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UNITED STATF.S 
ATOMIC ENERGY COMMISSION 

SPECIAl NUCl.EAR MATERIAL lltENSE 

Pursuant to the Atomic EnerCJY Act of 1954 and Title 10, Code of Federal Requloti.ona, Chapter 

1, Part 70, "Special Nuclear Matenal Requlahons," a hoense i.a hereby issued authorizing the licensee 

to receive and posseStl the spee1al nuclear mateflQl designated below; to use such special nuclear 

material for the purpose(a) and at the place(a) designated below; and to trruisfer such material to 

persona authonzed to receive it m accordance with the requlabons in said Pa.rt. Thia license ahall 

be deemed to .contain the cond.ibons specified 111 Sechon 70.32(a) of said requlahons, and is subject 

to all applicable rulea, requlabons, and ordera of the Atomic Energy Commission now or hereafter in 

effect and to any condihona speollied below. 

Licensee 

l. Name 

2. Addreas 

3. License No. 

~:;~~-

4. ~u0ction Date 

llJU~-t. ,., ~-
5. Docket No. 

'ID-AO 
6. Special Nuclear Material 7. Maximum quantity of special nucleo.r matenal 

wluoh licensee may posaea at any one time 
under this hcense 

t:'e Olll'Jiah~ .. JS - ttroam (lra) • 11.aJI a 1 ••• 
iMJ5 ..... ,.. - .... ~ .. SJ .iii '1D .... 

T"o. . 
8. Authorized use.Pilr 919 -~ c.-4 .. I .. frd. 9.tiu:i- •Id I .. ti g Ii .. 

MlS us• Sa ... .-40 ..._. b ~•••• •u .. , •• ia • Ji•••n1• 

WV-"•• r flit ,_ n 8DI .,._. •- ,_. : 

9. Quanbty of special nuclear rnatenal allocated to licensee pursuant to Section 70.3l(b) of said part 

CONDmONS 

10. Unless otherwise specified, the authorized place of use i.a the licensee's address 11tated in Item 2 

abovfi. 

Date of issuance -- __ ---



' I 

Mr. J. c. Delaney . 
Division of Licensing and Regulation 
U. s. Atomic Energy ColllD'd.ssion 
Washington 25, D. c. 
Dear Mr. Delaney: 

June 22, 1959 

We are submitting herewith' ~il"E copies of Gur license application covering a facility for handling uranium up to and including 5% en­richment in U-235. The system ie designed to process either UF6 or scrap to an oxide, nitrate or sulfate. 

At 'the present time we are operating a similar but smaller faeility under license No. SNM-15b, and plan to continue its operation. The plant covered in tlrl.s application a1so is to be located at our Jayhawk Works, but is ph1sically looated approxilllately one quarter mile from tllle smaller plant. Therefo~e, ve are requesting a z:iev license for the faeill ty described in this application. The same laboratory .faoilitie's w;i.11 serve both plants. Our current plant superintendent 11111 have responstbility .for both plants. 

The new fadlity is under design and construction and we are plan­ning ·to have it readi tor o;p:ieration by August 1, 19.59. On that date depleted UF6 will be used as feed tor the startup operation. It there is any further 1.nf 01,.111.ation required, please c~ntaet us iuediately by colleot 'telegram or· telephone 1n 'order to prevent aey undue delay in the consideration ot th:l.8 application. ,. __ .. -.. , 

Yours ver, truly, 

HLtel 
T~ Enclosurest '4Ni' copies of license 
application, as noted. 
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INTRODUCTION AND APPLICATION 

1. This application for a special nuclear material lieens·e is sublllitted by 
Spencer Chemical Comp8lJY' • The company is incorporated iii the state o! Mis­
·souri and has its principal office ·in the !>Wight BuUd1ng in Kansas City, 
M!ssouri. The principal officers of the Company are: 

K. A. Spencer - President 
. c. Y. Thomas - General. Vice President (Operations) 

J. P. Miller - General Vice P.resident (Finance) 

J. E. CUlpepper - General Vice President (Marketing) 

E. v. Friedrich - Vice President, Administration, and Aspista.nt 
Secretary 

J. c; Denton - Vice President, Agricultural Chemical Division 

H. R. ·Dinges - Vice President, Industrial Chemicals Division 

F. L. Pyle - Vice President, Plastics Division 

N. C.~ Robertson - Vice President, Reeearch and Development Division 

E. W. Morgan - Treasurer 

A. Mag - Secretary "'""'-

2. All these officers have their offices in ~~Dwight Building except for Mr. Mag whose address is 9 West Tenth·St-reet, Kansas City, Missouri. All 
are natural born citizens of the United States. 'l'he company is not eon­
trolled. by any a1ien, foreign corpo)oa;t~on or foreign government. 

J. 
' . . 

This " li~ense is requested for the processing of any enrichment o! uranium up 
to and inc;luding 5~~ The uraniUJll in the . form.:o~ UF 6 or scrap is tQ be con-. verted to the oxide. The processing will be done at the Jayhawk Works of the Spencer Chemical Company located between Pittsburg, Kansas, and Joplin, Mis­
sq~, with a freight shipping d~signation of Hilitary, Kansas. 

4. The license is requested for ten years. 

5. '!be product C?f the process normally will. be finely divided uo2 powder. Oxides 
other than U02 may also be produced as finely divided powders. Nitrates and sulphates may also be produced. 

6. The uranilllll will be processed !or other licensees. Plant start-up is scheduled for July 20, 1959. The max:immn design processing rate is 300 pounds of uranium per <:lay. '!be actual processing rate will depend upon the exact nature of tl,le · feed materia::l and upon customer demand~ Inventory of U-235 at the plant will 
not exceed 11 000 kilograms. Processing losses generally" will be held to less 
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than one percent, but may exceed this for small lots. 

7• The Spencer Chemical Company la currently engaged in the t11anufacture of ammonia, nitric acid, ammonium nitrate, polyetb;ylene, nylon, urea, methanol and Qther similar. products. Since D?C~mber 1, 195?, Spencer_ has b7en operating a uranium oxide pilot plant (under license No. SNM-15'4) and has gained much valuable experience in the handling and processing of enriched uranium. 

n 
QUALIFICATIONS OF PERSONNEL 

1. The processing of uranium is the direct responsibility of Harold Lambertus, l.fanager, Nuclear Fuels. Mr. tambertus reports directly to H. R. Dinges, Vice President, Industrial Chemicals Division. 

2. Mr. Dinges received a B. S. degree in chemistry :f'rom College of William and Mary in 1938, where he also served as instructor from 1939 to 1941. He was employed by E. I. dtJt>ont de Nemours and Company 1941-42, and Olin Mathieson Chemical Compa..ny 1942-47 before joing Spencer Chemical Company in February, 1947. Since Feb_ruary, 1957, Mr. Dinges has been Vice President, Industrial Chemicals Division. 

J. Mr. Lambertus received his B. S. and M. s. degrees in Mechanical Engineering from Purdue University and California Institute of Techn'ology respectively. He was employed in 1946 by the American Bearing Corporation where he received a background in· engineering, sales and production. He was a vice pr~sident at American Bearing prior to· his leaving there in 1958, and was responsible .for the planning, building and staffing of a nuclear fuel element manufactUring .facility. Just prior to jo~ Spene er Chemical Company as Manager of the Nuclear Fuels Department in Apl'il, 1959, Mr. Lambertus served as a consultant to several manufacturers of nuclear f'uel elements. 

4. The operation of the uranium processing· plant is the responsibility of George E. Chenoweth, .Plant Superintendent. Mr. Chenoweth received a B. s. degre·e in chemical engineering from the University of Missouri in 195'1. He was employed oy Phillipa Petroletu11 Company from 1951 to 1952, and joined Spencer Chemi~al Company in 1952. He has been responsible for much of the process equipment design for the experimental uranium facilities and has been in charge of the operation of the uranium pilot plant facility since January 1, 1959. 

5. Mr. Sinesio A. Zagnoli has been resj:>onsible for a major portion of the process design. Mr. Zagnoli received his B. s. in chemical engineering .from Purdue University and his M. S. in chemical engineering and M. S. in gas technology :f'rom Illinois Institute of Technology • . He had some three years of industrial experience with petroleum and natural gas industry before his entry into 
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atomie energy activities in 1952. He entered the atomic energy program with Nuclear Power Group in Chicago representing the Commonwealth Edison Company. He participated in severa1 studies made by the Public Service Company or Northern Illinois and Cominonwealth Edison Company before the latter joined Nuclear Power Group. With NPG Mr. Zagnoli' s work was with heat transfer, fuels processing and fuel element metallurg,v. He joined Spencer Chemical Company in Octo~r 1955, and has helped plan and design experimental programs and facilities, and has made econdnP.c analyses of various projects in the atomic energy field. 

6. Dr. Russell A. Mesler of the University of Kansas is our consultant for criticality considerations. Dr·. Mesler' s background includes the Oak Ridge School of Reactor JI'eclmo1ogy 1951-52; Ph.D., University of Miohigan 1955; Project Engineer for Ford Nuclear Reactor and Assistant Professor of Nuclear Engineering, University of Michigan, 1955-57. He is presently Associate Professor of dhemieal .Engineering at the University of Kansas. 

llI 

PROOF.S~ING AREA 
l. 'rhe following equipment and facilities wil.+ be used to protect health and minimize danger to life and/or pr<>f:>erty. 

2. The building used for uranium processing is constructed of a steel framework and covered w1 th transi te siding. The building measures 45' x 1121 and is 30' high except. for a 501 high bay iii the center or the building._ 
) ). The processing equipment wi11 be located along the east half of the building only. Storage area has been provided in the west side of the building. 

4~ A fence encompasses the entire Jaybawk plant works and entrance into the plant area is controlled by a 24-hour guard force. 
S. Tornadoes are a possibil.ity in Kansas. Plant design is on the premise th~t a condition of criticality resulting from tornado damage would do negligible damage compared to · tbat of a tornado. 

6. The building site is .30 feet above any previous flood stage. 
7. Loss of electrical power presents the hazards of loss of ventilation and an inoperative radiation alarm system• 

a. Jn compliance with section 70.24 a radiation alarm system will be installed in the plant. Two detectors will be located in the plant, one on the ground level near the hydrOl.ysis and serap dissolution area and one on the first balcoey at the panel board. These positions are indicated on the plot plan 
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(Dra'Wing No. l-26oo-4). Outside alarm -horns will also be connected to these alarms which Will be clearly audible in the stirrounding area. 
9. 1'1e monitoring system. to be installed is the Nuclear Measurements Corporation Gamma ll~ system (GA-2}. This system consists of individual integral units containing the detector, po\rer supply, meter, alarm bell, alarm lights and rel~s tor connecting external warning devices·. 

10. These units will be set to give an alarm tihen the meter reads 6 mr/hr. or more. The t111e c~:mstant of this instrument is 2 seconds so that a. 6 mr/br reading would occur after the follotiing delay times when the radiation level at the detector -is instantaneously changed to a higher value: 

50 mr/br 

100 mr/hr 

500 mr/br 

o.236 sec. 

0.118 sec. 

0.024 sec. 
Once the meter reads 6 mr/hr, the ala.rm would sourid within O.l second. The response time.will be verified by tests after the system is installed. 

·11. The detector wilJ. be activated by a low level source i.n,.stalled at the prooe so that the meter reads at least O.l mr/br under normal conditions. Ir failure of the instrument causes tbe meter to drop to o·.05 mr/hr, a light on the unit (normally on) will go out. Another light on the unit indicates t~e instrument is drawing current. 
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PRF.CA'.UTIONS FOR SAFETY 

1. The following procedures are proposed to protec.t heal th and minimize danger to life anii/or property. 

2. All personnel working with uranium are required to pass a complete medical examina.tion inciuding a chest x-ray before starting to work. Monthly urine samples will be analysed :for uraniilm. Chest x-rays will be required annually. No smoking or eating will be permitted 1n the uranium processing bUilding,; 

3. 13overalls, . saf'ety ::;he.es, safety glasses, acid goggles' dust masks, and ru'bber gloves are furnished !or all personnel worlci'ng in the plant. A change house and locker room are provided so clothing may be changed 9e­.f'ore .. ~ntering the plant area·~ A washing machine is prov,..ded and coveralls . must be washed daily after U:Se. Indi Vi.dual film badges are prbvi.ded and are checked monthly. 

4. Good housekeeping will be exercised~ Wet mopping Will be performed in order to minimize air polution. 

5. A:ily- minor 8pills will be cleaned up immediately both to recover the lli°aninm and to avoid spread ot contamination. · Clean-up solutions will be stored in safe containers awaiting return 1;o the proce~s. Major spills may ne­cessitate .,.rderly plant shutd.oWn. and reducing or ~he inventory of uranium in the spill arsa to allow JD(i)re .f'.reedom o! movement. 

