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ABSTRACT 

A critical review of the hazards associated with the operation of the 
Fission Products Pilot Plant (Building 3517) is presented. The physical 
facilities, chemical operations, and operating procedures for the plant are 
described. Analyses are made of the maximum creditable accidents involving 
chemical explosions in radioisotope processing and a criticality incident. 
It is shown that the primary and secondary containment features of the facility 
are adequate to reduce radiOisotope contamination external to the building to 
tolerable levels in the event of the maximum creditable accidents,. 
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1.0 INTRODUCTION 

(; 1.1 Purpose and Uses 

t 

.' .. ,'" 

'" 

'. 

"-

"-

L 

.... 

The Fission Products Pilot Plant (F3P), Bldg, 3517, has been used to recover 
puri~ied long-lived ~ission products from aqueous wastes since its completion in 
1958. The future use of the F3P will be the same except that the ~eed material 
Will also include ~ission products previously separated into chemil~7 groups at 
other AEC production sites. The ~ission products Cs137, Ce144, Pm ,and Sr90 
are processed in solution and are ~inally precipitated as the required chemical 
compound, which is calcined to a dried powder and pelletized. Both gamma and 
beta activities in the multi-kilocurie to megacurie range are processed. 

1.2 Location and Distance ~rom other Facilities 

The F3P is located near the corner of Third street and White Oak Avenue 
(Fig. 1). Its relation to nearby ~acilities in terms o~ distance and amounts 
of radioactivity normally processed is: 

Activity 
Bldg. Distance Inventory, Type of 

No. Name ~t Direction curies Activity 
----

3517 F3P 1.2 x 10 6 Fission 
pro,ducts 

3508 Isolation Laboratory 125 East Gram amounts Transuranic 
elements 

3505 Metal Recovery Plant 20 North <103 Zr-Nb, Ru 

2528 Thorium Oxide Plant 260 West Negligible Th02 

Tank Farm 175 North 3 x 10
8 

Fission 
products 

2519 Steam Plant 575 West None None 

3504 Waste Disposal 140 East 10-3 Fission 
laboratory products 
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1.3 Building Description 

Building 3517 is a concrete block and corrugated aluminum-sided structure 
with over-all dimensions of 123 ft 6 in. long x 62 ft 8 in. wide x 61 ft 6 in. 
high with a total building volume of 375,700 ft 3 excluding the air locks and 
underground tank farm. The building roof is uninsulated steel decking With an 
asphalt and crushed stone topping. Interior partitions of poured concrete, 
concrete block, steel paneling and gypsum board are used within the building. 
Figures 2 and 3 show the building layout. 

The main volume of primary containment within the building is the cell block, 
comprising 15 cells shielded with massive concrete walls (red overlay on Figs. 2 
and 3). In addition, there are four other cells shielded with steel or concrete 
located outside the main cell block. The outer walls and roof of the building 
enclose the secondary containment volume (green overlay, Figs. 2 and 3). All 
joints are sealed With mortar or a vinyl plastic "cocoon" sprayed on a glass 
cloth membrane covering the jOint, which forms an air seal between the building 
and the outside environment. All entrances to the building are by way of air 
locks. 

1.4 Personnel Control 

are; 
The numbers of people normally occupying Bldg. 3517 and adjacent facilities 

No. of Peo12le 
Nights and Weekends, 

Bldg. No. Wee'k-Days per Shift 

3517 12* 6 

3508 12 0 

2528 3 1 

3505 7 3 

2519 7 4 

3504 0 

Tank Farm 0 0 

*Includes operating personnel and Health Physics surveyor. 
Additional maintenance personnel will vary widely. 

The evacuation route is shown on the red overlay of Fig. 1. 
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1.5 Process Description 

The principal process equipment pieces-are used in various sequences depending 
on the feed material and the product emphasized. The aqueous feed solution contain
ing mixed fission products is concentrated by evaporation, and the fission products 
are then separated into groups of chemically related elements by ~norganic preci- ' 
pitation or co-crystallization reactions. The concentrated fractions are pro
cessed by liquid extraction and by further precipitation and crystallization to 
obtain separated fission products of high purity. These purified fission product 
compounds are converted to a dried powder, which is pressed into pellets for in
sertion into containers. The containers are sealed by welding and shipped to the 
customer for use as a source of radiation or heat. 

1.6 Criticalit¥ 

Criticality is a consideration in Bldg. 3517 on,ly in case of equipment;f,ailure 
coupled with an erroneou~ analytical result during the processing of a batch 
containing ",,1000 g of Pu 39 in Bldg. 3019. Any critical incident would occur 
behind 4 ft of concrete shielding. 

1. 7 Liquid waste S;ystems 

Liquid radioactive waste.iscollected in tanks in the F3P tank farm, where 
it is sampled for radiochemical analysis before it is jetted to tank W-5 in the 
tank farm. The process cooling water and the process steam condensate are collect
ed in closed recirculation loops having surface heat exchangers for removing 
process heat. The excess water added to the system by condensate overflows into 
a collection tank, where it is sampled and analyzed for radioactivity before it 
is jetted to the prqcess waste system. The operating area floor and sink drains, 
building steam condensate, and heat exchanger water drain by gravity to the pro
cess waste system. 

1.8 Gaseous Waste Systems 

Building 3517 has three gas handling systems, for (1) radioactive off-gas, 
(2) cell ventilation air, and (3) building ventilation air. 

The radioactive off-gas system handles the gases and vapors from each 
process vessel and maintains the vessels at a negative pressure with respect 
to the cells. The individual lines are manifolded together to fo~a single 
6-in.-dia line which discharges through a 4 N NeOH scrubber and a 6 N RNO 
scrubber. The gases then pass through a heater, a stainless steel roughiJg 
filter, and an absolute filter and leave the building in a 6-in.-dia line going 
to the 3039 stack. The capacity of the system is 500 scfm with a normal through
put of 400 scfm. 

The cell ventilation system maintains the service tunnel and cells at a 
negative pressure with respect to the remaining building. Indivi~ual ducts 
from each cell combine to form two 30-in.-dia ducts, which run out of the build
ing to an underground filter pit containing roughing filters followed by absolute 
filters. The gases leave the filter pit through a single 48~in.-diaunderground 
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duct and go to the 3039 stack. The capacity of the system is 12,000 scfm, 
although normal throughput is about 8000 scfm. 

The building ventilation system provides air for personnel and the air to 
the cell ventilation system. Air is pulled into the building through roughing 
filters and absolute filters by a 12,OOO-scfm fan. The quantity of air is re
gulated to equal the air being removed by the cell ventilation system. If the 
building air becomes contaminated, a supplementary inlet connecting the building 
to the cell ventilation system opens automatically and rapidly exhausts the build
ing air to the 3039 stack. This creates a negative pressure inside the building, 
which further ensures that there Will be no diffusion of activity out of the 
building to the immediate environment. Figures 4 and 5 show the paths of building 
air during normal and emergency (air-borne activity) conditions. 

1.9 Monitoring System 

The continuous air monitors and radiation monitors in Bldg. 3517 are 
indicated in Figs. 4 and 5. A continuous activity sampler is located in the 
cell ventilation duct past the filter pit. The pressures of the vessel off-gas 
system and of the cells are indicated on gages in the operating area. 

2.0 SUMMARY 

2.1 Radioactive Material Content of FaCility 

Maximum Inventory Maximum Inventory 
Design Capacity in Plant, in One Vessel, 

Material curies/year curies curies 

Total fission 1.6 x 106 1.2 x lOb 5 x 105 
products 

Ce144 

Sr90 

Pm147 

Cs137 

Ru
l06 

Zr95.Nb95* 
Hea~ Elements** 

Pu 39 . 
if 35 

U238 

Am241 

6 1.2 x 10 

6.0 x 104 

3.0 x 105 

2.0 x 105 

1.0 x 105 

1.0 x 106 

4 
3.0 x 10 

1.0 x 105 
4 

9.0 x 10 
4 

3.0 x 10 
6 3.0 x 10 

(30 g) 

(3 g) 

(750 g) 

30 

5 x 105 

3 x 104 

1 x 105 

4 x 104 

3 x 10
4 

3 x 10
6 

(30 g) 

(3 g) 

(750 g) 

30 

*The Zr95 . Nb95 would occur only during processing of short-decayed (six months) 
fuel elements in Bldg. 3019 and would be held in an F3P tank for further decay 
before discharge to the ORNL waste system. 6Previous experience indicates that 
the major portion of the estimated 3.0 x 10 curies is removed during processing 
at Bldg. 3019 and does not appear in the feed to the F3p. 

** The heavy elements are present as contaminants in the metal recovery waste 
stream. The maximum amount listed is that found in the most concentrated solution. 
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2.2 Criticalitl Incident Potential 

A criticality incident has been considered in which a sufficient quantity 
of fissionable materials (u235 or Pu239) would accumulate With a rare earth frac
tion cgntaining 100,000 curies of Ce144, giving a single neutron burst resulting 
in 101 . fission~4 The result of such a burst is the same as that shown in Sect. 
2.4 for the Cel explosion. 

2.3 Explosion and Fire Pote~tial 

The combustible or explosive materials used in the F3P are TBP, Amsco, ethyl 
hexanol, hydrazine, ammonia, and hydrogen. Possible reactions are ignition of a 
mixture of Amsco, HDEHP, and ethyl h~xanol, nitration of TBP or a degradation 
product of TBP followed by heating beyond the decomposition point of the nitrated 
compound, reaction of 42.5% hydrazine'with 12 N HN03 to form hydrazine nitrate 
followed by drying and heating of the product beyona its decomposition pOint,or 
combustion of ammonia or hydrogen in air. The flash points of the organics are; 

l\.msco-12$ 
Ethyl hexl;lnol 
TBP 

l32~ (closed cup) 
185°F (open cup) 
295

0
F (open cup) 

The .lllaximuminventory of organics in tne pll3.nt Will be 450 1b of 0.4 M 
bis(2-ethylhexyl)orthophosphoric aCid, 2.5 Methyl hexanol in Amsco; in a single 
vessel, 150 lb of the same mixture. The most volatile component, Amsco, has a 
potential energy release of 19,000 Btu/lb. Preventive measures against fire or 
explosion in cells containing organiCS include an organiC vapor detection system, 
the use of explosion-proof eqUipment, and the indication of temperature in the 
cells with alarm points. An automatic water spray I?ystem< is a.ctuated by rate-of-: 
temperature-rise instruments in the cell containing organics. 

Hydrogen occurs as a result of radiolytic decomposition of aqueous mixtures 
and is dilute~ well below its lower explosive limit of 4% by the vessel off-gas. 
Ammonia gas issparged into acid solutions at a flow rate of 0.5 cfm, where approxi
mately 95% of the gas is absorbed. Even if the entire flow should not be absorbed, 
the normal ves~el off-gas would dilute the ammonia concentration to below the 
lower explosive limit of 16%. 

The hydrazine--nitric acid reaction would involve the accidental addition 
of 12 liters of 42.5% hydrazine to 36 liters of 12 N HNO to form 26,600 g of 
hydrazine nitrate. The potential energy release from hydrazine nitrate .is 2,000 
cal/g by thermodynamic calcu~tions, but no information on the actual energy 
release or the conditions necessary for this release is availab~e at this time. 

2.4 Evaluation of Noncriticality Event Leading to Release of Radioactive Material 

The distribution of radioactivities for noncriticality events is given in 
the follOWing table: 
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----;;90 -------c;T47+- Rul06 

-2 -1 - 4* Total amount vaporized or suspended, 5.6 xlO 7.7 x -10 - 3 x 10-
curies 

Concentratibn, curies/m3 

Total amount released through VOG 
system, curies 

Max dose from VOG aerosol release, rem 

Max dose from VOG gaseous fp's from 
criticality incident, rem 

Distance of dose downwind from stack, m 

1.32 x 10-3 ·2.0 x 10-2 

4.8 x 10-3 

1.3 x iO-5 

1.5 x 10~1 

1760 

3.0 

8 x 10-3 

1760 

----~- -:'4 ---------,---:.2---
Total amount released through COG system, 1.8 x 10 1.1 x 10 

curies 

Max dose from COG release, rem 

Max dose from COG gaseous' fp f S from 
criticality inCident, rem 

Distance of dose downwind from stack, m 

.2 x 10-5 

1760 

2.9 x 10-5 
-1 1.6 x 10 

1160 

.~- -- ------~-4-

Total amount relea sed into bldg. or 2. 4 x 3.5 x 10 
:~econdary containment, curies 

C6~c€mtration, -curies/m3 

2-min dose to bldg. personnel from 
aerosol release, rem 

2-#dn dose to bldg. personnel from 
;~seous fp I S in cri ticali ty release, rem-

2.4 x 10-9 

1.0 x 10-3 
3.5 x 10.8 

7.0 x 10.4 

1.5 x 10.1 

Total amount leaking from bldg., curies 3.82 x 5.6 x 
(assuming ventilation system works) 

Max downwind dose, rem 

Distance for max dose, m 
2 Fallout at 20 m downwind, curies/m 

4.4 x 10.8 

150 
1.45 x 10.12 

3.3 x 10-8 

150 
2.1 x 10-11 

Total amount leaking from bldg., curies 8.65 x 1.3 x 
(assuming ventilation system fails) 

- -6 - -6 
Max downwind dose, rem 5.0 x 10 3.6 x _10 

Distance for max dose, m 150 150 
- - - -! 2 -11· -10 

Fallout.at 20 m downwind, curies m 3.3 x 10 _ 5.0 x 10 

.- -.. 4 ---:'2 
Total amount released** through stack, 7.8 x 10 1.6 x 10 3.0** 

curies 
2 Fallout at 1500 m downwind, curies/m 

*Total ruthenium ;;i~~~~d fro-;; ce~trifuge. 
** 

2.0 x 10-13 4.1 x 10.12 negligible 

Ruthenium leaves as Ru04 gas. 
Note: Gaseous fp I S from the nuclear inCident would result in less than 1 mr radiation 

outside the building. 

.. 
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2.5 Maximum Credible Accidents 

The maxi~ credible accidents would be the explosive release of 100,000 
curies of Ce l from a centrifuge bowl, the explosive release of 30,000 curies 
of Sr90 from an evaporator, or a criticality incidell~ in a centrifuge bowl or a 
mixer-settler tank containing 100,000 curies of Cel . The c9nsequences of these 
accidents are described in Sect. 2.4. 

3.0 PHYSICAL PLANT DESCRIPTION 

Building Description 

The Fission Products Pilot Plant (F3P) is located on White Oak Avenue 
between Third and Fourth Streets and is bounded on the northwest by Building 3505 
(Metal Recovery); on the south by the waste disposal e~uali~ation pond; and on 
the east by Building 3508 (Transuranium Laboratory). (1) 

The building struct~e(2) is two~story, standard concrete-block siding 
with an aluminum sided crane bay forming the third level. The building en
closes 10,000 square feet of floor space and contains a total qf 350,000 cubic 
feet of free space. 

Cell Descriptions 

The cells(3) at the F3P are divided into several categories and their 
characteristics are tabulated below. 

Equivalent 
Standard 
Concrete 

Cell Shielq,ing 
No. Liner (minimum) 

Process Type Cell 

1 S.S. 3 ft". 
2 S.S. 4.5 ft. 
3 s.s. 4.5 ft. 
4 s.s. 4.5 ft. 
5 s.s. 4.5 ft. 
6 s.s. 4.5 ft. 
7 S.S. 4 ft. 
8 S.S. 4 ft. 
9 s.s. 4.5 ft. 

10 S.S. 4 ft. 
20 Amercoat 1 ft. 
27 Amercoat 0.5 ft. 

(1) Appendix No. 1 
(2) Appendix No. 2 

(3) Appendix No. 3 

Maximum 
External 
Radiation 

< 1 mr/hr 
< 1 mr/hr 
< 1 mr/hr 
< 1 mr/hr 
< 1 mr/hr 
< 1 mr/hr 
< 1 mr/hr 
< 1 mr/hr 
< 1 rnr/hr 
< 1 mr/hr 
< 1 mr/hr 
< 1 mr/hr 

Process 

None 
F.P. precipitation 
F.P. precipitation 
F.P. precipitation 
F.P. precipitation 
F.P. evaporation 
Cs137 cry~~allization 
Cs137 cry~tallization 
R.E. solvent extraction 
R.E. mixer-settler 
Off-gas scrubber 

" Off-gas scrubber 

(continued) 

.1 ~ 
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Cell 
No. Liner --
(continued) 

Equivalent 
Standard 
Concrete 
Shielding 
1~~E:tn:~.).: 

Manipulator Typ~ C~~~ 

11 
12 
13 
14 
18" 
19 

S.S. 
S.S. 
S.S. 
S.S. 
S.S. 
S.S. 

Loading Type Cell 

15 S.S. 

4 ft. 
4 ft. 
4 ft. 
4.5 ft. 
1.5 ft. 
2 ft. 

2 ft. 

Decontamination Type Cell 

16 Amercoat 1 ft. 

Service Type Cell 

... ~ .. 

Maximum 
External 
Radiation 

< 5 mr/hr 
< 5 mr/hr 
<'1 mr/hr 
< 1 mr/hr 
< 1 mr/hr 

, , < 1 mr/hr 

< 1 mr/hr 

<5 mr/hr 

Process 

C~144 purification 
Ce144 pelletizing 
Cs137 purification 
Pellet storage and assembly 
Process control 
Process control 

Feed and product loading 

Small equipment decon-' 
tamination 

-:'''',''1"' 17 Amercoat 
Amercoat 

1 ft. 
1 ft. 

< 1 mr/hr 
< 1 mr/hr 

Cell 9 services 
Service to cell 

Tank Farm Type Cell 

21 Amercoat 4 ft. < 1 rrrr/hr F.P. concentrate storage 
22 Amercoat 4 ft. < 1 mr/hr F.P. feed storage 
23 Amercoat 2 ft. < 1 mr/hr Waste storage 
24 Amercoat 2.5 ft. < 1 mr/hr Waste storage 
25 Amercoat 2.5 ft. < 1 rrrr/hr Hot pipe tunnel 
26 ,Amercoat 2.5 ft. < 1 mr/hr Hot pipe tunnel 

Filter Pit Type. Cell 

Amercoat '1.5 ft. < 10 mr/hr Cell ventilation filters 

Six cells have personnel access doors which are entered via the cell 
door interlock system described under the section, Pe~sonnel Protection. 
All other cells ,are entered through sealed blocks or manholes. Of the 
six access doors, oniy those located on process control c,ells 18 and ,19 
enter into normal high-level radiation fields. These doors are locked' 
and sealed as soon as operations commence and are not entered until de
contamination proceedings have started. The entry to these celt~)is 
controlled by the Procedure for Personnel Entry to F3P Cells. 

4) Appendix No.7 
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The services to the various cells are tabulated below. 
r--·~--------T---·---·-·-··-·--

steam 
Process Chilled Distilled ~3 440 V 1:0 V lllO V Cell 30 and 

Number 65 psi water Water Water psi AC ~.DC AC 
I I --I 1---' 

1 X -----
2,3,4,5 X X X I X X X 

.~.--.-----l---..... ~---.---J...) ~X~+---+----+---1~-+--t---l 
7,8 X X X X 

·l .. · .. ·--· .. - .. -·· .. ···-t---.. ----·----·-·-f--.-_._--._- I ---·-1·---_._.-/--_ .... -..... 

9 X X X 

i-=·=-.-.-------+---=-~-.-----.L_.lC ___ 1 X I X I X I X I .-J_X ____ I 

X X X X 
-··-----· .. +----·--·-·-·-·-----~---·:--1-·----··---1-·----·--j···--------l 

X 123,24 X ____ .L--____ _ X 

The plant is supplied with natural gas, but this supply has been blanked 
off outside the building since there has been no need for this type of 
service. 

~ocess Equipmen~_ 

The F3P cell equipment is divided into several categories and is 
tabulated in the following table. 

--.. ,~ ....... "'''''' ........... ~.~-.''.----.-,.- " ... _-- , .. , _ ........ _ .... -'-.,- ·" ..... ~ .. ~ ... ".~P. 

Equi~nt Type Volume 
Number Material Gallons Agitation Process 

--~ .... ,~-.~-.-.-~- ,-.. -.. ~ .. ~. 

P-l2 304 L 8.8. 250 Agitator Precipitation 
P-23 304 L 8.8. 250 Agitator Precipitation 
P-34 304 L 8.8. 250 Agitator Precipitation 
p-45 304 L 8.8. 470 Agitator Precipitation 
p-89 347 s.s. 50 Agitator Pml47 Precipitation 
P-5ll 347 S.S. 32 Agitator Cel44 Precipitation 
G-l2 304 L S.S~ 13 None Centrifugation 
G-23 304 L 8.8. 13 None Centrifugation 
G-34 304 L 8 •. 13 None Centrifugation 
G-45 304 L 8 . 13 None Centrifugation 
H-12 304 L S.8. 275 None Centrifugate Hold-up 
H-23 304L S.8. 275 None Centrifugate Hold-up 
H-34 304 L S.S! 275 None Centrifugate Hold-up 
H-45 304: L 8.S. None Centrifugate Hqld-up 
H-89 347 8.8. 90 None Supernate Hold-up 

(continued) 

* First digit after letter is unit serial number in a particular 
and last one or two deSignate cell where unit is located. 

:, 
.' 
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----...... " ... ----~--..... -..... -'--, .. -.-, .. --.-....... --... -...... ~-.~-""" .. ,-, 
Equipment Type Volume 
Number Material Gallons Agitation Process 
(continued) 
H-5ll 347 S.S. 110 None supernate Hold-up 
F-12 304L S.S. 280 None F.P. Concentration 
F-23 304 L S.S. 280 None F.P. Concentration 
F-34 304 L S.S. 280 None F.P. Concentration 
F-42l 304 L S.S. 500 None F.P. Concentration 
F-52l 304 L S.S; 500 None F.P. Concentration 
F-62l 304 L S.S. 250 None F.P. Concentration 
F-82l 304 L s.s. 250 None F.P. Concentration 
F-l02l 304 L S.S. 250 None F.P. Concentration 
F-112l 304 L S.S. 250 None F.P. Concentration 
C-17 316 ElC S. S . 450 Agitator Cs137 Crystallization 
0-27 316 ElC S. S . 450 Agltator Cs137 Crystallization 
C-38 316 ElC S.S. 125 Agitator Cs137 Crystallization 
c-48 316 ElC S.S. 125 Agitator Cs137 Crystallization 
C-5l3 Glass 12 Agitator Cs137 Crystallization 
C-6l3 Glass 12 Agitator Cs137 Crystallization 
E-16 304 L s.s. 690 None EVaporation 
E-2l3 Tantalum-lined 

S.S . 5 None Cs137 Product Evaporation 
. :'-N 19 347 S.S. 55 Agitator Solvent Contactor ':t." -
.'. HN-29 347 S.S. 54 Agitator Solvent Contactor 

" .. ' .:(; . 
347 s.S. 90 None, waste Receiver :',.~.~-29 

:', ;. ~~-39 347 S.S. 144 None waste Receiver 
":.R-lll 347 S.S. 42 None Waste Receiver .\t, .. 

3b4 L S.S. Feed Storage "S-122 5500 None 
":8-223 304 L S.S. 3000 Agitator Waste Storage 
S-523 304 L S.S. 1000 Agitator Waste Transfer 

;.9-324 304 L S.S. 1000 Agitator Waste Transfer 
·'~S-424 Glass-lined 590) None HCl Waste storage 
;:;1'-110 347 s.S. 32 Agitator Sr Precipitation 

R-1l0 347 S.s. 165 None Aqueous Waste Hold Tank 
R-210 347 S.S. 165 None Organic Extraction Hold Tank 
R-3l0 347 S.S. 12 None Organic Waste Hold Tank 
R-4l0 347 S.S. 12 None Organic Metering Tank 
" 347 S.S. 45 R-5l0 None R.E. and Sr Feed Tank 
T-110 347 S.S. 0.25 None Primary Air Lift Head Tank 
T-210 347 S.S. 0.25 None Secondary Air Lift Head Tank 

. Q-110 347 S.S • 1 None Feed Metering Burette 
E-110 347 S.S. 23 None Raffinate Evaporator 
E-210 347 S.S. 23 None Strip Aqueous Evaporator 
D-l10 347S.S. None E-110 Condenser 
D-210 347 S.S. None E-210 Condenser 
X-110 347 S.S. 50 Agitator Mixer-settler Extractor 
X-210 347 S.S. 50 .. Agitator Mixer-settler Extractor 
Y-110 347 S.S. 20 Agitator Mixer-settler Organic Stripper 
W-l10 347 S.S. 2 Agitator Raffinate Washer 
W-2l0 347 S.S. 2 Agitator Strip Aqueous Washer 
V-128 347 s. S. None Organic Extractant Pump . -
N-120 347 S.S. 25 None Off-gas Caustic Scrubber 
N-220 . 347 S.S. 25 None Off-gas Acid Scrubber 

.. -.. -~ ....... -~., ... -. .. --------.,-.---
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For location of equ~pm('!nt see Appendix No.3. 

Auxiliary Equipme~~ 

The chilled water Unit consists 01 a 58-toncompres,sor unit with 
a pumped chilled water recirculation system to those vessels. requiring 
additional cooling. The compressor system is cooled by a water recir
culation system through a forced air cooling tower. 

The building vacuum system is supplied by a two-stage Hy-Tor vacuum 
pump which has a recirculating water cooling system that drains into the 
hot waste system. A caustic scrubber and ,surge tank are located inside 
the manipulator cells to prevent suck-out of hot solutions from the Csl 37 
purification equipment. 

Two 2000-gallon capacity stainless steel tanks are buried approxi
mately eight feet below the ground level north of the F3P tank farm cells. 
These tanks are used for feed storage from Building 3019 and are equipped 
with liquid level instruments, cell ventilation, and process water cooling 
COils. The tanks are located on a crushed rock bed that has a drainage 
system which flows into the process waste system. 

Six 500~gallon stainless ,steel lined shielded transfer containers 
are used for shipment of liquid feed from ICPP and are also used for 
transferring low-level. product ' solutions within the ORNL site. The wa~te 
solution from ICPPhas an. average age of approximately four years. These 
tanks are equipped with valved Snaptite connections and electrical probes, 
and weigh approximately 20 tons. The maximum allowable external radiation 
is 200 mr /hr at contact. The normal shipments from ICPP have read 40 mr /hr 
at contact. 

f" }. 

An open-air solvent storage shed is located approximately 60 feet·from 
the northeast corner of the F3P building. The normal storage capacity is 
ten 55-gallon drums of (d i· (2-ethyl hexyl) phosphoric acid and three 55-gallon 
drums of Amsco. All solvent is transferred in safety cans directly to the 
process solution addition funnel. No solvent is stored in the F3P,building. 

A caustic make-up and nitric storage area is located in an open area 
on the north side of the building. This area is used for transferring 
and storage of 400 gallons of 60% nitric acid and the make-up and ,storage 
of 1500 gallons of 19 M caustic. The acid and caustic are pumped through 
separate systems to the second level storage tanks for prOcess addition. 

Three chemical maKe-up and storage areas are located on the second 
level of the F3P building and all process chemicals are added to the cell 
equipment from these tanks. No make-up or storage tank is' connected 
directly to a process solution addition line as each tank drains through 
a separate hose system. The total maximum storage capacity is 210 gallons 
of 60% nitric acid, 55 gallons of fuming nitric acid, and 400 gallons of 
19 M caustic. 

A nitrogen gas storage system is installed outside the northwest 
borner of the building. The capacity of this system is 12,000 cubic feet 
at 1000 psi and will be used for forming inert blankets during fission 
product source fabrication operations needing this protection. The 

. .~;: 
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nitrogen supply is piped directly to Cell'14 and is connected remotely to' 
the equipment. 

All hot process solutions are transferred by steam jets or air lifts 
with the exception of the solvent waste pump located in Cell 10. A Lapp 
pulsaf'eeder pump can be used to pumpf'eed from the storage tanks to E;,:;16 
evaporator, but the normal operation is by steam jet. 

A bank of six 6-volt standard wet q'ell batteries is located on the 
outside north wall of' the service tunnel to supply an emergency source of 
D.C. voltage to the braking circuit of the centrifuges in case of a power 
failure. An automatic charging system keeps the batteries at full charge . 

. ','" :;'. 
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4.0 CONTAINMENT 

Cell Containment 

The containment of radioactivity in the F3P cells is accomplished 
by sealing all roo'f plUgs with oakum' and G-k compound and sealing the 
access doors with a sealing compound. All access plug holes are welded 
on the inside of the cells and the plug is locked in position on the 
outside face of the cells to prevent their blowing out in the event of 
an explosion. The cell ventilation air intake ducts are filtered by 
glass wool roughing filters and have a check valve installed to prevent 

'a blowback of activity. 

In those cells requ~r~ng manipulator operations, the arms are sealed 
on the inside of the cell with a vinyl impregnated nylon bagging which 
protects the arm from contamination and effectively seals the manipulator 
arm opening into the cell. The master end of the arm is sealed on the 
outside of the cell with a similar bagging device which makes a double 
seal on the manipulator opening into a cell. 

All spare lines into the cells are capped on the inside and the out
side of the cell walls. 

'Building Containment 

The F3P 'structure satisfies the requirements for containment of a 
radioactive release as specified by the Radioactive Operations Review 
Committee. 

The structure is provided with air locks to all entrances of the 
building. The personnel access doors are air locked inside the building 
by enclosing the stairwells and requiring a separate entrance to the 
first and second floor operating area. 

The loading areas are air locked on the outside of the building and 
are of sufficient size to allow the largest piece of equipment used to 
enter the structure. The west air lock permits a 44 foot tractor-trailer 
to enter the building to unload carriers and equipment. The doors are 
operated by a controller systern which allows only one entrance door to be 
open: at a time. The south air lock permits manipulators, fork lifts, and 
other small equipment to enter the manipulator cell area and is operated 
on the same principal as the west air lock. An air lock has been con
structed over the north personnel entrance and encloses the tank farm 
sampling station. 

All doors are gasketed and the air locks as well as the building 
structure have been treated with polyvinyl chloride and silicon membrane 
to minimize air leakage into the building. 

Interior partitions are provided to enclose all operating areas, and 
mechanical cooling is installed for personnel comfort. The crane bay area 
which houses the top of the cells is partitioned from the operating areas, 
and is ventilated by a filtered air supply system. 

.\: 
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All air is exhausted from the building by the cell ventilation 
system during normal and emergency conditions. The building air supply 
is limited to the cell ventilation exhaust capacity. The building air 
supply to the three normally occupied areas enters through a pre -filter 
and absolute filter bank 'located on the south side of the west air lock 
and furnishes the make-up air to the packaged type air conditioners. 
The supply air then passes from these areas into the cells and out 
through the cell ventilation exhaust system. 

In the event of an accidental release of activity into the building 
interior from the cells,all building openings are closed automatically. 
The exhaust duct in Cell 20, which is partially opened at all times, is 
thrown to the full-open position and the interior of the building is 
exhausted to a vacuum of 0.5 inch W.G. The signal which actuates the 
automatic devices comes either from pressure sensors inside the cellsQr 
from a radiation monitor in the building. 

The exhaust duct in Cell 20 is equipped with pneumatically regulated 
dampers which 'will maintain the buildi~ vacuum at least 0.5 inch W.G. 
abovethevacuurri in the cells. Building collapse by an excessive vaCUtnn 

,:,: .. ·1s prevented by a gravity balanced damper, which is set to admit filtered 
."', . air into the contained building space before the danger point is reached. 

'. 

" The make-up area tanks are exhausted by the hot off-gas system and 
, the ftnnes from this source are scrubbed by the off-gas, scrubber system. 

~, 
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5.0 CHEMICAL PROCESSES 

The Fission Products Pilot Plant has operated on three general types 
of fission product waste solutions resulting from uranium fuel elements 
reprocessing. Two of these types resulted from ORNL (Building 3019 reproc
essingof a special shipment of SROfuel (Purex) and the reprocessing of 
BNL fuel. The third type (Redox) was tranbported from the Idaho Chemical 
Processing Plant. . 

The F3P operations satisfy two requirements of the Commission (1) to 
produce multikilocurie quantities of the long-lived fission products for 
distribution to private and public institutions and (2) to develop and test 
safe and economical methods for separating the fission products on a large 
scale. 

