and 

the Mnirtry of Energy and Infrartnrcture of 
Israel in Energy Research and Development 

Fluidited Bad Retorting and Combustion of 
Irr8eli Oil Sh81er 

WHEREAS, the Department of Energy of the United States of America 

(heraiaafter roferrod to am %OEm) and the Ministry of Energy and 

fnfrastructure of Israel (hereinafter refund to u VDEIm) have l nterad 

into an rgrmament in berm Barearch and Devolopmmt l ignod in Jerumlem, on 

June 3, 1984, (horelaaftor referred to as the 8Agreementg). 

WHEREAS, DOE and HO&f (hueinafter referred to as thr mPutiesm) 

rocognite that it would ba bonoficial to both countriam to work on l project 

in Dovelopmrnt of l Fart-Heating Rata Oil Shalr Retortin& Procorns 

(herclnaftor referred to as ‘the Project'); 

3. 
UHERd, the Parties furthu recognize that the Project is of mutual 6 

intetest to both countriu; 

THEREFORE, the Parties 8gree as follows: 

The DOE has bem l xunlnin& the l ffoctr of shale matrix and kero& chemical 

composition of roloctod oartarn and &m shslos upon retorting and 

combustion behavior in fast-heatup systems, with l mphufr on solid-solid hrat 

?.r&mfor ~4 flui3irad hod cyrtou. Tkr Xirdstsy of Energy and 



Infrutructuro (XOEI) rorearchrrr at PAXA (Enorw Ruourcer Development) Ltd. 

have al80 been 8tudyfng fluidited bed 8yrtam8 for oil &ale durln& the past 

ffvo yurr. It will be beneficial to DOE to have l cce88 to data on a bro8der 

range Of &ale prOpertie in 8inil8r procerr l quipaent, 88 reprerented by the 

frraeli 8h8ler 8nd l&oratory and pilot fluibited bed ructora developed by 

PAXA. 

The ?rojoct shall be uecuted by PAXA on behalf of HOEI. The Project 8hdl 

comprire modificationa of the facility 80 that it will eventrully include: 

8. Sa fluidfted bed retort; 

b. 6' fluidited bed combwtor; 

C. Retort off ~a8 cooling and oil colloctlon eyrtem; 

d. Can recycling and heating ryrtem; 

0. Solids feeding and collecting weighed ryrtw. 

ft 8hA11 a180 include a rerier Of up to 29 teltl, all a8 det8ihd in Article 

2 - themrk8. 

DOE's participation vi11 be limtted to tort-rharing of Task #l and the firrt 

year of vork under Tark WZ. 



Tark 1: Rctortinn with Car Rtcvw 

Previous 8tudie8 in PAXA' &8e8rCh Unit vere curio6 out vith uthane 

heating. Before going into a full-blown retort-comhmtion 8y8tem, the plant‘ 

will be modified 80 u to include 8 nev ga8 cooling and oil collecting 

8y8tem, gu recycling ryrtem including compre88or. filter8 and 

inrtnxnentation and an arh injection ryrtem. Ash vi11 be 8uppfied from an 

rdjecent fluidited bed combumtor. It ir anticipated that the ash 

characteri8ticr vi11 be clore to there of recirculated uh in a 

retort-comburtor ry8tem. 

HOE1 vi11 undertake to cury out about 9 tertr. The objective8 of thir 

preliminary 8erier of te8tr are to verify calculated product yield8 during 

previous vork, to rtudy any mechanical implication8 of the large quantity of 

8th in the retort, and to rtudy the l rh-rh8h mixing in the fluidized bed 

retort. 

A tentative tert matrix ir prerented in Tablo 1. Armlyre of rolid8, oil, 

ga8 and water are lirted in Table8 2 through 5 re8pectively. The80 analyrer 

will be used in balance8 and yield8 evhaation. galancor, yield8 end process 

dbLndkton8 will be calculated and reported for l ch tert. The Partier rhall 

consult each other regarding additional lab procedure8 and techniquer, and, 
B 

DOE rhall undertake to u8irt PAMA in implementing and u8ing the8e procedure8 

and technique8. 