6. Portable Geiger counters will be an.ilable in the plant for surveying working areas for contamination. B~ilding and e:xl'lAust air will be sampled to see that concentrations are below permissible limits o! 5.o x io-11 and 1.7 .X 10-12 microcuries per ml respectively. 
\ 7. Aqueous wastes will be discharged to the sewer which earries an average daily flow in excess o:f ten lnillion gallons away from the plant. The quantity of waste released to the sewer :will be limited to a quantity which, if diluted by the average daily now of sewage, will result in an average concentration less than 2 x 10-4 ruicrocuries per ml. These condi­tions are set by Title 10, Part 2o, Code ot Federal Regulations . 

8. -Only one uranium. container may be in motion at any one time and no uranium container m.a.y be moved unless all other uranium ·containers are in approved locations'. ' 

9. The uranium processing building will be posted and uranium containers will be labelled according to Title 101 Part 201 Code of Federal Regulations. Outside shipping containers will be labelled according to ICC regulations. 
lO. Safe geometry storage is provided for all. process streams. Before pumping any solution from safe waste storage tanks to the sewer, it is to be sampled to assure that the uranium concentration is below the permissible level. 
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ll. While the building housing the plant is essentially fireproof, a fire in the processing area. presents three problems. Fir'st, the organic phase for 
extraction is inflammable. Second, the reducing atraosphere in the furnace is both inflammable and explosive. Third, water used in fighting a .fire could mix with Uranium and create a criticality condition. C02 will be used to control any fire 'in the uranim building and the plant fire de­
partment is instructed not to use water unless requested to do so by the Plant Sup'ervisor. Precautions have been taken to prevent explosions of the atmosphere in the ftirnace. In the event of a fire or explosion, the area will be surveyed for uranium contamination prior to re-entry. 

12. The radiation alarm detect9rs wil1 be checked hourly and the meter reading recorded on log sheets. The built-in 1ow-level source provides a cali­bration check at one pollit. A portable source wil.l be used to check the ~strwnent at higher levels. The calibration will be checked once per 
week. 

13. A training program will be ini ti.ated for all personnel who would be affected. by a high ·radiation incident. Instructional meetings will be held for all people involved in the handling and processing of uraniUlll to familiarize them with the al.arm system and the proper procedures tor evacuating the area in the event of a radiation incident. Unannounced practice evacuation driD.s will be held once a week the first month, another one a month later and then once every three l*>nths~ 

1.4. Criticality is avoided primarily by proper spacing of uaiways sa!e11 geo­metry vessels. Concentration and mass oontro1 is e:X:ercised in handling dilute solutions. Mass and moderatfon control is exercised in handling 
dry uo2 and in. shipping and st<?ring scrap uranium. A combination of mass, volume and moderation control is 1J8ed ill specifying cpntainers for shipping and storing ~o2 product. il1_ ~afe p~ameters are sa:f'e with a thick water reflector. The interaction between all vessels containing uranium in signifie.ant ccfoc'entra tions is within allowable limits. 

15. A process description and ·equipment layout are pr~sented in the app andix with a discussion of methods used for prevention of criticality. 

v 
FINANCIAL QUALJ:YICATIONS 

l. A copy of the 1958 annual report of the Spencer Chemical Company is submitted with this application in support of the compa.ny1 s financial qualifications to handle enriched, uranium. 
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1. Spencer Chemical Conpany carries a $5,ooo,ooo liabµity policy to cover property damage or. bodily irij'1l7 tO ·:blie public attributable to the uranium facilities. Spencer !8 _also ~ in8ured against loss of materials at the plant or in shipment. . These tw policies are issued by N.uclear Energy tiabili ty Insurance. Association and Nuclear Energy Property Insurance Association re8pect1Teli~ 
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APPENDIX 

,.,#' 

' 

I. Pll>CFSS D&SClUPTIOll 

• '\ .i 

' . 

l. This process ' is .designed to produee primarily uo2 .trom either UF6 or scrap. With U16 as a starting material, a cylinder is weighed and then vaporised using steu heat. A vacuum pump preceded by a cold trap and a chemical trap pend.ts evacuation and leak testing of the UF6 piping. 

2. 

). 

The .tJF 6. is hyd.ro~ed by adllitting the gu into a circulating stream ot AL(NOjJ3 . .. ·Acid may alsC? be added to adjust the acidity. The hydrolysis s~lution is transferred t~ rich aoid s1;orage. 

With scrap uo2 pellets, a weighed quantity o! scrap is added to the empty dissolver and mTCJ) ci.roulated through it and a rich acid storage tank un-til the desired concentration is reached. The dissolver vessel is jack­eted to provide tor beating or cooling. 

' 4. Since "of.t-spec• product :mq be produced 1'r0lll time to time, provision ~ made tor :reoyoling it through the proceas. This scrap uo2 powder 18 dis­solved in a kettle using alwa19 mass sate batches, and then pumped to ~e rich acid storage ~· 

$. The 'rich acid is pumped to a countercurrent pulse extraction column. A solution o! tri-butyl-phosphate in kerosene is used as the solvent; The rich organic phase troa the extractor overflows to the scrub column. The rattinate fi<JVs to the waste storage tanb where it is sampled. From here it is either drained to the sever or recycled to the system depending on the uranium concentration. 

6. In the scrub column the rich organic ill contacted with water. The water is recycled to the extraction column and the rieh organic !lows to the stripper where the uraniUl'll is stripped !rom it with water. The stripped organic phase oTer!lows to a s;rstea which continuously cleans the solvent tor reue. The rich aqueous phase is ted ·to an evaporator to concen- · trat• it and.then precipitated.with allllDOnj.a. 

7. The ammoni~ diuranf.te precipitate is reduced to U02 in an electrically heated .turn.ace; ·The uo2 product is discharged through a mill to hoppers vhere 'it is aampl'9<1 tor moisture and other properties prior to being charged to the blend.er. 

6. A dry atmosphere is maintained in the blender. Mass and moderation lim­its are uaed to de~rmine the size of lot.a blm.ded. After blending the U02 1e discharged into approTed shipping containers. 
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Appendix 

.II• PLANT I.4YOUT AND J:QUIPMIN1 DE.SCRIPT ION 

1. The building to house this facility is contained within the Jayhawk plant site. It 1s constructed of steel framework and covered with transite siding. All processing equipment is ·located along the east hall' of the building. High equipment such as t~ extraction columns· is located in the So• high bay in the center of the building. Layout of the equipnent is shown on drawings 1-2600-4 and 1-2600-802. 

2. The east wall behind the tanks and equipment is lined with stainless steel sheet ~o ~aciliiate clean-up ef spills and splashes. A stainless steel drip pan is proVided along this wall under the equipment to con­tain lealcs and spills. There are no floor drains to eliminate the pos­sibility ~! a spill being lost to the sewer. 

3. The U02 scrap pellet dissolver is 8.25• I."D. The dissolver for 11off­specn· uo2 powder is a kettle and will be used with mass saf'e batches. The cold trap is of 411 pipe and the evaporator is 811 Sch. 10 pipe. The pulse columns are 4u pipe with 811 pipe end section. All u.ranium-contain­ing storage tanks are 10.2.5" ma.xim\lJll I.D. 

·4. The UF6 cylinders are vaporized in a closed room. This room is provided with adequate forced ventilation. The exhaust air from the room is . draw .through a scrubbing system to remove aD\Y UF6 vapors. A fluorine detector is locat~ in .the duct carrying air from. the room to detect any UF 6 le8.ks. The s,,.me tuJi1e scrubber system also is connected to a hood over the U02 .powder dissolver to recover Blzy' ·uranium carry-over from the dissolutions. 

S. Storage area. is provided in the southwest quadrant of the processing building for feed materials fl!d/or packaged product. Safe spacing will be maintained on all containers pf' uranium stored in this arep. If more space is required, UF 6 cylin~ers may be stored outside in their bird cages on a concrete pad near the southwest corner of the building. 

·. ~ ·' 
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III. CRITICALITY CONSIDERATIONS 

A. Criticality With UF6 Feed 

1. UP'6 1n cylinders at enrichments no greater than 5% 11-235 will be removed from storage or br011ght directly to the southwest comer of the processing area. Cylinders will be transported into the pre- . ceasing area on a monorail and placed in stations provided tor the 
vaporization of' the UF6. With !ull 01'6 cylinders at all stations, 
the total t1-23S inventory will be 66 ld.lograms. Aocoming t9 ' .. TID-7016, page 9, there are no mass l.1Jlits on a non-!zy"drogenous ,, 
chend.cal compound with a t:T-23S/U-2)8 ratio or .oS. The individlial · cylinders are spaHd at distances ot greater than 1 .foot edge-to- _ edge accorcling to x:.-1019 R.ev. h, page 2.$. .. 

2. The UF6 is reaoud with water and the resulting aol'llticm 1• stored 
in vessels R-1, R-2, R-3, R.-k, T-1, T-2, T-3, ·and T-4. · ·~he maxtmim concentration of ural11.UJ1 in these solutions is 100 gr8Jll8 ·per liter L. 
which corresponds to a max1Jma U-23S oon.centration o! ' gram.1 per tfl..' liter for $~ U-23$ enrichments. According to K-1019 Rev. 4, page 201 5.0 grus of U-23S per liter is an "always-sate" parueter. l'Urtber, k aooording to page 24, interaction need not be considered for hGmo- ~ geneous solutions with a ~-235 oGncentration no greater than S grams .~ per liter. Vessels R-1~ R.-2, R-3, ~4, T-1, T-2, T-3 and T-4, are all 10-1/4 inch diameter vessels ·which is a "llmited safe" para-
meter according to K-1019 Rev. 4, page 21, for 5% enrichnlent and below. 

). The Ull'6 solutiOl'l is pumped to the extraction oolwms where the 
uraniwa ie extracted · into an oreanio 1Jolution of TBP. The m1nilnDI 
ratio of H to tr-235 in the argenic phase is ~i2Q!. A$:oording to TD>-7016, page 9, there are no restrictions or a olutions if the , f. atomic ratio of il/U-235 is greater than 2300. The maxilmm eroncen- .,.... \_\ tration Bf U-2.35 in the aqueous stream from the strip columa . 
(TA-3) is agaih 5 graJIB U-235 per liter !or S% U-235. In addition, 
the columns are 4 inches diameter with a inch separating sections. 
This stream flows to the neutralizer where 'the uranium concentra­tion is 111.&htly decreased. The neutralizer is a 10-l/4 ineh . 
diameter vessel as an extra precaution. 

4. Out of the neutralizer the stream fln1 to E-3 on the first bal-
00117. In E-.3 the uranium concentration is increased to 450 g,rams per liter (22.5 grams U-23$ per liter at $% enrichment). E-3 is an 8 inch pipe with a 2 inch leg. By comparison to a 9 limited-safe" diameter of ~0.25 inches, E-3 is considered safe. Interaction has been calculated between the evaporator and (1) the !urnace, (2) 
vessel. R.-9, (3) the U02 hoppers, T-18 and T-19, (h) the blender 
~5, (5) U02 packages on the first anm second floor~, and (6) 
veasels T-13 and T-J.4. The total solid angle viewed of these is 
less than OS steradians. 

5. The. stream from F-3 ils stored in two vessels, T-13 and T-14. These vessels are lD-1/4 inches I.D. x 8 feet tall, so that they are 
safe. Interaction must be considered between each other and the blender. The total interaction is • 9 sterad.1an which ie less than 
the alloiiable 1.0 (K-1019 Rev. 4, page 24. ) 
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6. F?-aa R-1.3 ap.d R-14 the rich aqueous is pumped to R-9 on the second balcony-. R-9 is a 10.25 iiich diuaeter vessel. It see11 eTen less than the neutralizer (R-8) which sees .50 steradians so that 1nter-aetion is sate. · 

7. The product from R.-9 is transferred to the fumaee. The furnace prope_r is titted with a 9 . inch I.t>. liner. The. teed screw drops the uranima bearing material onto this f'urnaee liner. There are three serews each Gperating in 2 inch pipe conveying the uranium. The tu.mace gases ·pass countercurrent to the uranium, and con­ceivably colll.d carry l.ight dried material into the breech where the gases leave the furnace. No significamt carryover baa 8'f'er been obsen-ed. The volume in the breech is .625 cubic foot compared to a safe volume of .9$ cubic foot. The gas discharge line is ste8ll traced to prevent eondensatiGn im the gas lin~ betore the condenser. 