The chemical processes which have been used in F3P to date are summa
rized in Appendix 4 and the operating procedures are included in Appendix 5. 
This composite flow diagram is intended to set forth the types of chemical 
operations which are performed but not necessarily in the order shown. The 
reasons for deviation from a process sequence are as follows: 

1. A limited objective may be dictated by a special request 
from the AEC in which only one or possibly two isotopes 
are recovered. 

• ~ .: ~" ,; .~)I" 

2. The composition of 4he fuel reprocessing wastes may vary 
widely depending on the elements used to fabricate the fuel 
elements or the chemical process used for the U~PU recovery. 
It is' eVen possible that an F3P process will require con
siderable modification if the concentration of the gross 
contaminants (Fe, Al, Si02, etc.) should vary widely from 
batch to batch of the same fuel reprocessing sequence. 

3. The development of new or modified processes in laboratory 
experiments must be transferred to F3P-level operations for 
final evaluation. 

Chemical Reactions 

The following sections are intended.to describe the process chemistry 
without comment on the possible hazards involved in the operations. The 
operating procedures in Appendix 5 include the quantities of chemicals used, 
method of addition, and temperature of the solution. The chemical opera
tions are numbered to correspond with the same operation shown in Appendix 4. 

1. Zirconium-Niobium Precipitation Procedure (Appendix 5-e) 

The activities Zr95_Nb95 are removed by adsorption on silica 
and separated from the solution by centrifugation. If there 
is insufficient Si02 in the waste solution, a slurry can be 
added. 

SiO + Zr95 _Nb95 ... SiO _Zr95 _Nb95 (adsorbed ions) 2 . ." . ,2, ,. 

.. , 
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l-A. Si0
2

-zr95 _Nb95 Cake Dissolution (Appendix 5-e) 

. The S102 cake is digested with hot NaOH and the residue slurried 
to the waste system. 

2 NaOH + Si02 :;;.. Na20 x Si02 

2. Iron-Ruthenium Precipitation Procedure (Appendix 5-f) 

If the solution does not contain sufficient iron, Fe(NO); is added. 

Fe(NO_)) + RU(N03 ») + NH3 + ~O :;;;. Fe(OH») + RU(OH») + NH4N03 

3. Rare Earth Precipitation Procedure (Appendix 5-g) 

R.E. (NO)) + ) NH) + H20 ~ R.E. (OH) + 3NH4N03 

3-A. R.E. (OH») Cake Dissolution in lIN03 (Appendix 5-g) 

R.E. (OH») + ) HNO) . :> R.E. (No3 )3 + 3 H20 

)-B. oxalate Precipitation .Procedure (Appendix 5-j) 

2 R.E. (N03), + 3H2C204 :> R.E. 2(C204 ») + 6 HNO) 

Side reaction C20
4 

- + radiation .,. 2 CO2 

, 3-G. R.E. (C 204 ) Dissolution in HN0
3 

(Appendix 5-j)' 

R.E. 2(C204 ») + HNO, + Mn++ (catalyst) 3Ir 

R.E. (NO,») + 6 CO2 + N02 

Side reaction C204 - + radiation l!Io 2 CO2 

3-D. yttrium Extraction into D2EHPA (Appendix 5-k) 

yttrium is extracted into Di(2-ethyl hexyl) phosphoric acid with 
Amsco as an organic diluent from a 1 N lIN0

3 
solution. 

Y(N0
3

») + 6D2EHPA > Y(D2EHPA)6 + 3 HNO, 
, . 

3-E. Cerium Qxidation and Extraction (Appendix 5-1) 

To a 1 N HNO, solution containing Ce, KMn04 is added to obtain ce+4 
which is then extracted into D2EHPA-Amsco. 

KMn04 + 3Ce (NO,)3 + 4 HNO) :. 

Mn02 + , ce(NO)4 + KNO) + 2~0 

Ce(NO)4 + xD2EHPA jo ce(D2EHPA )x+ 4 HNO) 
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3-F. Cerium Recovery from Organic Solution (Appendix 5-1) 

-r4 (2N) 
2Ce(organic phase) + HN03 + H202 ) 2 Ce(N03)3 + 02 

3-G. Cerium Oxalate Precipitation (Appendix 5-0) 

2Ce(N0
3

)3 + 3 H2C204 ~Ce2(C204)3 + 6HN03 
Side reaction C204,+ radiation >2 CO2 

3-H. Calcination of ce2(C204)3 

ce2(C204)3 + heat ce02 + 6 cO2 

3-I. Promethium OXalate Precipitation (Appendix 5-m) 

Chemistry same as 3-G. 

Side reaction Citric acid + HN03 + Mn02 > CO2 + (CH3)2CO + Mn 

(citric acid) 

3-J. Promethium Oxalate Dissolution (Appendix 5-m) 

Chemistry same as 3-C. 

3-K. Promethium Purification Procedure 

The Pm147 is separated from the remaining rare earth elements by 
continuous mixer-settler operations in a TBP-HN01 system. The 
chemical process description and procedures areaescribed in 
Appendix 5-s. 

4. Strontium Precipitation Procedure (Appendix 5-h) 

The alkaline earths are precipitated as the carbonates 

Ca Ca 
Sr(N0

3
)2 + Na2C0

3 
> srC0

3
+ 2 NaN0

3 Ba Ba 

4-A. Alkaline,Earth Carbonate Dissolution (Appendix 5-h) 

A.E. (C0
3

) + HN03 ) A.E. (N0
3

)2 + CO2 + H20 

4-B. Barium Separation 

Ba(N0
3

)2 + Na2Cr04 >BaCr04 + 2 NaN0
3 

4-c. Dissolution of BaCr04 

BaCr04 + HN03 ~soluble in acid solution 

< l "'. 
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4-D. Same as 4-A. 

4-E. Calcium Separation from Strontium 

The Sr90 is separated from the Ca by continuous mixer-settler operations 
in an acetic aCid-HDEHP system. The chemical process description and pro
cedures are described in Appendix no. 5-t. 

5. Technetium Precipitation Procedure (Appendix 5-i) 

Technetium Will coprecipitate with a magnetic iron hydrated oxide 
precipitate believed to be Fe 04 . x H?O. The Fe304 . x H ° is 
formed from an acid solution By a partlal reduction of Fe+9 to Fe+2 
and then by making the solution basic with NaOH. 

+3 +2 
Fe + N2H4 ')Fe + N2 + NH3 

+2 +3 Fe + Fe + Fe
3
04 • x H20 

Side reaction NH4N03 + NaOH NaN0
3 

+ NH3 + H20 

5-A. Fe
3
04 • x H20 Dissolution 

Fe
3
04 • x H20 + 9HN03 > 3 Fe(N0

3
)3 

';, 5-B. Iron Precipitation by NH3 Gas 

. ~ 't, 

,:. 

5-C. 

Technetium does not coprecipitat~ on a Fe(OH)q precipitate while 
most of the remaining fission product contaminants are scavenged 
from the solution • 

Fe(N03)3 + 3 NH3 + H20 OH)3 + 3 NH4N03 

Fe(OH)3 Cake Dissolution 

Fe(OH)3 +3HN03 > Fe(N03)3 + 3H20 

6. Crystallization Procedure (Appendix 5-a) 

Cesium-137 is recovered from solution by cocryst8l1ization with 
a~onium alum. The alum may be added as the compound or formed 
in the solution by supplying the missing ions. For example, the 
Redox solution contains Al and NH4 ions as received which may be 
converted to alum by the addition of Na2S04 to supply the sulfate 
ions to yield (NH4)2 A12(S04)4' 

2NH4N03 + 2Al(N0
3

)3 + 4Na2so4 ) (NH4)2 A12(S04\ + 8NaN0
3 

6-A. Cs2PtC16 Precipitation (Appendix 5-p) 

Cs2A12(S04)4 + H2PtC16 > Cs2PtC16 + A12(S04)3 + H2S04 
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6-B. Reduction of Platinum to the Metal (Appendix 5-p) 

Cs2PtC16 + N2H4 :;. 2 CsCl + Pt 

Side reaction 3N2H4+ Pt =-
6-c. Dissolution of Pt Metal (Appendix 5-P) 

+ 4HCl + N2 ' 

4 NH3 + N2 

Pt +6HCl + H202 . :> ~PtC16 + ~O + 02 

6-D. r Oxidation of Ammonium Ion (Appendix5-p) 

2NH4Cl + lINO; + HCl ::;.. N2 

7. Mercury Precipitation Procedure (Appendix 5-b) 

Hg (N0
3

)2 + NaH2P02 :::> Hg + Na~P04 

7 -A. Mercury Dissolution in RNO; (Appendix 5 _b) 

; Hg+ 8ENO; .;> 3Hg(NO;)2 + 2N0 + 4H20 

7-B • .'Magnetite Precipitation (Appendix 5-c) 

Same as No.5. 

7 -C. Same as 5-C (Appendix 5-c) 

qperating Safeguards 

The p~o~ess operations at F3P are accomplished by standard operating 
procedures~l) and any deletion, omission or addition to these procedures 
without approval of the building su;pervisor are ()onsidered as groUnds for 
disciplinary action. The usual chemical plant safety practtc~s are 
followed and specially applicable regulations are published 2). 

The operating procedures are written in such a manner that the 
physical operation is always the same although the chemical reaction is 
different. For example, the magnetite precipitation operation is the 
same as the oxalate precipitation operation except for the chemical ad
dition and the digestion periods. The crystallization procedures in six 
different crystallizers are identical except for quantities of chemicals 
involved. 

The operators follow a standard operating procedure book locateqat 
the panelboard and record the critical data on a process data card~3} 
which is filed for each batch processed. The batch data card is used for 

(1) Appendix 5. 

(2) Appendix 9. 

(3 ) Appendix 15. 
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inventory control as well as a check system on the actual operations. 
These cards remain in the inventory control board until all analyses 
have been received and several batches have been combined for further 
purification. The completed cards are then filed for future reference. 

Changes in operating procedures are continually taking place due 
to the varying conditions of the feed material. The changes are reviewed 
by the building supervisor and a chemist from the RadiOisotope Development 
Department. If a procedure change is approved, the operating procedure at 
the panelboard' is corrected and written notification is recorded by the 
building supervisor in the "Instructions to Foremen Log." 

Decontamination operations vary depending on t~e equipment involved 
but a standard decontamination solution procedure(~) is used to prevent 
the fa1l1ty mixing of chemicals used during this period. The flow of the 
decontamination solutions is determined by the building supervisor and 
all jets and valves leading to critical areas are blocked and tagged at 
the panelboards. 

Shift tank inventories (5) are taken at the end of each shift and the 
reco'rded data are studied by the incoming foreman to assure continuity of 

(operations. Additional data are recorded in the Operations Log Book by 
';; each shift foreman in order to have a written record of all. operations, 

,'. '/ taking place at the. F3P. The log books when filled are filed for future 
reference. 

~ < ., 

":. 

A building check sheet (6) is filled out once a day to .record the data 
on the . building services and auxiliary equiPmeIlt) All storedchemicals 
used in the process are regularly inventoried.~7 

(4 ) Appendix lO~ 

(5) Appendix II. 

(6 ) Appendix 12. 

(7 ) Appendix 14. 
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6.0 PERSONNEL PROTECTION 

Personnel Exposure 

The period from January 1, 1959, to December 31, 1959; is repre
sentative of the typical radiation problems encountered at the F3P.· .. ·· 
This period covered normal operations on solutions containing from 5 
curies/liter to 6500 curies/liter and included a decontamination of the 
plant facilities. Howe~r, this did not include decontamination of ma
nipulator cells for eel final purification. This period also includes 
exposure from emergency work performed for the Operations Division during 
the final quarter. The exposure from normal operations was less than 10 
fir (dp ) per week per man. The highest individual exposure was 360 mr 
(dp ) per week which occurred during the decontamination of the cell venti
lation filter pit.- The following data"W:!I'e calculated from the Health 
Physics exposure data for 1959: 

Average Highest Lowest 
Total Total Weekly Weekly Weekly 

Dosage/Year Weeks Dosage ,Average Dose Average Dose 
Personnel fir (dp ) Worked mr/wk (dp ) rnrjvTk (dp) mrjwk (dp) 

Operators 18, 1)050 18.7 29.1 8.9 ~:. 

Supervision 6,020 364 16.5 25·7 9.8 
Health Physics 
J.H. Pemberton 1,955 50 39.1 39.1 39·1 

. 
Exposure Possibilities 

The largest source of exposure will come from decontamination work'or 
accidental release of contamination. The decontamination work exposure is 
organized under standard procedvr~s as listed in the Zoning Procedure for 
the FisSion PfoducmPilot Plant~l) and the Procedure for Personnel Entry 
to F3P Cells. 2) 

All samples and solid waste material are removed from the manipulatqr 
cells into a bottom loading carrier which has no greater reading than 200 
mr/nr at contact. The normal exposure for this type of work would be less 
than 10 mr per week per man. 

Entrance into hot cells by access door is controlled by the building 
foremen through the interlock system and has to be approved by a Health 
PhYSics representative. Entrance by way of the top ot,"f:!~e cells is con
trolled by Healtl'). J?hysics through the Zoning Procedurefor the Fi:ss.itnpro
duct''''Pilot'Plantl l ) and Procedure for Personnel Entry to F3P Cells. 2) 

(1) Appendix 6. 

(2 ) Appendix 7. 
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Radiation and Contamination Controls 

Radiation Monitrons 

Sixteen radiation monitors are located at strategic pOints in the 
building and six Victoreen monitors are located in the service tunnel 
for personnel protection during maintenance operations. The monitors 
in those areas considered most critical, in regard to a potential high 
radiation level-, are tied to a central ala.rm system which is answered 
by supervision and Health Physics if the alarm signa.l is sounded. 
Monitors in areas of minor. potential for radiation and contamination 
are on a local alarm system which is answered by su~ervision. All 
monitron units are checked for operation on a daily basis. 

Constant Air Monitors 

Four portable beta-gamma constant air monitrons with local alarms 
are located in the critical areas which could be affected by a high 
air count. One unit is always available for movement to take direct 
readings during decontamination and maintenance work. One air monitor 
station is located on the south wall of the manipulator 'cell area and 
is used to actuate the outer door interlock system. If a masking 
tolerance air count is recorded on this. air monitor, it will ring a 
local "alarm and lock all the outside entrance doors to prevent personnel 
from- entering the building. The outer d.oor lock system can also be 
actuated by supervision throwing a manual switch in the case where the 
building floors are contaminated. All doors can be unlocked by pushing 
the normal crash-bar hardware from inside. All constant air monitors 
are checked for operation daily and the outside entrance door inter
lock is checked on a weekly basis. 

Radiation Detection Equipment 

Victoreens and cutie-pies are located in strategic sections of the 
building and all operating personnel are trained in the use of these 
instruments. 

A hand and foot counter is located adjacent to the locker room and 
all personnel are required to check themselves before entering the 
lunchroom or leaving the building area. A probe is also available for 
checking beta and gamma contamination on the outer garments. 

A Health Physics office is manned on the day shift and contains an 
alpha smear counter, a beta-gamma smear counter, high-level radiation 
probes, portable disc air samplers, high vol. air samplers, plus ad":' 
ditional cutie-pies and Victoreens. All operating personnel are trained 
in the use of this equipment. 

Emergency Equipment 

Emergency combat mask cabinets are located in the operating areas 
for immediate use in case of a high air count in the building. Indi
vidual gas masks with prescription safety glasses have been issued to 
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personnel who must have prescription glasses for vision while wearing 
the masks. 

An emergency cabinet is located on the second level west and con
tains an air line mask system, plastic suits, rubber suits and chern-ox 
gas masks. 

An emergency evacuation procedure(;) is posted in the building 
and all personnel have been ,informed of their duties and procedure. 

Cell Door Interlock System 

The service tunnels and Cell 15 loading station are protected by a 
cell door interlock system. The Cell 15 system consists of an electrical 
lock system on the cell door entrance; a pneumatic lock system on the 
shield between Cell 14 and Cell 15; and a manual bar lock on Cell 15 
roof plug. A special padlock is used on Cell 15 door in case of electria 
failUre on normal switches. The foremen have possession of the key for 
this lock. The system is designed in such a manner that it is impossible 
for personnel to be in Cell 15 without supervision present when the shield 
or the loading station door between Cell 14 and Cell 15 is raised. " 
Cell 14 will,be a source of very high level radiation. If Cell 14 shield 
is raised,the Cell 15 block can not be opened and Cell 15 personnel 
access door is electrically locked. To enter Cell would require the" 
shield and the loading station door to be lowered into place and the 
shift foreman and at least two other employees to open the personnel 
access door. When the shift foreman turns the loaded electrical 
lock, with ,his key, the electrical lock is The shift foreman 
can not leave this switch until two other open the door. As·, 
soon as the cell door is ,cracked open, a switch a pneumatic 
locking device on the second level which bolts the shield in place and' 
deenergizes the loading station crane. This shield and the loading 
station door can not be raised until the Cell door is closed by 
supervision. The electrical switch box for this circuit is padlocked 
in the "on ll position and the b1,lilding supervisor and lab Shift Supervisor 
have the master keys. 

The service tunnel interlock system is electrically operated and is 
locked in the I! on I! position at all times. If maintenance is required, 
the shift foreman schedules a panelboard shutdown and then deenergizes 
the system by turning a spring loaded electrical switch with his key. 
The foreman can not leave the" switch until one other employee opens the 
door to the service tunnel. When the door is open, instrument air to 
the panelboards is turn.ed off by an electrical solenoid valve and no 
process~operations can take place in the process cells. During the 
maintenance period, the employees are protected by six Victoreen monitron 
units·and a standard monitron which rings a local alarm and a central 
alarm at the panelboards. No personnel may enter the service tunnel with
out a radiation sUrVey by supervision or a Health PhYSics representative. 

Os) Appendix 8. -

) 
;.i 

.. ~; 

, 
}' 

-:-': T" 



_i[)1;1,;; . ... ~~,-.,. 

To close the service tunnel, supervision must walk from one end of the 
service tunnel to the other and operate two button switches within a 
three minute time limit in order to lock the service tunnel doors. As 
soori as the doors are locked, the instrument air is automatically turned 
on to the panelbeards and operations can be started. The service tunnel 
doors are also padlocked to prevent entry during a power failure. The 
electrical circuit to the interlock system is padlocked arid the building 
supervisor and the Lab Shift Supervisor have the master key. 

Process Safeguards 

All panelboard instrumentation is protected from radioactive back
ups by differential-pressure cells located in the service tunnel or in 
shielded cubicles. Any back-up of radioactive solution will be contained 
in-these areas and will be handled under the normal decontamination pro
cedures • 

. Solution addition to the various process vessels takes place in the 
operating areas through valved fUnnels. In the case of a vessel pressur
izing during solution addition, a flapper-valved funnel in the process 
cell will open and dissipate the pressure into the cell. The flapper
valvedfimnel in the solution addition line is equivalent to an open so
lutiori addition funnel in the process cell but eliminates the loss of 
off-gas capacity to the tank. 

The ammonia sparging system to the precipitator vessels is controlled 
by air'';'to-open valves and has a constant air purge system to prevent 
suck-back due to NH3 gas dissolving in the solution and creating.a vacuum. 
in the line. 

All F3P instrumentation is designed to fail closed in case of an 
emergency. The only exceptions to this rule is the off-gas header con
trol valves and the evaporator (E-16) condenser water. These controls 
are instrumented to fail open under emergency conditions to prevent 
pressurization of the process system. 

The radioactive process solution transferring by steam jets is pro
tected against back-ups by a check valve-vent system. The vacuum formed 
by the condensation of steam in the line after the jet is closed is 
relieved by a check valve to a:..vent header which terminates inside the 
process cell. The operating experience with this system has indicated 
that it is a satisfactory automatic preventative of radioactive solution 
in steam jet lines. 

The process vessels where precipitation, crystallization, evapora
tion, solvent extraction and high-level storage ,:take place are protected 
by an alarm system which :indicates high temperature, high level or low 
off gas. All alarms of this type are signaled at the panelboard and are' 
answered by the operating personnel. 

The solvent extraction equipment is protected against fire hazard 
by a temperature re§ulated fire water spray system. If the cell tempera
ture rises above 50 C, the sprinkler system is automatically turned on to 
spray the cell equipment. 
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All cell plugs are sealed on the inside of the cell and bolted to 
the concrete on the outside of the cell to prevent blowing out in the 
case of an explosion in the cells. 

The radioactive powder storage well in Cell 14 is cooled by a pro
cess Water cooling coil in a bath of distilled water. A high and low 
liquid level probe system alarm has been installed to keep the bath at 
the proper opera.ting level. A high temperature alarm has been installed 
to pre;rent the well ffqm overheating. These alarms are answered by the 
operat~ng personnel. ) 

The' house vacuum system is protected by a surge pot located in 
Cell 11 and is equipped with a liquid level alarm system to prevent 
overflowing. The alarm is answered by the operating personnel. 

(4 ) Appendix 13. 
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WASTE DISPOSAL 

~iquid waste 

Low Level Radioactive waste 

Low level radioactive wastes consist of cell floor washings, cell 
sumps solutions, cell decontamination solutions, service tunnel floor 
washings, and evaporator condensate. They are collected in two stain
less steel waste collection tanks, S-223 and S-523. The normal volume 
of this type of waste is 1000 gallons per day and the activity level is 
50 curies of mixed fission products per day. These solutions can be 
sampled, but under normal operation are jetted to W-5 tank on the ORNL 
tank farm when the tank liquid level reaches 60% of capacity. In the 
case of a tank bursting in the cells, the contents would drain to the 
low level collection ~ystem and would be contained in this manner until 
the building supervisor determined the best disposition of this solution. 

Intermediate Level Radioactive waste 

The intermediate level radioactive waste solutions consist of the 
waste stream from the normal process operations plus decontamination 
solutions. These solutions are collected in a stainless steel tank, 
sampled for radiochemical analysis and then jetted to W-5 tank in the 
ORNL tank farm. The normal volume of these solutions is 2000 gallons 
per day and the average activity is 250 curies of mixed fission products 
per day. These solutions are generally basic, but could be acidic from 
nitric acid decontamination solutions. 

A special boltaron waste system collects ,the intermediate level 
\.,.1 waste from the hydrochloric acid system used for Cs137 purification. The 

~ hydrochloric acid wastes are collected in a glass lined tank, sampled for 
•. '.,. radiochemical analysis, neutralized with sodium hydroxide and jetted to 

W-5 tank in the ORNL tank farm. 

High Level Radioactive Waste 

High level radioactive waste streams consist of short-lived radio
isotopes such as Zr 95-Nb95 which are waste products from processes using 
short-cooled fuel elements. The normal flow is 150 gallons per day with 
an average activity level of 50,000 curies per day_ Sixty percent of 
this activity is Zr95-Nb95. 

These waste solutions are collected in a 5550-gallon stainless steel 
storage tank (S-122) in the F3P tank farm and are allowed to decay to 
an intermediate level waste. If process commitments do not allow a suffi
cient decay period, the solution is sampled for radiochemical analysis 
and jetted to w-6 tank in the ORNL tank farm for storage and fUrther 
decay. This procedure is done only with divisional approval. 

Organic Waste 

The organic waste from F3P \,C;.O.illmii<3JtJ~L;t·of Amsco, TBP and di(2-ethyl 
hexyl) phosphoric acid which have been stripped of practically all of the 

.. 



..: 

activities which were extracted in the process. The volume of organic 
waste will normally be from 250 to 500 gallons per month with a possible 
maximum rate of 700 gallons per month. This waste is pumped directly 
to tank W-5 Or w-6 in the ORNL tank farm system after it is stripped. 

Process Waste System 

The process waste system collects the building steam condensate, 
distilled water unit condenser water, vacuum pump cooling coil water, and 
the normal building sink and floor drains. The latter system has" very 
small flow and the contamination in this system would originate from 
minor spills in the operating area. The vacuum pump cooling system is 
operated in a closed system with no possibility of contamination entering 
this stream. . 

The process cooling water system consists of two separate recircula
tion loops. One loop containing chilled water is used in the cooling 
coils in the crystallizer section. The process heat in the water is 
removed in a 58-ton chilled water refrigeration unit and recirculated 
to the cooling coils. In the other loop the process heat is removed in 
heat exchangers cooled by ORNL process water, which is discharged to 
waste. The F3P process water is recirculated to the vessel cooling coils. 
Condensate from process vessels is also collected in this system. The." 
excess water due to the condensate overflows into a collection tank where 
it is· sampled for an activity determination before it is jetted to the ~ 
ORNL process waste system. . 

. storm Sewer System 

The storm sewer system receives all roof drainage, building heati~ 
condensate, ana cooling water to the freon condenser of the chilled water 
unit. All of these sources are non-radioactive and the only possibility' 
of contamination would come from an outside source which would settle on 
the building roofs. The normal oper.ation of the chilled water unit is 
to recirculate the cooling water from the compressor unit to a cooling 
tower, but during maintenance shutdowns on the cooling tower, the cooling 
water would go through the freon condenser system directly to the storm 
sewer. There is no possibility of contamination occurring in this system. 

Gaseous waste -------
Off-Gas System 

The off-gas system at the F3P supplies negative pressure to every 
vessel in the plant cells. The negative pressure is controlled in Cell 20 
by two pneumatically operated valves. One pneumatic valve automatically 
adjusts the off gas to 6 to 8 inches of negative water pressure on the 
process and tank farm cell vessels. The normal flow t~ough this con
troller is 400 cfm and the gases present are NH , RulO 04' and oxides of 
nitrogen. The particulate matter from entrainm~nt could be any fission 
product radiOisotope that would be in process. However, samples from the 
off-gas line show only Rul0602 as the main offender to date. The other 
pneumatic valve maintains a negative water pressure of 12 to 14 inches 
on the manipulator cell equipment. The'normal

6
flow through this system 

is 200cfm and the gases present are NH
3
,RU10 04, and oxides of nitrogen. 

, i·>l~ 
~:;': .\.,,' 



\ 

~ .• -\~ ~ 
.... 'S,:. 

:' ."~ 

~ .j 

·j-i.' 

'.:. ; t;~ '. 

... ~:e ... 

The particulate matter would be ce14402, Cs137C1, andSr90TiO. The 
additional off gas on the manipulator cells is .needed to over6ome the 
pressure drop of an additional scrubbing unit located in Cell 13 which 
consists of a glass bubble cap, continuous flow, caustic scrubber. This 
scrubber removes hydrochloric acid fumes from the Cs137 purification 
equipment to prevent corrosion in the main stainless steel off-gas line. 

Both off-gas systems tie-in into a common header for scrubbing 
action in Cell 20. The off gas is scrubbed in a nitric acid counter
current flow Berl saddle scrubber to absorb ammonia gas. From the acid 
scrubber, the off gas flows into a caustic countercurrent flow Berl 
saddle scrubber to remove gaseous Ru10604 and oxides of nitrogen. The. 
off-gas stream flows through an entrainment separator, heater, stainless 
steel "Neva-Clog" pre-filter, and an absolute filter to remove final 
particulate matter. From this point the off gas flows into the 3500 Area 
off-gas system. The off-gas scrubber cell is instrumented to record 
pressure drops and flow in cfm, and is equipped with a contamination 
detection system which is a part of the Operations DiVision monitoring 
system in the outlet stream. A dual filter system is used to continue 
filtration of the off gas while filter change-outs are taking place. The 
building off-gas system is designed to fail open in case of an emergency. 

Cell Ventilation System 

The cell ventilation system for the F3P area draws a vacuum of 
0.5 inch to 1.0 inch W.G. on the process cell, manipulator cells, tank 
farm cells, service tunnels, decontamination cell, pipe tunnels, and W-19 
and W-20 feed storage tanks. The normal volume of air swept through this 
system is 4000 cfm. 

The filtration of the cell ventilation air consists of stainless 
steel "Neva-Clog" roughing filters, which can be washed by chemical 
sprays, and a bank of CWS filters for absolute filtration. These units' 
are gasketed and sealed in place by a locking device to prevent leakage 
around the filters. A monitor station is located on the outlet duct 
approximately 20 feet from the filter pit and is used to monitor the 
activity and measure the actual flow. An automatic electric sump pump 
removes the water leakage into the filter pit and in case of pump failure, 
an automatic steam jet system goes into operation. All ground water 
leakage and decontamination solutions are piped to S-223 tank in the F3P 
tank farm system. 

In addition to the building filtering system, the air entering the 
cells. is filtered by glass wool roughing filters. Manipulator cell Nos. 
11,12,13 and 14 have individual stainless steel roughing filters on 
the cell ven~a1ation ducts, which remove the majority of the powdered 
Cs137cl, eel O2, and sr9OTi03 produced and handled in these particular 
cells. 

A small by-pass system with a capacity of 1000 cfm has been installed 
on the F3P cell ventilation filter pit .and is equipped with CWS absolute 
filters. This is an operational by~pass to give a slight negative pressure 
on the F3P.cells during the period needed for changing the filters in the 
main filter pit. 
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Solid Waste 

High Level Solid WI!.~.~~_~ .. 

High level solid wastes from the FjP consist of materials and equip
ment used in the manipulator cells that become contaminated with mixed or 
separated fission products. Any material or equipment. reading greater 
than 1 r/hr is washed in the manipulator cell, placed in a plastic bag, 
inserted in a one-gallon tin can, sealed with a lid andremoveal~t~.Pm·.l:the 
cell into a bottom-loading uranium-shielded acarrier. The carrier is then 
removed to the burial ground by the riggers under the surveillance of a 
Health Physics representative. At the burial ground, the bottom drawer 
is opened remotely and the can is dropped into the hot waste trench. 
A bulldozer pushes enough dirt into the trench to give adequate shielding 
for future operations. The carrier is returned to the building, smeared 
and cleaned to the building tolerances of 500 d/m/IOO cm2 • . 

A two-gallon capacity lead shielded carrier can be used in Cells 11, 
12, lj, and 14 in conjunction with the Cell 15 loading station. This 
carrier has to be loaded from the top with the aid of manipulator arms 

and the handling procedure is identical to that described above. The 
normal reading at contact on the solid removal carriers is less than 
100 mr /hr . Any reading greater than 100 mr /hr requires the material to. 
re-enter . the cell for further decontamination. . ; 

Large equipment such as laboratory balances, furnaces, presses, 
scales, stainless steel filters, lab centrifuges, etc., have to b~ decon
taminated to less than 1 r/hr before they may be removed from a cell. If 
they are to be discarded, a lead~lined Dempster DUmpster is used to remove 
the material to the burial ground. If the eqUipment can be recovered 
by further decontamination, it is taken by the operating personnel to 
decontamination Cell'16 where it can'be further decontaminated with low' 
exposure to personnel. 

Low Level Solid Wastes 

The low level solid wastes consist of contaminated swabs, sanitary 
pads, mops, blotting paper, kraft paper, or other materials used in 
manual decontamination procedures. This material normally reads less 
than 100 mr/hr and is placed in plastic-lined hot cans located in stra
tegic areas in the building. When a can is full or the radiation level 
of 6 mr/hr is exceeded, the plastic bag is sealed with tape, the lid 
placed on the can and the can removed to the hot-can storage shed. The 
hot-can truck removes the material to the burial ground on a daily 
basis. The returning empty hot cans are checked for contamination by 
Health Physics and cleaned to building tolerances before re-entering the 
building. 

A daily survey of the hot cans is made by the Health Physics repre
sentative and supervision surveys suspected containers during shift 
decontamination operations~ 
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PR OCESS HAZARDS 

Chemical Reactions 

Gas Formation 

The normal process operations at F3P include chemical additions or 
reactions which ~orm various types and quantities o~ gases. These opera
tions are tabulated below. 

Gas Per Batch 
Est. 

Chemical Chemical Liber- Vol. Rate 
Process Addition Reaction ated D:.L l/min 

Magnetite Ppt. Hydrazine Fe+++ Reduction N2 935 31 

Cs137 Purification Hydrazine Pt Reduction N2 200 7 
Cs137 Purification HN03 NH4 CI Oxidation N2 35 7 
Tc99 ppt. HN0

3 Neut. Na2C03 CO2 1000 70 
Oxalate ppt. HN0

3 
Oxalate Destruc-

Ce144 Oxidation 
tion CO2 220 7 

KMn°4 Citric Acid 
destruction CO2 III 11 

Ce144 Reduction H202 H202 Decomposition °2 594 60 

Magnetite Ppt. NaOH Formation of NH40H NH3 9000 100 

Cs137 Concentration None Radiolytic Hydro-
gen Generation 

: 'Ce144 
"--

H2 0.01 

Concentrate Storage None Radiolytic Hydro-
gen Generation H2 0.06 

Evaporation None 2:1 Concentration Rul0604 ° 
STT Shipment None Radiolytic Hydro-

gen Generation H2 6 

Pressure Hazards. The operational procedure requires six inches 
o~ water vacuum ~or all processing which is more than adequate to control 
the gaseous release ~ram the above reactions. 