DOE's l rrirtmco mhall be in the form of technical advice, forwarded by DOE*8 
Contracting Officer Technical Bcpre8entativo (‘Project Leader* u identified 
in Article 4) to the HOE1 Project Leader; by nail, telex, or telephone a8 
appropriate, in re8porue to quutimt received from m1’8 Project loader by 
8irnilU communic8tion8. DOE’8 CVl'R vi11 h8vo ace88 to DOE’8 in-house 
experti8e at the Worgtntown Energy Technology Center In developing or 
obtaining 8uch tochnicd informttion. 

After completion of Tuk 1, l rtimted to be 8ovon.month8 from Project 
initiation (Se8 Schedule in Article 3). WEI 8ha11 Md8rtdt8 to l ld l . 
combu8tion urd uh r.CirCUhtiOn 8y8t88 to th. Ztrrearch hit. A 8eri88 of 
about 20 tutr will than be carried out in order to achieve the objective8 
8et forth in Article 1. The tert rutrix rhall be prepared after the 
completion of Tuk 1. It f8 anticipated that the r-8 of prom88 parameter8 
will be u follows: 

Retort temperature: soo-s70°c 
Retort re8idence time: bed - 1-4 min. 

free botrd - 3-10 8ec. 
Combustor temper8ture: 700-800°C 
Combrutor reridence time: l-5 min. 
Particle 8ite: O-7 nin. 

Sampler will be analyzed according to Table8 2-S and the re8ultr will be urtd 

for &ta evaluation. In addition, the cemtnting propertitr rh811 be analyrtd 

a8 ptr Table 6. !44wr balanctr and product8 yield8 rhall be calculated and 

prtrented for each tert. 
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Particle 8128 di8tribution 
Material balance Fi8cher &lay 
Firchtr a8837 
Total Carbon 
niatral Carbon 
Orpnic Carbon 
Total Sulfur 
org8dc sulfur . -. 
qrtieic sulfur 
Sulfate Sulfur 
Total litrogtn 
Organic Nitrogen 
Inoqpnic Nifro~en 
Orgtnic Oxypn 
Total Hydrogen 
Organic Hydrogen 
Iron 
C80 
Htating value (bomb calorimeter) 
Organic netter (oxidetion rtthod) 
Water (frtt) w.. 
Water (hydrate) 

+ + 
+ 

+ + 
+ +. 
+ + 
+ + 
4 . 
+ 
+ + 
+ + 
+ 
+ 
+ 
+ + 
+ 
+ + 
+ + 
+ 
+ 

- + 
+ 

(1) Only for te8t8 tith l rh injection 
(2) Both btd and cyclone 8tmplt8 
(3) both bed and cyclone raqlor 

Retorted 

.-L b- 

Specific gravity (pycnomtter rtthod) 
Vater and redimtnt by ctntrifqatian 
Pour poixit (ASIB D97) 
Vitcority at I22 dtg.F, PO &8.P 
Sfmulated dirtillation (ASTM D2887) 
Bromine number 
190Heptane insoluble8 
Tolutne ia8olubler 
&h(ASM 0682) 
Total Carbon 
Total Hydrotm 
Total Nitrogen r 
Total Sulfur 
Total Oxygen 

Combuettd 
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+ 
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C2, C3, C4 Paraffiner 
c2, c3, c4 Oltfint 
C5+ Hydrocarbona 
Carbon J4onoxl& 
Carbon Dioxida 
xahant 
Hydrogen 
w&en 
Nitrogen + Argon 
Hydrogen Sulfide 
Ammonia 
Sulfur Dioxide 
Oxide8 of Nitrogtn 
Uater 

+ 
+ 
4 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

Total Carbon 
Total organic Carbon 
Total inorganic Carbon 
Toeal Kjtldhal Nitrogen 
Nitrate Nierogtn 
Sulfater 
Sulf id88 
Total dirrolved rolid8 
Total 8u8ptnded roll& 

Compre88ive rtrength ASTM Cl09 

co2 
CaOT 
-8 c 
ST 
Staf&tm 
Al203 
Fe203 
nso 
CaOF 
sio2 
Maleic Acid Solubler: 8102, Al203, Fe203. 