B. The !'umace tube itself never operates more than one quarter :ruu. It diacharge1 into a breech of 1.46$ cubic feet capaeit7. .A.t a discharge rate .of .25 cubic foot per hour, hourly inspection will prevent an;rthing approaching an v.nsafe accumulation. SboUld the f'urnaee exit gae temperatun fall 5QG below its normal value, the f'eed to the furnace will be shut off automatically. ··The fumace sees less than .9 steradians which is safe. 

9. The .furnaee discharges into T-18 and T-19. The quantity of V02 allowed to accumulate in T-18 or T-19 rll1 be· kept below the safe amounte as limited b;y enrichment. (Table XVII, K-1019 Rev. 4). These Teasels each have a k of .65 becaus~ they are mass safe (K-1019 Rev. 4, page 26). The allowable solid angle is 2.51 compared with an act11al value of' 1.26 steradians. 

- 10. After· a moisture analysis bas been obtained on their contents, T-18 or T~l9 can either be transferred to M-5 or to storage. 

ll. The entire inventory of U02 in M-5, SC-1 and at the bullion bal­ance is lilllited to a safe mass quantity as lim1ted by 'mod.eration. Table Xu of K-1019 Rev. 4 will be used to specify the safe mass to that corresponding to the highest H/lJ-2.35 ratio of a-rq material added to the inventory. Table XII is f~r U16, but since the density of tJOi here is no greater than for liTF6, the table is applicable. The marlmwn solid angle of illteraction at M-5, SC-1 or the bullion balance is • 77 compared to a safe interaction of l.O steradians. 

12. After filling the U<>2 containers, they are spaced at least one foot edge-to-edge from each other while they are weighed and transported to storage. 
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B. !!9J! !'eed 

1. General 

a. The criticality conditions of the uranium process using UF6 
feed hire already been deseribed.. Use of U02 feed alters the 
situation in the following respects: 

(1) Dissolution of .t'ired U02 represents a special problem 
because of the high density of fired U02. 

(2) The solutions produced from U02 dissolution are more 
concentrated than those produced from '016• 

b. The portion of the plant beyond tne extraction colmnns operates 
the same regardless of the feed. However, there is more inter­
action which must be considered. 

o. There ~re two types of tJ02 -- high density and low density. 
High denei ty U02 is that which has been pressed and rti-ed, 
while the ln density material is characteristic of scrap gen­
erated in the process. 

2. Low Density U02 Dissolution 

a . Low density tJ02 (less than 3 grams per ml) is batch dissolved 
1n it-S. The charge into R-5 is limited to the mass limits 
shown in Table XVll of K-1019 ReT. 4, page 22. 

b. The U02 scrap is generated at T-18 ~d T-19. The scrap is 
drained from the hopper into a 5 galion pail on the first 
balcony. After each pail is filled, it is carried down the 
north stairs to the first floor where it is weighed on SC-1. 
The · pails will be marked with the weight and assay. From weigh­
ing, the pail is carried either to storage, or is carried to 
R-.5. The route taken ia to be over to the west side of the 
process line to the south stairs and up them to the U02 dis­
solver. 

c. When dissolving a batch of low density U02, R-5 is 'first 
emptied. Then the safe 11ass or less is carried in 5 gallon 
pails to the dissolver. · Never will the total quantity Of uranium 
in the vicinity of R:.5· or within R-.5 exceed a safe mass. Be­
fore maldng up a batch, the S11perrlsor is to certify that the 
quantity or uranium in pails is a safe batch. 

d. When a batch is dissolved, it is pumped to storage. A check 
valve and a manually operated valve prevent solution in storage 
from increasing the uranium in R-.5. 



( 

( 

Appendix . 6...a 
{ ( 

J. High Density U02 Dissolution 

a. High density u~ is dissolved 1n ~13 which has safe dimensions. The tJ~ is hoisted to the first balcony on a monorail at the southweet corner of the process. The monorail carries the UCJ2 to the north side of R-13. Only that am:nmt of U02 which R-13 can accomodate at any one time is hoisted. The U02 is dumped into R-13. The total amount of 1102 being added to R-l3 is .mass safe by J'llOderation. &-13 nlust he emptied prior to re­charging. 

b. The safe diameter for R-13 was determined in the following fashion: Calculations in BW-57861, page 24, show the maximum buc.,kling for 5% U-235' metallic uranium rod in water· lattices to.: be 150 x 104 cm-2. Values for other parameters, near this 
maximum buckling, are as followsr 

koc • 1.65 

IJ. • 1.1 e'IJ!2. 

7' • 32.S c~ 

Fo·r an 8.25 inch d~8111eter vessel, K-1380, page I-13 to 15, shows ~ • .OJ44, ~ = o.o49. The value for k effective is: 

A value of 10.25 for the radi'ils gives k • .1, but the actual vessel radius of B.25 is specified as an added factor of safety. Another safety factor is included because U02 with its 10wer density' shows lower maxi.mum buckling than does the metallic uraniUll as discussed in HW-57861; page ·19. 

c. The random placement of the rods when merely dumped into a vessel presents some uncertainty. Lattice values g.iven above are for orderly spaced, uniform rods. Preliminary experiments mentioned in HW-56919, 'page 201 indicate the randanness tends to lower the buckling • . This was asswned also in TID-7016, page 21. 

d. Interaction between R-13 and its neighbors is less than l. 75 steradians compared to an allowable or 3.9 steradians (see Table I). 

4. Allowable Interactions With U02 Feed 

a. The interactions between all vessels which contain uranit1m at concentrations above 5 grams U-235/liter with 002 feed have been conservatively estimated by the methods given in TID-7016, page J.4. These estimates are shown in Table I. Where the 
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Table I 

Vessel Diameter Contents Interaction 
!Inches~ (Steradiansl .. 

E-3 8.2.s bif. 1.6 
F-4 1.1.s a* 2.8 
F-5 1.15 a 2.5 
KL-1 9.0 2.32 
M-5 002 1.15 
:R-1 io.2.s a 1.,56 
:R-2 l0.25 a l.91 
R-3 l0.25 a 1.65 
R-4 l0.25 a 1.97 
a-5 22.0 a .45 

( ~8 10.2.5 a 1.56 
R-9 10 •. 25 b .93 
R-1) e.25 1.73 

I • SC-1 \lf02· 2.05 . 
~' 

T-1 10.25 ·- a 1.92 
~-2 10.2.S a 1.98 
T:-3 10.2.5 a 2.22 

~-4 10.2.S a 1.8) 

T-13 10.25 b .86 
T-14 10.25 b .861 
T-18 & T-19 9.0 002 2.28 
TA-1 4 & 8 a 1.80 
Bullion Bal. -- U02 1.92 

"a" and "b" Jre process solutions containing uranium 
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interaotion is below one steradian, there is no limit on what 
may be plaoed in the vessels since eaoh vessel· is nalways-safe". 
The basis for this is a sta~ement in K-1019 Rev. 4, page 25, 
which states that if the vessels meet na1ways-safe11 parameters 
the k value may be assumed equal to o.8 for whioh the maximum 
solid angle is 1.0 steradian. 

b. For those vessels where the interaction is greater than one } f/ 
steradian, a limit is plaoed on the maximum concentration or ..... 
mass of U-235 whioh oan be placed in these vessels. 

o. Uranium in the process is contained in aqueous solutions in two 
different concentrations above 5 grams U-235 -per·liter. The 
more dilute of these two is designated solution "a" in Table I, 
while the more concentrated solution is designated "b•. 

d. The maximum permissible concentration for solution "•" is cal­
oulated as followsi Among the vessels containing solution 
"a"· and excluding F-4 and F-5, the maximum interaction is en­
countered with vessel T-3 at 2.215 steradians. The next 
highest is T-2 at 1.982 steradians. The maximum k for an allow-­
able 2 steradians is 0.713· (I-1019 Rev. 4, page 39). Now k • 
~f Ur Uth (page I-9, X-1380). 

As8Ullle l1th • 1 (conservative estimate) 

B~ • .0242 for D • 10.25~ (1-1380, page I-13) 

Uf • .596 (I-1380, page I-U) 

~! • _!,_,. • ·~~ • 1.195 Ur • 
This is the max:imwn value for yt.f'. Assuming the solution con­
tains nitrogen, hydrogen, U-2.38 and U-235, an )\f less than 
1.195 requires the following quantity to be greater than 455. 

lu~3~ + u~~J~ > 455.~ 
where N/U-235 is the ratio o:r nitrogen atoms to U-235 atoms 
and similarly for H/U-235. If T-) is in the system, this 
must be greater than 510. 

e. Returning to F~ and F-5; these vessels have a di~eter of 
7-3/4 inches and have an allowable solid angle of 3.5 when 
~f • 1.195. The allowable solid angle for R-13 was dis­
cussed above. 

f. The maximwn oonoentretion of solution ttb11 is suoh that the 
mini.rimm B/0-2.35 is 920. Under these condi'tiions the maxl.mwn 
~:t' is 1.36. This concentration gives the maximum allowable 
interaction for E.;.3 of 2.26 compared to the actual 1.6. 
T-13, T-14 and .R.-9 all have interactions less than 1 steradian. 



J.ppendix 

( 

8-a 
r 

g. The fUmace has an I.D. of 9 inches. However, it never runs 
more than 25% full. This gives it an equivalent diameter 
less than 5 inches. The safe ;interaction for a 5 inch pipe 
is 3.2 steradians (Table n, K-1019 Rev. 4) compared to the 
actual value of 2.32. 

h. The quantity of U02 illowed in either T-18 or T-19 is limited 
to the safe mass as 1.ind.ted by enrichment, (Table XVIl, 
K-1019 Rev. 4) . The k for these mass safe vessels is taken 
as o.65 (K-1019 Rev. 4, page 26), so that the allowable 
solid angle is 2.51 compared to the actual value of 2.28. 

i. After a moisture analysis has bee.n obtained on their. contents, 
T-18 or T-19 can either be transferred to M-5 or to storage. 

j. The entire inventory of U02 in M-5, SC-1 and at the bullion 
balance is limited to a mass safe quantity as limited by 
moderation. Table XIX of K-1019 Rev. 4 will be used to 
speoif';y the safe mass to that corresponding to the highest 
H/'U-235 ratio of any- material added to the inventory. Table 
XIX is for UP'6, but since the density of 002 here is no 
greater than the density of UF61 the table is applicable. 

) k. The k value for this total mass is taken as o.6$. Thi:s is 
in accordance with K-1019 Rev. 4, page ·26 for safe masses. 
Although this reference is not epecificall:y justified in this , l 
instance, a value of .65 is considered conservative for two 
reasons. First the uraniUlll is at most 5% eJlrlched, while_ 
Table XIX is for any enrichment. Secondly, all the mass / 
will not be acoUJllUlated in a configuration approaching art 
optimum. arrangement. l"or a k of .65, ·the allowable interac­
tion . is 2 .51 steradians. The maxinmm interaction from M-5, 
SC-1 or the bullion balance is 2 .05 Jlteradians. 

1. Almost .all piping which might conceivably carry uranium so­
lution is 1/2 inch .which presents no interaction problem 
(K-1019 Rev. 4, page 24). In the front of the·process, 
sizes no greater than 3 inches are used sparingly. They are 
all spaced at least 2 feet from any vessel and enter the 
vessels either near the top or bottom so that they are safe. 

m. Drip pans beneath process vessels overflow at 1/2 inch so 
that they are safe (K~l019 ~v., page 24). 

n. Ail pumps and pulsers are located on the floor and are of 
safe volume, each having ·less than a gallon holdup. They 
are included in interaction calculations as extensions of 
the process vessels. 
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November 20, 1962 

Mr. D:>nald A. Nussbaumer, Chief 
Source and Special Nuclear Materials Branch 
Division of Licensing a.nd Regulation u. ·S. Atomic Energy CoimD.ission 
WS.shington 25, D.c. 
Dear Mr. Nussbaumer: 

This is in r~ply to your letter dated October 25, 1962, referring to our Special Nuclear Material License SNM-329 which expired .on Septem­ber 30, 1962. 

Our Material Status Report (AEc-578) for the period ending December 31, 1961, showed that all special nuclear material had been transferred from SNM-329. No special nuclear material was transferred to SNM-329 after that date. 

Licensees to which spe.c;:ial nuclear material was transferred are shown on. our Material Status Reports for periods before December 31, 1961. 