If an operational error is committed and the chemical addition is 
increased be~ore or during the above reactions, a pressurized vessel 
could result. The o~f-gas system would continue to take out the bulk o~ 
the gas liberated. The remainder would vent to the cell ventilation 
through the pressure relief\; ~lapper valve on the solution addition line. 
If extremely high pressure were encounter.e4,radioactive solution would 
back up instrument lines, jets and samplers. This equipment located 
in cell ventilated and shielded areas and would create a building hazard, 
but would be contained in the building. 

, ; 
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Rul060" Gas Hazards. The Rul0604 gas liberation in the evapo:
rator (E-16) is controlled by the batch evaporation process which ggntrols 
the acid normality from ; ~ to 5~. Under these conditions nO:Rul 04 gas 
is liberated. 

If an operational error were made which drained the maximum volume 
of 60% HNO; from the RNO; stora~~ tank into the evaporator, the final con
centration would be 7 ! and Rul 04 gas would not be liberated. This is 

·not···a,.eredibleaccident sincet.'.chemicals are not added to the evaporator 
under routine conditions and the solution addition system would overflow 
to the cell floor if the HNO; addition line were placed in the evaporator 
solution addition line by mistake. . 

The most credible accident concerning Rul0604 gas liberation would be 
the accidental addition of potassium permanganate solution to a centrifuge 
bowl during the dissolving. period. The centrifuge bowl would contain a 
4 ~ to 5 ~ nitric acid solution a~ 85°C and an activity level as high as 
30,000 curies of Rul06 • The RulO activity would be released into the 
off-gas system as Rul0604 and the F;P off-gas scrubbers and filters would 
re:tnO)£e; ~aAre:&;(,;:ta::i:an.;99%:/· ',o1't.he:::;.activfty·~·c.'0:A signif1cant' .. but unknown .quan
tity of Rul06 would "plate out" on the stainless steel off-gas duct system. 
The remaining activity would terminate at the 3039 stack area for further 
decontamination. 

The control of this type of accident is effected by careful training 
of operators in handling and storage of KMn04' A small stainless steel 1 
make-up tank (M-4) in Area 32 has been designated .in the Make-Up Procedure( ) 
as the only tank to be used for KMn04 make··up. This tank is piped directly 
to N-29 extractor which is the only tank that uses KMn04 in normal opera- . 
tions. This eliminates -t;.he possibility of accidental drainage of KMli0l4. into :. 
the wrong tank or centrifuge bowl. The responsibility for training the 
operating personnel as to the hazards of KMn04 in the F3P system remains 
with the building supervision. 

Hydrogen Gas Generation Hazards. An estimated off-gas flow 
through each vessel in the building is 280 liters/minute of air. This 
figure varies depending on the type of vessel in question, but under normal 
conditions gives more than adequate air sweep for removal of hydrogen by 
radiolytic generation. . 

The normal shipment of Redox waste from ICPP takes approximately ten 
days from the time it is loaded until the time it is unloaded at ORNL. 
During this period, small quantities of hydrogen gas are being evolved 
from radiolytic hydrogen generation. The container is sealed with valve
type Snap-tites which prevent the release of this gas and pressures up to 
18 psi have been measur.ed on arrival at ORNL. 

ExplosiO~s· 

The explosion possibilities at F;P would arise from the following 
sources: 

(1) Appendix No. 5-q 
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Solvent~nitric acid reaction 
Hydrazine-nitric acid reaction 
NH4N03 decomposition 
Solvent explosion 

Solvent-Nitric Acid Reaction. The solvent possibilities arise from 
the small quantities of TBP which remain in the F3P feed stream from the metal 
recovery system, the Amsco-D2EHPA solvents used in the Cell 9 and 10 solvent 
extraction processes, and the strong nitric acid-TBP mixtures used in the Cell 
10 continuous counter-current mixer-settler extraction processes. Feed solu
tions are normally concentrated by a factor of two to one and in no case is 
the nitric acid concentration greater than 5 N. The normal steam pressure to 
the evaporator coil is 60 psi and the maximum-evaporation rate is never greater 
than 40 gallons per hour. An evaporation operating error would have to go 
undetected for a period of four hours or more before the nitric concentration 
would reach the stage of possible solvent nitration. 

The Amsco-D2EHPA solvents (~O gallons per batch or 80 gallons per week) 
used in the rare earth extraction are contacted, separated, back extracted, 
separated and discharged without heating or concentrating the solvent. Small 
quantities of solvent could remain in the aggeous phase and could be nitrated 

", .. under the present process of dissolving Pm14'( oxalate precipitate on a filter. 
,',The quantity of solvent remaining on the filter would be very small and the 
,.i\~''explosive potential very weak. 
~~ 4 
" ,'Thepotential hazards in the Cell 10 Pml 7 separation process result from 

~,: ,:'the use of strong (20 .!i HN03) in the separation of the rare earths. This aCid, 
".::which is used to induce reflux in the cascade, is pumped directly to a tank in 

;:', :-'the make-up area from which it, is metered to the cascade. Prior to a Ca-Sr run 
<,",lall tanks are emptied and washed so that strong nitric is eliminated from the 
i"process' equipment. The 20 M RNO tank in the make-up area does not have pro
,;vision for solution addition (ot~er than distilled water piped directly to the 
,;' tank) so that the addition of an oxidizable material to the strong acid tank is 

eliminated. The in-cell process hazards are considered as follows: 

1. 

2. 

The concentration of HN0
3 

in the aqueous phase in contact with TBP 
is less than 14 M. Such mixtures are not hazardous but in case of 
fire could become hazardous. However, an automatic spray system 
which is actuated by rate-of-temperature rise is installed in the 
cell. 

In the separation of rare earths with a TBP-HNO~ system the promethium 
is recovered from the strip aqueous in the firs~ cycle and from the 
raffinate in the second cycle by evaporation of the promethium solu-

, tion in a continuous evaporator. Since both the strip aqueous and 
raffinate have previously been contacted ''lith TBP, the possibility 
exists that TBP could be nitrated in the evaporator to produce an 
explosive compound. Such an occurrence is not considered credible 
for reasons that will be mentioned in the follOwing paragraphs. 

To reduce the possibility of TBP reaching the evaporator, the 
raffinate and strip aqueous stream are washed' to remove occluded 
TBP from the streams. Failure of these washes would allow TBP in 

L 



!...s 

-33-

small amounts to reach, the evaporator. Failure of instrument control 
on the cascade weir would partially dump the cascade which might 
flood the washer and result in some TBP reaching the evaporators. 

The degradation of the organic phase by acid hydrolysis in the cascade 
Will result in very small quantities of butyl alcohol being transferred 
to the evaporator by its solubility in the aqueous stream. 

The conditions under which nitric acid will react explosively with 
TBP on evaporation have been studied and reported.* A specific 
requirement for such a reaction is reported to be a temperature of at 
least l500 C. 

When TBP reacts with nitric acid at high temperatures and high nitric 
acid concentrates, the primary reaction product is thought to be butyl 
nitrate.** At temperatures less than that required to produce butyl 
nitrate the reaction product of TBP and nitric acid is butyl alcohol. 

From the above it seems that the TBP or its degradation product would 
be found in the evaporator as either butyl alcohol or butyl nitrate '" 
depending on the acid concentration and temperature. ,,:} 'i 

The raffinate stream from the second rare earth cycle (10.2 M ~03) : ,I' 
if continuously evaporated will' yield a constant boiling ( ... 122 C).. .' 
solution of "'15 M HNO~ (~8% HNO~). The aqueous ~trip from the first ,: 
rare earth cycle (~ 1'11 RNO ) if t!ontinuously evaporated will be ... 12.2 .. M 
in nitric acid. The tota13concentration of' rare earth nitrates in- .' 
the evaporator ,pot will not exceed 2 moles. The maximum bOiling POiIlt·,,>.'., 
of the ni triC9.gid-rare earth solution of the above concentration wi I:!:" , , > 

not exceed ",126 C. " ::>_, ','., 

Since butyl alcohol boils at l17°C and butyl nitrate at 1360 these 
components should not accumulate because they will be fractionated 
by steam distillation from the evaporator rapidly at l250 C . Any TBP 
which reaches the evaporator will be converted to either butyl alcohol 
or butyl nitrate and evaporate. 

The possibility exists that an excessive accumulation of phosphoric 
acid in the evaporator might raise the boiling point of the solutign. 
However, the temperature control will limit the temperature to 130 C. 
The maximum temperature obtainable from the steam used to heat the 
evaporator is l350 C which is not sufficient to deco~osethe TBP de
gradation products.*** 

*TNX Evaporator Incident, Jan. 12, 1953, DP-25. 

** Bruce, F. R., Fletcher, J. M., and Hyman, H. H.", eds Process Chemistry. 
Frog. in Nuclear Energy Series III, Vol. 2, Pergamon Press, New York, 1958, 
p. 314. 

*** Op. cit., DP-25. 
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3. In the Sr-Ca separation the raffinate which is evaporated is NO.05 M 
in nitric aci~. Therefore, the equilibrium concentration of nitric
acid in the evaporator should not exceed 0.5 M. The calculated maximum 
energy release from such a solution is approxImately equal to the energy 
required to evaporate 0.1% of the solution, however, such a reaction is 
not considered to be credible. 

Hydrazine-Nitric Mixing. Twelve liter quantities per batch of 
42.5% hydrazine and 60% nitric acid are used in the F3P mainstream processing. 
These chemicals are added to the same vessels but during normal operations are 
compatible due to the high dilution factors. 

A maximum credible accident could be postulated (scientific evidence 
lacking) from the accidental addition of liters of 42.5% hydrazine to a 
dissolving of a rare earth oxalate precipitate in a l~~trifuge bowl. oThe 
bowl at this time could contain 100,000 curies of Ce nitrate at 85 C in a 
volume of 9 gallons of 12 N HN03' Pending evidence to the contrary, it is 
assumed that the explosion-coula rupture the centrifuge stainless steel caSing 
and overcome the cell ventilation system. The force of the explosion could crack 
the G-K seal on the cell blocks which would allow contamination to escape into 
the crane bay area, Other sources of leakage are at the air inlet to each cell, 

;;~ii.instrument lines, jet lines and possibly manipulator arms in the process control 
.':!.;i:ells 18 and 19. . 

,. j' 

Under these conditions, the building containment. system would remove 
·,'·the contaminated gases through the filter system and then to the 3039 stack 

,area filter systems. The F3P filters would not be expected to suffer damage 
';from this explosion. The building operating area would be contaminated to a 

high level and could conceivably cause .fatalities from overexposure •. The 
~;'building would be untenatable and would be a source of .radiation. in. the building. 
;:,vicini ty. 

The possibility of this type of accident is not considered credible under 
present operating conditions and controls. The handling of hydrazine has been 
the subject of a number safety meetings and all personnel are aware of its 
potential hazards. The building foremen are charged with the responsibility of 
supervising the addition of hydrazine to a process vessel. The dispensing 

, 
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valve on the 55-galion drum, o,f, 42.5~ hydrazine is locked andth~ foremen 
have the onl.ykey~ for operating t.his valve. They are also responsible 
for keeping the container locked at all times. 

Ammonium Nitrate Decomposition. ' Ammonium nitrate is formed 
in the F3Poff-gas system by the reaction of ammonia gas and nitric acid 
fumes from standard operating procedures. The normal process procedures 
used in the F3P vessel create a considerable amount of condensation in 
the off-gas lines which keeps the NH4NO washed out of the system, or at 
least keeps it from building up to the ~oint where the off-gas lines are 
plugged with NH4N03' ' 

The most credible accident concerning NH4NO would occur during a 
period ,of maintenance or construction on the off~gassystem. A pipe
fitter cutting into the line, or welding a new nipple to the present off
gas line, could detonate the dried NH4N03 in the system. Under building 
maintenance procedures, the off gas would be manually valved off at the 
inlet to the building and the main off-gas line would be unharmed. 

The new scrubber systems on the F3P and metal recovery buildings will 
eliminate the formation of NH4N03 in the main header to the 3039 stack. 
The formation of NH4N03 in the F3P off-gas header is not controlled at 
the~esent time. A periodic clean-up of the off-gas line will be accom-, 
,plished by' boi.ling water in, the process vessels and aliowing the steam ,>' 
condensate to flush the system. This is a standard procedure during decon
tamination periods7~'for any maintenance or construction work in the cells. 
Welding on off-gas lines has been forbidden unless' the line has been 
thoroughly flushed with hot water. 

SolventExplo~ion~ The possibility of an explosion from $olv:tnt 
vapors during normal operations is not credible. The solvents are not' 
heated, or steam jetted;and are removed from the system immediately after 
they have served their purpose. In the case of accidental heating, the 
off gas would remove the vapors from the tank and effectively condense 
the gas from the normal off-gas stream. " 

The possibility of a solvent fire in the process cells is a credible 
accident. This could result from an electrical short circuit in the cells 
or a disregard of electrical grounding rules in the solvent handling area. 
An automatic sprinkling system would be actuated from the heat and would 
contain the fire. 

The contaminated smoke and gases would contain rare earth activities 
and the cell ventilation system wMdremove and filter the majority of 
these fumes. If an explosion occurred from the burning solvent, it would 
be a low grade type and the force would be contained in the cell. 

Radioactive Solution B~~~~~ 

The m~imum a~cident of this nature would occur in the tank farm 
fraction ~anks containing concentrated rare earth solution with up to 
100,000 curies of Cel44 plus other rare earth activity. 

Under normal conditions, the solution is 2 N to 4 N in nitric acid 
and kept cooled by the flooded cell, fin cooler teChnique, If an operator 
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accidentally jetted a high caustic solution into this tank, the rare 
earth hydroxides would precipitate and settle to the bottom of the tank. 
The cooling system would continue to operate but the possibility of a 
pressure bubble forming in the rare earth precipita.te cannot be discounted. 
This bubble would.cause the tank to burp and overcome the normal off gas 
on the vessel. Radioactive solution would back-up the instrUment, sampler, 
and jet lines which are located in an uncontained and unventilated area 
On the F3P tank farm. 

The burping in a fraction tank is a credible accident, however, the 
normal safeguards of high temperature and high level alarm systems on 
these tanks would give adequate warning if the' supervisor answering the 
alarm correctly determines the problem. Also, the fact that the solution 
going to the wrong tank would be reported to supervision and corrective 
action could be taken immediately would prevent this type of accident. 

Pilot Plant Operations 

The F3P is a pilot plant and must adjust its procedures to meet the 
varying types of feed that are sent to the plant for processing. In the 
f,irst year of operations, five different types of feed materials were 
processed and procedures were adjusted while operating on the process 
solution. A committee has been set up in the Isotopes Division to review 
all chemical process changes in the production of radioisotopes. 

Criticality Hazard 

The possibility of a critical solution in the F3P system is a credible 
assumption. The normal plant data indicate a build-up of uranium and 
plutonium in the process of concentrating. the rare earth fractions. The 
normal process steps increase the concentration of rare earths per unit 
volume from the f~ed material from Building 3019 by a factor of approxi
mately 16.. The control of uranium and plutonium entering the F3P depends 
on the analyses of the 3019 waste stream. These analyses could vary by 
a factor of ten or higher and could result in a high concentration of 
plutonium and uranium in the rare earth precipitate in a volume of approxi
mat ely 20 liters in the centrifuge bowl. The major factOr that has to be 
taken into consideration is the fuel enrichment of the elements processed 
in the metal recovery system. A combination of plutonium and enriched 
uranium would be in the centrifuge bowL 

All waste streams into the F3P are analyzed on a composite basis for 
plutonium and uranium and the building supervisor is responsible for deter
mining the maximum concentration in the rare earth fractions. The ura
nium and plutonium concentration in the F3P operations are also reviewed 
by the Criticality Hazards Committee. 

Decontamination Hazards 

The decontamination solutions (2) "'at the F3P are added in a specific 
pattern. The flow of these solutions is controlled by the building 
supervisor to meet the reqUirements of the system to be decontaminated. 

(2) Appendix No. 10 
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All lines to critic~l areas or vessels are capped at the panelboard 
switches to prevent accidental Jetting to the wrong vessel. 

The major source of a hazardous incident during decontamination is 
the continuing of routine processing in other cells and the storage of 
concentrated material in adjacent cells or tank farm area. It is impo8~ 
sible to remove all the concentrate.d radioisotopes from the building for 
decontamination procedures. 

The greatest safeguard against accidents during decontamination lies 
in the intelligence and training of the operating personnel and supervision. 
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APPENDIX 4-A 

UNCLASSIFIED 
ORNL-LR-DWG 48784 

25 g/liter R.E. 

WATER 
EQUILIBRATED 

TPB 23.0 liters Ihr 

14.0 M HN03 20 M 
1.0liter/hr 7.0titers/hr 

STAGE 20 

20 STAGE MIXER-SETTLER 

99.88 "10 OF Nd 
4.9 "10 OF Pm 
10.26M HN0 3 
20.62 liters Ihr 

! 

9MHN0 3 
16.46liters/hr 

40 STAGE STRIPPER· 

95.1 "10' OF Pm 
0.12 "10 OF Nd 

~PORAT:R 
Pm PRODUCT 

Pm- Nd FLOWSHEET 

WATER 
EQUILIBRATED 

TBP 23.0 liters/hr 

STAGE I 

95.0 "10 OF Pm 
0.2 "10 OF Sm 
21.56liters/hr 

_kpORATOR 

25 g/liter R. E. 
14.0M HN03 

1.0 liter Ihr 

~pmpRODUCT 

20M HN0 3 
7.0liters/hr 

STAGE 20 

9M HN03 
17.4 liters/hr 

STAGE 1 STAGE 10 

10 STAGE STRIPPER 

5.0 "10 OF Pm 
99.8 "10 OF Sm 

! 

Pm-Sm FLOWSHEET 

Overall Flowsheet for the Separation and Purification of Pm 147 

H20 
42 litersl hr 

H20 
12 liters/hr 

.. 



OAM D2EHPA 
2.5 M ETH. HEX 

AMSCO, 251iters/hr 

STAGE 1 

1.5 g Iliter Sr 
30 g/liter Co 
3.3 g/liter/hr 

STAGE 9 

., . , , ,. , 

APPENDIX 4-B 

STAGE 20 

0.1 M HAc 
25 liters Ihr 

STAGE 1 

,. . , . 

UNCLASSIFIED 
ORNL-LR-DWG 48804 

STAGE 10 
~ ~.. 2M HN03 

20 STAGE MIXER- SETTLER 10 STAGE STRIPPER 12liters/hr 

EVAPORATOR 
."""'~""I'''' Co WASTE 

q ~ SrPRODUCT 

Co - Sr Flowsheet . 
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APPENDlX NO. 5~ 

CRYSTALLIZATION PROCEDURE 

I. Redox and 3019 Feed Crystallization 

A 0 Chemical Make -Up 

1. 

2. 

30 

___ .......;lbs .~odium sulfate (Na2S04) 

____ l:t>s. ammonium sul:n:-te (NH4S<\) 

___ ~gals 0 60'/0 nitric acid (HN0
3

) 

B. Operational Checks 

5,:·j ~ .. ' .i: 

1. All process, service, solid addition and solution addition valves 
are closed. 

2. All valves to and from Pump U-125 are closed at PoB. No.3 • 
. --'. -.. . .. 

3. All valves to and from W-19 and W=20 jet are closed at P.B. No.3. 

4. C-17 tank is empty. 
-~ - , . . . .. 

5. C-17 has at least 6 to 8 inches of off gas • 
. - .. - ~ ~ 

6. Close all valves in W-19 and W-20 valve pit. 

C • O,perations forW -19 and W -20 Solution 

I. Jetting Procedure for W-19 and W-20 Tanks 

(a) Open the nanUa.l valve at W-19 and W-20 valve pit to the tank 
from which solution will be pumped 0 

(b) Open the two valves on the discharge side of W-19 and W~20 
to C-17 jet. 

(c ) Open the valve on the suction side of W -19 to W -20 to C -17 
jet. 

(d) Turn on the steam to W-19 and W~20 tOC-11 jet. 

(e) Turn on C-17 contact microphone, agitator and process water 
to coils. 

(f) Jet gals. of solutiontd C-17 tank and then close 
all valves to and from W-19 and W-20 jets. 

- -

(g) Follow Crystallization Operation Procedure. 

I, 
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II. Purex Crystallization 

A. Chemical M3.ke -U',;E> 

1. 0.5 to 1. 0 lb. /gallon ammonium alum 

2. gals. 7r:J{o nitric acid ----20 

;. lbs. water -----

B. {,Operations 

1. Add 20 gallons 6r:J{o nitric acid to C-17 crystal bed. 

2. Jet solution from H-45 to C-17 while controlling the off gas 
and holding temgerature below 40°C. 

III •. Crystallization Qperations 

1. Add required chemicals to crystallizer calculated to give ;75 
gallons in C-17 and C-27 or 100 gallons in C-38 and c-48. 

2 •. Turn on ,crystallizer agitator and contact microphone. 

3. Heat solution to 90o
C. 

4. Digest solution at 900C for 15 minutes. 

5. Record crystallizer volume data with agitator off. 

6. Turn on crystallizer agitator. 

7. Heat crystallizer sampler jacket,then sample hot solution. 
Code - Batch No. C Tank No. Csl Record gamma. chamber 
reading. 

8. Turn on process water to crystallizer coils. 

9. Turn on air to crystallizer filter blowdown. 

10. 

11. 

12. 

. 0 
Cobl to 40 C with the process water. Turn off process water. 

Turn on chilled water to crystallizer and cool until tempera
ture break. Record temperature break. 

. 0 
Continue cooling crystallizer to 5 C and hold at that tempera-
ture. 

1;. Continue agitating crystallizer solution for ;0 minutes from 
temperature break time. 

14. Dete~ine crystal volume from chart, sample, or lab crystallizer. 
l 

.\" 
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15. Check liquid level on the tank designated to receive filtrate. 
If empty, proceed with next step. 

16. Turn off crystallizer agitator: and .f1"lter.-blbwdownait .... 

17. Settle the crystal bed for 15 minutes. 

18. Filter crystallizer solution to designated tank. 

19. TtlI-n off chilled water, agitator and contact microphone to 
crystallizer. 

20. Crystallizer is ready for next batch of feed solution or 
filtrate from primary crystallizer. 

NOl'E: Control all crystal beds to 5% of the operating volume· 
of the tank. If .the gamma. chamber indicates' more t~n 
500 curies of Cs137 activity in C-27 or c-48, dissolve 
the bed and return to C-17 at the first opportunity. 

Crystal bed transfers to C-38 and C-5 shciti1.d be reduced 
in crystal volume to 2% at the tank operating volume • 

; IV. Crystal Bed Removal 
.~~ 

A. O,peration 

'1. Add gallons Qf:water to crystallizer. 

2. Turn on agitator and contact microphone. 

3. Heat solut:lbrtto 900C. 

,'4. 
5. 

6. 

Digest solution at 900C for 20 minutes. 

Turn on the process water to crystallizer coil and turn on the 
air to filter blowdown. 

o Cool to 60 C and hold at that temperature. 

NOl'E: Watch for a crystal temperature break. If crystals 
form, a recrystallization must be nade. 

7. Check that designated receiver crystallizer is empty except for 
crystal bed. . 

. 8. Turn on transfer jet. 

9. When crystallizer is empty, turn off the steam to transfer and 
cutoff the air to blowdown filter. 

10. Turn off agitator. 
, '. . .. ,,, .. 

11. If receiving crystallizer volume is less than operating volume, 
add water as specified by superviSion to bed crystallizer and 
repeat Steps (1) through (5). 

• 

!-
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APPENDIX No •. 5 -b 

MERCURY PRECIPITATION PROCEDURE (Hgl) 

Mercury Precipitation 

1. Chemica!' Make-Up for' P-12 and G-12 

(a) 2.0 gallons of 60 percent RN0
3 

(nitric acid) in M-33l 

NOTE: On each third batch. an additional 6.0 gallons~ 
,§.Q.J''!:!_£!9n~ .. !!NP3 _~.!",!3~.!r~9:.~ 

(b) 6.0 gallons of 4.0 ~ Na H2P02 (sodium hypophosphite) make up = 
20.0 pounds of Na R2P02 dissolved in 6.0 gallons of water. 

2. Operation 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

.Check that all jet and service valves to precipitator are closed. 

Check that precipitator is empty and has. 6 to 8 inches of off gas. 

Turn on contact microphone, agitator and process water to jacket. 

Jet from S-122 to precipitator until a maximum of 150 gallons is 
reached. ---

Record precipitator volume with the agitator off • 

Turn On the agitator and if requested, sample solution. Code = ___ Hg!..-

Adjust the solution to 0.3 N. Free acid by adding 19 M caustic 
or 60 percentHN03 (nitric acid). The amount of 70 percent HNO; 
necessary will be determined by laboratory analysis for free acid. 

(h) Follow with a 2.0 liter water rinse. 

(i) Check that solution temperature is ,O°croIlJ.lE!ss. 

(j) Slowly add 6.0 gallons of 4.0 M Na H2P02 (sodium hypophosphite) to 
precipitator which should make the solution 0.1 M in sodium hypo~ 
phosphite. Follow with a 2.0 liter wat.errinse. 

(k) Turn off jacket water. 

(1) Heat solution to 60°C by setting the temperature controller at 
60°C and turn on reflux condenser water. 

(m) 

(n) 

Digest~olutionat 60°C for 1.0 hour. 

Turn off the inlet steam. valve to jacket by setting the steam 
controller at'ooe. '. Close the outlet· steam valve. 

(9) Turn on the process water to precipitator jacket and cool solution 
to 30°C. Leave jacket water on until precipitator is empty. 
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(p)Digest solution for one hour, at 30°C Or lower 

(q) Sample precipitator solution for a mercury test. 

Draw up 10 ml of slurry. Centrifuge 5 minutes. Pour off 
5 ml of supernate to a clean test tube or sample bottle. Add 
1 ml of 2.0 ! lINO,. Add 2 ml of 1.0 ~ Na H2PO (sodium hypophos
phite) to the solution. Mix the solution briefly. ' Wait 2 minutes. 
If no finely divided black mercury metal forms, the test for 
mercury is negative and the slurry may be centrifugeA. If the 
test for mercury is positive, add 2.0 gallons of 4.0 M NaH2P04 
and repeat steps(k) thr~gh (q). 

(r) If requested, take A.and B samples at this pOint. 

(s) Record percent and volUme of precipitate. 

3. Mercury Precipitation Centrifugation 

~ :~'.: 

, . ~ " , 

,.<' •. 

(a) 
" . 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

Check that hold-up tank is empty and all service valves are closed. 

Check that all valves servicing the centrif,ugeaare closed. 

Place skimmer arm'in the flOUT" position. 

Turn on the D.C. brake switch. 

Turn on oil pump to centrifuge bearings. Check centrifuge ,oil 
supply tank level. 

Turn on contact microphone. 

Turn on centrifuge motor. 

When tachometer reacheS~i1750 RPM, adjust the control jet to allow 
a 1.5 G.P.M. flow from precipitator to centrifuge and check the 
following every 30 minutes: 

1. Oil pump operating. 
2. Oil supply level. 
3. Centrifuge motor temperature. 
4. Control jet flow rate. 
5. Precipitator temperature is 20°C to 30°C. 

(i) When precipitator is empty, turn off the control jet to centrifuge. 

(j) Turn off agitator, jacket water and reflux condenser water. 

(k) Turn off centrifuge motor and proceed with magnetite preCipitation 
procedure. 

NOTE:- If third batchj'leave centrifuge running. 

(1) Record the number of batches which have collected in centrifUge 
, 'bowL ;', 

• 
" . 

t;' 

. . 
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(m) Hold the precipitate in the bowl.unti.l three batch~s have collectetl. 

4. Mercury Precipitate Dissolvin~ 

DO THE FOLLOWING STEPS A THROUGH V EACH TIME THAT THREE BATCHES OF 
PRECIPITATE HAVE COLLECTED IN CENTRIFUGE~. 

(a) With centrifuge running and the D.C. brake switch on, slowly 
skim to Notch 7. Skimming should be done over a period of 5 
minutes. -

(b) When skimming is finished, place skimmer arm in the "out" position. 

(c) Add 5.0 gallons of water to precipitator. 

Cd) Jet the solut10n to the centrifuge, then turn off the jet. 

(e) Slowly skim the centrifuge to Notch 7. Sk1mm1ng should be done 
over a period of 5 minutes. -

(f) When skimming is finished, place skimmer arm in the "out II position .. 

(g) Repeat Steps (c) through (f). 

(h) Turn off centrifuge motor. 

(1) Add ~gallons of 60 percent HNO~ (nitric acid) to centrifuge. 
Follow with a 500-milliliter water rinse. 

(j) Turn on the steam to coil by setting the steam controller to 
100 Ibs. per hour of steam and heat to 85°C. 

(k) Hold ·solution temperature between 80°C and 85°C. 

(1) Turn on brake switch and job centrifuge to 1750 RPM. Then turn 
off centrifuge. 

(m) Repeat the jogging procedure and check the following every 
30 minutes for one hour: 

1. Steam rate. 
2. Solution temperature. 
3. Centrifuge motor temperature. 

(n) Turn off the steam to centrifuge coil by setting the steam 
controller to 0 lbs./hr. 

(0) Turn on the process water to coil. 

(p) Cool solution to 60°C. Then turn off the water to coil. 

(q) Jet solution to designated fraction tank. 

(r) Add 5.0 gallons of water to centrifuge. 

. .. 
'. \-
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(s) Jog to 1750 RPM, then shut off. 

(t) Jet solution to designated fraction tank. 

(u) Repeat Steps (r) through (s). 

(v) Jet second water wash to 8-324. 
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APPENDIX No. 5-C 

MAGNETITE PRECIPITATION PROCEDURE. 

Magnetite NaOH Precipitation of Fe, AE, REJ. Ru,~_~!?:d T.9.~. 

1. Chemical Make-Up 

(a) 30 gallons of 19 M NaOH (caustic) in M-231 TE.nk. 

(b) 4.0 pounds of Na2C03 (sodium carbonate) dissolved in 3.0 liters 
of water. 

(c) 3 gallons of 60 percent HN0
3 

(nitric acid) in Tank M-331. 

(d) 6 liters 42.5 percent hydrazine hydrate solution. 

2. Operation 

(a) Check that all jet and service valves to precipitator are closed. 

(b) Check that precipitator is empty and has 6 to 8 inches of off gas. 

(c) I~.Hg precipitation procedure used,jet solution fr.om H-12 to 
precipitator. If 3019 solution, jet gallons to precipitator. 

(d) Turn on the precipitator, contact microphone and agitator when 
liquid level reaches 20 percent. 

(e) With agitator off, record volume on data card. 

(f) (1) Turn on precipitator agitator and sample solution. Code __ MgL 

(2) Add 15 gallons 19 M NaOH while holding temperature at 50°C. 
Check for precipitate. If there is a precipitate, add one 
gallon HN03 and digest at 90°C until solution is clear. 

(g) Heat precipitator to 70°C. Add 6.0 liters of 42.5 percent hydrazine 
hydrate and a one-liter water rinse to precipitator. Digest 15 
minutes at 70°C. Take 10 ml sample for iron precipitatiop test. 
Record digestion time and temperature. Details of the iron test 
are as follows: 

~.~s~ __ for ~~cipj.ta:!!i~....2f J;ron as Magnetite on Main stream Slurry __ 
in Precipitato~ 

Draw up 5 ml of solution from precipitator. The solution should 
be clear at this pOint. Add an equal volume of 25% caustic 
(lO.ON) to this solution. The heavy white voluminous precipitate 
of aluminum hydroxide that forms should redissolve in the excess 
caustic. A small amount of black precipitate of magnetite (Fe304) 
should remain suspended .in the excess caustic liquor. There 
should be no orange color due to the presence of ferric hydroxide 
(Fe(OH)3) at this pOint. Centrifuge the slurry and note the 
percent of precipitate. The percent of precipitate should be about 
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(h) 

:.,~ ... 
2.0% based on the original solution •. If an orange color is noted 
or if the percent precipitate is unusually large, notIfy super
vision. otherwise,.·you can proceed with the run. 

Add 35 gallons of 19 M NaOH (caustic) to precipitator. Add the 
rest-of the 19 M NaOH (caustic) more rapidly over a period of 
15 minutes. 