+ 

+ 
+ 

+ 
+ 
+ 



Ovor811 
Totalcubon 
Mineral Carbon 
To-1 Sulfur 
Total Ritrogtn 
Iaorpnic blitropn 
Oganic Nitrogen 
Total nydropn 

Feed rate 
Fe.6 temperature 
Fwd aire 
Retorting temperature (bed & frooboard) 
Solida roridenco time (hod & freeboard) 
Solid8 rrcycle ratio 
Recycled l elide temporatxro 
Car l zprrficial velocity 

Food rate 
Fead temperature 
Combustion temprramro 
Soli& reridenco time 
Flue ger oxygen 
Bed temparaturo 
Bed depth 
Bed prorruro 
Freeboard teaperaturo 
Cm reridenco tise 
CA@ ruperficfal velocltp 
Supplemental fuel. 

3'h-- km collockd durhq the 29 tertr of Tuk 1 and 2 will bo used to 

prapuo A procrrr derip buir for A retort-combuatbn myatom. 
l 

& 



1. The schedule and rilertonos of tha Project are prerentod in Pigum 2. At 

the and of the first yo8rr schedule and rilortones shall bo rotieued and 

up&ted by MOEI and DOE representatives u mutually agreed upon. 

2. HOE1 shall prepare brief quarterly reports that vi11 note the ststus of 

the Project vith re8pect to ScheduJes, nilertoner and bud&em. The 

fourth quarter report shill bo a full axmu report, including s specific 

work plan for the folloving year; this report shall be delivered within 

thirty &yr following the end of the project year. 

Tuk Month ~010203040506070809101112131415161718192021222324 

Te8k 1 
Tuk 2 
Tark 3 

Completion of Ta8k 1 
Modified Plant 

Commi88ioning 
Completion of Test Program 
Annual Report 
Final Report 

1 
I 

I I 
1 



1. Ovorall ro8ponrIbIlI+p for umual l pprwal of tha Project’8 technical 

content and budge rhall romt vith the Patios. 

2. &ch parw rhall appoint l ProJoct'trder for ee dutailod management of 

the Proj l ct . The Rojoct fra&r8 8ha11 be rcotpon8iblo to their 

r88peCtiVO Project Coordinator8 (appointed pU8UUbt to &tich 3.3 of the 

Agreement) for the vorking contracta betveen Parties. 

1. The total tort l rtfm+ed for the HOEI-planned Projrct I8 at $660,000. 

DOE rh811 provide $155,000 for the firrt year. !¶OEI 8hall provide at 

least $155,000 tOW8rd fire yeu cowl. 

2, The coat of meeting8 rla8l~ be borne by the Puty th8t Incur8 them, and 

viritr 8nd uripment of perronnel rhall be borne by the Party 8ending 

the per8onne1, both In accordance tith aom~l procedure8 of each Puty. 

.-- 
3. & fund8 provided for the Project that are to be expended in frrael 

8ha11 be deporfted with 8x1 8UthOrited d8poritoi;. of HOEI in ut&countj 

in the firrt yeu within thirty day8 from tbe 8IgnIng of thlr Annex. 

Subject to l rtablirhed fircal control8 of HOEI, the frraeli Project 

Coordinator 8h~11 came 8aid fund8 to be dirtributed &I) I8 necesruy end 

convenient to.cmry out tie 8ctiviiirr authorized h8reIn. 