NAG:fg DOCKETED 
USA EC 

Division of 
Ucenslna a Regulation 4 
NOV 2 3 1962~ 

~ 

Very truly yours, 

Y?a/i . .uk 
N. A. Greenlee 

!/J:t:. 
ACKNOWLEDGED 
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• cGLiE OIL I IPtl •nu;, a c. 
Kerr · McGee Budd if'g () Oklahoma C ity 2, Oklahoma 

SeptEmlber 6, 1962 

Mr. Lyall Johnson 
Division of Licensing and Regulation 
United States Atomic ]ilergy Comnission 
Washington 25, D. C. 

Dear Mr. Johnson: 

Kerr-McGee Oil Industries, Inc. recently forwarded a request for a source material license in connection with the work being perfo:nned by the Department acquired from Spencer Chemical Company. It is antic­ipated that in the very near future we will also be forwarding a request for a special nuclear material license involved in the same area of 
work. 

It would be appreciated if you would mark your records to indicate that all conmunications concerning these licenses should be directed to 
Kerr-McGee as f ollows: 

GHC:HL:go 

Mr. Harold Lambertus, General Manager 
Nuclear Products Depart.ment 
Kerr-McGee Oil Industries, Inc. 
Kerr-McGee Building 
Oklahoma City 2, Oklahoma 

... 
' ' . 

Yours very truly, 

orge H. Cobb • 
Vice-President , Yd.nerals 
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U. S. Atomic Energy Commission 
Division of Licensing and Regulation 
Washington 25, D. C. 

·-·~ -----·· Attention: Mr. Eber R. Price 

Gentlemen: 

May 14, 1962 

This is in respons.e to your letter of 17 April 1962 regarding the inspection conducted at our Jayhawk Works at Pittsburg, Kansas on May 2-5, 1961 under 
Source Material License C-4352 and Special Nuclear Material Licenses..No. 
SNM-154 and SNM-329. 

Replying to your items as listed in your letter, we submit the following in-
formation for your consideration: ' · 

I. Time-occupancy studies have been made in the area where high air-borne 
dust samples were observed. 

A. Incidents Involving Thorium 

Six incidents have been noted involving thorium, natural isotopic 
assay. The counts of the air samples in these six samples are as 
follows: 

Microcuries 
per ml of Air 

3 x 10-10 

4 x 10-10 

2 x 10-10 

2 x 10-10 

2 x 10-10 

5 x 10-ll 

In all cases, these were 30-minute ai~ samples taken at a posi­
tion between the man and the hooded operation where the material 
was being utilized. The air samples therefore represent the 
absolute maximum that the man could have achieved. Time studies 
on the operation have indicated that the man is in the .operating 
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position less than 25 minutes during an 8-hour normal shift of 
operation. During the rest of the time the man would be i .n other 
parts of the room or hallways or the building where the air has 
consistently been 10-12 microcuries per ml or less. There.fore, 
the overall daily exposure would be less than the limits of Part 20 . 

B. Normal Uranium 

Seven instances were observed where the air-borne concentration 
of normal uranium was in excess of the Part 20 limit. These 
were as follows: 

Microcuries 
Eer ml of Air 

i. 3 x 10-10 

9 x 10·11 

1 x 10-10 

1 x 10-10 

2 x 10·10 

1 x lo·lO 

9 x 10·11 

These instances all occurred at the fusion operation, samples 
being taken for a 30-minute period at a position approximately 
head high between the man and the hood where the ~aterial .was 
being utilized. Again it was determined that the man was in 
this operating position less than 25 minutes during an 8-hour 
shift. At other times he would be in air-borne concentrations 
ranging from io-12 to lo-14, so that his overall daily exposure 
was less than prescribed limits. 

C. 93% Enriched Uranium 

Instances involving 9370 enriched uranium have revolved around 
two pieces of equipment. One was a dry sample splitter where 
the samples had to be taken between the machine and the man. 
These were as follows: 

.. 
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Microcuries 
per ml of Air 

4 x 10-8 

4 x io-8 

4 x 10-B 

8 x 10-9 

2 x 10-9 

8 x io·lO 

1 x lo-9 

4 x 10-9 

( 
May 14, 1962 

.The other was a green salt unloading hood where the air samples 
encountered were as follows: 

Microcuries 
per ml of Air 

s x lo-9 

3 x 10·9 

8 x lO·lO 

1 x 10·9 

7 x 10-10 

1 x io-9 

l x 10-9 

3 x 10-9 

5 x 10-9 

8 x 10-9 

These samples were half-hour samples taken at a position between 
the man . and the hood where the operations were taking place. 
Therefore this also represents maximum possible exposure to the 
man. 
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The operator ~as in position at the sample splitter once during 
an 8-hour shift for not more than five minutes during the loading 
and unloading of the sample splitter. Since the dust samples 
were on the average of less than 100 times the limit for 93% 
uranium, and since the m~n's occupancy is approximately 1/100 
of the 8-hour working day, the lest of the time being exposed 
to air samples of less than 10- 2, the daily exposure to any of 
the op~rators handling this equipment would not exceed the limits. 

At the green salt unloading operation, the exposure is less than 
10 times that of the upper limit of Part 20. The unloading opera­
tion during which the dust is generated requires approximately 
15 minutes during every 8-hour shift. The rest of the time the 
man would be in air of the room at lo-12 or less microcuries per 
ml of air. Therefore, his. overall daily exposure would not 
exceed Part 20 limits. Operation. of the sample splitter and 
green. salt unloading was not carried out by the same operator 
during a single shift. 

The corrective measures which have been taken to eliminate the high air­
borne dust ·around this .equipment are as follows: 

A, Thorium Operations. Additional lucite sliding baffles have been 
installed in these hoods to increase the air flow across the 
working opening. This has effectively· trebled the air velocity 
and since their installation no high thorium air-borne dust 
readings have been observed. 

B. Normal Uranium Operation. The hoods where the high dust samples 
were observed have also been equipped with additional lucite 
baffles to increase the air flow into the hood at the operator's 
position. Since the installation of these lucite baffles, no 
high normal uranium air samples have been observed. 

C. Fully Enriched Uranium Operation. In the green salt unloading 
station a permanent lucite baffle with slotted arm holes has 
been installed to greatly increase the linear velocity of air 
into the hood at the operating position. Since the installation 
of this lucite baffle, no high readings have been observed at 
this station. 

The sample splitter has been completely overhauled to insure 
dust tightness. Since the correction of this equipment, there 
have been no observed instances of high uranium concentrations 
around this equipment. 
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1- b. Concentration in Effluents to Unrestricted Area. During the . 
inspection of May 1961, one effluent air sample on a stack indi­
cated a discharge of 1 gram of normal uranium to the exterior 
air around the plant site. At the time the air-flow through this 
stack was so low that one gram over a 24-hour period exce~ded 
the limits of Part 20. Two corrections have been made to this 
stack: 

(1) A filter has been installed downstream from the exhaust 
fan, and 

(2) The effluent air has been increased by enlargement of the 
exhaust fan. No high samples have been observed at this 
point since this corrective measure. 

Since the inspection of May 1961, a systematic study of the stack 
effluents from all operations have been periodically conducted, 
and no high samples have been observed to date. 

II. A. Position of the furnaces with respect to the hood in the T-room, 
Building .702: During the actual installation of this equipment, 
it was determined that the position described in the application 
would not lend itself to convenient installation of the ventila­
tion exhaust for the furnaces. Therefore, the actual installa­
tion position was modified so that the exhaust stacks could be 
properly positioned. The spacing between the furnaces was still 
maintained as described in the license application,. and the 
distance from the furnace to the hood was greater than two feet, 
which ~lso maintained an adequate safety factor from criticality 
control. . We did not feel that such a minor ch8,Jlge was properly 
a subject for license modification. 

B. The loading of the furnace boxes is being conducted in accordance 
with the license application. Operators and supervisors have 
been carefully instructed to follow exactly the provisions of 
the license application. 

C. The hood in Room 16 of Building 702 has been equipped with a 
filter in accordance with the license application. 

D. The term "inert atmosphere" is a relative description. In the 
case of fused uranium dioxide, it has been determined that air, 
C02 and/or argon .are in fact inert to crystalline U02 at room 
temperature • . We feel therefore that free substitution of any 
of these three gaseous atmospheres ts in full compliance with 
the license. 
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In answer to your further requests, we are attaching as Appendix I the air 
survey program which was initiated in October 1961, and has been followed 
since that time. 

If further information is desired, please advise. 

Yours very truly, 

Nuclear Fuels Department 

M~ 
General Manager 

WML:el 

Attach: Appendix I. 
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APPENDIX I 

PROCEDURE USED TO SET UP SAMPLING PROGRAM 
FOR AIR AND SMEAR TESTS 

In order to set up a program which is not entirely subjective , it is necessary 
that sampling be carried out on a random basis. To accomplish this, the 
building plot plan was divided into areas and marked off in rectangles, approx­
imately JlJ' x 3', ·with each square carrying a letter and number such as Bl6 to 
identify it. 

Prom 'this plot plan the sampling points were taken. Primary stress was placed 
on the processing areas and the lunch room since these are the areas of greater 
concern. 

II. Selection of Sampling Points 

A. The 30-minute air samples and smear sag> les. 

The number of sample ,oints in each zone and area are as follows: 

1 2 3 4 

Area No. Area No. Area No. Area 

Offices 4 T-Rouse 25 Room 9 4 lloom 14-
Lunch Room 11 Ex.& Pur. Area 7 Rooms 10 & 11 8 Storage 
Change Area 7 Hallway 2 Room 12 5 Unit 
Misc. 4 Rooms 16-19 12 

Misc. 4 

Total 26 34 33 

B. The 24-Hour Air Samples 

Various sample points in various rooms were selected for the 24-hour 
samples. A total of 13 points were selected for taking these. samples . 

III. Seguence of Sampling 

A. The 30-minute air . samples and smear samples 

In Table I is given a table of 100 random numbers used to set up the . 
~equence of sampling. In Table II is given the sampling points by areas 
and the sample number assigned. The thirty-minute nwnbers started' with 

Nd. 

5 
2 

7 
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the firsc cOl\llllil of random numbers from Table I. The smear sample numbers 
started wi~h the second column of numbers. 'lb.e numb~rs were assigned in 
order of zones 1 through 4. The numbers assigned by zone are given in 
Table II. In Table III is the rearrangement of the sampling sequence in 
the order that they will be taken. The day and shift will be filled.in 
on a weekly or monthly basis. The frequency of the samples will depend 
upon the amount of activity in th~ building. 

B. The 24-hour air samples 

A total of thirteen sample points were picked out to obtain 24 samples. 
These were arranged .in a _ random sequence. The location of these points 
are given on Table II • . It is expected that -one 24"."hour sample will _be 
taken every day. More or fewer samples will be taken in the future, · 
depending upon the SlllOUnt of activity .• 

IV. Coding of Samples 

The air samples will be submitted much as a regular analytical sample. ~ 
AVI book will be supplied with the clip board used in recording samples. 
The following information is to be supplied on the AVIl 

(1) Date 
(2) Time 
(3) Sample No. 
(4) Zone (1, · 2,. 3, or 4) 
(5) 30-minute s-s>les, the CFM readings at 0, 10, 20, and 30 minute.a. 
(6) 24-hour samples, liters/minute at 4-hour i~tervals. ~ 

The sample number includes the sample point designation and the height at 
which the sample was t_aken. For example, a sample taken at point E37 and 
four feet off the floor should be coded E37-4. 

v.. Records 

The AVI will serve as. a request for the analysis ·of a particular sample. 
The laboratory will return this AV! with the result. They will keep the 
record showing all the calculations. The AVI result will be recorded accord­
ing to z.one and type ~long with the sample number and date taken. Once a 
month the health and safety information will be combined into one health and 
safety report covering all phases of the health and safe ty program. 



,,.- . 