(i) Add 4.0 Ibs. of Na2CO~ (sodium carbonate) dissolved in 3.0 liters 
of water to precipitator. Follow with a 1.0 liter water wash. 

(j) Turn off precipitator jacket water. 

(k) Turn on the process· water to reflux condenser. 

(1) Open the inlet steam valve to jacket by setting the temperature 
controller at 90°C and hold at that temperature. 

(m) Sample solution for precipitate volume. 

(n) Add the necessary amount of 19 M NaOH(caustic) to remove A1(OH)3 
from precipitate volume and until two consecutive samples show toe 
same precipitate volume. Record final precipitate volume in . 
gallons and volume of 19 M NaOH added. 

(0 ) 

(p) 

(q) . 

(r) 

After· the desired percent precipitate is reached, digest the.solu-
. tion for an additional 30 minutes at 90°C. . 

Turn off the steam to jacket by setting ~he temperature controller 
at O°C, then close the outlet steam valve. 

Turn on the process water to jacket and cool solution to 20°C. 
Leave the cooling water on jacket until precipitator is empty. 

When required, take an A and B sample fOr the laboratory with A 
as the supernate and B as the-preCipitate. 

3. Alkaline Earths and Rare Earths Precipitate CentrIfug;ation 

(a) Check that hold-up tank· is empty and that all service valves are 
cl~~ •. 

(b) Check that all valves servicing the centrifuge are closed. 

(c) Set centrifuge skimmer in the "out" position. 

(d) Turn on.the D.C. brake switch . 

. (e) Turn on the oil pump to centrifuge bearings • Check the. centrifuge 
. oil· supply tank level. 

(f) Turn on centrifuge contact microphone. 

(g) Turn on centrifuge motor. 
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(h) When the tachometer reachea 1750 RPM, turn on the control jet from 
the precipitator to the centrifuge at· a flow rate of 1.0 to 1.3 
G.P.M. and check the following every 15 minutes: 

1. Oil pump operation. 
2 .. Oil supply level. 
3. Centrifuge motor temperature. 
4. ControLjet rate G.P.M. 

(i) When the precipitator is empty, turn off the control jet. 

(j) Turn off the ~gitator when volume reaches 10%, jacket water and 
reflux condenser water. 

(k) Slowly skim to Notch 7 on the centrifuge. Skimming should. be done 
over a period of 5 minutes. 

(1) When skimming is finished, place the skimmer arm in "out" position. 

(m) Continue running centrifuge until the water wash is completed. 

(n) 

(0) 

Add 5 gallons water to the centrifuge bowl. 

Five minutes after water addition, slowly skim to Notch 7 on 
centrifuge. Skimming should be done over a period of 5 minutes. 

(p) When skimming is finished, place skimmer arm in the "out" position. 

(q) Turn off centrifuge. 

4. Rare Earths and Alkaline Earths Precipitate Dissolving 
------.----~.-----

(a) Add 600 gallons of 7.0 N RN03 (nitric acid) to centrifuge. 
(Make-up: add 3.0 gallons of 60% RN03 to centrifuge. Then 
add 3.0 gallons of water.) 

(b) 

(c) 

(d) 

(e) 

Turn on the steam to centrifuge coil by setting the steam con
troller to 100 lbs./hr. of steam and heat to 85°C. 

Hold temperature between 80°c and 85°C. 

Turn on D.C. brake switch and jog centrifuge to 1750 RPM, then 
turn it off. 

Repeat the jogging procedure every 30 minutes for two hours and 
check the following: 

1. Steam rate. 
2 .. Solution temperature. 
3. Centrifuge motor temperature. 

(f) Turn off the steam to centrifuge by setting the stewm controller 
to 0 lbs ./hr. 

; 'n 

., . 

" 
. '.~' .: .. ' 

:c w 

.:. 
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(g) Turn on the process water to centrifuge coil. 

(h) Cool solution to 60°C, then turn off the water to coil. 

(i) Check that designated fraction tank is ready to receive solution. 

(j) Jet solution to designated fraction tank. 

(k) Add ,.0 gallons of water to centrifuge. 

(1) Turn on D.C. brake switch and jog centrifuge to 1750 RPM, then 
turn it off. 

(m) Jet solution to designated fraction tank. 

~ 
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APPENDIX No. 5-d 

.. BATCH EVAPORATION PROCEDURE - PURmc 

1. Operation 

(a) Check that all jet and service valves to E-16 are closed. 

(b) Check that E-16 is ready to receive incoming feed. 

(c) Check that off gas is 6 to 8 inches. 

(d) Open valves from designated tank at W-19 and 20 valve pit to 
E-16 tank. 

(e) Open valves at PB No. 3 from W-19 or 20 thXough jet to E-16 tank. 

(f) Turn on W-19 or 20 jet to E-16. 

(g) Turn on D-56 automatic condenser water controller at 50°C. 

(h) Jet 300 gallons of feed to E-16. 

(i) 

(j) 

(k) 

(1) 

Turn on steam to E-16 coil. 

Continue concentrating W-19 or 20 solution until a concentration 
of 2:1 has been achieved. Record volumes at ~anel Board. 

Cool E-16 to 60°C and cut off coil water. 

Check that P-12 is ready to receive a batch. 

(m) Jet 150 gallons into P-12. Use P-12 liquid level for this 
measurement. 

(n) Repeat batch evaporation procedure. 
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APPENDIX No. 2-e 

ZIRCONIUM-NIOBIUM PRECIPITATION PROCEDURE (CODE Zr-l) 

Ce_nt~~"~ation of Inso~uble Zr-Nb-SJ P~~ciJ?~~~:~e" 

1. Chemical Make-Up 

(a) 1.0 gallon 19 M NaOH for dissolving. 

(b) 1.0 gallon 60% ENO, for dissolving every fifth batch. 

2. Precipitation Operation 

. (a) Check that all jet and service valves to precipitator are closed. 

(b) Check that precipitator is empty and has 6 to 8 inches of off gas. 

(c) Turn on contact microphone and process water to jacket. 

• j', ,.f 

(d) Jet 150 gallons from E-16 to precipitator. Do not exceed a maximum 
of 150 gallons in precipitator. When liquid level reaches 20%, 
turn on agitator • 

!",:o 

(e) Record ,precipitator volume with agitator off. 

(f) If sample is requested, turn on agitator and sample solution. 
Code Zr-l. 

(g) Cool P-12 to 'O°C. 

'3. Centrifugation Operation 

(a) When temperature reaches ,OoC, start centrifugation oper.ation. 

(b) Continue cooling P-12 during the centrifugation operation until 
the temperature reaches 20°C, then cut off jacket water. 

(c) Check that hold-up tank is empty and all service valves are closed. 

(d) Check that all valves servicing the centrifuge are closed. 

(e) , Place skimmer arm in "out" position. 

(f) Turn on D.C. brake switch to the centrifuge. 

(g) Turn on oil pump to the bearings. Check centrifuge oil supply 
tank level. 

;" (h) Turn on the contact microphone. 

(i) Turn on the centrifuge motor. 

(j) When the tachometer reaches 1750 RPM, turn on control jet from the 
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,::;~':': precipitator to the centrifuge, adjust the steam pressure regul.ator 
to give a flow of 1.0 gallon per minute to the centrifuge. ' 

(k) Check the following every 30 minutes: 

1. Oil pump operating. 
2. Oil supply level. 
3. Centrifuge motor temperature. 
4. Control jet flow rate. 
5. P-12 temperature is 20°C to 30°C. 

(1) When liquid level reaches 10%, turn off agitator. 

(m) When the precipitator is empty, add two 5-gal10n water washes to 
precipitator and centrifuge. Turn off the control jet. 

(n) Turn off the precipitator jacket water. 

(0) Slowly skim to Notch 7 on centrifuge. Skimming sh9u1d be done 
over a period of 5 minutes. 

(p) When skimming is finished, place skimmer arm in "out" position. 

(q) Turnoff .centrifuge motor. 

(r) Record the number of batches collected in centrifuge bowl. 

4. ~r~_-Si Precipitate Disso1vi~ 

(a) Add 5.0 gallons of 4.0 N NaOH to centrifuge. (Make-up: add 
1 gallon of 19 M NaOH to centrifuge. Then add 4.0 gallons of 
water.) 

(b) 

(c) 

(d) 

(e) 

Turn,on steam to centrifuge coil by setting the steam controller 
to 100 1bs./hr. of steam and heat to 85°C. 

Hold temperature between Bo°c and 85°C. 

Turn on D.C. brake switch and jog centrifuge to 1750 RPM, then 
turn it off. 

Repeat the jogging procedure every 30 minutes ,for 2 hour~ and 
check the following: 

1. steam rate. 
2. Solution temperature. 
3. Centrifuge motor temperature. 

(f) Turn off the steam to centrifuge by setting steam controller to 
o 1bs ./hr. 

(g) Turn on the process water to centrifuge cOil. 

(h) Cool solution to 60°C, then turn off the water to cOil. 

,:,: 
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: (i)' Check that F-12 is ready to receive solution and cooling water is 
on F-12; 

(j) Jet solution to designated fraction tank. 

(k) Add 3.0 gallons of water to centrifuge. 

(1) Turn on D.C. brake'switch and jog centrifuge to 1750 RPM, then 
turn it off. ' 

(m) Jet solution to designated fraction tank. 

(n) Repeat steps (k) through (m). 

5. Every Fifth Batch do a Nitric Dissolving in G-12 

(a) Add 1.0 gallon 60% HN03 and 5.0 gallons of water to G-12. 

(b) Turn on steam to centrifuge coil by setting steam controller to 
100 lbs./hr. of st~am and heat to 85°C. 

(c)' Hold temperature between 80°C and 85°C. 

;., ,./.:~ (d) Turn on D.C. brake switch and jog centrifuge: to 17~P RFM, then 
turn it off. 

:t';" ,; .~~ 

'., "I 

,',I.' 

(e) Repeat the jogging procedure every 30 minutes fOr 2 hours and check 
the following: 

1. steam rate. 
2. Solution temperature. 
3. Centrifuge motor temperature. 

(f) . Turn off the steam to centrifuge by setting the steam controller 
to 0 Ibs ./hr. 

(g) Turn on the process water to centrifuge coil. 

(h) Cool solution to 60°C, then turn off the water to coil. 

(i) Check that designated fraction tank is ready to receive solution. 

(j) Jet solution to designated fraction tank. 

(k) Add 3.0 gallons of water to centrifuge. 

(1) Turn on D.C. brake switch and jog centrifuge to 1750 RPM, then 
turn, it off. 

(m) Jet solution to designated fraction tank. 

(n) Jet F-12 to S-122 every fifth batch. 
!, 
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AP~~DlNO_~ 

IRON-RUTHENIUM PRECIPITATION PROCEDURE 

Ga~~_!,!!!.:; ._~~(;l.<:"~J?_:f:.~_a.t l.0~_~rJ'::l_ R'1~.I~ .. ~.:r._~_~.cL~ 

1. ,Chemical Make-up 

(a) 29 gallons 19 M NaOH- in M-2:;1 tank. 

(b) NH:; cylinder on line. 

(c) :; gallons 60% HNO:; for dissolving precipitate. 

2. Precipitation Operation 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(~) 

Check that all jet and service valves to precipitator are closed. 

Check that precipitator is empty and has 6 to 8 inches of off gas. 

Turn on contact microphone, agitator and process water to jacket •. 

Jet 125 gallons from F-112l to precipitator. Do not exceed a 
maximum of 125 gallons in precipitator. 

Record precipitator vo+ume with the agitator off. 

Turn on agitator and sample solution. Code 
rush acid normality. 

Ru2S. Have lab 

Check that the process water is on to ,the precipitator jacket., 
Adjust precipitator solution to 0.2 N acid by the slow addition 
of 19 M NaOH. Watch off gas! Hold temperature at ~C . 

NOTE: Sample solution at the end of NaOH addition and check 
for color. The solution should have nO reddis'tl-brown 
precipitate or color. If solution is colored, add 2 
gallons of 60% HNO:; and digest at 90°C until reddish
brown color has disappeared. Repeat step (g) and 
check supervision for volume problems in following 
operations. 

(h) Record the total volume of 19 M NaOH added to the precipitator. 

(1) Rinse solution addition line with 2 liters of water. 

(j) Heat precipitator to 90°C ~2°C. 

(k) Turn .on NH; gas flow to precipitator at 1.0 cfm and hold xem
perature at 90°C ~2°C for :;0 minutes. 

(1) Adjust pH probes with buffer solutions. 

(m) Sample solution with" cooling water on sampler jacket. Check pH 
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of solution period:icallyuntil it reaches 0.8. Reduce NH3 
flow to 0.5 cfm. 

(n) When pH reaches ~, cut NH3 flow to 0.2 cfm and sample solu-
tion every 5 minutes until pH reaches 2.5. . 

(0) When pH is 2.5, immediately turn off NH3 gas flow. Check final 
pH and record. pH should be 2.5 to 3.0. 

(p) Determine precipitate volume on final sample and record. If 
precipitate volume is greater than 5.0 gallons, check supervision. 
If Rul A and Rul B samples are requested, take at this 
pOint. . 

(q) Cool solution to 30°C. 

3. Centrifugation Operation 

(a) Adjust the steam pressure supplying the control jet to give a 
flow of 1.0 to 1. 3 gallons per minute to the centrifuge. 

(b) Check that the hold-up tank is empty and all service valves are 
,,' closed • 
. ~~ 

.. (i' (c) Check that all. valves servicing .the centrifuge are closed. 

(d) Place skimmer arm in "out" position. 

(e) Turn on the D.C. brake switch to the centrifuge. 

(f) Turn on the oil pump to the bearings. Check the centrifuge oil. 
supply tank level. 

(g) Turn on the contact microphone. 

(h) Turn on the centrifuge motor. 

(i) When the tachometer reaches 1750 RPM, turn on the control jet from 
the precipitator to the centrifuge. 

(j) Check the following every 15 minutes: 

1. Oil pump operating. 
2. Oil supply level. 
3. Centrifuge motor temperature. 
4. Control jet flow rate. 

(k) , When the precipitator is empty, add two 5-gallon water washes to 
P-34 and centrifuge. Turn off the control jet. . 

(I) Turn off the agitator and jacket water. 

em) Slowly skim. to Notch 7 on the centrifuge. Skimming should be 
. done over a period of 5 minutes. . 

• 
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(n) When skimming is finished, place the skimmer arm in "out" position. 

(0) Turn off centrifuge motor. 

(p) Record the number of batches collected in centrifuge bowl. 

4. Iron-Ruthen!:!:lID . .Rre~ipitate Dissolving 

(a) Add 6.0 gallons of 8.0 N HN03 :(tnitric acid) to centJ;'ifuge. (Make-up: 
add 3.5 gallons of 60% HN03 to centrifuge. Then add 2.5 gallons 
of' water.) 

(b) Turn on the steam to centrifuge coil by setting the st~am controller 
to 100 Ibs/hr. of steam and heat to 85°C. 

(c) Hold temperature between 80°C and 85°C. 

(d) Turn on D.C. brake switch and jog centrifuge to 1750 RPM, then 
turn it off. 

(e) Repeat the jogging procedure every 30 minutes f'or 4 hours and check 
the following: 

(f) 

1. Steam rate. 
2. solution temperature. 
3 •. centrifuge motor temperature. 

Turn off the steam to centrifuge by setting the steam controller 
to O.lbs./hr. 

(g) Turn on the process water to centrifuge coil. 

(h) Cool solution to 60°C, then turn off the water to coil 

(i) Check that F-34 is ready to receive solution. 

(j) Jet solution to designated fraction tank. 

(k) Add 3.0 gallons of water to centrifuge. 

(1) Turn on D.C~ brake switch and jog centrifuge to 1750 RPM, then 
turn it off. 

(m) Jet solution to designated fraction tank. 

(n) Repeat Steps (k) through (m) 

: .... ,. ,.~-, 
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.~NDIX NO .. 2.:£L 

RARE EARTH PRECIPITATION PROCEDURE 

Gaseous NH3 Precipitation of R.E.'s 

1. Chemical Make:!!p._ 

(a) . NH3 cylinder on line. 

(b) 6.0 gallons 5 N HN03 for dissolving precipitate. 

2 • gperat.io~ .. _ 

(a) Check that all jet and service valves to precipitator are closed. 

(b) Check that precipitator is empty and has 6 to 8 inches of off gas. 

(c) Jet Ru-2 centrifugate from hold-up tank to RE-2 precipitator. 

(d) Turn on precipitator, contact microphone and agitator .. 

(e) With agitator off, record volume on data card. 

,. (f) Turn on precipitator agitator and sample solution. Code RE-2 .. 
. :".) ,;", 

(g) Turn on steam to jacket and heat to 90°C. 

. ~. ":-/' (h) Turn on NH3 gas flow to < 0.2 cfm and hold at 90°C +2°C . 

(i) Adjust pH probes with buffer solutions. 
~ 

(j) Sample solution with cooling water on sampler jacket. Check the 
solution periodically for a ~hite precipitate. 

(k) After pH of 7.0 is obtained, raise NH3 flow to 0.5 cfm and cool 
solution to 70°C ~ 2°C. . 

(1) Sample solution with cooling water on the'sampler jacket. Check 
the pH of the solution periodically until a pH of 8.5 to 9.0 is 
reached. Record final pH on data card. 

(m) When final pH is reached, immediately cut off NH3 flow and cool 
solution to 20°C. 

(n) Determine the final precipitate volume and record on data card. 
:: ; If precipitate is greater than 5.0 gallons, check supervision. 

If REl A and REl B samples are requested, take at this 
pOint. 

(0) NOTE: As soon as solution reaches 30°C, proceed immediately to 
centrifugation step. Do not allow the slurry to remain in the 
precipitator any length of time, due to the formation of carbon
ates which will precipitate strontium. 

" 
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3. Centrifugation of Rare Earth Precipitat~_ 

(a) Adjust the steam pressure supplying the control Jet to the centri
fuge to give 1.0 - 1.3 gallons per minute. 

(b) Check that hold-up tank is empty and that all service valves 
are closed. 

(c) Check that all valves servicing the centrifuge are closed. 

(d) Set centrifuge skimmer in the "out" position. 

(e) Turn on the D.C. brake switch. 

(f) Turn on the oil pump to centrifuge bearings. Check the centrifuge 
oil supply tank level. 

(g) Turn on centrifuge contact microphone. 

(h) Turn on centrifuge motor. 

(i) When tachometer reaches 1750 RPM, turn on the control jet from 
precipitator to centrifuge and check the following every 15 minutes: 

1. Oil supply level. 
2. Oil pump operating. 
3. Centrifuge motor temperature. 
4. Control Jet flow rate. 

( J ) When the prec ipi tator is empty, turn off the control Jet to the J .. ~. ': , ,: 
centrifuge. 

(k) Turn off the precipitator agitator jacket water. 

(1) With centrifuge running, slowly skim to Notch 7. Skimming should 
be done over a period of 5 minutes. -

(m) When skimming is finished, place skimmer arm in "out" position. 

(n) Add 5.0 gallons of cold water to centrifuge. 

(0) Slowly skim the centrifuge to Notch I. Skimming should be done 
over a period of 5 minutes. 

(p) When skimming is finished, place skimmer arm in "out" position. 

(q) . Turn off centrifuge and record the number of batches collected 
in the bowl. 

4. Rare Earths Precipitate Dissolving 

(a) Add 6.0 gallons of 5.0 N HN03 (nitric acid) to centrifuge. (Make
up: . Add 2.0 gallons of 60 percent HN03 to centrituge. Then add 
4.0 gallons of water.) 

I· \ !:.! 
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(b) Turn on the steam to centrifuge coil by setting the steam COn
, troller to 100,lbs./hr. Qf steam and 'heat to 85°C. 

(c) Hold temperature between 80°C and 85°C. 

(d) Turn on D.C. brake switch and jog centrifuge to 1750 RPM, 
then turn it off. 

(e) Repeat the jogging procedure every ,0 minutes for 4 hours and 
check the following. ,(Incase of split batch, dissolve the first 
part for one hour.) 

(f) 

(8) 

(h) 

(li ) 

(j) 

(k) 

(1) 

1. steam rate. 
2. solutlontemperature. 
3. Centrifuge motor temperature. 

Turn off the steam to centrifuge by setting the steam controller 
to 0 lbs ./hr. 

Turn on the process water to centrifuge coil. 
- .' .' .' . 

Cool, solution to 60°C, then turn off the water to coil. 

Check that designated fraction tank is ready,to, receive solution • 

Jet solution to fraction tank, F-l021. 

Add 3.0 gallons of water to centrif~ge. 

Turn on D.C. brake switch and jog, centrifuge to 1150 RPM, then 
turn it off. 

(m) Jet solution to designated fraction tank. 

(n) Repeat steps (k) through (m). 

" I 
I 
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APPENDIX NO. 5-h 

STRONTIUM PRECIPITATION PROCEDURE 

Carbo~te Precipitation of Strontium 

1. Chemical Make-Up 

(a) 6.0 gallons 19 M NaOH (sodium hydroxide) 

(b) 7.0 lbs. Na2C03 (sodium carbonate) dissolved in 6.0 liters of 
water 

(c ) 6.0 gallons 1. ° N HN03 for dissolving precipi tate 

2. Qperation 

(a) 

(b) 

(c) 

(d) 

Check that all jet and service valves to precipitator are closed. 

Check that precipitator is empty and has 6 to 8 inche~ ,of offgas./;·' 

Jet RE-2 centrifugate from hold-up tank to Sr-2 precipitator~': 

Turn on contact microphone, agitator and process water to jacke~. 

(e) With agitator off, record volume on data card. 

(f) Turn on precipitator agitator and sample. Code Sr-2 

(g) Add 6.0 gallons of 19 M NaOH to the prec;i.pi tat or • 

(h) 

(i) 

Heat solution to 900C :!: 20C and digest for 1. 0 hour. 

When digestion is completed, check pH of solution~ 'Final pH 
should be 12. ° or greater. Add 19 M NaOH as necessary to r'each 
pH of 12.0~ Record final pH. 

(j) Add 7.0 pounds Na:2C03 dissolved in 6.0 liters of water. Flush 
sblution addition line with one liter water. 

(k) 

(1) 

(m) 

Digest solution at 90°C to 950 C fot 15 minutes. 
'-

,0 
Cool soluti~nto 30 C. 

If Srl A or Srl B samples are requested, take at 
this time. Record precipitate volume on data card. 

3. Centrifugation of Strontium Precipitate 

(a)' AdJust the steam pressuresuppiying the c;!ontrol jet tot:Q,e 
centrifuge to give 1.0 to 1.3ga.llons per minute. 



,l,"1 
, \' 

.. :', . 

······2~'6,~ 

(b) Check that hold-up tank is empty.and that all service valves 
are closed. 

(c) Check that all valves servicing the centrifuge are closed. 

(d) Set centrifuge skinnner in the "out tl posit:i.on. 

(e) Turn on the D.C. brake switch. 

(f) Turn on the oil pump to centrifuge bearings. Check the 
centrifuge oil supply tank level. 

(g) 

(h) 

(i) 

Turn on centrifuge contact microphone. 

Turn on centrifuge motor. 

When the tachometer reaches 1750 RPM, turn on the control jet 
fram the precipitator to the centrifUge and. check the following 
every 15 minutes: 

1. Oil pump operating 
2~ Oil supply level 
3~Centrifuge motor temperature 
4. Control jet- floW rate 
5. Check hold-up tank volume. 

Keep volume under 250 gallons. 

(j) When the precipitator is empty, turn off the control jet to the 
centrifuge • 

(k) Turn off the precipitator agitator and jacket water. 

(1) With the centrifuge running, slowly skim to Notch 7 on the 
centrifuge. Skimming should be done over a period of five 
minutes. 

(m) When Skimming is finished, place the skinnner arm in "out". 
position. 

(n)' Continue running centrifuge until the washes are completed. 

(0 ) 

(p) 

(q) 

Add five gallons of water to the centrifuge. 
I 

Five minutes after water addition, slowly skim to Notch 7 on 
centrifuge. Skimming should be done over a period of five 

.minutes. 
. . 

When skimming is finished', place skinnner arm in the'" out" 
position. 

(r) Record the number of batches collected in centrifuge bowl and 
turn off centrifuge .• 
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4. Strontium Precipitate Dissolving .. 

(a) Add 6.0 gallons of 1.0 N BN03 ~ni1?ric acid) to centrif'uge very 
slowly. (Make-Up: Add 5.0 gallons of water, then add 0.5 
gallons of 600/0 BN03 to centrifuge. Flush line with two liters 
water. 

(b) Turn on the steam to centrifuge coil by sett~ the steam con
troller to 100 lbs. /hr of steam and heat to 85 C •.. 

o . 0 
(c) Hold temperature between 80 C and 85 C. 

(d) Turn on D.C. brake switch and jog centrifuge to 1750 RPM; then 
turn it off. 

(e) Repeat the jogging procedure every 15 minutes for one hour and 
check the following: 

1. . Steam rate 
2. Solution temperature 
3. Centrii'uge motor temperature 

(f) TUrn off the steam to centrifuge by setting the steam controller .. to 0 lbs. /hr. , .. 

(g) Turn on the process water to centrifuge coil. 

(h) Cool solution to 60oc, then turn off the water to coiJ,.. 

(i) Check that deSignated fraction tank is ready to receive solution. 

(j) Jet solution to designated fraction tank (F-42l). 

(k) Add 3.0 gallons of water to centrifuge. 
, . 

(1) Turn on D.C. brake switch and jog centrifuge to ~7S0 RPM, then 
turn it off. 

(m) Jet solution to designated fraction tank. 

en) Repeat Steps (k) through (m). 

" {. 
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APPENDIX NO. 5-i 

TECHNETIUM PRECIPrI'ATION PROOEDURE 

Magnetite Precipitation of Technetium 

1. Chemical Make -Up 

2. 
< .... :-': 

, , 

~ .. ' 

(a) 5~0 gallons 60% HN0
3 

(nitric) 

(b) 1.0 pound Fe(N02})3 • 6 ~O (ferric nitrate) dissolved 
'liters hot water 

(c) 12.0 liters 42.5% hydrazine 

(d) 5.0 gallons 19 M NaOH (sodium hydroxide) 

(e) 6 gallons 8 N HN03 for dissolving precipitate 

Operation 

in 2.0 

.~ 
,(a) Check that all jet and service valves to precipitator are closed. 

(b) 

(c) 

(d) 

(e) 

(f) 

Check that precipitator is empty and has 6 to 8 inches of off gas. 

Jet solution from hold-up tank to precipitator. 

Turn on contact microphone and agitator. 

Heat solution to 60oc. 

NOTE: The following step will require close observation of 
the off gas due to the liberation of CO2 gas. 

Veri 'carefully add 5.0 gallons of 60% HN03 to the precipitator 
while holding the temperature at 600c and the off gas between 
6 to 8 inches. 

(g) Final solution should be 0.3 N acid. Check for acid pH. If 
> 1.0, add one gallon shots of HN03 until pH is < 1.0. 

(h) Record precipitator volume with the agitator off. 

(i) Turn on the agitator and sample the solution. Code Tc2. 

(j) Add 1.0 pound Fe(N03 )3 • 6 H2O (ferric nitrate) dissolved in 
two liters hot water. Flush solution addition line with two 
liters water. 

(k) Add 6.0 liters of 42.5% hydrazine. Flush solution addition 
line with two liters water. 

• 

.c 
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(1) Diges.t at 80oCfor 15 minutes • 

(m) Take a 10 milliliter sample for· iron precipitation test to 
determine that all the iron has been reduced. Note typical 
magnetite color. 

(n) 

(0) 

(p) 

~: Watch off gas closely on the following step. 

Add 5.0 gallons of 19 M NaOH (caustic) to precipi tao tor •.. Add 
the first 2.0 gallons slowly over a period of ten ~inutes. 
Add tlieremainder of the 19 M.NaOH (caustic) more rapidly 
over a period of five minutes. Check for pH of 12.0 • 

. -
Digest the solution for 45 minutes at 900 C. 

. a 
Cool solution. to 70 C. 

(q) Add 6 liters 42.5% hydrazine to precipitator. Flus~ solution 
addition line with two liters of water. 

(r) Digest at 700C for 15 minutes. 

(a.) Cool 'solution to 300C and .sample for precipitate vol'l.lIne. 
If A and B samples are requested, take at this 

.: time. 

"\ 

.1 

3. Magnetite-Technetium Precipitate .Centrifugation 

(a) Check that hold-up tank.is empty and that all service valves 
are closed. 

(b) Check that all valves servicing. the centrifuge are closed. 

(c ) Set centrifuge skimmer in the II out II position. 

(d) Turn on the D.C. brake switch. 

(e) Turn on the oil pump to centrif~e bearings. Check the ceiitrl~ 
fuge oil supply tank level. 

(f) Turn on centrifuge contact microphone. 

(g) Turn on centrifuge motor. 

(h) When the tachometer reaches 1750 RPM, turn on the control jet 
from the precipitator to the centrifuge and check the following 
every 15 minutes: 

L Oil; pump operation 
2. Oil supply level 
3~ . Centrifugemotorte~erature 
4. Control jet rate, G.P.M. 

:'~ 
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(i) When the precipitator is empty, turn off the control Jet. 

(j) Turn off the 'agitator and Jacket water. 

(k) Slowly skim to Notch 7 on the centrifuge. Skimming should be 
done over a period of 5 minutes. 

(1. ) When skiriuning is finished, place the skimmer arm in "out" 
position. 

(m) Continue running centrifuge until the water washes are com
pleted~ . 

(n) Add five gallons of water to centrifuge.: 

(o) Five minutes after water addition, slowly skim to Notch 7 on 
centrifuge. Skimming should be done over a period of 5 minutes. 

(p) When skimming is finished, place skimriler'armip. !tout" ,position. 

(q) Turn off centrifuge. 

4. Magnetite-Technetium Precipitate Disso1.v1ng 

(a) Add 6.0 gallons of 8.0 N HN03 (nitric acid) to centrifuge •. 
(Make-up: Add 2.5 gallons of water, then add 3.5 gallons of 
60~ HN03 very s1.ow1.y to centrifuge.) 

(b) Turn on the steam to centrifuge coil by setting the steam con
troller to 100 lbs./hr of steam and heat to 850C. 

(c ) Hold temperature between 800C and 850 C. 

(d) Turn on D.C. brake switch and jog centrifuge to 1.750 RPM~ then 
turn it off. 

(e) Repeat the jogging procedure every 30 minutes for four hours 
and check the fol1.owing: 

1. Steam rate 
2. Solution temperature 
3. Centrifuge motor temperature 

(f) Turn off the steam to the centrifuge coil by setting the steam 
controller to 0 1.bs./hr. 

(g) Turn on the process water to centrifuge coil. 

(h) Cool so1.ution to 600c, ,then turn off the water to coil. 

(i) Check that F-821 is ready to receive solution. 

(j) Jet solution to deSignated fraction tank. 

I" 
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(k) Add 3.0 gallons of "Water to centrifuge • 

(1) Turn on D.C. brake switch and jog centrifuge to 1750 RPM, 
then turn it off. 

(m) Jet solution to designated fraction tank. 

(n) Repeat Steps (k) through (m). 

5. Concentrate Waste Disposal 

(a) Jet H-.34 centrifugate to P-45 and sample solution. Code Tc2W. 

(b) Jet P-45 to S-324 to W-5. 
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APPENDIX NO. 5-j 

OXAIATE PRECIPITATION PROCEDURE - OXI 

Oxalate Precipitation of Rare Earths 

1. Chemical :Make -Up 

(a) Approx:l.ma.tely 15 gallons of 19 M C .Po NaOH •. (Titrate to 
0.1 N acid.) - . 

. . 

(b) Approximately 30 pounds oxalic acid. (Final solution to be 
0.15 M oxalic.) 

(c) 5.pounds NaN0
3 

added to oxalic acid. 

(d ) 6. 5 gallons 7 cY{o HN0
3

• 

(e) 80 milliliters of 80% Mo(N0
3

)2' 

:,2., Operation 

(a) Check that all jet and service valves to precipitator a.re. closed. 

(b) Check that precipitator is empty and has 6 to 8 inches of off gas. 

(c) Jet 100 gallons of solution from F-23 to precipitator P-34. 

(d) Record precipitator volume with the agitator off. 

(e) Turn on the agitator and' sample the solution. Code - Batch No. 
Oxalate No. (~ OXl). 

(f) Turn on contact microphone and agitator. 
, 0 

(g) Adjust solution teIr!Perature to 50 C. 