0. !4OEI 8hall maintain appropriate financial record8 of this Project that 

clearly account for all fun& expended on thf8 Project, Including funds 

transforred from DOE purruant to paragraph 3 above. MOE1 8hal1, within 

three month8 folloving the end of DOE'8 fired year, following 8igning of 

thf8 agreement, provide DOE with a certific8tion comon, at it8 agency, 

of the amount and u8e of fund8 provided by the DOE which wre utilized In 

the Reject. 

1. Each Party 8hall be free to u8e and dis8enirute all Information emanating 

from the Project. ft ir Intended th8t the rerultr of this Project 8hall 

be published In the scientific literature. 

2. Copyrights rhall be accorded treatment conristent with InternatIordly 

recognized standards of protection. Any material vhich nay be the 

8ubjcct of copyright developed under this Project ney be copyrighted. A 

Party recuring 8 copyright or right8 thereto 8h811 grmt 8 roy4lty-free 

non-exclwive license to the other Party to reproduce, publirh, 

dietribute, duplicate, u8e the copyrighted mettrial and to authorize 

other8 t0 do 80. 

5- 

3. Each Party 8h811, without prejudice t0 8ny right Of inventor8 or 8uthOr8 
I, 

under Its national laws, take all n;cessary rteps to provide the 

cooperation of it8 8uthorr and hVentOr8 required to c8rry out the 

provision8 of thir Article 6. Each Party rhdl 888ume the responsibility 



. - 

to pay awards or compensation required to be paid to its employees 

according to the laws of Its country. 

4. A Party possessing information arising In the course of or under this 

Project ('arising Information') regarding Inventions on which patent 

protection Is to be obtained shall notify the-other Party and thereafter 

8uch Information rhall not be published or publicly disclosed until a 

patent application has been filed, providtd, however, that this 

restriction on publication or disclosure 8hall not exceed beyond six 

months from the date of notice to the other Party under this paragraph. 

Such information shall be appropriately omrktd to restrict publication or 

disclosure. 

5. Inventions made or conceived in the course of or under this Project 

('arising inventions') will be owned by MOE1 in Israel and third 

countries and by DOE In the United States. Each Party, its Government 

and the nationals of Its country designated by it, shall receive a 

royalty-fret, non-exclusive license In the countries where the invention 

is owned by the other Party. 



The prWf8ionr of thf8 Anrmx &all sot Affect tie right8 or dutiu of the 

Partie uader othu T PT w. Zbi8 &Uh@X a180 in 00 W8y 

precluda8 comuc%lWu Ortrrrlwny mated l nterprirer in each 

of the tvo countrier from engaging in comucIal balk48 In l ccord8nce with 

the applicable 18~8 of l ch country; nor de88 it prechde the Putier from 

engaging In l tivitier with other gwenmentr or perroru. 

Activitier under thir Annex 8hbll be in rccordance with 18~8 and regulation8 

of the countrier of the Partier. All qwrtioar related to thir Annex rhall 

be rottled by the Partier by mutual l grmenf. 



It ir undu8tood that the rbiliw of the ?utier to cury out their 

obliptioar under thir Amex ir m&Jut to the mmildbility of funds. 

8. Thir Annex dial1 mater into fore8 qmu d,aid8hall coxenue in 

form for a one-par period, md uy bo ornded or extoaded by mutual 

writtm qreement of dm Wartier. 

b. In the went that, dW%q ch puiod of thir Annex, the aaturo of either 

PUty.8 OnUm prO6rrmr 8hO& tin&O 8Ub8tmtidly, either Puty rhall 

bavo the right to roqpwst xevlslon8 in the 8cope and/or torma of thlr 

C. Thlr Agrerpent may br texminmtd at any time at the dircretion of l ithu 

Party, upon 8tx month Vance uotification in writing by th8 Party 

8eeking to terminate d%e &mu. &ly 8UChteZXf-tfOX 8bllbtithOUt 

prejudice to the ri&tr uhich have accrued @er thir Armox to either 

Partyup to the&teof8uchta~mia&faa. 

6. Stqh&i Logan - c 
bnuacting OtfiCW 

For the Department of Enerm of 
the United State8 of A,meria 