1AP.J.E I --
Table of Ono Hundred Raruiom Ntnnbors 

l ! l k -
90 39 ·36 83 
61 ·43 24 so 
33 79 19 29 
67 62 05 32 
11 75 14 65 
38 71 60 78 
02 91 92 84 
52 .68 02 ~& 09 98 91 
54 7~ 65 sa 
47 3h 44 72 
56 1t2 10 26 
95 06 06 66 
~7 64 5.3 ~ 
16 13 .31 76 
77 89 40 41 
06 88 81 30 
03 99 •J.8 
04 94 ·59 73 
48 70 63 69 
17 01' 35 
45 25 67 
22 20 07 
27 96 21 
20 93 55 
12 23 46 
31 100 J5 
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A$91JP!!?lt of ~a:mpl:ins sequence, bz Are~ $nd Nwnb&t 

Zone No. l 
!Ja~ie Po!nt 

I , 
Ail' SasPle~ ~niear SSJ!ple1· 

B6 - DER o!!ioe 90 39 
K4 .;. Ro01r1 2 ct'.tice 61 4.3 
K·8 • G.s. office 33 19 

A~ l 67 62 
Al.) ll 1S 
Al4 J6 71 
Bll) ) )))) tunoh RoQl 62 91 

Blh l S2 66 
011 09 98 
Clh · $'..J. ?4 
Dll l 47 34 
Dl2 56 42 
DlJ 95 06 
Dl4 SY 64 

G8 • Center hall Q££1ca l.6 lJ C37} 77 89 
D38 Dirt;r Change area 08 88 . 
E37 O)' ' 99 

A42)~ 04 94 E42) ) Cerr~er JJal1 storage 46 70 

J27 • Met. l&b 17 01 

~~ J) Clean Chango area 
4$ 2, 
22 20 

L32 27 96 
K39 ... Men's Room 28 93 
K42 • Center hall'~:ra..y south l2 23 

Total .. 26 



Table II (continued) 

7..ono No. 2 
Pai·t a 11.'-Honsa 

A21 
B18 
D.34 
017 
Cl9 
C2l 
C23 
C25 
C27 
C29 
C)l 
C33 
DlO 

Dl9 
D20 
D2l 
G21 •Hall 
D2.3 
D24 
D25 
L26 
D27 
D29 
G31 •Rill 
D31 
D32 
D34 

. ~ 
I 

Air SQnr;,les 

31 
39 
43 
19 
62 
7S 
7l 
9i 
68 
98 
74 
34 
42 
06 
64 l' 69 
68 
99 
94 
70 
Ol 
25 
20 
96. 
93 
2.3 

Part b .. Extr :.Lction and furifiea t:i.on Arca 

J20 100 
J24 36 
J.30 24 
K22 19 
K27 05 
L20 JJ·· 
L24 80 

Total.~ 

100 
)6 
24 
19 
05 
l4 
80 
92 
02 
91 

EE 
10 
86 
$3 
37 
40 
81 
18 
59 
63 
35 
87 
07 
21 
55 
46 

.15 
83 
50 
29 
.32 
65 
78 
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fable IX (oontinULI) 

~ · Area 

Area - Sample Po!nt All' Sample• PJIJIO&l' SamPiaa . 

Room 9 ~7 ~ 84 
BhS 02 ~g D4S ~ D47 SS 

Room 10 Bi9 b4 72 on 10 26 
D49 86 66 
E$1 S3 Sl 

Room ll BS6 ~ 16 
css 41 

D$6 81 JO 
ES~ 18 73 

Room 12 ~ ~9 69 
OS9 63 90 
C61 M 

61 
£59 . 33 
B61 OT 67 

Room 13 066 21 11 
Ha.ll G47 SS 38 
Hall 061 46 62 
Room 15 J-64 1$ S2 
Room 16 ISi 83 09 

JS9 so 
'~ K56 29 

LS9 Ja '6 

Roca 17 IS4 6S 9S 
I Sb 78 n 

Room 18 JSO 84 16 
L50 h9 77 

Room 19 J45 60 08 
J47 S8 03 
J46 . 72 04 L48 . 26 b8 

Total 33 

Zone No. 4 
~oom m 
070 66 17 
083 Si 4S 
076 76 22 
070 41 27 
076 30 28 
K70 73 12 
K83 69 31 



TABLE llI 

SpSwmoe ot Air and Slllellr !!a!eltl 
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,i'able ·III ( oont.,inued) 
Sequonce pf Air and Srnenr Samples 
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:Seg,uanoe of Twenty-.Four-!Iour Air S11I1Fl.es 

Nttmbar Zone - Sa!JWle 1ro. · Location Date - Shilt -
1 3 

2 ' 860 - ----·------... ··---.. -------..... - ..... __ _ 
3 2 C2l · . 'l'•Bouse _. • ... ·'""·------~-... ·-----·-

.......... _. .............. ...,,..,._ --..~~ ... """' ·- - ............... "94lilllw ....,_ ·----·------.. -- ----··------·-..._..,_ 
· 4 2 · Ll7 Ex. -~.~L~~oa ·--~,.~-·~·----------~"'··--·-··-

~-·---$--- ·· -··- ----·---;·-·-~- .. ···. -~~5s ------· --~ .. -·~:~:~··11 ·--------·----·-
• •-- •,. .,_ •"~----- ... -• --· ll'•'tt"- ~•• --.. •·-.. •·Ir,.•,,..., -·---

6 2 JlJ tx. e?Xl Pur. Area 
---·--------·-·--·-·~-------

7 IS4 

----·.------
D,38 Dirty Change Area 

____ ;icr ·---------,---·-IE6'-----~~~·;- ------
l 

--- --- l 
I l 

-·-·- ...... ~,.~---

··· -···--- ·12 ··-·· --.. ··:· 

----------.... --.. ·--- .. --·---1,r· -- - -·--·- 3 DlJ.7 
ROOft 9 
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Mr. Charles P. MoCallum, Jr. 
Nuclear Materials Section 
~icensing Branch 
Division of Licensing and Regulation 
U. S. Atomic Energy Commission 
Washington 25, D. C. 

Dear Mr. McCallum: 

.July 28, 1959 

'.this is in answer to your lett-er of ·.July 23 (LRL: CPM, Docket No. 
70w~requesting mor-e information on our June 22, 1959, application 
for ~ special nuclear material license. 

The answers are given below in the order that the questions were 
set forth in your lett~r: 

l. 'Proc~dures to Insure Criticalt:y Contrql 

(a) Movement 0£ UF6 cylinders into the melt r oom is accom• .. 
plished 'With a monorail hoiat which maintains the proper 

\ I Y.1 I spacing batwe.en other cylinders in the rQOm. Only one 
v / ff) UF6 cylinder may be in motion at any one ti~, and the 

-4 · ,,,,,,. m0vement ef any cylinder must have the approva.l of the · fl~ // :e supervisor. · . 7 ""'O P~~b :_ mevements of scrap U02 pellets or powder• and of 
'1- : ~ \ ~ .7 roduct contai.ners, also are governed by the rule that 
,_ ~· ...._, 'cf" ,,: ·only one container may be iu ~tion, and agaiti any . 
~ ~ . ' movement must have the 1tupervisor's app-rov.al. 
~I \~ 

I 1 iS I I I Ii>' \ c) The volumes and -weights of the materials used in hy­
~lysis or dissolution 'Will be stated in written in­
structions and will hav. a :safety factor to allow for 
-errors. Any deviation from f::he 'tlormal procedures in 
these areas 111Ust be with the supervi.s.or's express 

·approval. 

(d) Si.nee .eolutions resulting from scrap dissolution may 
have a higher concentration than those frQlll hydrolyses, 
the interaction of T-3 may not permit its us. when using 
scrap as a feed material. Only one feed system 'Will be 
in use at any one ti.Jne and piping modifications will 
isGlate T-3 from the rest of tpe ·sys~ during ·scrap 
dissolutions when the .interaction criterion precludes 

I 
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its being in the system. The piping modific·at,ions will 
be inspected and appr•ved ·by the supervisor to ~e - abso­
lutely su,re that T•3 is .completely isolated before any 
disselut:ions ·are made. 

Any transfer · of U.02 prodttct f'rom the ~oppers to ~he 
blender or from the blender to vackaging :containers 
will be ·with the supervisor•s app.rova.1. A continuous 
inventory ·will be ·maintai~d .to show :clearly the total 
quant;l. ty of 1:J9f in the blender, at the -eciles and at 
·the bu11ion ba.lance. 

2. Hydrogen Contept 
.The ,hydrogen eentent of UF6 ·and U.02 .fftd mat.e.rials will l;;,e 
known_jl'C1Ul th.a suppli~rs -of ·the~e materi~ls ·an.d f:rom samples 
taken whAln thtre .is ·.any doubt ·about t~ hybogen ,eontent. 
In t;he case of UP6 ' fr0m the · Qonmissi•, th.e Operation Cri• 
teria of ~he Oak Rid,ge "Gaseous Diffus.ion Plant :will be used. 
Th.is stat•s that "In t~e ·absenc,e of wet :air tuleakaga, all 
condensations 'are ·consid:ered to be ··essptiallv wune9@rat·ed, 
a maxlmum hydrogen t:O Ul'anium :tatio·-of O. l being used in 
de.t~rmiJlin8 ;equipment safety." (K-10191 a.v. 4, page· 30.) 
Wet .air inleakage .h. :assumed abs.e,nt . s:Lnce ·any inleakage .qf 
·air ~i~g the ·.fi.lling ·of ~he cylinder would cause trouble 
in filli,ig. · (K-1323• page 21.) 

3. Safety Lim,its - Mass 

(a) The amount af U02 pellets or powder charged to .a clis­
>.·:aolution ve1Jsel will be -carefully weighed, The dissolu­

tion vessel ·will ~ emptied ·upon completion -:0f a d.is• 
&.0lution and inspected b.efor:e t .he ·next ·charge. 

(b) The .amount of mate:ri•l allowed to accumulate in the 
furnaea diuharge hoppers 'Wi,11 be balow t;he safe mass. 
Ra~ords 'will be · kept "OD the . SDlPWlt of ut•ri.a,1 c).arged 
to · the - ~len~ and no more than the ..all~able safe 
mass, dep~ding on ~ichment and moderation• will be 
clia:rged ti;J it. . 

4. Safetx Lipdts. - Concentrati.On 

(a) Tbe ·concen.tl".at.ion of the ·&Glution ·resulting from hy .. 
dt9tysh of UF6 will be limited to a~ of 100 
gr8lllS of uanium par liter. A specified volume of 
liquid will be ~asured in the hydrolyais tanks and the 
weight of tha 'UF6 Qylinder x:eoorde.d .at f;teq~t inter­
vals ·l!Iltil the required mass of UF6 for one batch has 
been hydrolyzed. The solution will be .continuously cir• 
c.ulating during hydrolysis to .assure ·~dequate mixing. 
Also, ail analysis ·will be ·obtained on the solution for 
uranium concentration inimedia~e1y af te~ ·hydrolysis. 
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(b) 

(c) 

(d) 

In •crQ clin.olution, tha ~acid wilt he ·oirnlat•4 thrqugh 
the pallets until th.a reqd.r•cl spacific ·aravity. which 
ha• bun oorrelat•cl wi·th uranium ·con'*1.trati911, ia 
·reuud. Chemical analyses ·of ·tha solution will be 
obtained also to verify the concentration. 

When di••olving U02 p~r, a 1DaH ·aafe ·quantity <>f pow­
·der and the required amount of acid era added to th.a 
~ttl•· After diaaqlution, tha selution is adjusted ~o 
t.he ·requ.ired conc.entration and .a check analyaia ·obtained. 

The streams leaving the pu18* QOlmnna are peri"'1cally 
analyse4 for ·uranium coneent.ration. S.in.ce fead .ratea 
ara conJ:ralle4.-, no sucld..n change in concentration in 
the•• atr•l:PJUI would ba expected. 

(•) Storage tanks containing uranium solution• will be 
:~~red to p~avent ·e;on~tration due to evaporation. 
Sinoa all of the feed solution• will be acidic and 
at conc1111tratiott wall below the aaturation point, no 
precipitation of u~aniUlll ·should occ:ur. 

5. Safety Limits • Moderation 
' 

(a) Moderation control is used for :f.ead materials anct..in 
product handling. Mathob of u.suring that the R/U 
ratio is within preacribed limits with f.ad mat~i•l 
was ·des.c:rib•d in the ans11t11r' to· ·q11eat:J,on 2. 

The U02 praduct d.isch&l'ges into ·ona ·of t~ hoppers where 
it· ifl h,&ld until a moist:mle analysis is obtained. . If 
the moisture ie below tb,e p•rmissible level, .and if the 
inventory of ur~ium in the blende.%' ·permit•, the prochlct 
ie dischal'sed into the blender. If the moisture is 
abov•. the allowable amount, the product will be .. diecbar~d 
into' a separate container ·and . stor•~ for further pro­
cessing. A .dry atmosphere is maintained in the blender 

· · to prevent ·the adsorption of moistul'e. 

6. lnte!Yre,te,tion ·Of Analyses 

.(a) If the mont.hl,y ur1nalys:ts of any ·employee is above t .he 
rec01mJ¥!.nded ·value,, ha will be ·asst.~d '9t.heJ' duties 
outside the iiranium ·processing facili~y ·and anotha1" 
sampl• 'Will be aubmitted .immediately ·fer ·urinalysis. 
The employee. will not be pe~tted to r.eturn te t.he 
uranium plant until b.is uranium analysis is below 
the recom.ueiuie.~ value. If th.era is any ·indication that 
·a high ·uriiialysis was caused by a condition in the plant, 
such as inadequate ventilation Qr dust control, immediate 
steps will be taken to r-emedy tha ·situation • . 
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(b} Continu~us air ·samples are taken at points in t~e syst'8Ill 
where dust might escape from containers. If the conoen­

. t:ration of uranium in the air should be above th.e limits 
specified in 10 CFR 20, imnediat-e remedial actiQll will 
be taken. 