(h) If pH meter is not operating due to high radiation, titrate all 
samples with 1.0 M NaOH. 

(i) Very carefully add 7.0 gallons of 19 M C .P. NaOH to the precipi
tator while holding the temperature at 600C and the off gas be
tween 6 and 8 inches. Titrate solution to 0.5 M. 

(j) Heat solution to 80
0c. 

(k) Add 10 gallons oxalic a.cid - sodium nitrate solution. 

:Make-Up 

o 
1. Heat ~ gallons water to 80 c. 

2. Add 5 pounds NaN03 to water. 

, .. 
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(k) ~ont 'd) 

(1) 

3. Add 30 pounds oxalic acid to solution. 

4. Build. solution volume to ten gallons •. 

5. Immediately add solution to precipitator. 

o Immediately cool precipitator to 25 C. 

(m) Add 5.0 gallons 19 M C.P. NaOH. 

(n) Digest at 250C for one hour. Titrate solution during digestion as 
follows: 

Take 10 milliiiters of slurry. Centrifuge. Decant 
to clean tube. Add 1. 0 M NaOH, 1. 0 milliliter at a 
time until percent precipitate increases. Caleu,late 
normality. Adjust to 0.1 N free acid by adding one 
gallon of 19 M NaOH for eaEh 0.1 ! increment. 

(0) Sample for precipitate volume and if A and B samples are requested, 
take at this time. 

3. Rare Earth Oxalate Precipitate Centrifugation 

(a) Check that hold-up tank is empty and that all service valves are 
closed. 

(b) Check that all valves servicing the centrifuge are closed • 

(c) Set centrifUge skimmer in the "out" position. 

(d) Turn on the D.C. brake switch. 

(e ) Turn on the oil pump to centrifuge bearings • Check. the centri-
fuge oil supply tank level. 

(f) Turn on centrifuge contact microphone. 

(g) Turn on centrifuge motor. 

(h) When the tachometer reaches 1750 RPM, turn on the control .jet 
at 1.0 G.P.M. from the precipitator to the centrifuge and check 
the following every 30 minutes: . 

1. Oil pump operation 
2. Oil supply level . 
3~ Centrifuge motor. temperature 
4. Control jet rate, G.P.M • 

(i) When the liquid level reaches 10%, turn off agitator. 

(j) When the precipitator is empty; turn off the control jet.. 

(k) Turn off the agitator, jacket water and reflux condenser . 

,'" 
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(1) Slowly skim to Notch 8 on the centrifuge. Skimming should 
be done over a period of five minutes. 

(m) When skimming is finished, place the skimmer arm in "out lt 

position. . 

(n) continue running centrifuge until the 'Water 'Washes are com
pleted. 

(0) Add five gallons of 'Water to precipitator and jet to centri-
fuge. . 

(p) Five minutes after 'Water addition, slowly skim to Notch 8 
··on'centrifuge. Skimming should be done over a period of 

five minutes. Repeat Step (0) once. After last H20 'Wash, 
skim close to cake. Leave a niimhmum of three gallons in 
centrifuge bowl. 

(q) When skimming is finished, place skinuner arm in "out ll 

position. 

(r) Turn off· centrifuge. Transfer supernate from "HI! tank to 
tlpt! tank. Sample as OX1W and hold for analysis. 

,4. Rare Earth Oxalate Precipitate Dissolving 

(a) Add 80 milliliters of 80% Mn(N03 )2 to the centrifuge bowl .• 

(b) Add 6. ° gallons of 14.0 N HN03 to centrifuge •. 

(c) Turn on the steam to centrifuge coil by setting the steam cont 
troller to 100 lbs. /hr of steam and heat to 90OC. 

(d) Hold temperature between 850 C and 900 C. 

(e) Turn on D.C. brake switch and jog centrifuge to 1750 RPM, 
then turn it off. 

(f) Repeat the jogging procedure every 30 minutes for four pours 
and check the following: 

1. Steam rate 
2. Solution temperature 
3. Centrifuge motor temperature 

(g) Turn off the steam to the centrifuge coil by setting the steam 
controller to ° Ibs./hr. 

(h) Turn on the process 'Water to. centrifuge coil. 

(i) Cool solution to .200 C, then turn off the water to coil. 

(j) Check that H-89, Cell 9, is ready to receive solution. 
~ I .: ., t, : • 

(k) Jet solution to H-89. 

.. 
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(1) Add 3.0 gallons of water to centrifuge •. 

(m) Turn on D.C. brake switch a.nd jog centrifuge to 1750 RPM, 
then turn it off. 

(n) Jet solution to H-89_ 

(0) Repea.t Steps (1) through (n). 

:./ 
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APPENDIX NO. 5-k 

YTI'RIUM EXTRACTION PROCEDURE 

yttrium Extraction 

Chemical Make-U~ 

1. 1 gallons of 19 M NaOH (C.P. Grade) 

2. 26.4 liters of Amsco or Super'Sol 

3. 6.6 liters of D2EHPA 

4. 3.0 gallons 1 N HN03 

Operation 

1. 

2. 

Check that all jets and valves are closed on Tank H-89 and tank 
is ready to receive solution from G-34. ,Jet the acid ,solution 
from G-34 to H-89. 

Follow with a 5-gallon water rinse through G-34 to, H-89. 

3. Again add a 5.0 gallon water rinse to G-34 and jet to H-89. 

4. Check that all jets and valves are closed on Tank N-19 and tank 
is ready to receive solution from H-89. Jet solution from H-89 
to N-19. 

5. Cool N -19 to 30oc. 

6. Turn off agitator and record volume on data card. Assume 
specific gravity of 1.1. 

7. Turn on agitator and sample. Code Yl. 

8. Add 2.0 gallons of 19 M C.P. NaOH solution while controlling 
temperature below 50oC. Flush addition line with 2 liters of 
water. 

9. Agitate N-19 for 10 minutes and sample solution for acid' 
normality. Make titration,in Cell 19. Record acid normality 
on batch data card. 

10. Adjust acid normality to 1 N + 0.1 free acid by adding 500 ml 
of 19 M C.P. NaOH or 500 ml C:-P. HN03 for each ,0.1 above or 
below 1.0 N. Hold temperature at 20CC to 250C with water on 
jacket. Flush addition line with 2.0 liters of water after 
each NaOH addition. 

11. Add 6.6 liters of D2EHPA to N-19. 

... 
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12. Add 26.4 liters of Amsco to N-19 .. 

13. Agitate N-19 for 10 minutes at 20 to 250C. 

14. Turn off agitator and let settle for 10 minutes • . . . '. -, . 

15. Check R-79 that all jets are off and tank has been rinse~ 
and is ready to receive solution from N-19. 

16. Open valve from N-19 to R-79 ap.d. separE!-te aqueous phase from 
the organic by air lift flow of aqueous to R':'79.-' AqueoUs 
phEise contains all BE except yttrium. Regulate air flow to 
37.5% on air lift to give 3 gallons per minute. 

NOTE: When the organic phase reaches the short leg on 
interface, the alarm will sound and valve from N-19 . 
to R-79 will automatically close. 

17. When the alarm sounds, cut off hand switch. 

18. Check N-29 that all valves and jets are closed and tank ie; 
e~pty. . 

19. Jet the aqueous solution containing cerium and promethillnfronl' 
R-79 to N-29. 

20. Add 1. 5 'gallon portion of 1 N HN03 to N-19. Settle for 3 
minutes. 

21. Open valve from N-19 to R-79 and separate aqueous phase from 
the organic by regulating air flow to 37.5% on air lift to 
give a three gallon per minute flow. 

22. 

23. 

24. 

25. 

26. 

NOTE: When the organic phase reaches the short leg on 
interface, the alarm will sound and the valve from 
N-l9 to R-79 will automatically close_ 

When the alarm sounds, cut off hand switch. 

Check N-29 that all valves and jets are closed and tap.k is 
ready to receive the HN0

3 
rinse. 

Jet the aqueous solution from R-79 to N-29. 

Add 1.5 gallons of 1.0 N HN03 to N-19 and let it settle for 
three minutes. 

Open valve from N .. 19 to R-79 and separate aqueous phase from 
the organic by regulating air flow to 37.5% on air lift to 
give a three gallon per minute flow . 

NarE: When the organic phase reaches the short leg .on 
- interface, the alarm will sound and valve fromN~19 

to R-79 will,automatically close. 

~ 0' 'i:~ 
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When the alarm sounds, cut off hand switch. 

Check that N-29 is ready to receive the EN03 rinse. 

Jet the ENO rin'se :from R-79 to N-29. N-29 is now ready 
for the v6ldme reduction step of the Cerium Extraction 
Procedure. 

NarE: . Step B. 1 below can be done during the volume re-
duction step in N-29. . , 

B. Removal of Orga.nic Phase 

\:: 

1. Check R-29 that all valves and jets are off and tank is ready 
to receive organic y9l waste from N-19. 

2. Transfer the organic waste from N-19 to R-29. Regulate air 
flow to 50% on air lift. 

3. Add 35 gallons H2o to N-19 and agitate 5 minutes and transfer 
to R-29. Regulate air flow to 50% on air lift. 

NOTE: R-29 should haVe a liquid level of 40% by volume to 
primeU':'9l organic pump. This pump should not be 
run dry." The interlock will stop pump when liquid 
level reaches 5% by volume. 

4. Pump the organic y9l waste from R-29 to w-6., Check with super
visor. 

5. Follow organ~c with 50 gallons water wash to w-6. 

6. Continue with Ce144 Extraction Procedure. 

.. 

" 
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APPENDIX No. 5-1 

CERIUM EXTRACTION PROCEDURE 

A. Ce144 Extraction 
. . . 

I. Chemical Make-Up 

1. 

2. 

3· 

4. 

5· 

6. 

3 gallons of 19 M NaOH (C .P .. grade) 

10 liters of 1.0 M KMn04 (add 1580 grams of KMn04 and 60 ml of 
70% lIN03 to 10 liters of hot water, \ 65°C) 

16 gallons 2 N HN03 

33.0 liters Amsco 

9.9 1iters Amsco 

16.5 liters ~sco 

7. 6.6 1iters D2EHPA 

8. 10 liters 1 M citric acid 

9· 30 gallons 1 N lIN03 (dilute 15 gallons of 2 N HN03 with 15 gallonl;l . 
water) . 

10. 26.4 gallons 10 N HN03 

11. 3 liters 30% H202 

II. Operation 

~;: ."" 

.,1 

1. Record N-29 volume with agitator off. Assume specific gravity of 1.1 • 

. 2. Turn on N-29 agitator and heat solution to 95°C. \ 

3. Reduce N,..29 vo1ume to 90 liters, then cool to 25°C. 

4. With agitator on, sample N-29 solution for the lab. Code Cel. 

5 • Turn off N -29 agitator and record the volume on batch card.. . Assume 
a specific gravity of 1.1. 

6. Turn on agitator and sample N-29 solution for acid normality by 
titration in Cell 19. . 

N(1.I'E: If more than 8 hours time has elapsed since volutne reduction 
at 95°C', digest N-29 at 90°C for 2 hours and cqol to 25°C. 
If less than 8 hours time has elapsed, contihue with next 
step. 

7. Adjust acid norma1ity to 1 N + 0.05 free acid. Add 250 ml Of acid' 
or base for each. 0~05 change In normality. Rinse addition line 
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with two liters H20. Hold temperature at 20 to 25°C with water on 
jacket. 

B. Add 1.0 N RNO, to bring volume up to 100 liters. 

9· 

10. 

NOTE: Final volume of aqueous in N-29 should be 100 liters or 
26.4 gallons of 1 N free acid. 

Turn off agitator and record volume of aqueous solution in N-29 
on data card. Assume a specific gravity of 1.1. 

Make up 10 liters of 1 M KMn0L.' Add 15BO grams of KMn04 to 
10 liters of hot water. Acidify KMn04 solution with 60 ml of 
70% HNO,' 

NOTE; Operations have to proceed rapidly from step to step from 
-- this step on. 

11. Turn on agitator and jacket water on N-29. 

NOTE: SampleN-29 every 5 minutes before step 17. Place several. 
drops of aqueous solution (hO organic) on a piece of filter 
paper. The manganese dioxide (brown color) vill stay where 

,:,the.'drops' ~of'sol1.itionhi tithe filter paper. ,'TlheFlsolution 
will soak outward from this spot on the filter paper. If 
there is an excess of KMn04' a light pink color will be 
observed. Add 1.0 liter of 1 M KMn04 at a time as needed 
to keep a slight pink color. Record on batch card the 
total volume of extra 1 M KMn04 added. Wash each liter 
KMn04with 1.0 liter 2 N HNO,. 

17. At end of digestion period, immediately add 16.5 liters of Amsco 
and agitate 15 minutes fr9m time of last Amsco addition. Also 
see above note in regard to maintaining colo!'. 

lB. At end of digestion period, immediately add 5 liters of 1 M citric 
acid to N-29. (2100 grams of citric acid in 10 liters H20.) 

NOTE: If extra KMn04 was used, add an extra liter of 1 M citric 
acid for each extra liter of 1 M KMn04 used to keep pink 
color. 

19. Agitate 10 minutes after addition of citric acid. 

20. ,TUrn.' orf agitator' and iet settle for 10 minutes. ' 
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21. Check R-79 that ,all jets are off and tank is ready to receive 
solution from N-29. . 

22. Open valve. from N-29 to R-79 and separate aqueous phas~ from the 
organic by air lift flow of aqueous to R-19. Regulate air flow 
to 37.5% to air lift to give about 3 gallons/minute. 

NOTE: When the organic phase reaches the short leg on the inter
face~ the alarm will so~d and valve from N-29 to R-19 
will automatically close. 

23. When the alarm sounds, cut off hand switch. 

24. Check N-19 that all valves and jets are closed and tank is empty 
and ready to receive solution from R-79. 

25. Jet the aqueous solution containing promethium from R-79 to N-19 
and hold. . 

26. Add 1.5 gallons of 1.0 N RNO,- to N-29 and settle 3 minutes. 

27. Open valve from N-29 to R-79 and separate aqueous phase from the 
organic by air lift flow of aqueous to R-79. Regulate air flow,' 
to 37.5% to air lift to give a flow of 3.0 gallons/minute. 

NOTE: 

.... ~" 

When the organic phase reaches the short leg On the inter
face, the alarm will sound and valve from N-29 to R-79 will 
automatically close . 

28. When alarm sounds, cut off hand switch. 

29. Jet the aqueous solution from R-79 to N-19 and hold. 

30. Add 1.5 gallons of 1.0 N RN03 to N -29 and settle thre.e minutes. 

31. Open valve from N-29 to R-79 and separate aqueous phase from the 
organic by air ltft flow of aqueous to R-79. Re~late airflow to 
37.5% to air lift to give a flow of 3.0 gallons/minute. 

NOTE: When the organic phase reaches the short leg on the inter
face, the alarm will sound and valve from N-29 to R-79 will 
automatically close. 

32. When the alarm sounds, cut off hand switch. 

33. Jet the aqueous solution from R-79 toN-19 and hold for the 
Silica Manganese and Nickel Removal Procedure~ 

B. Acid Rinse of Organic Phase 

'.1. Add 26.5 gallons of 10 N HN03 to N-29. 

2. Agitate solution in N-29 for 10 minutes at 25°C. 

3. Cut off agitator arid let settle for 10 minutes. 

-.j;.;'., 
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4. Check R-79 that all jets are off ahd tank is ready to receive 
solution from N-29. 

5. 

6. 

7· 

8. 

9· 

Open valve fromN-29 to R-79 and separate aqueous phase from 
organic. Regulate air flow to 37.5% to air lift to give 

N 3 gallons/minute. 

NOTE: When the organic phase reaches the short leg on inter
face instrument, the alarm will sound and valve from 
N-29 to R-79 will automatically close. Also close hand 
switch. 

Check R-39 that all jets and valves are closed and tank is empty. 

Jet acid rinse from R-79 to R-39. 

Add 2.5 gallons of 1 N HN0
3 

to N-29~ 

Open valve from N-29 to R-79 and separate aqueous phase from 
organic. Regulate air flow at 37.5% to air lift to give a flow 

·of 3 gallons/minute. 

NOTE: When the organic phase reaches the short leg on interface 
-:;--- instrument, the alarm will sound and valve from N-29 to 

R-79 will automatically close. When the alarm sounds, 
cut off the hand switch. 

10. Jet the acid rinse from R-79 to R-39. 

11. Add 2.5 gallons of 1.0 N HN03 to N-29. 

12. Open valve from N-29 to R-79 and separate aqueous phase from 
organic. Regulate air flow at 37.5% to air lift to give a flow 
of 3 gallons/minute. 

NOTE: When the organic phase reaches the short leg on interface 
instrument, the alarm will sound and valve from N-29 to 
R-79 will automatically close. When the alarm sounds, 
cut off the hand switch. 

13. Jet the acid rinse from R-79 to R-39 and agitate. 

14. Sample R-39 for the lab. Code Celw . 

. 15(.;' • .ltCut"offR-39 agitator· .and:then:rec.ord R-39·volume oilthe"!batch: 
data card and assume a specific gravity of 1.1. 

16. Jet R-39 solution to w-6. 

C. Re-Extract Ce144 from Organ~E __ Ph~s~ 

1. Add 33.0 liters of .Amsco to. N-.29. 

2. Add 8 gallons of 2 N HNO to N-29. Read step 3. .. . ... 3 . .. 

-e· 

" . 

.w 
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3. Add 3 lit,ers H202 cpnclll"re~tly .,with the acid .solution. 

4. Agitate N~29f'or lP, ~intitesat 2'5°C'. 

5. Cut of'f' agitator and let settle f'or :io minutes. 

6.' Check R-79 that all jets are of'f' and tank is empty andre'ady to 
receive the Ce144 f'raction. 

7. Open valve from N-29 to R-79 and separate the aqueous f'rom organic 
by air lif't to R-79. Regulate air f'low to 37.5% to give,., 3 gallons/ 
minute. . 

NOTE: When the organic reaches the interf'ace probe, the alarm 
will sound and valve from N-29 to R-79 will close auto
matically. Also close hand switch. 

8. Check H-51l in Cell 11 that all valves and jets are closed. , 

9. Check that H-511 is empty and ready to receive the Ce144 solution 
f'rom R-79. 

10. Jet R·79 to H-5ll. 

11. Add 1.5 gallons of' 1 N RN03 to N-29 • 

12. Open valve f'rom N-29 to R-79 and separate the aqueous fro~ organic 

13. 

14. 

15. 

by air lift to R-79. Regulate air f'low to 37.5% to give a 3-gallon~" 
per-minute f'low • 

NOTE: When the organic reaches the interf'ace probe, the alarm 
will sound and valve f'rom N-29 to R-79 will close auto
matically. Also close the hand switch when the alarm 
sounds. 

Jet R-79 to H-51l. 

Add 1.5 gallons of' 1 N RN03 to N-29. 

Open valve f'rom N-29 to R-79 and separate the aqueous from organic 
by air lif't to R-79. Regulate air flow to 37.5% to give a '3-gallon
.per-minute flow. 

NOTE: When the organic reaches the interf'ace probe, the alarm 
will sound and valve f'rom N-29 to R-79 w~ll clos~ auto
matically. Also close the hand switch. 

16. Jet R-79 to H-5ll which is now ready for Cell 11 :Brocedure. 

17. Open valve f'rom N-29 to R-29 and transfer to organic w~ste to 
R-29 by regulating the air flow to 5010 on air lift • 

".' ,18. Add 36 gallons H2O to N-29 and agitate 5 minutes. 

19. Transfer solution from N-29 to R-29. 
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, () . NOTE: R";2 9' should have a liquid level of 40% by volume,' to 
prime U-91 organic pump. ,This pump should not be run 
dry. The interlock will stop pump when' liquid level 
reaches 5~ by volume. Cut off starter switch. 

20. Pump the organic waste from R -29 to w -6 . Check wi thsupe:rvbor. 

21. Follow the organic with a 50-gallon water wash. 

.' 
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APPENDIX NO. 5-m 

SILICA, MANGANESE AND NICKEL REMOVAL PROCEDURE 

I. Chemical Make-Up 

i. ~ gallons of 19 M NaOH (C.P. grade) 

2. 19.8 liters of Amsco 

3. 13.2 li:ters of D2EHPA 

4. Dilute acid rinse. Add 2 ml of 16 N EN03 to 4 liters of water. 

5. 133 liters of 2 N RN03 
6. 33 liters of Amsco. 

II. Operation 

A. Promethium Extraction of Feed 

1. Reduce volume in N-19 to 80 liters by heating to 95°C. 

2. When volume in N-19 is 80 liters, cool to 250C. 

3. Add 4.0 liters of 19.0 M C.P. NaOH to N-19 and follow with a 
2-liter H20 rinse. 

4. Titrate sample for acid normality. 

5. Adjust acid normality to O.lN by adding 500 ml of 19 M NaOH 
or 500 ml of 16 N RNO~ for each 0.1 N to be raised or lowered 
and follow each additl.on with a 2.0 liter H20 wash. 

6. Adjust pH to 1.6' to'2.3 by adding 125 ml'increments of 19.0 M 
C.P. NaOH; follow each addition with a 2.0 liter water rinse. 

7. Record final pH on the batch data card. 

8. Add 13.2 liters of D2EHPA. 

9. Add 19.8 liters of Amsco. 

10. Agitate for ten minutes. 

NOl'E: After a 9-minute agitation period, Jet sample to 
Cell 19 for examination. If phases do not separate 
satisfactorily in 10 minutes in the sample tube, 
check, with supe,rvisor. 

11. Turn off agitator arid settie for ten minutes. 



.. ~ .. 
12. Take sample in Cell 19. 

NOTE : The organic liquid may cause pH meter trouble. 
Attempt to separate at least most of the organic 
liquid from the aqueous before checking the pH 
of the aqueous liquid. 

13. Check pH of solution •. 

14. AdjUst pH to 1.6 to 2.3 by adding 125 mi increments of 19 M 
C.P. NaOH; follow each with a 2.0 liter water rinse. 

15. Agitate N-19 for ten minutes. 

16. Let settle for ten minutes. 

17. Take sample in Cell 19 •. 

NorE: Tbe organic liquid may cause pH meter trouble. 
Attempt to separate at least most of the organic 
liquldfrom the aqueous before checking the pH 
of the aqueous liquid. . 

18. Check pH of solution. 

19. Adjust pH to 1.6 to 2~ 3 by adding 125 m1 increments of C .P. 
19 M NaOH until the pH remains at 1.6 to 2.3. Followeach 
NaOH addition with 2.0 liter water rinse. 

20. When pH is in range of 1.6 to 2.3, continue with procedure •. 

21. Check R-79 to be sure that all jets are off and tank is ready 
. to receive solution from N-19. 

NOTE: Proceed only after a ten minute settling period in 
- N -19 after the last sample has been taken. 

22. Qpen valve from N-19 to R-79 and separate aqueous phase from 
the organic by air lift flow of aqueous to R-79. Regulate 
air flow to 37.5% to air lift to give about three gallons per 
minute of solution. 

NorE : When the organic phase reaches the short leg on the 
interface, the alarm will sound and valve from N-19· 
to R-79 will close automatically. 

23. When the alarm sounds, cut off hand switch. 

24. Jet solution from R-79 to R-39 .. 

NorE: At this time the feed material in R-39 has the 
- promethium product removed from it and the organic 

solution contains the promethium product~ 

," 

. 

.; 
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25. Sample solution in R-39 for the lab. Code SilW. 
. .' .' . , " .,' 

26. Jet R-39 solution to w-6. 

27. Add 50 liters of 2 N nitric acid to N-19. 

28. Add 33 li~ers of .Amsco to N-19. 

29. Agitate N-19 for 15 minutes. 

30. Turn off a.gitator and settle for ten mimites. 

31. Check R-79 that all jets are 01'1' and tank is·ready for solution 
from N-19. . . 

32. Open valve from N-19 to R-79·a.nd separate aqueous phase"from the 
organic by aIr lift flow of aqueous to R-79. Regulate a;l..r flow 
to 37.5% to air lift to give about three gallons per minute flow 
of solution. 

NarE: When the organic phase reaches the short leg on the 
interface, the alarm will soUnd and valve from N~19 
to R-79 Will close automatically. When alarm sounds, 
cut 01'1' hand switch. 

33. Check that all valves to F-2 and p-89 are closed and p-89 has 
off gas. 

34. Pressurize the bottom of F-2 filter with air regulator at 5 psi 
and valve 10933 open. . 

35. Jet R-79 to p-89. 

36. Add 50 liters of 2 N nitric acid to N-19. 

37. Add 33 liters of Amsco to N-19. 

38. Agitate N-19 for 15 minutes. 

39. T\.u"n off agitator and settle for ten minutes. 

40. Check R-79 that all jets are off and tank is ready for solution 
from N-19. 

41. Open valve from N -19 to' R-79 and separate aqueous phase from the 
organic by air flow of aqueous to R-79 •. Regulate air flow to 
37.510 to·air lift to give about three gallons per minute flow of 
soluti'on. 

NarE : When the organic phase reaches short leg on interface, 
the alarm will sound and valve from N-19 to R-79 will 
close automatically. 

42. When the alarm sounds, cut off hand switch. 

'{I 
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43. Jet R-79 solution to p-89 which is now ready for the Promethium 

Oxalate Procedure. . 

B. Organic Removal Procedure 

.... ,:::'; 

" 

1. Open valve from N-19 to' R-29 and transfer theorganic-wa.steto 
R-29 by regulating the air flow to 50%?n the air lift. 

2. Add 36 gallons of water to N-19 and agitatef1ve minutes and 
then transfer to R-29 •. R-29 should have a liquid level of 40% 
byvolume to prime U-9l organic pump. This pump should not run 
dry, The .interlock Will stop pump when liquid level reaches 5% 
by volume. Cut off starter switch. 

3. Pump the organic waste from R-29 to w-6. Check With supervisor. 

4. ,Follow organic with 50-gallon water wash • 

.. 

, .. 



I 

.. -,It' 

-89-

APPENDIX NO.5::!! 

PROMETHIUM PRECIPITATION PROCED'{J'RE 

A. Pm Ox Precipitation Procedure in p-B9 

I. Chemical Make -UR 

1. 3.0 gallons 19 M NaOH(C .P. grade) 

2. 4 liters-I.B M oxalic acid (one-half pound per liter) 

3~ ~ liters of 7 N RN0
3 

4. ~milliliters BO% Mn(N0
3

)2.· 6H20 

II. operation 

1. Agitate solution in P-B9 for 5 minutes and record volume with 
agitator off. 

2. Sample p-B9 for the l.a.b. Code OX2. 

3. Turn on p-89 agitator and adjust the solution to 0.25 to 0~30 N 
free acid by adding 500 m1 of 16 N RN03 or 500 m1 19 MC;.P~ 
NEiOH for each 0.1 Nto be raised or lowered. while holding: the 
temperature at 20 to 300 C and off gas between 6 to 8 inches. 

4. Heat p-B9 to 800c. 

NOl'E: Read Steps 5 and 6 before proceeding with 5. (Make:-up II 

two pounds of oxalic acid in 4 liters of hot w.ter" 
Boac ). 

5. Add 2 liters' of' oxalic. acid to p-B9. Follow oxalic acid~ with, 
2 liters ~O. 

6. Cool p-B9 solution IOoC every 10 minutes until temperature: reaches, 
4oOC. When solution reaches 40°C, add 2 literEil of oxalic'. acid!. 
Then continuecooliilg and agitation for 1. 5 hours. Test for com-· 
plete precipitation. 

~st for Complete Precipitation 

Take a ten milliliter sample and' centrifuge. Pour the:' supernate 
into a clean centrifuge tUbe.' Add one milliliter' ot' saturated'. 
oxalic acid solution and stir. Centrifuge.. If no precipitate. 
is formed,. the rare earth oxalate precipitation is compIete'~. If' 
a white precipitate forms, add 10 milliliters. of water. to;precipi,.., 
tate and' stir to dissolve.- Centrifuge. If this precipitate.' 
dissolves, it is sodium oxalate. Only the promethium O:xEl.1ate 
appears green in the cell and is an indication of an' incomplete' 
preCipitation. If the precipitation is not complete, add two 

. ),' 
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6. (Cont fd) 

liters of oxalic acid to p':'89.· (Make up one pound of oxalic acid 
in two liters of hot water.) Digest for one hour and then repeat 
test. 

7. Cut off air pressure to F-2 by closing valve 10933 and set air 
regulator to 5 psi. 

8. Check that R-39 is empty and is ready to receive the filtrate· from 
F-2. 

9 •. start vacuum jet, and open valve from F-2 to vacuum jet. Open 
valve from p-89 to F-2. 

10. Filter out the Pm Ox precipitate in F-2. 

11. ,Cut off p-89 agitator when liquid level reading is approximately 
20% by volume. . 

12. Record filtration rate. 

NOI'E: Volume of R-39 during filtration. The jet dilution may 
overfill tank. 

NOI'E : Continue vacuum jet according to instrllctions from super
Vision. This will be determined on filtration rate. F-2 
has approximately 2-3/4 gallons hold-up •. 

13. After filtration is finished, rinse P-89 with -water spray; two 
2-minute portions. 

NOTE: Flow rate on p-89 water spray ms approximately 0.8 
gallons per minute. 

14. Continue vacuum jet for calculated time on each of the water rinses 
from p-89. 

NOI'E: It is essential that no liquid remain in F-2 before Step 15. 
Let vacuum jet run 15 minutes' or 20% of total fi1.tration 
time whichever is the longer after F-2 should be dry. 

15. Cut off vacuum jet to R-39 and close valve from F-2 to vacuum jet. 
Also close valve from p~89 to F-2. 

16. Record-R-39 volume and sample filtrate in R-39. Code OX2W. 

17 •. Jet R-39 solution to w-6 tank. 

18. Add 50 gallons of water to R-39, then jet R-39 to w-6. 
\. 
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B. Pm Ox Precipitate Dissolving inF-2 

1. Check all valves to and ~rom F-2 to see that they are closed. 

2. Open ot~-gas Valve ~om F-2to P-89, o~~ gas c~ndenser~O and 
p-89 jacket water. 

NOTE: Do not close off-gas valve during dissolving of Pm ax 
in F-2. ' . 

3. Pressuriz.e the bottom o~ F-2 ~ilter to 8 inches o~ ~O by opening 
valve on air line and pressure regulator valve to 0.3 pound on 
panelboard. 

4. 

NOTE: - Air pressure is to be maintained on the bottom side o~ 
F-2 during dissolving of precipitate. This is ~o 
prevent acid, ~rom leaking through ~ilter. 

Add 5 gallons o~ 16 N ENO with 15 milliliters o~ 8cYfo Mn(N03)2 • 6 
H20 to p-89. Open valve trom p-89 to F-2 to drain acid solution 
to F-2. 

NOl'E: When samplingF-2, leave jet open only a minimum time 
to get sample. 

5. Leave valve open from p-89 to F-2 after acid has drained to F-2. 
• , I • 

6 0' • Heat F-2 to 95 C and digest ~or ~our hours. 

7. Cool F-2 to 250C. 

8. I~ requested, sample F-2. Solution Code PMl. 

9. Record F-2 volume on data card. This volume can be obtained by 
reading p-89 liquid level and ,getting the volume ~rom F-2 
calibration. 

10. Trans~er product from F-2 to product carrier in Cell 15. 

C. Product Trans~er Procedure to Cell No. 15 

1. Cap o~~ long leg o~ product carrier • 

NOTE: Make up aOO rubber stopper with a hole in bottom to 
prevent valve from ~ening when placed in Snaptite on 
long leg o~ product carrier. 

2. Place promethium carrier in ten-ton dolly in Cell 15. 

3. Connect Snaptite ~itting on short leg o~ carrier ~rom Cell 9. 

4. Connect Snaptite ~ittiOg on short leg o~ carrier ~rom Cell 15 
to P-45, P-12 and E-16, jet No. J56-l. 

. .:' .~ 
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5. Check that p-45 is empty and will not be.in operation for approxi
mately 3 to 4 hours. 

6. Open valve in Cell 15 on suction side of Jet J56-l. 

7. Open valve on discharge of J56-l to P-45. 

8. Close valve on air line to bottom of F-2 and set pressure regulator 
to O. 

9. 

10. 

ll. 

12. 

13. 

14. 

Open valve fr.om F-2 to Cell 15 on Panelboard, 4. 

Open manipulator operated valve in Cell 15 from F-2. 

Turn on Jet J56-l. 