7. Agueo~s .waste 

(a} All waste streams from this pl.ant will be held in stor­
·age tanks, thoroughly mixed, check-ed for an acid pH, 
and analyzed for uranium ooncent;ration. Before any 
waste storage tank may be dumped to the sewer, the 
transfer must have the supervisor's approval. 

(b} Normally, waste solutions discharged from the ·tanks 
will contain less than o. 05 srams of uranium per liter 
which is below the maximum permissibie concentration of 
-waste streams to sewer (restric~ed area} for 5'X ·.en~ich-
m.ents. __ _ 

(c) If the concentration of the waste solution is ·above 
O.OS grams of uranium p.er liter, seve.ral factors will 
be considered in determining whether it .is dumped to the 
aewar or returned to the process. For higher ·en,rkbment.s, 
economics will set a limit on the amount of mat&rial 
which may be dumpe.d. Wast;e: solutions leaving the plant 
also receive additional diluti~ from the discharge •Qf 
cooling :wa~•r fl'Glll condensers and vessel jackets. The 
sewer f.rom the plant discharges to a pond where it mixes 

·with effluent -water from the rest of the Jayhawk Works. 
The average da.ily (low of w.ater ·through this pond to the 
river is in ex.o~ss of ~en m~llion gallons. '.rhe .concan­
tration e>f 'Uranium in the discharge from the pond will 
thus b.e kept below the maximum permissible l•vel. 

8. Precautions 'Regarding Residue 
B.efore charging uranium to the dissolver or kettle, ~he vessel 
must be .insp.ected by the supervisor for residual uranium from 
previous ·dissolutions. If imy residue is present, it will ·b.e 
taken into account in calculating the safe mass for ·a new 
charge. 

9. Jacketing 
The dissolver jacket is provided with steam for heating and 
water fDr ·cooling. When either steam ·or ·wat'9r are being used, 
the pressure in the jacket will he higher than in t~ vessel, 
and any leakage will be from the jac~t into the vessel. This 
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. will r-ewlt only in dilution of the vessel cont;ents 1 and 
will involve ll9 eriticality pr-oblems. If neither ·steam nor 
water is in service, a ·drain at the bottom 9f 'tb.e jacket 
will he open so that any leakage from the vessel to the 
jacket cannot occ:upy an unsafe diameter. 

Yours very truly, 

Nuc_l,.ar Fuels Department 

lt4~ 
Harold Lambertup 
General }(ana~r 
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mission, and. part C ot which, is considered to 
be ·ux: claasif1ecl as Oontidential, Restricted 
Data. 



I 
IN'l'RODUOTIOI AND APPLICATIOI 

This application for a special ll\lolear material license ia submitted by Spencer 
Chemical COJilpaD1'. The comp8J17 is incorporated in the state of Hisaouri and ha• 
ita principal ottioe in the Dwight Building in Kansas Cit7, Missouri. The 
principal offioera o! the Compan;r ares 

K. A. -Spencer - PreaideRt 

c. Y. Thomas ... General Vice President (Operations) 

J. P • .Miller - General Vice President (Finance) 

J. E. Culpepper - General Vice President (Marke'ii?Jg) 

E. V. Friedrich - Vice President, Adm1nhtratlon, and 
Assistant Secretar,.. 

J. R. Brown, Jr. - Vice President, Research and Developaent 
Division 

J. c. Denton - Vice President, Agricultural Chemical Division 

H. R. Dinges - Vioe President, Industrial Chemical Division 

F. -L. .Pyle - Vice President, Plastios Division 

E. w. Morgan - Treasurer 

A. Mag - Seoreta17 

w. L. Elleman - Administrative Assistant 

ill these o!tict;rs have their offices in the Dwight _Bu.:llding exeept. for Mr • . Mag 
whose .addrees 'ia 9 West Tenth Street, Kansas City, Mie1our:t.. All are natural . 
born citizens 'of the United States. 'lhe oolllp8Il1' is not controlled by 01' alien., 
foreign corporation or foreign government. 

This license is requested ~or the proculing o~ any enriohaent of u.rani:um up to 
hishl7 enriched. The urani1Dl in the .torm ot UF6 or scrap is to be 0011Yerted to 
the nitrat•·· or an· oxide. The processing will be done at the Jaybavlc Worka of 
the Spe.rio~ ·o~~al 1:Jo111paey located between. Pittsbvg, lansas, and Joplin, 
Missouri; ldth a freight shipping designation of Militar,r, Jtausas. 

The license is requested for 10 years. . . -

Aiq enrichment o.f uranium up to highly enriched 18 to be processed. The uranium 
to be proeessed may be UF6, a compound of uranium or a mixture of uranium and 
some metal euch as might be ·generated in the fabrication or .tuel elements. The 
product or the process .will nomally be fi.n.:cy divided U02 powder or pellets • . 
When the nitrate is produced it will be in solution form. Oxides ot.her than U"2 
J11a7 also be produced as finely divided powders or pellets. 
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The uranium will be prooeSBed for other ~enseee. Production is 11ehedl1l.ed to 
begin December 1, 1957. 1'~e .Jl!&Xblum deaip pneea1ing rate is )0 pound8 of 
uranium per 'da,.. The aetuai:;processing rii~ will depod upon the exact nature 
of the feed.'mate:r.l.al and uifdrt1'bustomer deMazi.d. Inventory- of 11235 at the pl.Am.\ 
vil1 not e11tqeed 100 kg. Processing loaae1 .:generally wil:J; .. be held to leea tho 
1•, 'but ma7 exceed this for l!liull b,e.tchee• 

The Spencer Ohend.oal Go~ is ourrent~ engaged in the manUfactlll'e of ammonia, 
nitric acid, Nl5, polyethylene, ~on, urea, methanol and other similar products. 
It is accu.stomed to hal')dlins highly valuable materials on a 0011111ercial eoal• as 
exemplified by its curr9lllt handling of a $2001000 inYentory Gf ~latinWll •aed a• 

.... catalyst. Also, the company has extenl!live experience in handling ~drogen and 
unstable compQ\Uldal. 

ll 
QUJUFIOA '!'IONS OF PERSONNEL 

The processing of enriched unn!um 11 the direct responlibil!.ty of L. H. Landrum._, 
Director• Process Development. Mr. Wndrum.reports direotly to Dr. Joe R. Brown, 
Jr. g Vice President in .charge of Reeearoh and Denlopm.ent for Spencer Chemical 
Oompan1'• 

Dr. Brown holds a B.s • . degree in chemistry- .from O'bel'lin College• an M.s. degree 
in chemistry- from Ohl.o State and a Ph.D. degree 1m chemical engineering .f'roa 
Massaobuset~a Institute of Technology. From 1938 to 1946 Br. Bl'0wn was enrpl.07ed 
by EHo ~borator:l.H in Elizabeth, New Jersey, serrlng as aseiatant Direotor of 
the Chemical Divilion .from l9hl through ·1946. In 1946 he was made Director of 
Researoh tor the Pro-phy-lao-tio Brush Oompan,-, a division of the Lamber\ Company 
!n Fl.orenoe, Massachusetts, and in 1949 tranlJ!'erz:'ed. to the Lambert Phamacal 
Company, a division of the Lambert GOJ?P&Jl11 H Direetor of Research. In 19~) 
he bec8Jlle Vice President - Direotor of Research. Dr • . Brown joined Spencer 
Chemioal ·Compe.ny in August, 19~31 ••General Manager - Reseansh and l!>evelopment, 
and in Februa17, 19~7, .became Vice President - lteaearoh and Development. 

\ 

Mr. Landrum l'eoeiTed bis B.S. and M.S. degree• in Ohend.oal Engineering .troa 
Missouri Univerl!lit,- and Washington Universit7 respeotiveq. Before enteX'illg 
the atomic energy- program, .he had 1ome ten· ·J'8ara ot industrial experience in 
process and engineering development with Carbili• and Carbon Ohand.cale Corporation 
in South Charle.stQn6 West Virginia, and with Titanium Division of National Lead 
Company- i.n St~ · .LOU.a and Sqreville, New Jersey. He entered the- atomic enera 
program in J'2J.Y, 1951, when American Cyanamid sent him to Oak Ricdge as part of 
that C0111PU11'• oontraot with the !tOllia Eftergr COlllllission to operate the Idaho 
Chemical Pro99ssing Pl.ant. At Oak Ridge he was associated with the p!l.lot plant 
at the ·X-10 ;taboratory and participated in the design of so.me special recoveey 
facilities. He was transferred to Idaho Falls in Deeember, 1951, and was plaoed 
in charge of Cyanamid's prooese 'engineering section. His efforts were directed 
toward design of facilities for recovel"ing uranilDll from apent~uel used in the 
submarine reactors, a·nd in studies connected vi th the main chemical prooeeaing 
plant. 
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Mr • . Landru:Jll joined Nuclear Power Groo.p ll\ Chicago in l9SJ. liuelear .Pover Group 
oonsisted of representatiTH Of !our utillt:1.es and. a coaetruotion ccmpl.J:l1'1 and 
Mr. ·Landrull represen'\ed Union lleotrio of JB..~acinri. Stlldiea made b7 NPG were 
directed toward indu.strial. -utilisation of ato11ic en•l"CJ"• Since johing Spencer 
Chemical COlltJ>&ey in July, 1'5S, Hr. Landrwl. baa been Director ot ProcaH DeTelop­
ment. ·A• such, he has been 1n charge ot Spmoer'• pilot plant a-ctivit.iee·. ·.l 
:portion of this has been in studies toward developing baokground rer ills lloense 
application. 

Under Mr. Landrwn.1s wperriaion are 21 other engineers and scientists, some ot 
.._ whom have been associated with the design of the Ul"llnium proceu. The ·process 

hae been demonstrated in the laboratory with the use of depleted urani-um obtained 
under sou.roe material license Mo. C-3571. 

Mr •. Do A. Young ham been responsible for a major portion of the .process 4emign • 
.Among the people who have participated in the· design and who b&Te applied preYi­
ous ~~rience to the design are Sinesio A. Zagnoli and R. B. Kesler. 'l'vo o! 
the people who have participated in the laborator.r demonstration o~ the process 
are L. G. Stevenson and David Rankin. 

Mr. Young obtained a B..8. degree in Ohemioal Engineering from Pennqlftllia State 
Univarsity- in 1942. He spent S years with the Sun e1l Company at Karous Hook, 
Pennsylvania, and then a year with the Warwick Wu Comp&ll1' at Chanute, Xansae. 
He has been with Spencer Chemical C0111p8n1' eince 1947 and hn been a group leader 
since 195ll. Be has been aeseoiated with J18!17 o-t the process d:evelepmut projeote 
whioh have been .responsible tor ·Spenoer1a grmh. Among these-haTe bee aJ11111onia : 
and methanol ga• reforming, fomaldebyde, ·pol;retqlene, JtTlon 6 ·and others-. 

Mr. ·Zagnoli received hie B.B. in Chemical ltlJigi.neering .trom·Pu.rdue U~:..ar11it.7,, 
and his M.S. in Chem1pal Engineering and M.S. in Gae Teohnology frclll Illinois 
lnstitute ot Technology. He had soma three years of industrial Hperienae with 
petroleum and natural gas ·induatey before hi• entry into atom:lo energ aotivitll.as 
in 19S2. He entered the atomic energy .program with Mtclear ·Power Group and re­
presented 'the Commol\lfeal.th ldison o~. He ·panioipated :in HT81'al studie1 
made by the · Public Service OompaJ11 ot Northern Illinois and qOlllllCl>nwealth Edison 
Oofupany- be.tore the latter joined Nuclear Power Group. With Nf'G, Mr. ·Zagnoli_'11 
vorkwi.l!I vith heat transfer, tu.els proouaing and tuel ele~( setallllrO"• Mr. 
-Zagholi joined Sp8!1.eer Chemieal Compan;r in October, 19$5, and is a aenior sta.f't 
member· 1n the Process Developmezit Department, being assigned directly to Mr. 
Landrml. He ia charged w1 th plamdrig uper:lmental programs and designhig experi­
mental facilltiea, and with making eoonom:ie anal.Jraee o! various prodeeta in the 
atomic energy field. 