Time for transfer may vary so check F-2 by sa~ling after product 
has been transferred to be sure filter vessel is empty. 

Rinse F-2with two 4-liter portions of 16 N C.P. HN03• Transfer 
each rinse to product carrier. 

After rinses, disconnect line to vacuum jet J56-1 and flush 
with water to p-45. 

15. Close valve to Jet J56-l and manipulator operated valve in 
Cell 15. 

16. Cut off steam jet No. J56-1 and close valve to P-45. 

17. Close panelboard valve F-2 to Cell 15. 

18. Turn off F-2 off gas condenser water. 

19. After each transfer thetygon lines will be discarded but the 
Snaptitesare to be decontaminated and put on new tygon. 
Tygon lines are six-feet long. 

20. If the filtration through F-2was slow, check with supervision 
for a filter clean-up procedure. 

, 
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APPENDIX No. -0 

CERIUM PURIFICATION PROCEDURE 

gel~~OJfa~~~e~_!E!~ati.90_IlJ?-511_ 

Chemical Make;..Up 

1. 6 liters concentrated NH40H 

NOTE: Oxalic acid should be made up in advance. 

2. 10 liters of 1.S M oxalic acid. (For makeup, weigh out 5 pounds 
of oxalic acid and add 10 liters of hot water. Agitate until 
oxalic acid is in solution.) 

B. Operation 

NOTE: Check Cell 9 proced3~4on re-extraction of Ce144 from. the 
organic phase and Ce transfer to Cell 11. 

NOTE: Do not· exce~d three batches of Ce144 in Cell 11 at one time. 

1. Transfer cerium product from R-79 to H-5l1 and record volume. 

t.t. % 
Assume Sp.Gr. 1.1 
Volufl1.B 

2. Check that P-51l is empty and all valves and services are' closed. 

NOTE: v-14, V-IS and V-12 valves are operated with manipulato:rs. 
Also check that P-5ll has six to eight inches' of: off gas. 

NOTE: Be sure Valves V -14 and V -IS are closed. 

,. Connect filter to filter top by the following steps: 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

Check that filter is empty and ready to install. 

Place filter on dolly. 

Place HO" ring gasket on top of filter flange carefl,llly. 

Push dolly over pneumatic Jack and lock in place. 

Open V band clamp halves to fully open positiOn. 

Hook up Snaptite fitting to R-lll and push filter against 
stops on dolly. Close off gas valve to R-lll and open 
V -10 to vacuum jet. . 

(g) Regulate air to pneumatic jack to 20 pounds psi and carefully 
raise filter into position. 

.;:.' 
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(h) Use wrench to tighten V band securely. 

(i.) 

(j) 
1; 

Leave jack in' the "up" position. 

Add 50 liters H20 to P-5ll and open v-14 and check filter 
"0" ring gasket for leaks. If no leak is noted, filter the 
H20 to R-lll and to drain. 

(k) Check R-lll that all valves and services are closed except 
off gas and vessel is empty. 

NOTE; Hand operated valves on R-lll are· V-l; air spa.rg~V-16, 
V-17 on sample lines to Cell 19,to V-9 on vacuum 
header and V-10 to vacuum jet J10l-ll.The hand 
operated valves are located on cell face. 

(1) Close off gas and open V-10 to vacuum jet. Turn on steam to 
vacuum jet for water transfer to R-lll. 

(m) When water has been transferred to R-lll, close V~lO and cut 
off jet. Allow vacuum,on R-lll to return to zero slowly to 
prevent suck-back to instrument cubicle. 

(n) Open V-10 and drain water to waste. 

(0) Close V-10 and open off gas valve. 

4. Disconnect Snaptite fitting from R-lll and connect to air line. 
Close v-14 valve from P-5ll to filter and turn on 5 pounds air, 
to bottom of filter. This valve is located on panelboard. 

5 •. Check pressure indicator on filter vessel that 5 pounds of.air is 
maintained during CeOx precipitation. This is to prevent solution 
from leaking through Valve v-14. 

6. Jet one batch of Ce144 product from H-5ll to P-5ll and turn on 
P-511 agitator. 

NOTE:: One batch of Cel44 product from R-79 should be "" 13.5 
-- gallons and should contain"" 75 M of free HNO; aCid, with 

jet dilution. 

7. Add one gallon of water to H-5ll and jet to P-5ll if H-5ll has only 
one batch., 

8. Repeat step 7. 

9. RecordP~511 volume with agitator off. 

L.L. ; % 
Assume Spo Gr. 1.1 
Volum~ Gallons 

10. Turn on P-5ll agitator 

.... 1 
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11. Sample P-51l in Cell 19- after t~nminutes of agitation. Sample 
Code OX3. (Dilute 1 to 500 milliliter~.) 

12. Take 5 milliliters of original sample and titrate for acid 
normality with 1.ON NaCH • 

13. Heat P-511 to 50°C with agitation. Set steam regulator valve to 
P-511 jacket on panelboard and open steam outlet and inlet. valves 
located on cell face. 

l4~ Adjust acid normality to 0.2 normal + 0.1 N free acid with concen
trated ammonium hydroxide (NH40H), while holding temperature at 
50°C and off gas between 6,to 8 inches. 

15. The following addit.ions of NH;4CH were calculated on a volume of 
60 liters o~ 15.85 gallons of starting solution in P-5l1 and 
,concentrated NH4 CH at 14 M. 

NOl'E: Check normality after each addition. 
First addition 3 liters slowly - - 5 minutes 
Second addition 1 liter slowly - - 5 minutes 
Third addition 0.2 liter slowly - - 2 minutes 

NOl'E: Solution addition funnel to P-511 is located on second level.~ 
~ .. 

II. Oxalic Acid Precipitation of Ce144 

1. Heat solution in P-511 to 80°C with agitation. Set regulator on 
panel board to 80°c and open steam inlet and outlet valves located 
on cell.face. 

NOTE; Be sure oxalic acid is in solution, and that there is no 
delay in the procedure once the oxalic addition to P-51l 
has started. 

2. At 80°C add 2 liters of 1.8 M oxalic acid to P-511. (Addition 
funnel located on second level.) . 

3. Cool P-511 to 60°C over a period of 15 minutes. Set steam con
troller to 0 on panelboard and close manual. valves on cell face. 
Open water outlet valve from jacket. The water inlet valve should 
be open for 1 minute intervals to prevent cooling P-5ll too fast. 

4. At 60°C add 4 liters of 1.8 M oxalic acid to P-5ll. 

5. Cool P-5ll to 40°C over a p~riod of 15 minutes. 

6. At 40°C add 4 liters of 1.8 M oxalic acid to P-5ll and hold at 40°C 
for 10 minutes. 

7. Cool P-51l to 25°C and leave water on until after filtration. 

NOTE: Check step No.1, Filter Operation, to prevent del.ay in 
filtration. ;I:f filtration is delayed add 1 liter of 1.8 M 
oxalic acid every 30 minutes, delayed up to two hours. 
Check with supervision. . 

.. '\ 
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8. Begin the filtration as soon as possible. 

III. Filter Operation 

1. Check R-lll that all valves and services are closed except off 
gas and vessel is empty. 

NOTE: Hand operated valves on R-lll are V-13 air sparge, v-16, 
V-17 on sample lines to Cell 19, V-9 to vacuum header 
and V-lO to vacuum jet JlOl-ll. The hand operated valves 
are located on cell face. 

2. Cut off air pressure to filter vessel. 

3. Disconnect Snaptite from2air line and connect to R-Ill. 

4. Turn on steam to vacuum jet JlOl-ll from R-lll and close off gas 
valve. 

5. Open V-lO to vacuum jet. Open v-14 manipulator v~lve fromP-5ll 
to filter vessel. 

6. Filter out the CeOx precipitate. 

,7. When P-5ll liquid level reaches 10% of tank capacity, turn off 
agitator. 

NOTE: Vacuum on R-lll should decrease when all solution has 
been filtered from P-5ll,to R-Ill. 

8. After the filtration hesfinished; rinse P-5ll with water spray,,' 
two I-minute portions~ (Open supply, valve on face of cell and 
V-12 manipulator operated valve.) 

N()']E: , ',' 'Flow rate on P-51l water spray is '" 4 gallons per minute. 

9. Continue vacuum jet until a vacuum break on R-lll is noted for 
each water rinse. 

10. After water rinse close valve from P-5ll to filter (v-14) and 
water to P-5ll jacket. 

11. Close V-lO to vacuum jet and turn off steam to vacuum jet JlOl-l1. 
When R-lll vacuum gauge returns to - 2 inches, open off-gas valve 
to) R:-llU. on panelboard. 

12. Disconnect Snaptite from filter to R-lll and cap off line to R-lll 
with blank Snaptite fitting. 

13. Record R-lll volume 

LeiL. 10 
Assume Sp.Gr. 1.1 
Volume Gallons 
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NOTE: Check that off-gas :valve 1s open. .Do not overcome off gas 
on step No. 14. . ..' '. .... .'. 

14. Sparge R-illwith air sparger for 5 minutes. Valves are located 
on cell face. 

l~. Cut off air sparge to R-Ill. 

16. Sample R-lll in Cell 19. 

NOTE: Check v-16 and V-17 that valves are open before sampling. 
Valves are located :'on cell face. 

17. Sample Code Ox3W. 

18. Hold solution in R-lll for sample results. 

19· If results on sam~~e from R-lll show less than 15 millicuries per 
milliliter of cel ,drain solution to and close drain valve. 

IV. Calcination of_Prec~Eit~~_. 

1. Disconnect V bann on filter top and open. 

2. Lower filter and remove "Of! ring gasket. Pull dolly and filter, to 
front of cell and che.ck precipitate volume. Tilt filter on dolly 
to drain solution fro~ filter· bottom. 

3. Replace filter and hang loosely on V band clamp. 

4. Insert thermocouple into filter discharge tube. 

5. Lower pneumatiC jack and remove dolly. Place furnace around filter. 

6. Turn on filter furnace and set controller at 670°C (maximum). 

Time ----------
7. After reaching 670°C allow to calcine for two hours. 

Time at 670°C 

8. After calcining for two hours, turn off furnace and allow to cool 
to 200°C. 

Time Off 
Time Temp-.-a;-t~2:::-::0::-::0""o-=C'-------

. 9. Open furnace and allow filter to cool to 100°C. 

Time at 100°C -------
10. After temperature of furnace reaches 100°C, place dolly over 

locater ring and raise elevator. 

11. Open V band and lower filter on dolly. 
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12. Remove thennocouple from filter discharge tube. 

13. Pull dolly to approximately the center of table or a convenient 
position for removing the powder. 

V. Powder Removal From Filter 

1. Hook up cyclone snaptite outlet to R-lll filter line. 

NC11'E: Be sure cups are clamped tight on cyclone separator. 

2. Check R-lll that all valves are closed, except V.,.lO to vacuum 
jet and tank is empty. 

~: Do not allow water to be pulled into cyclone. separator. 

3. Turn on steam to R-lll vacuum jet J10l-ll. 

4. Remove powder from filter into cyclone. 

5. When powder transfer is completed, cut. off vacuum jet. Close 
V-10 and open off gas to R-llL 

6. DisconnectSnaptite connection from cyclone separator-to R-lll 
and cap off .line to R-lll. 

7 • Vibrate the conical collector by tapping and carefully remove 
the powder vessels. . 

8. Place covers an vessels. and transfer to· Cell 12 . _ 
: 
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APPENDIX NO. 5-1' 

CESIUM PURIFICATION PROCEDURE 

1. Chemical Make-Up Baseduon a 20,000 Curie Run 

(a) "". 20 pounds ammoni um ~ium 
~" .. 

(b) ..., 1. 0 liter 70% EN03 

(c) "V 2,250 ml 42~ 5% hydrazine hydrate 

(d) .... 20 liters 12.0 N Hel 

(e ) ....;. 77 liters 1. 5 M NaOH in the scrubber head tank (make -up II 

bITters of. 19 M NaOH diluted to 77 liters) 

(f) IV 500 grams of platinum 

-
(g) .... 2,000 ml.3o%H202 

1. Bel solutions to be added through the Area 33 funnel. . 
Small quantities of EN03, hydrazine and hydrogen 
peroxide will be added at Cell 13 •. 

. " 2. O,perational Checks 

(a ) All stop cocks and pinch clamp valves are closed.; 

(b) Tr~nsfer pump in operating condition and switch is ~. 

(c) Drain the Cell 11 hot off gas scrubber. 

(d) Empty .the C~li 13 vacuum scrubber. Then add 4.0 liters of 
1.5 M· NaOH to the vacuum scrubber. --

(e) Run 1. 5 MNaOH from the head tank to Cell 13 hot off gas 
scrubber at 45% f10w on rotometer. Continue until a change 
is requested. 

(fa Crystallizers have off gas by the off gas instrument on 
. evaporator. . 

(g) Crystallizers are. empty except for crystal bed. 

(h) Portable dip legs removed from crystallizer. 

(i) Check ifhatC-38 .transfer li~e isin C -513 and locked in. . . place.· . . .... 

3. O,perations for C-38 to Cell 13 Transfer 

(a) Set up connnunication·s· so that Cell 13 operator can be hearQ. 
at control Cell 18 teletalk. 

,~ .. ~ 
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(b) Open the manual C-38 transfer valve. 

(c) Notify the Panelboard 3 operator to start jetting f'rom C -38 
to Cell 13. 

(d) Trarisfer 33 liters of' solution from C·"38 to Cell 13. Then 
immediately shut off' the transfer jet and allow the transfer 
line to drain. 

(e) Close the transf'er line manual valve. 

4. Crystallization Operations 

(a) Turn on crystallizer agitator. 

(b) Heat solution to 900C. 

(c) Digest solution at 900C for 15 minutes. 

(d) TUrn on chilled water to crystallizer coil and cool solution 
to 20<>C. 

(e) Continue cooling and agitating solution for l5m1nutes after 
crystals have f'ormed. .-

(f) Turn off crystallizer agitator. 

(g) Settle the crystal. bed for 15 minutes. Record crystal volume. 

(h) Very carefUlly lower decant leg into crystallizer until. decant 
leg reaches crystal bed then decarit crystallizer solution to 
designated tank. (C-513 decants to c-6l3. C-6l,3jets to C-17 
if C-17 is' available". If C-17 is not available, make scavenge 
crystallization in C -613). If any crystals are decanted from 
C-5l3 to C-6l3, transfer back to C-5l3. 

(i) Turn off the chilled water to crystallizer coil. 

(j) Crystallizer is ready f'or nex1! batch of' f'eed solution or 
filtrate from primary crystallizer. 

Na:rE: Control all crystal beds to between 4 and 10 liters. 

(k) Continue transferring from c-38 and doing crystallization 
procedures until C-38 is empty. 

(I) Reduce the product crystal bed in C-513 With water crystallizations 
until there is approximately 4 liters. Check crystal volume with 
sampler. Decant each H20 crystallization to C -613. . 

(m) Jet C-6l,3 to C-17. (If there is a crystal bed·in C-613, add 
enough water to dissolve all crystals before jetting to C-17.) 

. 
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5. Rubidi um Removal Procedure 

(a) First Alum Addition 

1. Add water to C-5l3to a volume of 25 liters. 

2. Add 300 grams of ammonium alum to C-5l3. 

3. Heat C-5l3, with agitation, to 900C for 15 minutes. 

4. Cool to 250C. 

5. Turn off agitator and settle for 15 minutes. 

NOI'E: The transfer pump must always be. primed with 
water before starting pump. 

6. Decant supernate to C-6l3 via transfer pump. 

7. Jet d ':'613 to C-17, if C -17 is available. If C -17 is 
not available, i:na.ke -scavenge crystallization in C-013. 
When C":17becomes available, dissolve crystal bed and 
transfer to C-17." 

(b) Second Alum Addition 

1. Add water to C-5l3 to a volume of 25 liters. 

2. Add 300 grams of ammonium alum to C-5l3. 

3. .Heat C~5l3, with agitation, to 900C for 15 minutes. 

4. 

5. 

.. 0 
Cool to 25 c. 

Turn off agitator and settle for 15 minutes. 

NOI'E : The transfer pump must always be primed wi tb. 
water before starting pump. 

6. Decant supernate to C-6l3 via transfer pump • 

7. Jet C -613 to C -17, if C -17 is available. If C;"17· is riot 
available, make scavenge crystallization iri C-';'6l3~ - Wheri 
C-17becomes available, dissolve crystal bed and transfer 
to C-17. . . 

(c) Third Alum Addition 

1. - Add water to C-5l3to a volume of 25 liters. 

2. Add 300 grams of ammonium alum to C-5l3. 

. 0 
3. Heat C-5l3, with agitation, to 90 C for 15 minutes. 

·-t· .. ·· 
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4. o Cool to 25 C. 

5. Turn off agitator and settle for 15 minutes.· 

NOTE: The transfer pump must always be primed with 
-- water before starting pump. 

6. Decant supernate to C -613 via transfer pump. 

7. Jet C":6l3 to C-17, if C-17 is available. If C-17 is 
not available, make scavenge crystallization in C-613. 
When C-17 becomes available, dissolve crystal bed and 
transfer to C -17. 

(d) Fourth Alum Addition 

1. Add water to C-5l3 to a volume of 25 liters. 

2. Add 300 grams of ammonium alum to C-5l3. 

3. Heat C-5l3, with agitation, to 90°C for 15 minutes. 

4. Cool to 25°c. 

5. Turnoff agitator and settle for 15 minutes. 

NarE: The transfer pump must always be primed with 
-- water before starting pump. 

6. Decant supernate to c-6l3 via transfer pump. 

7. Jet C'';'6l3 to C-17'- if C-17 is ·available. If C-17 is not 
available, make· scavenge crystallization in c-6l3. When 
C-17 becomes available, dissolve crystal bed and transfer 
to C-17. 

(e) Fifth Alum Addition 

1. Add water to C -513 to a volume of 25 liters. 

2. Add 300 grams of ammonium alum to C-5l3. 

3. 

4. 

5. 

Heat C-5l3, with agitation, to 90°C for 15 minutes. 

o Cool to 25 Co 

Turn off agitator and settle for 15 minutes. 

NarE: The transfer pump must always be primed with water 
before starting pump. 

6. Decant supernate to C..;6l3 via transfer pump. 

7. Jet C-6l3 to C-17"if C-17 is available. If C-17 is not 
available, make scavenge crystallization in C-6l3.When 
C-17 becomes available, dissolve crystal bed and transfer 
to C-17. 
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(f) Sixth Alum Addition 

1. Add water to C -513 to 'a volunie of 25 liters." 

2. Add 300 grams of ammonium alum to C-513. , 

3. 
o ' 

Heat C-513, with agitation, to 90 C for 15 minutes. 
, 0 

4. Cool to 25 C. 

5. Turn off agitator and settle for 15 minutes., 

NarE: The transfer punq;> must a.lways, be primed with 
-- water before starting punq;>. " 

6. Decant supernate to c-613 via transfer punq;>. 

7. Jet C-<i13to C-17, if C-17 is available, and if C-17 is 
not available; make scavenge crystallization in C -613. 
When C-ITbecoIlles available, dissolve crystal bed and 
transfer to C-17. 

(g) Seventh Alum Addition 

1. Add water to C-513 to a volume of 25 liters • 

2. Add 300 grams of ammonium alum to C-513. 

). 

4. 

o ' 
Heat C-513, with agitation, to 90C for 15 minutes. 

Cool to 250C. 

5. Turn off agitator and settle for 15 minutes. 

6. 

7. 

NarE: The transfer punq;> must always be primed with 
water before starting pump. 

Decant supernate to C-613 via transfer pUmp. 

Jet C -613 toc -17, if C -17 is available ~ If C -17 is not 
available, make scavenge crystallization iii ,C'';'613.When 
C-17 becomes available, dissolve crystal bed and transfer 
'to C-17 ~ 

I 

(h) After the last decant from C-513 on the seventh addition, filter 
the remainder of the supernate via FV-2 to c-613. 

(i) Add 10 liters or cold water to C-5l3" Turn on chilled watezi" to 
coil ana agitate solution for two minutes. Settle the cryst~ls • 

(j) Filter the supernate via FV-2 to C-613.: Suck crystal bed dry 
with the filter. ' 
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6. Cesium-137 Product Crystal Dissolution 

(a) Drain the Cell 11 hot off gas scrubber. 

(b) Check volume of 1,.5 M NaOH in off gas scrubber head tank and 
adjust flow rate to scrubber to 10 liters/hr, 85% setting on 
rotometer. 

(c) With off gas on the evaporator, add 15 liters of 0.5 N HCl to 
C-513. Follow with a one liter H20 wash. (Make-up = (625 ml 
of 12 N HCl diluted to 15 liters with water.) Use the ad
dition funnel at make-up Area 33. 

7. Precipitation of Cesium With Platinum 

NOl'E : 

(a) 

(b) 

If any precipitate goes to transfer vessels during a transfer, 
it must be returned to C-513. 

Heat the crystallizer with agitation to 90oC. 

Add slowly to the crystallizer over a five minute period, 
500 grams of platinum as H2ptC16. 

(c) Continue digesting with agitation at 900C for an additional 
30 minutes. 

(d) Cool with agitation to 20oC. 

(e) Turn off agitation and allow the solution to settle for 30 
minutes or until all precipitate has settled out. 

NOTE: Check that C -613 is empty and rinsed of all alum 
crystals to C-17. 

(f) Transfer solution, via filter and F'V-2, to c-613. (To be pro
cessed later for recovery of the platinum.) 

(g) First BCl Acid Rinse 

1. Add 10 liters of cool 6 NBCl to C-513. (Five liters 
of 12.0 N HCI built up'to 10 liters with water.) Add 
via additional funnel at Area 33. 

2. Agitate C-513 solution for 5 minutes. Then allow the 
precipitate to settle. 

3. Filter the solution from C-513 to F'V-2 transfer vessel~ 

4. NOl'E : --,.. 
E-213 maximum operating capacity is 12.'d ,liters. 
DO NO!' EXCEED. Do not exceed 8 psi steam pressure 
to E-213. 

5. Drain FV-2 to E-213 and boil down by a factor of 2 to 1. 
Make sure that E-213 off gas never goes below 3 inches 
and water is on the E-213 off gas condenser during evapora
tion. 

• 
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Second Eel Acid Rinse 

1. Add 10 liters of cool 6 N Eel to C-513. (Five liters 
of' 12.0 N HOI built up to 10 liters with water.) A9.d 
via additional funnel at Area, 33. 

2. Agitate 'C-513 solution for 5 minutes. Then allow the 
precipitate to settle. 

3. Filter the solution fram C-513 to FV-2 transfer vessel. 

4. NOI'E: E-213 maxiniumoperating capacity is 12.0 liters. 
DO Nor :EXOEED. Do not exceed 8 psi steam pressure 
to M130 ' 

5. Drain FV -2 to E -213 and boil down by a factor of 2 to 1-
Make sure that E-213 off gas never goes below 3 inches, 
aiic1'water is on the E-213 off gas condenser during 
evaporation. If E-213 is full, drainFV-2 to c-613. 

(i) Third Bel Acid, Rinse 

1. Add 10 liters of cool 6 N Bel to 0-513. (Five liters 
o:f' 12.0 N Bel buUt :up to 10 liters with water.) Add 
via additional funnel at Area • 

2. Agitated -513 solution for 5 minutes. Then allow the 
precipitate to settle. 

3.' Filter the solution fram C -513 to FV -2 transfer vessel. 
'J 

£f· 

4. NOI'E : E -213 maximum operating capacity is 12. 0 liters. ' :: 
DO Nor :EXCEED. Do not exceed 8 psi steam pressure 
to E;..2l3. 

5. Drain FV-2 to E-213 and boll down by a factor of 2 to 1-
Make sure that E-213 off gas never goes below 3 inches 
and water is on the E-213 off gas condenser during 
evaporation. If E-213 is full, drain to 0-613. 

(j) Boil down Eel rinses to 6 liters and transfer to C -613. 

(k) Add 5 liters of 'coolwater to 0-513 (do not agitate). Rinse walls 
of C-513 while adding water. 

~:The 5 liters H20 rinse from 0-513 should follow the 
Bel boil down in E-213 and C -613. 

(1) Fflter 0 - 513 solution via FV -2 transfer vessel, to E -213 when 
evaporator is empty. Then transfer to C -613 • 

(m) Rinse E-213 with two l-liter' portions of H20 to c-613. Do not 
exceed 35 liters of 0 -613 • 
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en) After transferring E-213 to C-613, agitate and sample, 
_____ Cl 3W. 

NorE: Mark sample sheet and bottle that, this solution 
contains Bel. Hold for' A.niilysis~ Hold this so
lution in C -613 for C'SI?>'( and platinum recovery. 

8. Cesium Chloropiatinate Dissolving 

(a) Add 15 llters H20 to C-513. 

(b) Turn on C -513 agitator and chilled water to coils. 

(c) '. Cool C"513 solution to 200C. Leave chilled water 'on coils. 

(d) Add2/3rds calculated amount of 42.5Cjb hydrazine ~ate very 
slowly while controlling tne temperature below 30 Co 

~: The amount of hydrazine hydrate to add 1.5 liters 'of 
42.5Cjb hydrazine hydrate.{3 ml for each gram of platinum 
added in the Precipitation Procedure). 

(e ) Turn off water to coils. 

(f) Digest the solution with agitation at 250C for 30 minutes., 

(g) Add 1/3 of calculated amount of 42.5Cjb hydrazine. 

(h) '" ,0 
Heat slowly over a period of 15 minutes to 95 C. Then, digest 

:;:"' 

at 95UC for two hours whilemaintaining,volume at approximately 
16 liters by adding 'water. Watch C-5130ff-gasline for' con
densate plug. 

(i) o Cool solution to 25 C, turn off agitator and allow all preci-
pitate to settle. 

9. Cesium-137 ", Product Evaporation 

(a) Check that Cell 13 hot off gas head vessel has 1. 5 M NaOH 
and flow meter rate is 85% setting on therotometer. 

(b) 

(c) 

Turn on water to evaporator hot off gas condenser and check 
that off, gas to evaporator is 5 to 8 inches 0 Also check 
that E-213 is empty and rinsed. 

Filter product solution from the crystallizer via FV-2 vessel. 
Make test for platinum precipitate. 

NorE: ',Drain any black filtrate back to C -513 and allow 
to settle, loner. 
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(c) Cont fd 'Platiritiin'Test' 

(d) 

l. Use 10 ml of filtered· supernate. 
2. Add 1 mJ. of hy'drazine 0 

3. ~f precipitate forms, it is a platinum 
compound ,and will need more hydrazine ' 
in C .. 513. 

4. Add 100 mJ. increments, digest andre
peat test. 

Ifno platinum is found in supernate, filter B.o liters to FV-2 
and drain to E-2l3. 

(e) Add Boo ml of concentrated HCl to E-213. 

(f) Add ~.2 liters of 7rP/o HN03 to E-213. 

(g) Close the evaporator by inserting plug. 

(h) 

. . . . 

Tul:n on'the steam to evaporator jacket. Do riot exceed B psi on 
E';"213 steam header~ Heat 'to BOoc, cut off steam until temperature 
levels out • Heat to 950c and cut off steam until temperature,' 
levels out. Heat to 1000C. watch vapor line' for, burping solution. 
If everything is okay, continue with Step (i). 

(i) Evaporate to 2. 0 liter volume. Then cool the evaporator to ~OoC 0' ':; 

(j) Repeat Steps (d) through (h)., 
, , ' 0 ' 
(k)Evaporate E-213 solution to 4.0 liters and then cool E-2l3 to:,30 C. 

(l) Rinse C-5l3 with 4 liters of 1 N HCl and, transfer to evaporator. 
Reduce volume to 4 liters. 

(m) Repeat Step (1) and reduce volume to 3 liters. 

(n)Cool evaporator to 600c and add 3 liters of concentrated HCl to 
the evaporator. 

(0) Evaporate to 3 liter volume. 

10. Destruction of Ammonium Salts with Aqua Regia 

(a) Cool evaporator to 30°C for first !INO, addition. 

NOTE :, Each addi tiqn of HN0
3 

should be added slowly. 

(b) , Add 100 mJ. of 7afo HIm
3 

to evaporator. 

(c) Very slowly add 4 liters ofconcen:trated HCl to evaporator • 
, ' 

(d) Digest at 450Cfor 30 minutes~ 

. ' .. ~ 
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(e) Very carefully heat to 1000C and boil evaporator solution 
for 15 minutes. 

(f) Cool evaporator to 750C and add 100 milliliters of 700/0 HN0
3 to evaporator. 

(g) Boil evaporator solution for 15 minutes. 

(h) Cool evaporator to 1750
C and add 100 milliliters of 7010 HN0

3 to evaporator. 

(i). Boil evaporator solution for 15 minutes. 

(j) Cool evaporator to 750C and add 100 milliliters of 700/0 HN0
3 to evaporator. 

(k) Boil evaporator for 15 minutes. 

(1) Cool evaporator to 750C and add 100 milliliters of 7(J7/0 HN03 
to evaporator. 

(m).· Heat. E!vaporator and reduce the volume to 3 liters. 
. . 0 

(n) Cool evaporator to 30' C • 

Removal of HNO, and HCl From the Cesium Product 

(a) Very uS lowly add 2 liters of concentrated HC1 to evaporator. 

(b) Reduce evaporator volume to 3 liters". Assume specific gravity 
of ---'-----

(c) Cool evaporai;.or to 600c and add 2 liters of concentrated HCl 
to the evaporator. 

(d) Reduce evaporator volume to 2 liters. Then cool to 6ooc. 

Assume Specific Gravity of ____ _ 

(e) Add 2 liters of distilled water to the evaporator. 

(f) Reduce evaporator volume to 1. 5 liters. Then cool to 600c. 

Assume Specific Gravity of ________ __ 

(g) Add 2 liters of distilled water to the evaporator. 

(h) Reduce evaporator volume to 1. 51i ters and .then cool to 600C. 

(i) Add 2 liters of dis.tilled water to the evaporator. 
. 0 

(j) Reduce evaporator volume of 2 liters. Then cool to 60 C for 
Procedure No. 12. 

Assume Specific Gravity of -----

". 
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12. Cesium-137 Powdering Operation 

(a) Clean off drying tray thoroughly' and plug drain incase of 
breamge. . . 

(b) Check that the FV-2 transfer vessel is clean and dry. 

NOTE: Split final volume into 2 batches, 'since 10,000 
curies of powder is all that can be handled in 
drying beaker. 

(c) Check that a clean filter is in line from: the evaporator to 
FV-2. 

(d) Filter 500 milliliters of Cs137 product to FV-2. If more 
than 500 milliliters is transferred to FV-2, return excess 
to evaporator to prevent drain line from plugging. 

(e) Drain 500 milliliters of product from FV-2 to Vycor beaker. 
Do not exceed 500 milliliters in drying beaker at one time. 

(f) Place 6ff-gas funnel over Vycor beaker and outlet line into 
'E-213 plug hole. 

(g) Heat Vycor beaker at a variac setting of 70 on No. 2 circuit. 

(h) Boil off solution very slowly and carefully (check hot plate 
for heating by a drop of water on it). 

(i) When solution gets syrupy, turn off heat and stir constantly 
and carefUlly with tantalum stirrer. If the solution is not 
stirred carefully, it will cake and the whole process will 
have to be repeated. 

NOTE: After powder is dry 1 transfer to hot plate and bake 
300to40ooC for four hours. Stir occasionally to 
prevent caking. 

(j) Transfer powder to Cell 14 and sample CsP with 
measuring spoon. 

NOTE: Mark sample sheet and bottle that this solution con
- tains HCl. 

(k) Weigh powder and transfer to the stainless steel storage cans. 

NarE: Use wrench to tighten can cap snugly. 

(1) Fill out powder q,ata card and place 'card in hole rack that 
corresponds with well number that can has been placed in • 

No:rE: When' viewing storage well through mirror Row fiB" will 
be in top half of mirror" Row "A" will be in bottom 
half of mirror. 

~::( 

: ~' 

I-'~ ;. 

,::~ 

..~ . 



':'};lO!" 

13. Platinum Recovery and Conversion to H2PtC16 

, .. ~ .. 

CHECK WIT,H SUPERVISION FOR STEP (a) or (j) 

(a) Boil'down platinum recovery solution to 3.0 liters in E-213. 

(b) Transfer the solutionfram C-613 to C-513. 

(c) Turn on C~513 agitator and water to coil. Titrate to less 
than 0.1 N Eel. 