Mr. Stevenson was an Air Force officer during World War II, having completed the 
Air Force training progra-m at the Univerait;r o! Jlev Mexico and the California 
Institute of Technology. He VH graduated with high honor from iamlas State 
College in 1947 with a B.S • . in Chemioal Engineering. Arter graduation, Mr. 
Stevenson "was employed in the researeh and d.velopment labora:t;ories ot the Linde 
Air Products ColllpS.ey'. In 1951 he joined the Spencer Chemical Company for pro­
oeu development work. He hae been actiTe in tu nuclear fuel program a:inoe 
midsmnmer of 1956. 
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Br. Rankin graduated trom MODlllouth College in 19.36 with a B.S. degree and a 
major in ohemistr;r. He completed his M.S. and Ph.D. work at Purdue University 
1.n .1942 with a major in oheJllistr;r. He was empioyed at Penick and Ford, Ltd.! . Inc,, as a research chemist during the J'8ar& 1942-1943, and again in 1946-1~47. 
In 191'4-1945' he was naval ottll.oer in traiid.ng aotirlty. Dr. Rankin va• employed 
as a research chemist and later as chief chemist ot Lucidol Division, Wallace and 
Tiernan, Ino., whose principal producte vere ·peroxide catalysts and bleaehing 
compounds. He joined Spenoer Chemical Oo~ in June, 19'6, and was uaigud. 
to Process l!levelopment Department work on uranium scrap recovery end uraniua 
dioxide production tor the Dllelear tuel cycles. 

Dr • . Mesler of the University of Kansas was consulted for criticality considera­
tions. Dr. Mealer'• background includes the Oak Ridge School af Reactor Tech­
nology, 1951.-52, Ph.D., University of Michigan, 195.5, Project :&lgineer :tor the 
Ford Nuclear Reactor and Assistant Professor of Naclear Engineering, lJniverdty 
of M:l.ohigan, 1955-19~7. Re ia present~ Associate Pro!easor of Chemical Engineer­
ing at the University of Kansas. 

IIJ: 
PROGESSIYl illl 

The follolri.ng equipment and facilities will be used to protect health and mini­
mize danger to life and/or propert.7. 

The buildi.Dg used for uranium procaessina ie a building .former~ used. aa a high 
pre&aure laboratorr. It 111 of :tram oonsV\letion oontainiJlg 4 oell.11. Theee 
oelle have a concrete root and conorete walls on ) sidee, all • toot or more 
thick. One cell hae been oonnrted. to a vault by adding a to~ concrete 
block wall. Another oell ia used for the locat!OD. of aneral storage vessels 
and a third oell for dissolving operations. The vall1 of theee cells e:tfeot?l.vely 
isolate the contents c~iticalitywise, from ~bing Olltside. 

The east end of the building haa a partial second level. There is enough heacl 
room in the ea&t end to aooomodate the extraotion columns and a01U other piecea 
of equipment. Lookers are provided at one end of the building !or changing 
clothes. · Film badges are provided !or all personnel and ring film 111onitor111 are 
provided for thoH using the dry boxes. A Geiger counter survey met.er with a 
range ·:rrom 0.2 to 20 mr per hour is available for monitoring against contami­
nation. Air sa.npling equipment and dust masks are aTailable tor monitoring 
bUilding air. Film monitors will be Jll01lllted around the building to detect the 
occurrence of any spread ofl. radioa~tittt7 • 

. 
A ·fence encompasses the entire Jayhawk plant.works and entrance into. the plant 
area is controlle.d by ~ hour guard force. 

" 
The coJ20rete vault in the bui.J,ding is provided for storage of both raw materials 
and finished product. Another vault in a nurby building may also be used. Rav 
material will alT1ve in •always safe" geometry containers, packed. in bird cagea 
to maintain the necessary spacing between other containers. Watertight con­
tainers of "always ea.felt geometry along with their bird cages are provided for 
shipping out finished product. 
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·IV 
PRECAUTIONS.FOR SAFm' 

T:fue following prooeciu.ree are propesed to protect health and mil'limize danger to 
lif a and/ or property. 

AU personnel working with uranium are required to pas1 a cemplete medical 
exam!nation including chest x-ray before starting to work. Q\larterly, Qr more 
frequently it just:H'ied, urine samples will be anal.Jzed !or uranium. C_hest .. 
z:-rq-1 vil1 be required annually. No smok:t.Dg or eating will be allowed within 

r- the uranilllll processing buildinJ. 

Good housekeeping will be exercised. Wet :mopping will be performed in order to 
minimize air pollution.. ~ 

• 
·linJ' minor spills {leH than 20 grams) will be cleaned up inimediatel.y, both to 
recover the urarul.um. and to awid spread of e0ntamimation. Olean-up will be per­
.formed. with r11bber gloves and du.st mask. Wash water will be collected and stored 
in safe containers awaiting return to :prG1cess !or reccvery. Detergent Jll&f'" be 
ueef'ul !or deeontamination. 

Major spiil.8 may neo:essitate orderly" plant shutdown and redueii)g the inventory 
of unmium in the spill area to allow more .f'reedom of movement. In handling 
cleanup solutians l liter gradUates are t0 be used to transfer solution to safe 
storage, or transfer maybe e.ec~mplished with small diameter tubing running to 
safe storage. 

Clothing is to be monitored. wl'len leaving the building to preventl spread of con­
tamination. The work:ing areas will be continuall.J' sUl"Teyed for uranium on the 
noor and elsewhere •. 

Building a.n<it bnlding exhaust air will be sampled to see that ~oneentrationa 
are below pe:rmiszd.ble limit• of 5.oxlo-ll and i.7x10-l2 microouriee-per ml re­
speotivel.3". 

Aqueous wastee will. be discharged to the sanitary sewer whio~ carries an average 
dally now in excess of a mill.ion gallons away from the plant. The quantity of 
waste released to the sewer will be lildted to that quaRtity which, if diluted 
by the average daily flow of sewage, will reeult in an aTerage concentration 
leH than 2d0-4 idcroovies per ml. These conditions are set bJ" Title 10, 
Part 201 Cod.e ~f Federal Regulations. 

on:q one uraniU. container mq be in motion at any one time end no uranium con .. 
iainer may- be moved"un.l.ese all other uranium containers are in approved loca­
tions. ·wo uranium container may enter the storage tank oell,_the area behind 
the cells, or· tha main processing area. Ohain. guards prevent the JllO'Vement of 
W6 cylinders, · scrap containers, or finished material into these areas. A UF6 
cylinder and scrap may be safely moved by the processing area on the sidewalk 
outside the buildin.g~ 

Uranium containers are alway-s to be in bird cages or im p;l.ace in process exeept 
when removed and replaeed one at a time. 
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Uraniua s.bipnents are to be shipped bT Railway Express, Protective Signature. 
Shipment is to be made in bird cages with inatructiom to the carrier not to 
staok oont.ainers, but to secure them while in transit. No other enriched 
uranium ahipllent is to be handled in the same car. In the case of l11'6 cylin­
ders, 1peeial additional instructions to the carrier will be as follov•• 

l. Avoid mechanical damage to container. 

2. Protect f'.rom fire or e:mHsive heat. 

). In oase of leak as nidenced by a. vh:ite twae, avoid 
upon.re and notif;y shipper. Protect the public by 
prohibiting acoeee to the general area. 

rile uranium prooe1SSing building will be posted ud uranium containere will he 
labeled according to Title 10, Part 201 Code of Federal Regulations. Outllide 
shipping containers will be labeled according to Iec regulation. 

Sate geometry storage ie prOTided for all process streams. Before pumping &J21' 
solution from safe storage to unsafe storage, it is to be 1U1pled to assure t.hat 
tlll.e uranium concentration is below l gran/liter. Unaate vessela are to be 
:l.napeoted frequentq for accumulation of uranium. 

A• muoh of the uranium inrentory: ae poHible vill be kept in the Tault where 1 t 
is secure in the nent of an emergency. 

Fire in the frame constructed building preeen'W three pr0blems. First 1 the organic 
phaH for extraction is inflammable. Second, the b;ydregen ie both in.fl8Jllllable 
and uploeive. Third, watel" used i .n fighting a .t~ could mix with uranilUll and 
create a criticality condition. This is pa.rticularly true of the uranium in the 
dry box and tumaces. C02 will be used to control any fire in ·the uranium 
building and the plant !ire department ie .1netructed not to use water unle81 
requested to do so by the uranium building aupervisor. Oare will be taken in 
handling U"2 as it hae been reported to burn. Explosion could oceur ae a result 
of the h;rdrogen, althou.gh precautions have been taken to prevent t.hie. In the 
event of an exploeio.n, the area will be surveyed for uranium containation. 

Tornadoes are a possibility in Iansas. Material in the vault &nd in the vessel 
11torage ·cell should be undisturbed by a tornado. Plant design is on the premise 
that a condition of critioallt7 resulting from tornado damaga would do negligible 
damage compared t~ th.at of the tornado. 

The building· site is )O !'eet above any prerloua fiood stage. 

Lea a of electrical power does not present any hazard except for loss of Tentila­
t1on. Pwlps, tu.r.nacea, Tacu\DD system end dry box would be inoperative. 

Criticality is avoided primarily by proper spacing of •always safe" geometrr 
vessels. Concentration and mass control is exerciaed 1n handling dilute solu­
tionei. Mass and moderation control is exeroised in handling d17 U02 in the dl7' 
box, and in storing and shipping scrap uranium. A combination of mass, volume, 
and moderation oontrol is ueed in epeci.f'1ing containers for shipping and storing 
U02 product. All safe parameters used are safe with a thick water reflector. 
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Process n211sels a.re located so as to minimize interaction between Teasels. In 
many instances adTantage has been taken of the i1olating effect o! concrete 
walls thicker than 6". In other instances, spacing is used to minimize inter­
ac\ion. 

A detailed prooees description, now sheet and layout are presented in the 
Appendix vith a discussion of the methods used tor preTention of oriticalit7. 

v 
INSURANCE COVER.A.GI 

The conpa~ ll.s negotiating for insurano1 to cover any possible loH of enriched 
urani11111 both while in process and in transit. Details or coverage will be 
supplied to the ilXl when. they- are obtained. 

VI 
FINANCIAL QUALIFICATIONS 

A oaw of the 1957 annual report of the SpmlCer Ohellioal Oompalq' is submitted 
vith th11 application in support of the comp~•s .financial qu&li!icat.ione to 
undertake the processing of enriched uranium. 
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.ti. P!O::ESS DESCRIPTION 

Appendix 
A-1 

This proeeSl!I is designed to produce primarily U02 from either U1'6 or serap. The 
steps in the prooess are uranium dissolutioa1 extraction, precipitation, !il­
tration, drying, calcining, reducing, screening and grinding. These steps are 
shown graphically on the .flow sheet, Drawing 48-7. In turn, a NBterial balance, 
showing expected .flows of materials, is attached as Table I to this Append:lz. 

Starting with UF6, a oyl~er is first weighed and then plaeed :tn a heating 
chamber (EP-3) t0 liquify the UF6• The chamber is steam heated and the tempera­
ture is controlled at 160° F. A vacuum pWll.p preceded by a oold trap and a 
chemical trap permits eTaou.ation an~ leak testing of the UP'6 piping. 

A· batch of UF6 :tor hydrolysis is prepared by filling a small vessel (V-2) whioh 
h<:>lds 7 pounds of t1F6. Nitrogen. ie used to forca UF6 Gut of the UF6 cylinder 
into V-2 and then to force U'F6 .fJ'."om V-2 into the eydrolyzer. 

Be!ore transferring tJF 6 to the b7drolyzer., the hydroly-zer is first charged vi th 
an aqueous solution 0£ il(N03)J prepared in V.:.6. Nitrie acid may also be added 
to adjuet the acidity. 

The prodllOt of the hJdrol:;rzer is transferred tQ one or two rich acid storage 
tanks (T-1 and T-2) again with nitrogen pressure. 

Starting with metallic scrap, a weighed quantity of the ac.rap is added to the 
empty dissolver. Acid is then added. The dis~olver is :fitted with a reflux 
conden•er and with a jacket for heating and cooling the dissolver. 1rter 
solution is developed, it is tran.f'erred to one of the rich acid storage tanks 
usil'lg nitrogen pressure. This may result in a residue of solids in the 
diss0lver which, for comenience, may be cleaned out periodically by prolonged 
dissolution treatment. Modification to t~e procedure may involve periodic 
addition of serap and continuous addition of dissolving agents. In any eTent, 
the solution developed is tranterred to one of the rich acid storage tank8 
either by the pressure on.the system maintained continuously or intermittently, 
or by a pump. 

,I 

Only one of these two operations, hydrolysis of tJ11'6 or· dissolution· of serap. 
will be in operation at. any time. 

Rich acid is pumped to the countercurrent extractor column ( C-1) using metering 
pump (P-1). A solution TBP in kerosene is the solTent. The top part of the 
extractor serves as a scrub section in which acid is used to sorub the organic 
extract. 

'rhe .flow11 of rich acid and solvent to the extractor are 1-1/2 gallons per hour. 
Scrub acid flows at about one-tenth this rate. Some variation in these stream 
ratios may be needed ~ accommodate other prooeesee involving scrap recovery. 
The rich organic phase overflows from the extractor column into an inter.mediate 
storage tank. From this tank the rich.organi.c is pumped to tlile stripper column. 
Raffi.nate from the extractor ool'llll!l exits through a jack leg tCD one of two lean 
acid storage tanks (T-3 and T-4). Here the lean acid is sampled and 11' the 
conoentration of uranium is less than 1 gram/liter, it is then pumped to either 
the aqueous recycle tank (T-9) or the remote aqueous waste tank (T-1.4). 



Appendix 
A-2 

Water flowing at l ... 1/2 gph is the s<i>lvent in the ·stripper column. The stripped 
~rganic phase overflows to ·a systemwhioh continually oleans the solvent for 
reuse. The r:1.oh aqueous phase exits ~hrough a jack leg to the rioh aqueous 
storage tank (T-$). 

Rich aqueous is pumped continuously to the preoipitator where mnmonia is also 
added coiatinuousiy. Slurry from the preoipitator overflows to one of two !ll­
ters. The filters rem<i>ve water to produce a mare concentrated slurry-. . . 

Oonoentrated slurry fran.. the .filter over.flows to a .tu.rnaoe where the precipitate,. 
is dried and calcined. Out of . this furnace the material falls into the reduoing 
turnace where reduction with hydrogen to U02 occurs. The reduced U02 from the 
second :f'urnace is transferred to a dry box with a screw conveyor. 

An inert helium atmoBphere ie ·ma1nta1ne4 in the dry box so that the U02 can be 
screened and ground without oxidation. 
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TA.BLE I 

MATERIAL BAL!NCE FOR URANIUM PROCESSIW SYSTEM 

b:a)LYZER 

l Lb. UF6 z.2 Lb. UF6.. 30 Lb. UL~ 
Pounds Ft) Poundll Ft3 Pounds w Ga!(~ 

Inputs -
UF6 1.0 O.OOL47 7.2 O.OJ2l 43.2 0.192 1.44 

Al(N03),J 3.73 26.9 l.61.0 

PJaO 7.03 O.ll) 50.) 0.812 304.o 4.87 )6.1' 

Total n.a 64.7 So8 

Outputs 

U02(N03)2 1.15 8.2e 49.7 

B20 6.90 o.no 49.7 0.797 298 4.77 .3S.6 

HN03 0.736 5.29 31.7 

Alzl' 6 oomplex o.487 3., 2~.o 

Al(N03)3 a.49 17.9 io7.o 

Total u.a 84.6 soa 



TABLE I 

MATERIAL BALANCE FOR URUIIUM PROC~SING SYSTEM 
(Continlled) 

mRACTOR 
rt.3/Hour Lbs./Hour 

!nputs 

Organic PbaH 
TBP 2.94 o.o49T 
Kerosene 1.n o.1.49 

19.3$ 0.199 

Aqueous Phase 
uogcwo3)1 2.07 

~ 
12.40 0.199 
1 • .32 

Alf 6 complex o.a1s 
Al N03).3 h.h7 

21.13 

Total 31.3 -

Gal./& 

8.9 
26.7 
lS.o 

35.6 

---



TABLE I 

MATERIAL BALANCE FOR URAtmJM PROCESSilD SIST!JI 
(Contimled.) 

Inputs 

Organic Phase 
TBP 
Kerosene 
U~(U03h! 

Aqueous Phase 

Lbs./Hou.r 

2.911. 
1.21 
2.07 

12.22 

H20 12.4 

Output• 

Organic Phase 
TBP ' 
Kerosene 

Total 2q.6 

Aqueou Phase 
~o i2.ii 
U'O!(N03}2 2.07 

14.47 

Total 24.6 

0.0414 
o.l.48 

0.189 

Gal./Dq 
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TABLI I 

MATERIAL BALlNCE FOR URANIUM PROCESSING SYSTEM 
(Continued) 

PRmIPITATOR 

Inputs 

Aqueou.a 
B'.20 
UO!(N03)2 

NH3 Solution 
H20 
Nlf40H 

Output• 

Solid. 
(NH4)2U20., 

J.que()ua 
H20 
NB40H 
NJ\NO) 

Total 15.99 --

1).) 
0.231 
o.80 

is.n --

Bade - Continuous 

0.0122 

' 
' 0.213 



'l'.lBL! I 

MATERIAL BALANCE FOR URANIUM PROC!'.SSIBG SYSTEM 
( Oontinu.ed) 

Fil.TER 

Basia - Oontinuou1 
Lbs./Hour 

In~ts 

Aqueous Solution 
JiaO 1).) 
?iH40H 0.231 
N114N03 o.Ba 

l.4.30 

Solid 
(NJ\)211207 1.64 

T'otal 16·.o ===-

Outpu'\s 

.A:queou Solution 
H20* 1.2 
NJ\OH 0.12 
NH4Im3 o.434 

1.1s 

Cake 
H20* 6.l 
~H o.1o6 
( )2U20., 1.64 
JD\X03 o.)66 

a.n 

Total i6.o -
*AsSUllled Bo~ solution, 20• solids by weight 
in f i lter oake. No wash used. 

Ft'LHour 

0.21) 

o.ns 

o.o~ne 



TABLE I 

MATERIAL BALANCE FOR URANIUM PROCESSING SYSTEM 
(Continued) 

DRYING AND DECOMPOSITION REACTION 

Basia - Continuous 
Lbs ./Hour FV /Hour 

l!l£Uts 
' 
Cake 

B20 
Nl!uOB 
(mt4):?l120? 
NH4N03 

.ur* 

Output 

Exit Gas 
12 

Solid 

02 
H20 
N02 

6.1 
0.106 
1.64 
o.,366 

a.21 

Total 14.o 
===' 

4.5'9 
0.352 
6.59 
0.750 

12.28 

J..48 
13.8 

* Assumed 25% a:x:oess air. 

0.0978 

72 (STP) 

. 56.8 (STP) 
3.9) .. 

lJl.e • 
5.85 " 

200 It 

..... _ 



REDUOER 

Outputs 

uo2 
H20 

Ba 

TABLE I 

MATERIAL BALANCE FOR URANIUM PROCFSSING SYSTEM 
( Oont:S.nued) 

Basis - Continuoua 
Lbe./Hour Ft)/Hour 

Total 

Total 

* Assumed 100~ excess ·H2• 

1.42 
0.063 
0~007 

1.49 

2.$1 (STP) 

o.0061 (Solid) 
12.6 (STP) 
1.2s. • 



B. PLAN! LAYOUT AND EQUIPMENT DD30RIPTIOI 
' 

The building to hou1e this facility is contained within the JaJbavk plant site. 
It is a two-leTel building with high equipment, pulse colwans, tu.rnaces, precipi­
tator and filters in the two-sto17 seotionJ the clr;y box, wash room and storage 
vault are in the one-ato17 Hotion. It 18 constructed ot at.eel frmn8Work and 
covered by wooden siding. It contains fwr concrete eel.la ori&inally .. built for 
conducting high pressure research vork. Attached Drawillgs 48-9, -12 and -13 
show plot plans at two leYel1 and an eleTation Ti.av ot the ground noor. Feed 
and produet are stored in a vault in caged, sate containers. The flow of 
material is aerose a balance, around the bnilding to th• UF6 heating chamber. 
Tl:lenoa the uranium compound.a flow through pipes and vessels 81 shown on .flow 
sheet, Drawing No. 48-7. MoTallellt of materials in other directions is hindered 
by chain guards. 

Uranium aorap follows mch the sue path from the nult into the concrete cell 
containing the dissol.ver. Critio~ safe storage vessels (T-1, -21 -31 -4, 
-5, -6, -1 and V-16 and -20) are all located within another concrete cell. 

Concrete trenches, linedwd.th an acid-resistant coating are under these Tessels. 
Accidental discharge or contents of any one ot these Teseels vill be contained 
within trenches. The complete contents of' aore than l THHl would onrtlw 
into the cell. There 1a no connection to the 1enr from this reoa. S1mi.larq 
the pulse colunme, precipitator and filters are equ.ippe~ with such trenches. 

Various storage tanks tor chemical teed eolutions are on the north aide. Thq 
are oenveniently placed for the process and Y1ll contain no uranium. All fHd 
to the aqueous recycle and remote aqueous waste tanks will have been analyzed 
and be at a l.ow uranium level before storage. 

The second level of the building at 11' covers approximately one quarter of the 
building and is shown 1n Drawing 48-12. The noor consists or the tops ot the 
concrete bays and access is obtained by st.airvay and vallcwq. Extending into 
this area are the pu1se colUJ1n1, preoipitator, tilters and fu~ces • 

. , 
Drawing 48-13 is an elevation view of the prooesdng equipment as seen from the 
south. It showa the relative height and arrangement of important processing 
equipment. Both the hydrol.yzer and critical storage vessele are enclosed 
withlll the concrete cells and do not appear on this drawing. 

Important aspects of major items of equipment are described as follow11 

l. UF6 Heating Chamber (EP-3) 

This is a steam heated jacket, a completely safe enoloeure for 
handling the UP'6 cylinders. It consists of ·an 18" fianged steel 
pipe 5' long, equipped with steam jackets and internal piping. 

2. Hydrolper (V-.3) 

A stainless steel vessel, 5" ID, by 8• long, equipped with agitator, 
NH40H vent trap, various inlets, and bottom discharge. 



l 

... 

3. Dissolver 

A Sn diameter x 6 1 high, Carpenter 20 vessel. fla:nged top and 
Ml-length jacket for heating or cGOling. Connected to a reflux 
condenser. Gaees produced will be vented outside b11' lding. 

4. •Saf'e• storage Vessels (T-l, -2, -3, -4, -5, ~. -7 and.V-16 and -20) 

5• ID x 6 to 7' heig~, conetru.cted of stainleH steel. T-l. anci -2 
equipped with agitator and cooling coil. All are open-topped except 
T-6 and T-7 which win be under ncaum. 

5. Pulse OolUlll'le 

Pyrex glass construoticn, 171 long. The main body' is l" tubing, 
while settling zones are J• tubillg. Equipped with atainleea steel 
aieTe plates spaced on 2" center. Pulser oonaista ot mecbanicaJ.lT 
flexed diaphrap. 

6. Preeipitator (V-10) 

5• ID x 2 1 long stainleH steel, agitated TetHl1 . open··at the top. 
Product overflows to tilters. Tvo incoJli.ng liquid streams eoltY'erge 
at the auction of the impeller. Agitation prnenta settling of 
di-uranata cake. 

?. l.l'iltera (V-11 and V-12) 

S"•• ID x 12" long, stainless steel, agitated filters. Equipped 
with porous stainless steel tilter md.ia • . Bottom outlet !or 
filtrate, side outlet for thickened di-uranate alU1'2'7~ 

a. hrnace SpteJll 

F-1. 5" ID x 7-1/21 long tu.mac~, with sections duoted to 
reeding, heatiog in. a zone that has external gae firing, and 
cooling. The :furnace has no internal restrictions tha~ would 
cauH buildup. Furnace converts a slurry feed. to a dr;y pow­
der. 

F-2. 6-1/2• ID x 7-l/2' long tu.mace, very eiJlilar to F-1. 
Converts powdered oxide . teed to 1'tllly reduced UC~2. 

Feeder ~VF-1). 2• vertical hopper joined to a 2• hor1sontal 
stem. orizontal .section equipped. with a screw driven at. 
variable speed. Feeda slurry to .furnace. 

Feeders (VF-2 and -3). SiJllil.ar to VF-1 except that they feed 
a dry powder and tu.rniah a gas seal. 



Scrub·OolUJllla (C-J and -4). 3• lD x 21 high, stainlese at.tel 
Tesaela. Will contain dilute nitric and scrub process ga••• 
exit the .furnaces to reaove uranium dust. 

9. tfaaQ03-Solvent Mixer 

'" ID x 21 high, stainless steel 11h1ng chamber, equipped with 
stirrer. Per.fol'llS 1-stage n1 rl ng fw the purpose o! cleaning up 
the extracting solvent. 
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