(d) SlowlY add calculated amount of hydrazine hydrate to C-5 while 
controlling temPerature below 500C. The calculated amount of 
hydrazine equals one-half the amount of the hydrazine that was 
added during the process. 

(e) 

(f) 

Digest solution at 250 C for 30 minutes. 
, 0 

Heat slowly over a period of 15 minutes to 90 C. 
900C for 45 minutes. 

Digest at 

(g) C'ool solution to 250C. Turn off agitator and settle ,precipi
tate. 

, NOTE: Check with supervision for Step (h). 

(h) Transfer supernate to Eel drain via C -613 filter and FV-2 
transfer vessel. Make test for platinum, in the supernate. 

(i) RinseC-513 with 15 liters of 0.5 N HCl. AgHate 5 minutes, 
let settlefbr 15 'minutes ,;and:tfienfilter,td HCl Boltaron: " 
drain via FV-2 transf'er vessel. 

(j) Repeat Step (i) two more times. 

(k) Add 10 liters of concentrated HCl, via Area 33 funnel to C - 513. 
Then rinse.and turn on agitator. 

(1). Add 2.0 liters of 30% H202 via wall funnel to C-513 in 100 milli
liter increments. Wait 10 minutes between additions. 

(m ) Digest' C -5 solution until all platinum is in solution. To 
determine if platinum is all in solution, transfer to FV-2 
transfer vessel and check visually. More Hel and ~02 may 

, be added if platinum is not in solution. Eor every liter of 
additional Hel added, add 200 milliliters of H202 in 100 milli
liter increments. 

NOTE: Do not exceed 12 liters total in evaporator. 

(n) Transfer C-513 solution to the evaporator via FV-2. 

" 
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(0) Add one liter of 'Water to c-5 and transfer to evaporator. 

NCY.'rE: Do not exceed 8 pSi of steam on evaporator" 

(p) ~vaporate volume do'WIl to two liters. 

(q) Then cool to 600c. 

(r) Transfer the evaporator solution to FV -2 transfer vessel and 
then to platip.um bottles. 

(s) sample the solution for the Iab. Code ' ptl. ,This sample 
goes to Musick's lab. 

NCY.'rE: Mark sample sheet and bottle that 'this' solution contains 
HeI. 

(t) Sanq,le 8-424 for csl31 and platinum. Code cl4w. Check 
pH and add NaOH if solution is acid. 

NCY.'rE: Mark sample sheet and bottle that this solution contains 
HCI. ' 
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APPENDIX NO •. 5-q 

F3,P CHEMICAL MAKE-UP - BUIIDnl"G 3,'517 PROCEDURE 

I. Protective Equipment 

(a) All operating personnel.will wear the following protective 
equipment during chem:i,cal make ~up. 

1. Face .shields. 

2. Rubber gloves. 

3,. Coveralls with sleeves fastened at the wrist. 

4. Safety shoes. 

5. Respirators while handling dry chemicals. 

II. Qperating Procedure 

. 

(a) Premke -up checks: 

1. Empty and flush make-up tank with water. 

2. Add required quantity of water to the tank and cool to a 
temperature of 20Oc. 

3,. Cooling water on the tank coils. 

4. Mechanical agitator operating and giving the proper 
agitation to the solution. 

5. Tank ventilation system is on and all other tank solid 
addition lids are closed .. Check for a definite air sweep 
into the mke -up tank being used. 

6. Turn off water addition valve to prevent overflowing tank 
while adding chemicals. 

(b ) Make -up: 

1. Add all dry chemicals with a scoop or shovel and hold tank 
temperature below 500C. 

2. Add acid solutions· very carefully while holding tank temp
erature below 50oC. Acids may be added via Vanton pump, 
stainless steel bucket, or glass bottles. 

(c ) Chemical addition to process cell tanks: 

1. All chemical addition to process cell tanks will be followed 
by a water flush through the addition funnel. The quantity 
of water added will be determined by supervision. 

. . ~ 
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(d) 

-II,.,· 

Hydrazine: 

J.. Hydrazine will be dispensed under the supervision of the 
buildingf'oreme:n; 

2. Hydrazinewill be stored and dispensed in designated areas. 
These areas are located at a definite distance from nitric 
acid storage or make-up. 

3. Hydrazine drums are to be placed on the drum holders and 
the solution drained into the measuring container from this 
device. No other method !! acceptable. 

4. The measuring container is a calibrated six-liter stainless 
steel bucket which is to be used for hydrazineonly. 

5~ During the transfer of hydrazine from the carboy to the 
process vessel solution addition funnel, the area will be 
chained off with "No Smoking" signs and smoking is 
prohibited in this area. --

6. The hydrazine ca.rboys will be valved and locked closed 
when not in use. 

7 • Dilution of hydrazine solution will be done in the chemical 
f'ume hood. 

(e ) Potassium perma.nganate (KMn04): 

1. KMn04 solutions will be made up in M-3 tank only and will 
be used only as required in Cell 9 solvent extraction 
operations. 

2. KMn04~NaOH solution for decontamination will be made up as 
follows: 

(f) Solvents: 

Add water to make -up tank. 

Add KMn04 to make-up tank. 
Add NaOH to ma.ke-up tank. 

1. Smoking is prohibited while handling solvents and all areas 
where solvent is used will be chained and tagged. 

2. Solvents will be stored in the F3P solvent storage' shed. 

3. All dispensing drums will be grounded by clamping the 
ground wire to the drum. 

4. When draining solvent into a safety can, the safety can 
will be grounded to the dispensing drum. 

". 
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5. All solvents will be transported to the building in 
approved 'safety cans. 

6. All solvent addition to process vessels will 'be done 
from the safety cans and the ground wire from the can 
will be clamped to the funnel addition system. 
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APPENDJX NO. 5-r 

SHIEIDEDTBANSFER . TANK HANDLING PROCEDURE 
( 

Remove cupola cover. 

Survey cupola. 

Remove covers from. long leg,vent line .and fill line. . , " ',' 

Survey exposed couplings. WrapW1pes around the lines :to prevent 
contamination when disconnecting. . 

Connect hot off-gas line to the vent line and record the vacuum or 
pressure in the tank. 

Vent the tank to the hot off gas system. 

Connect the proper t~nsfer line to the long leg. 

o Rotate the movable section of the long leg to the right, - 45 . 
(Use special wrench to rotate.) Push down and rotate 45°·to the 
right. This locks the long leg in position for emptying • 

9. Connect the water line to the fill line on the tank. 

10. Check all fittings to make sure the connections are secure • 

11. Open vent valve and close hot off gas valve. 

12. Open valve on transfer line and vacate the cell. Transfer of so
lution is controlled from the panelboard. 

13. After the transfer is complete (temperature rise on jet or air 
bubbles in tygon transfer line) rinse tank by adding four 10-second 
water rinses. 

14. Enter cell under the regulations for Personnel Entry into F3P ~. 

15. Rotate long leg to the left, ,.., 450
• Raise to upper position and 

rotate to the left, ,.., 45°. This locks the long leg in the vent 
position. Disconnect lines carefully to prevent solution from dripping 
into cupola or on the outside of the tank. 

16. Install a rubber stopper and wire down on the end of the long leg. 
(The Snaptite valve will not hold under vacuum applied at the fill 
Site.) 

17. An access nozzle to the area between the inner tank and the outer tank 
is located in the cupola. It is recommended that each tank be tested 
between shipments. Evacuate the S.T.T. to 28" Hg vacuum and hold 'for 
30 minutes. If a leak is noted from loss of vacuum on the gauge; a 
check should be made to determine the exact location of the leak. 
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17. (Cont'd) 

18. 

19. 

20. 

21. 

NOTE: The Snapt1 te valves Will not hold under vacuum and 
should be capped off with a rubber stopper~ 

Replace caps on long· leg, vent line and fill line. 
. . 

Survey cupola. and decontaminate if necessary. 

Install cover on cupola and be sure gasket is in good condition. 
. . 

Survey and smear container before removing it from the building. 
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APPENDIX No .. 5-.s: 

P;ROMETH:rill4 PURIFICATION CHEMICAL PRQCESS DESCRIPTION 

~e quantity of Pin147 normiHly processed in the Cell 10 equlpinen:t during 
a run will be 75,000 curies. .. . 

Rare Earths Separation {~d-Pm Split) 

The separation of the rare earths, Nd-Pm-Sm, depends on the difference in 
their extractibility by 100% TBP from strong nitric acid solution;.· The higher 
the atomic number the greater their extractibility. Higher nitric acid con
centrations increase the magnitude as well as the difference in their extracti
bility. 

In the Nd-Pm split (see Appendix No. 4-'a, for the flowsrieet) the aqueous 
phase entering the 20-stage cascade is 9 !1 HNO~ (16.46 l/hr) and the organic 
phase entering at the opposite end of the casc~de is 100% TBP (23 l/hr). The. 
feed enters the cascade at stage 8 as rare earth nitrates (25 gIl in 14 !1 HNO~) 
at a rate of II/hr .. The 20 M RNO ref.luxacid (7 l/hr) enters the cascade at. 
stage 13. The aqueous phase IeaviJg the cascade contains 99.88% of the Nd and 
4.6% of the Pm" Th~ organic phase leaving the cascade contains 95.1% of the 
Pm, 0.12% of' the Nd and essentially all of the Sm and. Eu. 

The Pm~Sm-Eu-containing organic stream leaving the 20-stage cascade passes 
to an. ll-s~ge stripper cascade where the rare earths are removed from the organic 
stream by continuous counter-current contacting with water (12 l/hr) , 

. The aqueous stream from the II-stage stripper is continuously evaporated 
and at the end of the run is. made to 14 !1 in HN0

3 
and 25 gIl rare earth for 

feed in. the Pro-Sm split. . 

Rare Earths Segaration ~Pm-Sm Split) . 

In the Pm-Sm cycle (see Appendix No. 4-a for the flowsheet) the feed 
(1 l/hr). and the 20 !1 RN0

3 
reflux acid (7.0 l/hr)' enter the cascade at stage 

eight •. The other streams are the same as the Nd-Pm cycles except the aqueous 
stream flow rate is 17,4 l/hr. . 

. . 
Ninety-f'ivepercent of :Pm and' 0.2% of the Sm leave the cascade in the 

aqueous stream (raffinate). 

The raff'inate is washed to remove TBP and continuously evaporated to 
obtain the final product. 

The organic stream is stripped of rare earths in the II-stage mixer
settler and the organic is recycled,' 
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PROMETHIUM PURIFICATION OPERATING PROCEDURE 

NOTE: If the last separation done in the cascade was of materials other than 
rare earths, it is necessary to flush and decontaminate all equipment 
used in the previous run. If the last separation done in the cascade 
was of rare earths, proceed beginning with Section "B • ." 

I. Promethi~-Neodymium. Separation 

. , 
',' 

..... 

A. Cascade Clean Up 

(1) Solution makeup tanks. 

(a) Empty tanks M-833, M-1333, R-510, R-~lO, R-410 and 
calibration burettes. 

(b) Rinse tanks M-833, M-1333, R-510, M-833 calibration 
burettes and feed tank air lifts. 

(c) Fill M-833 and M-1333. with distilled.water. . . 

(2) Drain cascaderaffinate toR-110 and stripper aql,leous· toR-110 
through E-210 by lowering weirs onX-llO.and stripper to minimum. 
level •. 

(3). Turn onagi tators to X-210, X-IIO, W-210 and stripper and adjust. 
to maximum speed. 

(4) Wash the acid from .the cascades. and stripper" by maximum flow. of. 
~O from P-13 and 15 liters/hr from tank M-1333 . 

(5) 

(9) 

(7) 

(8) 

Continue to wash until samples taken from weir boxes are above 
pH 5 .. 

Wash out W-IIO and E-IIO by diverting raffinate stream from 
R-1IO toE-llO. Wash for 30 minutes. Change'X-IIO raffinate 
stream to R-IIO and jet E-IIOto E-210. 

Shut off flow of H20 from M-833 and M-1333 and drain. 

Fill tanks M-833 and M-1333 with 0.2 M NaOh andfab detergent 
solution. -

(9) Wash organic from X-IIO, X-210 and stripper with maximum flow 
from P-13 and 15 liters/hr from M-1333. The flow from X-1IO goes 
directly to R-IIO, and the flow from the stripper goes through 
E-210 to R-IIO. 

(10) After 3-hours operation pull sample 'from X-IIO weir, add 2 ml of 
HN03 to sample and check for organic phase. If organic is visible, 
sample each hour until no organic is visible in sample. 

" 
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Shut off flow from M-833 and M-1333. 
M-1333 and fill with distilled ~O. 

Drain. and rinse M-833 and 

(12) Wash the emulsionfrOIIlX-210, X-IIOand stripper With maximum 
flow from P-13 and 15 liters/hr from M-1333 •. 

(13) . Continue wshuntil X.;.110 raffinateand· strip aqueous are less 
than pH 11. ... 

(14) Close down cascade and drain all solution make up tanks. 

B. Solution Make Up 

(1) Reflux acid solution.· Make up ",100 liters of 20.00 + 0.05 M 
HN03 in tank M-1233. - -

NOTE: Only one day I S supply of 20.00 M HNO should be made up 
at one time, Check andadjust normaiity on 20.00 !1 HN0

3 that has been made up more than 24 hours. 

(2) Strip aqueous solution. Fill tank M-1333 with distilled H20. 

(3) Cascade aqueous solution •. M:l.ke up 9.00 ..:t 0.02 N HN0
3 

in M-833. 

(4) Raffinate wsh liquid. Add Amsco as required to M-933. 

(5) Cascade organic liquid. Add 100% TBP to tank R-410. 

(6) Rare earth feed solution. 

(a) Transfer rare earth feed solution from Cell 9 to R-510. 

(b) Sample R-5l0, determine rare earth concentration and 
normality. 

(c) Adjust feed solution in R-5l0 to 14.0 + 0.5 M HN0
3 

and 
25 grams rare earth (as metal)/liter. - -

C. Aqueous Organic Equilibration 

(1) 

(2) 

. (3) 

( 

Valve X-IIO raffinate to R-lIO and stripper aqueous to E-2l0 
to R-I10. . 

Set X-110 and stripper weirs to maintain normal interface . 

Start P-l3 and adjust for maximum flow. . . 

Start P-ll and adjust for maximum flow. Pump 100% TBP from 
R-4l0. Refill R-410 as required •. 

(5) Adjust fiow of aqueous from M:":1330 to stripper to 12 liters/hour; 

~'. 'J, I;, 
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(6) Adjust Amsco flow to W-2l0 and W-110 to 2 liters/hour. 

(7) Start agitators to X-llO, X-210, stripper, W-110 and W-2l0. 

(8) Continue flow of cascade aqueous, organic and stripper aqueous 
until organic begins to leave stage 20 of X-2l0. (Indicated by 
probes) . 

(9) Reset P-ll to deliver 23 liters/hour. 

(10) Reset P-13 to deliver 16.46 liters/hour. 

(11) Reset stripper aqueous valve to deliver 12 liters/hour. 

(12) Valve tank M-233 to stage (13) of X-2l0. Set P-l to deliver 
7 liters/hour and start P-l pump. 

(13) Collect TBP in R..;2l0 for (3) hours. Drain R-2l0 to· disposal pump. 
Add 80 liters of TBP to R-2l0. Change TBP flow to P-ll from 
(R-4l0 to R-2l0). 

(14) Check density of raffinateat weir box •. If the. cascade is in 
acid equilibrium specific gravity Will be 1.300 grams/ml. 

(15) If the specific gravity of the raffinate is less than 1.300 grams/ml 
continue operating. Check pumps, flows and sample raffinate each 
hour until a specific gravity of 1.300 grams/ml is obtained. 

(16) Empty R-110 and closegravi ty drain valve from E-2l0 to R-llO. 

D. Nd-Pm Fractionation 

(1) Valve T-2l0 to stage (8) and R-5l0 to primary air lift. 

(2) Open air supply to primary air lift and check flow wi th Metering 
Burette. 

(3) Open air supply to secondary air lift (low flow) and set to 
maintain flow of feed to stage (8) at 1,000 ml/hour. 

(4) Turn on condenser H20 to E-2l0 and check off-gas. 

(5) 

(6) 

Turn on steam to E..;2l0 jacket and set E-2l0 temperature controller o at 120 C. 

One hour checks and adjustment to be made during operation·. 

(a) P-l, P-ll and P-13 flows. 

(b) Interface levels in cascade and stripper. 
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( c ) Motor or bearing noise . 

(d) Primary and secondary air lift deliveries. 

(e) E-210 temperature and off-gas. 

(1) Continue operating until R-510 is empty. 

E •. Feed Tank Rinse and Pm-Nd Wash Out Cycle 

(l) Add four (4) liters of 14 M HN0
3 

to R-510. Sparge for 5 minutes 
and feed to stage 8 at the-rate of 1,000 ml/hour. 

(2) When R-510 is empty, sample the aqueous from the stripper and 
deterrrnne promethiuni c·oricentration. . 

(3) While waiting for results, repeat steps 1 and 2 as required 
until allowable results are obtained. 

F • Equipment Shut Down 

;. (1) Turn off P-l, P~ll and P-13 pumps. 

(2) Turn off air to feed air lifts. 
}~ .,~; . 

(3) Turn off X-IIO, X-210, W-210 and stripper agitators. 

(4) Turn off steam to E-210 jacket and H
2

0 to E ... 210condenser. 

(5) Close all valves. 

";".' 
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(6) Sample E-210 and .R-IIO. If R-110 is under fj.llowable concentration, 
jet to waste header. 

II. promethium-Sama.rium Se;paration 

A . Solution Make Up 

. (1) Reflux acid solution. Make up NIOO liters of 20.00 2 0.05 ~ HN0
3 in tank M-1233. . 

(2) Strip aqueous solution. Fill tankM-1333 with distilled H
2
0. 

(3) Cascade aqueous solution, ma.ke up 9.00 .± 0.02 !1 HN03 in M-833. 

(4) Raffinate wash liquid. Add Amsco as required to M-933. 

(5) Cascade organiC liquid; Add 100% TBP to R;..210 if necessary. 

(6) Add 1/3 calcul8.ted amount of 14£1 HN0
3 

required to dilute concen
trate to 25grams/llter as metal to E-2l0 and jet to R-5l0. 
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(7) Use the remaining 2/3 calculated.14 ~ HN0
3 

as two separate 
washes for E-2l0. Jet each wash to R-5l0. . 

(8) Adjust specific gravity of solution in R-5l0 to 1.385 by 
addition of fuming HN0

3 
or H2O as required. 

B. Cascade Start Up 

(1) Set pump P-ll to deliver 23.0 liters/hour. Open proper valves 
and start pump. 

(2) Set pump P-13 to deliver 17.4 liters/hour. Open proper valves 
and start pump. Flow raffinate solution to R-llO. 

(3) Set P-l pump to deliver 7 liters/hour. Open proper valve to 
tank and stage (8) and start pump. 

(4) Set weirs for normal operation. 

(5) Open valves and adjust flow from M-1333 to stripper at 12 
liters/hour. Solution in E-2l0draining to R-llO. 

(6) Open valves and adjust flow M-933 to W-llOand W-2l0 at 
2 liters/hour . 

. (7) Start agitators to W-llO, W-2l0, stripper, X-110 and X-2l0. 

(8) Continue operation for four (4) hours. 

'~'.. (9) Close E-2l0 drain to R-110 and jet R-110 to waste header. 

C. Promethium-Samarium Fractionation 

(1) 

(2) 

(3) 

Change raffinate flow from R-110 to E-llO. 

Turn on condenser H20 to E-110 and E-2l0 condensers and check 
off-gas. 

Turn on steam to E-110 and E-2l0 and set temperature controllers 
at l20oC. 

Valve T-2l0 to stage (8) and R-5l0 to primary air lift. 

(5) . Open air supply to primary air lift and check flow with 
Metering Burette. 

(6) Open air supply to secondary air lift (low flOW) and set to 
maintain flow of feed to stage (8) at 1,000 ml/hour. 

(7) One hour checks and adjustments to be made during operation. 

.. 
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(a) P-l, P-ll and P-13 flows . 

(b) Interface levels in cascade and ,stripper. 

(c) Motor or bearing noise. 

(d) Primary and secondary air lift deliveries. 

(e) E-IIO,' E-210 temperature and off-gas., 

(8) Continue operation until R-510 is empty. 

D. Wash Out Cycle After Pm-Sm Fractionation 

(1) Add 4 liters of 14.0 M RN0
3 

to R-510. Sparge for 5 minutes 
and feed to stage 8 at the rate of 1,000 ml/hour. 

(2) When R-510 is empty, sample raffinate for ,G~B •. to determine 
allowable promethium concentration., 

(3) While waiting for results repeat steps 1 and 2 as required until 
allowable results are obtained. 

E. Equipment Shut D~ 

(1) Turn off P-l, P-ll and P-13 pumps. 

(2) Turn off air to feed air lifts. 

(3) Turn off X-110, X-210, W-IIO, W-210 and stripper agitators. 

(4) Turn off steam to E-IIO, E-210 and condenser H20 to E-IIO 
and E-210. 

(5) Clos,e all valves. 

(6) Sample E-IIO and E-210. 

..~ 
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APPENDIX No. 5-t 

STRONTIUM-CALCIUM SEPA.RA.TION CHEMICAL PROCESS DESCRIPTION 

The quantity of sx9° normally processed in Cell: 10 during a run will be 
20,000 curies. 

The separation of Ca from Sr (see Appendix No. 4-b for the flowsheet) 
depends on the preferential extraction of Ca into a 0.4 M D2EHPA - Amsco phase. 
An additive, 2-ethyl hexanol, is used in the organic phase to reduce the change 
in the distribution coefficients due to varying degrees of loading. The 2-ethyl 
hexanol also reduces the distribution coefficients, and thus allows the use of 
a higher concentration of D2EHPA Without excessively high distribution coeffi
cients. The hydrogen ion concentration is maintained in operable limits by 
use of an acetate system. 

The aqueous phase is 0.1 M HAC (25 l/hr). The organiC phase (25 l/hr) 
is 0.4 M D2EHPA and 2.5 M 2-ethyl hexanol diluted with Amsco. The feed (3.3 l/hr) 
contains 30 gil Ca and 1:5 gil Sr as acetates. 

The strontium product is recovered by continuous evaporation of the raffinate. 
,'~)rhe calcium and yttrium are stripped from the ,organic phase and. the organic is. 
" recycled. 
, 'r' .... . . ', 

Sr-Ca SEPARATION OPERATING P~OCEDURE 

, NOTE: If the last separation done in the cascade was of materials other than 
Sr90, it is necessary to flush and decontaminate all equipment used ~8 
the previous run. If the last separation done in the cascade was Sr , 
proceed beginning with Section "B." 

A. Cascade Clean Up 

(1) Solution make up tanks. 

(a) Empty tanks M-833, M-1333, R-510, R-410, R-210 and 'calibration 
burettes. 

(b) ,Rinse tanks M-833, M-1333, R-510, R-410, R-210, calibration 
burettes and feed tank air lifts. 

(c) Fill M-833 and M-1333 with distilled H20. 

(2) Drain cascade raffinate to R-IIO and stripper aqueous to R-IIO 
through E-210 by lowering weirs on X-IIO and stripper to minimum 
level. 

(3) Turn on agitators to X-210, X-IIO and W-210 and stripper and adjust to 
maxilllUlll speed. 

r 
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(4) Wash the acid from the cascades and stripper by maximum flow of H20 
from P-13 and 15 iiters/hour from tank M-1333. " 

(5) Continue to wash until samples taken from weir boxes are above pH 5. 

(6) Wash outW-110 and E-110 by diverting raffinate streamfrom R-IIO to 
E-IIO. Wash for 30 minutes. Change X-IIO raffinate stream toR-110 
and jet E-IIO to E-210,. 

(7) Shut off flow of H20 from M-833 and M-1333 and drain. 

(8) 

(9) 

Fill tanks M-833 and M-1333 with a 0.2 M NaOH and fab detergent 
solution. -

Wash organic from X-IlO, X-210 and stripper with maximum flow from 
P-13 and 15 liters an hour from M-1333. The flow from X-IIO goes 
direct~ to R-110 and the flow from the stripper goes through,E-210 
to R-IIO. 

(10) , After three hours operation pull sample from X-IIO weir, add 2 ml of 
HNO to sample and check for organic phase. If organic is visible, 
con~inue'operating and sample each hour until no organic is visible. 

(11) Shut off flow from M-833 and M-1333. 
and fill with distilled ~O. 

Drain and rinse M":833 and M-1333' 

(12) Wash the emulsion from X-210, X-IIO and stripper with maximum flow 
from P-13 and 15 liters/hour from M-1333. 

(13), Continue wash until X-IIOraffinate and stripper aqueous solution 
are less than pH 10. 

(14) Close down cascade and drain all solution make up tanks. 

B. Solution Make Up 

(1) Cascade aqueous soluti,on. Make up 0.1 ,!1acetic acid in M-83J. 

(2) Stripper aqueous solution. Fill tank M-1333 with 1 ~ HN0
3

• 

(3) Raffinate wash liquid. Add Amsco as required to M-933. 

(4) Cascade organic liquid. Fill M-410 with, 0.4 M D2EHPA, 2.5 M 
2-eth. hex and Amsco. - ' 

(5) Strontium feed solution. Transfer from strontium cell to R-510 
and adjust feed solution to 1.5 grams Sr/literand 30 grams Ca/liter. 
'The acetic acid should not be more than 25% of the total acetate 
present. 
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C. Aqueous-Organic Equilibration 

(1) Valve X-lIO raffinate to R-IIO and stripper aqueous to E-210 to 
R-IIO. 

(2) set X-IIO and stripper weirs to maintain normal.operat:l.ng interface. 

(3) Start P-13 and adjust for maximum flow. 

(4) start P-ll and adjust for maximum flow. PumpD2EHPA from R-410. 
Refill R-410 as requir~d. 

(5) Adjust flow of aqueous from M-1330 to stripper to 12 liters/hour. 

(6) Adjust Amsco flow to W-110 to 2 liters/hour. 

(7) Start agitators to X-IIO, X-210, stripper and W-lIO at normal 
operating speed. 

(8) Continue flow of cascade aqueous, organic and stripper aqueous until 
organic begins to leave stage 20 of X-210. (Indicated by probes). 

(9) Reset P-ll to deliver 25 liters/hour. 

(10) Reset P-13 .to deliver 25 liters/hour. 

(11) Reset stripper aqueous valve to deliver 12 liters/hour. 

(12) Collect D2EHPA in R-210 for three hours. Drain R-210to disposal 
pu.m;p. Add 80 liters of 0.4 M D2EHPA, 2.5 M 2-eth. hex. and Amsco 
to R-210. Change flow to P-!l from (R-410 to R-210).· . .. 

(13) Check pH of raffinate. Should be between 3.5 and l~ If the pH 
is greater than 3.5, continue operating and sample raffinate each 
hour until it is within limits. 

(14) Empty R-IIO and divert raffinate stream from R-IIO to E-IIO. 

D. Calcium-Strontium Fractionation 

(1) Valve T-210 to stage 9 and R-510 to primary air lift. 

(2) Open air supply to primary air lift and check flow with metering 
burette. . 

(3) Open air supply to secondary air lift (high flow) and to maintain 
flow. of feed to stage 9 at 3.33 liters every hour. 

(4) Turn on condenser H20 to E-1IO and check E-1IO off-gas. 

. , 
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Turn on E-IIO steam toE-210 'jacket and set E-IIO temperature 
o 

controller at 120 C • 
".,' .' 

(6) One hour checks and adjustments to be made during operation. 

(a) P-ll and P-13 flows. 

(b) Interface levels in cascade and stripper. 

(c) Motor or bearing noise,. 

Cd) Primary and secondary air lift deliveries. 

(e) , E-IIO temperature and off:-gas. 

(7) Continue operating until R-510 is empty. 

E. Feed ,Tank Rinse, and Calcium-Strontium Wash Out Cycle 

( 1) Add 7 liters of 0.1 M aqetic acid to.R-510. Sparge for 5 minutes 
and feed to cascade at the rate of 3.3 'literS/hour. 

!,':" ~ 

<'i 

(2) When R-510 is empty, sample raffinate for G.B. to determine allowable::' 
strontium concentration. 

(3) While waiting for results, repeat steps 1 and 2as required until 
allowable results are obtained. 

F. Equipment ShutDown 

(1) Turn off P-ll and P-13 pumps. 

(2 ) Turnoff air to feed air lifts. 

(3) Turn off X-IIO, X-210j W-IIO and stripper agitators. , 

(4) Turn off steam to E-IIO jacket and H20 to E-IIO cOhdenser. 

(5) Close all valves. 

(6) Sample E-IIO and R-IIO. If R-IIO is under allowable concentration, 
jet to waste header. 
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APPENDIX No.6 

ZONING PROOEDURE FOR THE FISSION PRODt£T Ploor PIANT. 

I. Regulated Zone . 

Definition: An area. where operations are restricted far tbei purpose of 

radioactive conta.mination control. This zone may contain 

Radiation Zones, Conta.mination Zones 01: both ranging in 

size from a small spot to a large area. 

A. The F3P area. 1s a regu1.ated zone and signs to. this 

,effect are posted at all entrances to the. area. 

,2. '.: Contamination. Zone 

i::.Definition: An area. where control measures involve the contamination 

of employees, the environs, and/or equipment and ·where 

there is a possibility that radioactive material may be

come deposited inside the body leading to internal radiation 

exposure. See Table 1 for action required for specific 

instances. 

A. F3PArea COnta.mina.tion Zones 

(a) Process cells • 

(b) Manipulator cells. 

(c) Tank Farm cells. 

(d) Cells 15, 16, 17, 18 and 19. 

(e) Service and pipe tunnels. 
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(t) Vacuum pump cubicle. 

(g) Filter pit • 

(h) Tank Farm s~ler . 

. (1) Hot can storage shed. 

(j) Cubicle ltD". 

(k) other contamination zones may be designated 

on a temporary bas~s as needed. 

',' 

Table 1 - Contamination Levels to be Used as a Guide in the Establi~ 
" 

shment of Contaniination Zones :.:.:. 

, ';':.:' 

Direct Reading Transferable.··· 
Type of .. ' ,Airborne Surface Contam- Sur~ce C.OI!:~ '.:~~ 

Radiation Cont~nation .. ina.tion tamination 

.:,~:it",\ 

Alpha 5 x 10-1J, 300'd/m/IOO 
2 

30 d/m/lOOC?f1:I 

uc/cc air ' 2 ." 
em , 

-------,-'-'------ ~-------'-------------- -,----- -_ ... - - --,~ ---- ------ ---------------'------
Beta -Ga.mm:a 1 x 10-8 

o~ 25 mrad/hr 1000 c/m/IOO 

uc/cc air 
2 

cm 

3. Radiation Zone 

Definition: An area where control measures involve external radiation 

exposure to personnel. See Table ,2 for action required in 

specific instances . 

·~i 
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A. F:31' Area Radiatioo: Zones 

(a) Process cells. 

(b ) . Man1puls. tor cells. 

(e) Tank Farm cells. 

(d) Cells 15, l6~ 17, 18 and 19. 

(e) Service tunnel. 

(r) Vacuum pump cubicle. 

(g) ~11ter pit. 

Ch) Ta.nk Farm sampler. 

(1 ) Hot can storage shed. 

(j) Cubicle tiD". 

(k) W -19 and W -20 Ta.rlk area. 

(l) Other radiation zones may be designated on a 

temporary basis as the need arises. 
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Table 2... Procedure for Po st i!!6 an.d Establish:1ng Radiation Zones 

: ' '" :, ,,' 

Immediate Follow:"U,p 
No. Dose Rate Range ' Action Action 

" ~ . 

1 3 m:tem/hr - 6 Po'st low level tags if' the Periodic :reVf~~ 
m.rem/hr , accumulated daily dose to 

personnel may be 20 mrem. 
.",,_,:;: 

2 6 m.rem/hr - 1 Post warning signs or tags Rope of'~ the I , I 
, ,. - . r~/br ".'-' , area if the ac,.,; '; ,! 

, , cumula.t~d weekly;: ! 

dose may l:>e ~ .1:em.1 
,,' ,< I 

" 1 .. 3 rem/hr Post -warning signs or Erect a barricad~, I l \"" ' 
. ' I' 

tags. Rope off. ' , which provides ab~ 
solute physical> ,I 
exclusi'on 1f'the', I 

4 Over 3 rem/br Post warning' signs, tag, accumulate,d:.weeklJ 
and erect a teJlU)orary dose in the area 
barricade. Lock and/or may bel2 rem. 
block all entries. Lock orblocl!.:, 

entranc~. 

4. Contaminated Vehicles ~'--'- .. 

A. The bed of the one and one-half ton truck is a contamiIiated zone. \The 

cab of' the truck isa regulated zone. 

5. All personnel must be thoroughly checked before leaving the work area in 

each buil.ding. Victoreen meters and hand and f'eet counters are available 

in the building for self' monitoring. If in doubt, call Heal.th PhySiCS, 

'i·-

l~ 
'j 
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Telephone 6263. If the required instrulilent or inStruments are not availa.b*e 

regardless of the reason caJ.:l·HealthPhysics. 

6. In areas where hand decontamination facilities are aWila.ble, the hands 

must be, decontaminated before leaving the work area. 

7. If the clothing and/or shoes have any detectable contamination, change to 

clean clothing and put on shoe covers before leaving the work area. Request 

the necessary assistance to meet this requirementfram your supervisor. 

8. Contamination 'marked .clothing may be worn anywhere in the F3P area pro .. 

,vided they are free of . contamination. 

:9~ f Personnel must not wear contamination marked clothing outside the F3P area 

,except:. 
'~. . 

, A. 
" ~ ~ 

If free of, contamination" the individual may ride "in a regulated 

zone vehicle from one regulated zone to another regulated zone. 

10. Personnel working in contamination zones must be clothed in contamination 

marked coveral.ls. 

"', \ 
11. SmOking and eating are prohibited in contamination zones. 

12. The requirements for entry into a radiation zone are in Table 3. . 

" 
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Table 3 - Re~uirements for Entrl into a Radiation 

Zone --

I II III IV V VI 
Administrative Authority 

Direct Reading Health Health 
Exposure Monitoring Physics Employee's Physics Laboratory 

Range Instruments Surveillance Division Division Deputy 
(rem/hr ) Required Required Director Director Director 

0.003 - 5 
1 

X X 

~----------- ---------------- -------------- -------------- ---------- ----------------

5 - 20 X X X 

" 

20 - 50 X X X X 
" ·.i." : ·f. 

'+ 

Over 50 X X X X X :. ," 

',' 
~. 

'" 
:0",> 

1 In the exposure range 0.003 - 5 rem/hr, the requirements specified in 
" 

~ 

Columns II and III may be ignored if the anticipated exposure time is such 
'/'..: {~ .~~ 

as to result in an accumulated weekly dose of less than 0.1 rem. 
i 

13. Trainees, personnel on loan to the Laboratory, and visitors are subject to 

the provisions of these regulations in the same manner as Laboratory 

employees. 

-' .... 
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APPENDIX NO.7 

PROOEDURE FOR PERSONNEL ENTRY TO FISSION PRODUCT PILOT PIANT CELIS 

I. Cell Danger Zone 

Definition: An area where high level radiation and contamination can be 
expected or is expected to exist. 

F3P Cell Danger Zones 

1 .. Process Cells 1,2,3,4, 5,6,7,8, 9, 10, 20, 21, 
22, 23, 24, 25 and 26. .. 

2. Manipulator Cells 11,12,13,14,'15,18,.19 and 27 . 

.3. Decontamination Cell No. 16. 

4. Service tunnels. 

5. Pipe tunnels. 

II'} Entry Procedure . 

Entry to a Danger Zone requires that the following items 
be completed p.~tore personnel shall enter the area: . 

1. A survey by;;.1{he F3P Supervision or Health Physics 
surveyor with the proper equipment for determining 
personnel exposure. 

2. The completion of a Work Permit by the F3P supervision 
or the Health Physics surveyor. 

3. Personnel shall have' attached to their clothing the 
following personnel monitor equipment: 

(a) Pencil meters.' 

(b) Dosimeters that will be read before, during and 
after entry to a cell. 

( c ) Film badge. 

(d) Screamers. 

(e ) Film rings will be 'Worn on the hand normally 
used for hand operations. 

*. 
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4. Plastic suits 'With an air supply will be used in 
all Danger Zones except the Service Tunnels and 
areas removed from the Danger Zone classification 
by the D!partment Superintendent. 

If a non-plastic suit area requires a gas mask, 
all clothing will be taped and no part of the body 
shall be exposed. 

5. A timing device shall be set for the determined 
working time and shall be e'd.u1pped with a mechanical 
or electrical alarm. 

6. An observer is required for entry into a Danger Zone 
and he shall be in a location where he can render 
immediate air or call for assistance if required. 

7. A monitor device shall be placed in the Danger Za:c.e 
with an observer or an alarm unit located outside 
the area to monitor sudden changes in radiation 
level. . 

8. F3P personnel will enter a Danger Zone with a cutie 
pie in their possession. . 

9. F3P personnel will enter top access cells with a 
life iine attached to their waist. 

Ill. In-Cell Procedure 

1. Enter cell by the shortest but safest route. 

2. Do not remove anything by hand. Use tongs, pliers '
extended brushes, or any other device which will 
keep the hands and body in radiation fields less 
than 5 r/hr. 

3. Check all suspicious material with the cutie pie. 

4. Check dosimeter periodically and leave immediately 
if a reading Of greater than 100 mr/hr is recorded. 

5. Place cutie pie in a position where it can be read 
at a glance. 

.', 
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6. If you move a piece of material with one hand, check 
radiation with a cutie pie in the other hand. 

7. Place all debris in hot cans or waste cans which will 
be removed by remote handling methods.-:DO not stand 
or crouch near the hot can. Check can periodically 
wi t,h a cutie pie or place cutie pie between the hot 
can and your body to show changes in radiation field. 

8. Work at a normal speed. Do not become excited as this 
requires greater air supply and generally means a 
departure from safe work habits. 

IV • Departure Procedure 

Personnel leaving a Danger Zone shall follow the procedure outlined 
below: 

1. When the observer or the alarm signal the end of jihe 
working time or changing radiation leVels, the employee 
will immediately stop work and leave the cell by the 
shortest and safest route. 

2. When the employee reaches a deSignated area, the 
observer will wash the contamination from the plastic 
suit with water spray . 

.3. The employee will then enter a Contamination Zone and, 
remove the contaminated protective clothing. He will 
move from the contaminated area to a regulated area 
as he removes the final piece of protective clothing. 

4. The employee will then be surveyed by deSignated 
personnel and his dosimeter reading recorded on the 
·work permit. 

5., The employee will. proceed with any personal decon
tamination required and will not be assigned further 
duties until he has met all the requirements con
cerning body contamination. 
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ISOTOPES DIVISION WORK PERMIT 

Date 

Operator __________________ __ 

Location 

Survey By ______ _____,.,.......-:--

Badge No. 

Time 

Air Count 

Temporary Form 

Shift 

Radiation Reading ________________ ------

Instrument Used 

Wor king Time 

Description of Work ____________________________________ ~----------------

'" "'c'j 

--------------------------------------------------~,,'~; "< 

PROTECTIVE EQUIPMENT REQUIRED: ~: ji 

Clothing Safety Equipment Radiation Monitors, 

Pencil Meters Safety Shoes 
Coveralls 
Cap 

Safety Glasses 
Air Line Suit --- Dosimeter -..."....' ;: 
Assault Mask 

Gloves: Cotton __ _ 
Rubber 

Observer 

Film Badge 
Cutie Pie 
Film Ring 

-.' 

~',.~, 

--------------- Time In Time OUt _____ _ 

WORK COMPIETION 

Operator Surveyed By 
Dosimeter Reading , ----------------
Personnel Decontamination ---------------------------------------------

Remarks ---------------------------------------------

Foreman 
TX-2l25 ----------------------------
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APPENDlX NO.. 8 

F3P EMERGENCY AND EVACUATION PROOEDURE, BUIlDING 3517 

The attached area emergency and evacuation procedure 
is approved and will become effective immediately. 

Approved by: ~riginal Signed byJ. H. Gillette 
Division Director 

Original Signed by 
R i W. Schaich 

Area Emergency Supervisor 

Original Signed by 
T.. W. Hungerford 

Supt., Sa.fety and Fire Control 
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INSTRUCTIONS FOR ALL NON-EMERGENCY EMPLOYEES 

FIRE OR EXPLOSION 

Any employee discovering a fire or explos'ion should actuate the nearest 
fire alarm box or call the Fire Department emergency number 6359 and give 
the Circumstances of the fire after which the employee should notify or have 
someone notify the Area Emergency Supervisor and attempt to control the fire 
at hand if it is practicable to do so. 

RAVE SOMEONE MEET FIREFIGHTERS AND DIRECT THEM TO THE SCENE OF FIRE 

If it is obvious that the building or area should be evacuated, cause 
the evacuation alarm to be sounded immediately. 

FOLLOW THE EVACUATION PIAN IF THE EVACUATION SIGNAL SOUNDS 

NOTE: A small fire (one which the employee is completely sure that he can 
eXtinguish),"iriay be-extinguished without adherence to the above, after which 
the Fire Department and Area Emergency Supervisor must be notified. 

ANY OTHER EMERGENCY 

:.' If the emergency is of _such a nature as to require medical assistance, 
ambulance, patrol, etc.) call the Laboratory emergency number 6500 and give 
t,he circumstances -of the' emergency after which the employee should notify 
the Area Emergency SuperVisor and attempt-to control or assist in controlling 
the emergency with the equipment or supplies at hand if it is practicable to 
do so. -

HAVE SOMEONE MEET THE EMERGENCY PERSONNEL AND DIRECT THEM TO THE SCENE 

If it is obvious that the area should be evacuated, cause the evacuation 
signal to be sounded immediately. 

FOLLOW THE BUIIDING EVACUATION PIAN IF THE EVACUATION SIGNAL SOUNDS _ 

NOTICE: 

Any employee hearing the Laboratory evacuation signal which is a series 
of thirty seconds continuous ringing of the bell system (Note: Not to be 
confused with the take cover alarm Signal which is a series of thirty seconds 
intermittent ringings of the bell system) sounded simultaneously with rapid 
successive blasts of the fire horn, indicating that the entire Laboratory is 
to be evacuated will immediately cause the building evacuation signal to be 
sounded. If not assigned to regular emergency duties, he will follow the 
area evacuation plan in carrying out the Laboratory evacuation procedure in 
accordance with a prearranged plan or as instructed by the Area Emergency 
Supervisor. 

t 
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EVACUATION' DRILL INSTRUCTIONS 

When the e:vacuation dr~ signal SOWlds aU employees ·Who are not assigned to 
p~rform emergency duties will& 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

Stop work. 
, 

If practical, shut oft power. If not practical to Shut off power, shut 
off any electrical machines an~ turnoff lights .. 

. . 

If practical., shut 01'1' gas and ext inguisb . anY otp,er open flames. 

Place classified documents in vaults or file cabinets and lock them. 

Close all door_and'windows, except those to be used as exits, opening 
upon or Wlder fire escapes. . . 

':)".' 

Rapidly walk out of building according to building e1l/8.cuation plan or ' . 
according to Warden's instructions. Assemble on White Oak Avenue .. Re';"~i' ! 

., 
';: 

turn to work a.rea when instructed by Warden . i! 

(1) Don't rWl 

(2) Don't crowd the person ahead 

(3) Don It lag behind and thus 1310w or break the column 

(4) Don't scream, laugh, or talk,caUSing unnecessary noise 

(5) . Don It cause confusion by becoming unnecessarily excited 

(6) Don It remain in toilet or dreSSing room 

(7) Don't return for clothing or ;Personal items 

(8) Don't attempt to leave assembly point until dismissed or Wltil 
it is permiSSible to return to the building 

(9) Don't attempt to leave building except in accordance with 
/ 

evacuation drill regulations 

(10) Don't fail to follow instructions 

f' 
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DUTIESOF' BUIIDING EMERGENCY PERSONNEL DURING ACTt;TAL EMERGENCIES OR EMERGENCY DRILLS 

::1 

;. 

1. Bu1l.d i nS EMergency Supervisor 

Shift ForemaIi 

He will have charge of the area. and will directly combat emergencies 
in the a.rea until relieved by the laboratory Shift Sl.l];lervisor. The Area 
Emergency Supervisor will coordinate and supervise training of the area 
combat squad instructed to combat eme,rgencies and to do rescue work in a 
desig;na.tet;l area. He will have general charge of a.ll matters pertaining 
to evacuation dJ:'ills and organization,; enforce disciplinary measures for 
failure on the part of' the occupants to observe rules or requirements; see 
that overcrowding in+,ooms or elseWhere is prevente:.d and that' sufficient 
sp?tceis given to aisles and passa.geways to ~rmit quick ac-cess to all of 
the exits. 

(a) He shall prepare and have conspicuously posted on each floor or 
each building a notice of the schedule of evacuation ann the 
duties of occupants in case of an alarm. 

(b) He shall make a survey of the building to dete!'mine the capacity 
of all exit facilities in accordance with the requirements of the 
Safety and. Fire Control De~nts. 

(c) He shall assign exits for the occupants of each room. 

(d) When changes are made in the occupancy conditions.he shall make 
such changes in the assi~ent of e~its as may be necessary. 

(e) He will notify all members of the evacuation dJ:'ill organization 
regarding the general plan of exit assignmen.t and the details 
pertinent to their specific duties, and examine them orally as 
to their familiarity therewith, going over the ground when 

(f) 

necessary. 
i> 

He shall be responsible for planning the shutting off of electricity , 
processes, gas, oil, etc., in case of aJ"arru or fire,. 

/ 

(g) lie shall personally supervise the sounding of the general building 
. alarm. and see that each movement corresponding to alarm signal is 

promptly and properly executed. , . 

(h) He shall be responsible for the condition of all aisles and passage
. . ways and shall,: see that chairs,. benche s and, stock in transit are 

promptly removed to insure unobstructed passageways. 
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(i) He shall select and designate the exits to be uSed by the occupants 
on his floor. 

(j) It is required that he instruct the occupants in the use of all 
means of egress 60 that they will be familar with all routes. 

2. Alternate Building Emergency Supervisor 

R. W. Sch.a.ich 

He shall assume all the duties of the regular Building Emergency 
Supervisor in his absence. . 

3. Searchers 

Searchers will be assigned by the Wardens at the time evacuation , . 
alarm 1s sounded. If searchers are not available, the Emergency Supervisor 
himself will perform the duties of the searchers. . 

The Searchers will check all rooms in their territory to be sure. that 
evacuation is cqrnplete and that all doors and windows are closed. They 
shall visit the toilet rooms and any rooms frequented by their sex. They 
shall look out for any people who may become hysterical and fai~t • 

4. Combat Squad Members 

D. Hodges 
E. Ryan 

E. Cagle 
D. King 

These' combat squad members are instructed to combat fire with e
quipment at hand in the area or building and are trained to combat other 
emergencies. upon receiving notification of any emergency they report to 
the Area. Emergency Supervisor and combat the emergency in accordance with 
his instructions or according to a prearranged plan. 

Approved by: 
Original Signed by 
E. E. Beauchamp 
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APPENDIX No.9 

F3P PROCESS DATA 

Batch No. Tank. No. _______ _ 
Previous Code _____________ _ 

Crystallization 

1. Time Started 
2. Chemicals Add-e":'"d-: --'------

lbs. Na2S04 
--"""lbs. (NH4)2S04 

lbs. Alum 
::----

3. Temperature Break 
4. Final Temperature 
5. Crystal Volume 
6. Crystal Bed Disposition 
7'~ Time Completed 
B. Operator 
9. Shift Change Status 

Date 
~--------------

Gals. water 
----~G-al's. 6010 HN03 

°c ------------------------oC 
·'Gals. ----------------

Precipitation 

1. Time Started Date 
2. Chemicals Added 

3· 

4. 
5· 
6. 
7· 
8. 

, 9· 
10. 
11-

Gals. 19 M NaOH 
---Liters 42-l/2~ Hydra-

zine 
___ Lbs. Na2CO") 
__ ---,Grams Fe(N03)3 
___ Liters H202 

Digestions: 
(a) Temp. °c 
(b) Temp. °c 

Time 
Time 

(c) Temp. °c Time 
Final pH or Normality 
Precipitate Volume 
Centrifugation Rate 
Batches in Centrifuge Bowl 
Dissolved Precipitate to Tank 
Time Completed 
Operator 
Shift Change Status 

TX-B1B 

____ = Cubic Feed NH") 
TLbs. Oxalic Acid --,-----

Grams Y(N0'll»3 
-----:::-Gals. 60% HN03 
---.,-, -"-,,,...,., '-. Liters NH40H 

Di Sodium Phosphate ---

Hrs. Time End 
Hrs. Time End 
Hrs. Time End 

Gals. 
G.P.M. 

, 
'<', 
c~ 

~' 

..... 

... 
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SAMPLE DATA . 

f Starting Solution . 
Sample Code Tank No. 

~ Liquid Level' Gamma Reading 
Specific Gravity Operator 
Volume Date 

Lab Centrifuge 

Sample Codes A B . Tank No. 
Liquid Level Operator 
Specific Gravity Date 
Volume Gals~ 

waste Solution 

Sample Code Tank No. 
Liquid Level Gamma Reading 
Specific Gravity .. Operator 
Volume Date 

.. -. , 

.,; 

" \I 
,. 
f. 
~ , 

TX-8l8a 
1.:.'-

-' 

~ 
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CESIUM PURIFICATION 

B:fitth: JDSitsl,Card 

Batch No. 

1 and 2. Operational Checks 

3. Transfer 

Transfer 
No. 

1 

2 

3 

4 

5 

4. Crystallization 

Volume 
Transferred 

water Crystallization 
No. 

1 

2 

3 

4 

5. Rubidium Removal 

Removal 
No. 

TX-895 

1 

2 

3 
4 
4 

5 

6 
7 

Alum 
Added --

Crystal 
Volume 

Date -------
Operator 

C-5l3 
Crystal Volume 

C-5l3 
Crystal Volume 

~I':: .dC"; ·11' ,,' c. -L',(r,: 

-----

Operator 

Operator 

Time Operator 

I 
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,~ 
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water Rinse 

Volume H20 Added Time ____ ~ __ OperatQr ,,.;, .. _....,....,:....-__ ~~ 

6. Cesium Dissolution 

NaOH Scrubber Sett111g E-2l3 Off Gas ______ _ 

HCl Added" Liters Time Operator ------
7. Cesium Precipitation 

b . Recovery Pt Added Grams Date 

New Pt Added Grams ----- Time ____________ _ 

Total Pt Added Grams Operator ------

c. 

e . 

Process 

Digestion 

Settling 

Temperature 
9C 

Transfer and Rinse Data: 

Process Volume' 

f. Filtration 

g' ", First Hel Rinse 

h. Second Hel Rinse 

i. Third Hel Rinse 

j. H20 Rinse 

m. Sample --

TX-896 

Time 
start 

Final 

. Time 
Complete 

Disposition Time 

---

-----

------

Operator 

Operator 

.,. 



-:L4$-, 

8. Cesium Chloroplatinate Dissolving 

a. .1 N HCl Added'< ,;Liters Date ----------------
d. 42.5% Hydrazine Added Liters Operator ______ ~ ____ ___ 

Process 
Temperature 

°c 

c :r'~ .:·'Dtgestion 

g. Digestion 

9. Cesium Evaporation 

10. 

b. E-2l3 Condenser '-' 
water. 

c. 

h. 

L 

j. 

----------------

Process 

Filtration 
HCl Rinse 

Vol. Reduction 

HCl Addition 

E-2l3 
Starting 
Volume 

Ammonium Salt Destruction 

Volunie 
Acid 

Process Added 

c. Aqua regia 

e. Aqua regia 

g. . Aqua regia 

i. Aqua regia 

k. Aqua regia 

l. Vol.reduction 

TX-897 

Time 
. Started 

E-2l3' " 
Off Gas 

E-2l3 
. Final 
Volume 

E-2l:3 
Volume 

Time 
Completed Operator' 

Operator 

__________ Operator 

Steam 
Pressure 

Steam 
Pressure 

operator 

Time 

Time 

Operator 

• 
to., 

~ 

..., 

.. 

... -
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10. Ammonium Salt Destruction (contfd) 

T .... 'n~-'~~: 

Process 

Volume 
Acid" 
Added 

C ~213 . Steain i 

Volume Pressure Time ;. " :operator 

m. HCl Addition 
o. Aqua regia 
q. Aqua regia 
s. Aqua regia 

u. Aqua regia 

w. Aqua regia 

x. Vol. re~ 

duct ion 

11. Acid Removal 

12. 

Process 

a. RN03 
reduction 

c. RN03 
reduction 

e. HCl '~~: " .• ,,; 
reduction 

g. HCl 
reduction 

i. HCl 
reduction 

Powdering 

VolUme ' E-213 
Acid Vol. 
Added start 

E-213 
Vol. 
Finish 

A. Tray Clean and Drain Plugged 

Process 

d. Filtration 
h.First drying 
h. Second drying 
j. Sampling 

Volume to Time 
Beaker Start 

steam 
Pressure Time 

Operator 

Time 
Complete 

Process wt.!grams Can No. Storage No. Time 
k. weighing 

Weighing 
Weighing 
Weighing 

Total weight __ _ 

TX-898 

. op~rator 

Operator 

Operator 

. ':. 
" ~. i· . 

,;;";'t' 
,:.;,'S.'" 

.," 

,',,~ ',: ..•. ,~ 
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13· Platinum Recovery 

( , 

Solution Temperature 
z, 

Process Added °c Ttme Operator 
., 

c. Pt. ppt. 

d. Digestion 

g. Filtration 

h. Rinse No. 1 

Rinse No. 2 

Rinse No. 3 

j. Pt Dissolving 

1. Digestion 
------

E-2l3 E-2l3 
Process start Finish ',' Time Operator 

',:,'.; 
" . 

o. Vol. Reduction 

r. Sampling -- • .. 

, .. 

• r 

~. 

,\ 



• 
I'" 

--
-

,~ / ' 

rI 
.' 

<OJ 

,,;/) 
I 

. '. 
it-

) 

Date 

~l~l~f'\ 

PRECIPITATION 
- -

-Operational Instructions 

-------- supervisor ----------------
Chemicals 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

___ ---:~a.ls. 7(J{o ~O, per bat,ch., _ 

___ ---:ga.ls. 4 M NaH2P02 per~tc~ 

gals. 50% NaOH per batch ----
_____ ~litershydrazine per batch 

_____ cu .• ,. fto.NH, per batch 

____ ~grams Na
2
Co, per batch 

___ ---I'gramsFe (NO,), per batch 

Samples 

gperators, Initials 

~nk No. Code Dilution Sample Volume Disposition 

Pl 

P2 

P, 
p4 

H4 

Precipitator Disposition 
Dissolved 

Tank Volume 'Process :,:Centrifugate, ,,'Precipitate - 'Precipitate 

P-12 

P-2, 

p-,4 

P-45 

Special Instructions 

',:' 

./' 

'_. . .. 1' 

, " 

',f" 7'< 
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CRYSTALLIZATION 

Operational Instructions 

Date Supervisor 
----------~------

Chemicals 

L 

2. 

3· 

4. 

5~ 

6. 

_________ lbs. Na2S04 per. feed batch 

_____ -.-;..._ lbs. (NH4)2S04 feed batch 

lbs. alum per feed batch· ---...,.------...;.,_. 
______________ gals. water per feed batch 

________ gals. 7\Yfo HN0
3 

per feed batch 

Samples 

Operators Initials 

Tank. No. . Code Dilution 
Sample· 
Volume Disposition 

C-l 

. C-2 

C-3 

c-4 

S-3 

Crystallizer Disposition 

Tank Volume· 

C-17 

C-27 

C-38 

C-48 

Special Instructions 

Filtrate Crystal Bed 

.;, 

.., 

" 

~ 

.. 

,-
"III 

~ 

.\ .. 
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APPENDIX No. 10 

F3P DECONTAMINATION PROCEDURE 

I. Cell Equipment Decontamination 

1. Secure all jet switches gOing to tanks that contain radioactive 
solutions. If additional safety is required, have Instruments 
disconnect :the air to tp,e switch~. 

2. Check with building supervisor on the path of the decontamination 
solutions. Write up procedure for moving solution from vessel to 
vessel. 

3. The following chemicals will be added to the starting vessels and 
will be heated to 90°C for 15 minutes, cooled and jetted to the
next tank: 

4. 

5· 

A. 200 gallons water. 

B. 200 gallons 4 N HN03 acid. 

C. 200 gallons water. 

D. 200 gallons 4 M NaOH • 

E. 200 gallons water. 

F. 200 gallons 0.1 M sodium versenate • 

G. 200 gallons water • 

H. 200 gallons 0~5 M NaOH - 0.01 M KMn04' 

I. 200 gallons water. 

J. 200 gallons 0.05 N HN03 plus 30 pounds oxalic. 

K. 200 gallons water. 

Add 200 gallons of water to each vessel and carefully heat to 
100°C. Turn off condenser water and allOW steam to decontaminate 
off-gas system. Control off gas to not less than 3 inches. 

Remove cell blocks and have H.P. check for high level radiation 
pOints. Note these lines or vessels and repeat chemical treatment 
through these areas. 

6. Spray cells and equipment with the following chemicals: 

A. Hot water 

B. 0.1 M Na versenate 

C. Hot water 

t; ~ ... 
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D. 1 M NaOH 

E. Hot water 

F. 1 N HN03 
G. Hot water 

NC1lE: Keep sprays at a distance from' centrifuge motors. Donot 
operate agitators orcentrlfu,ges while spraying. 
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Tank No 
F-421 

;;; 

F-521 
F-621 
F-§21 
F-l021 
F-1121 
W-19 
W-2O 
S-122 
S-324-
S-223 
S-523 
S.:.4-24 
P-12 

,~,,,,, G-12 
• H-12 

F-12 
P-23 
G-23 

~ 

if' 

H-23 
F-23 
P-34 
G-34 
H-34 
F-34 
P-lj:'5 
G~5 
H-4-5 

• E-16 
C-l 
C-2 

• C-3b 
c-=41 
P-511 
H-~ll 
R-lll 
P-89 
H ... .§9 
N-19 

• N ... 2C: 
R-29 
R-3<:; 
R-7~ 

, . 
i 

C-51,2 

-
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APPENDIX NO. II 

F3P SHIFT TANK INVENTORY 

Batch 
Nos --

" 

.volume 
Percent 

,pate 
Shift " 

Opetator_~~_~~,.,...;..,...;..-

Remarks 

' " 



Shift Tank Inventory (Cent 'd) 

Tank Ne - Batch Nos 
C-013 
E-2l3 
FVl 
FV2 
~ 

·-196-

.-

Volume 
Percent 

~-

\\ 

Remarks 0\ ;' 
" 

..... '::! , . 

• l' . 

f; 

• 

·L 

~ 



t. ... 19'1'" 

,. APPENDIX NO. 12 
[~ 

Operator -------
Date 

BUIIDING 3517 CHECK SHEET 

1. Jet the f'ollowing' sumps to the S-223 tank: 

(a) Cell 21 

;" (b) Cell 22 

(c) Cell 23 

'(d) Cell 24 

(e) Cell 25 

(f') Cell' 26 ' 

• (g) Jet W-19 and W-20 valve pit to W-12'. 

\. 2. Distilled water system check. 

" 
(a) Distilled water tank volume 

(b) Steam pressure 
- ~ , . 

(c) Water on condenser 

(d) Pump opera.tion 

.. 
3. Air dryer check. 

(a) Air pressure , 
(b) , North unit temperature 

(c) South unit temperature 
.. 

(d) Rotometer f'ree of' moisture 
,_,f, 

t 
.: 
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4. Off gas. 

(a) Process cell 

(b) Manipulator cell 

5. Cell ventilation. 

(a) Cell No.1 

(b) Cell No. 13 

(c) Filter manometers 
,~ , 

(d) Steam on to jets 

6. ' Vacuum P;unP' 

(a) Pump ope~a tion 

(b) vacuum 

(c) Rotometersetting 

(d) Suck ~ 0 fronipap. 

1· Cbilled ,water unit. 

(a) Chilled water temperature 

(b) Chilled water pump operation 

(c) Freon 

(d) Tower level 

8. ,Lights. 

(a) Exit 

(b) Outside building 

(c) Inside building 

(d) Emergency s40wer 

9. Hot can storage. 

(a) Empty 

(b) Full 

"~o 

"~O 

"H 0 
2 

"H 0 
2 

North CWS ' , "H20 SQ\lthFG _ "~O 

No:rth_.....;..._ South ----

, , "Hg 

On Off, ----
Outlet, °c Inlet °c 

,'Suction Discharge ----

• 
J\ 

~, 

., 

. ' 
" ' 

.i 
'/ 
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9. (Cont td) 

Wee~ly Checks on Friday, 

(a) Emergency lanterns 

(b) Emergencysiren 

(c) En~rance doors lock system 

(d) En1erg~I1?y showers 

(e) Gas masks boxes are supplied 

; 
,lj 
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APPENDIX NO.1; 

CELL 14 STORAGE WELL OPERATIONPROOEDURE 

1. To fill storage well with water, open distilled water valve located 
on southeast wall of Cell 14 'to well to be filled. 

2. The liquid level instrument is calibrated from 0 to 10 inches of 
'Water. The high or amber l:!.ght is 1/2 inch below the overflow to 
S~52;. The normal or green light is two inc~esbelow overflow. 
The low or red light is three inches below overflow. 

;. Maintain a green light or normal level when products of powder or, 
pellets are stored in wells. 

4. The cool.ing coil water to storage well located on panelboard should 
be set at approximately 25% on flow meter to hold temperature at 
approximately 20 to ;OoC. , ' ' , 

5. Set air sparge flow meter a.t 20% on panelboard. 'The ai~sparge is 
to circulate the water around cans and cooling coils. , 

6. To empty storage well water to S-52;, open Siphon water ,valve located 
. on southeast face of Cell 14 until line is primed and close valve. 
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APPENDIX NO. 14 

F3P CHEMICAL INVENTORY 

.' Date 
Shift 
OPerator,~,~ ______ ~ __ ___ 

Make~Up, Tank 'Chemicals 

, Volume 
Tank No. Chemica.l Gallons or Liters 
M-131 19.0 M NaOE 
M .. 23l 19.0 M NaOE 
104";331 ' 00% RNO, , 
M-431' C .P. 19 104 NaOE 
104-1 
104-2 " 

,,-,., " 

M-532 10. N HNO", 
M-032 0010 HNO~ 
104-732 2 N . .HN03 .. 
M-I034 1.9 M NaO:rr 
104-1134 oC/fo HN02j 

Supply Chemicals 

Name Container Quanti ty I Max • Min. I 
~HN03 
7 C/fo !:IN'()3 
1 f.!'/o IiNQ2 
NaOH C.P. Pellets 
NaOH (flakE!J Rayon 
(NH4)~04 R.G. 
Na1!2P02 C. P • 
Hydrazine 
Alum 
Na21304 
Fe (N03 h· 9H20 
Versene 
pH 2 
:gHJ± 
pH 7 
pH 10 
Citric 
AI!isco 125-82 

(Super Sol) 
D2 Ethyl Hexyl 
Phosphoric Acid 
~drogen Peroxide 
C~P. 

Carboy 
Carboy 
Case' 
100 lb. carton 
100 lb. drwn 
100.,lb. drwn 
50.lb. drum 
55 gal. drum 
100 lb. bag 
100 Ib.bB.g 
50 J:'b:dXum 
2)lb. carton 
GaL bottles 
GaL bottles 
Gal. bolitles 
Gal; . bottles 
laO-lb. drum 

55 gaL drum 

55 gal. drum 

13 gal. carboy 

30 20 
3 I 
3 I 

eso 00 
40 15 

I 
15 10 I 

. ts5 42 
4 2 
4 2 I 

5 2 
5 2 
5 2 
5 2 • 
2 I 

4 2 

2 1 

Remarks 

.. 

Remarks 

" 

-.- ~;~ , 
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Supply Chemicals (Cont'd) '" 
r.J. ,. 

Name Container Quantity Max. . Min. Remarks 
~ ,r KMn04 5 lb. bottles 10 Lj. 

Hel Case 4 2 
NH3 Cylinders. Cylinders 4 3 
Oxalic A!cid ·300 lb. drum 2 1· 
Soda Ash 100 lb. bag 3 1 
Cerium Nitrate ;l.:50~;lb. drum 1 0.5 
NH40H Case ':);'J';::'~r.; 3 1 
H2PtC16 , 1 lb. bottles 2 1 

----
'. 

'" 

(~.J 

' .. "'. t 
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AJ;-l'PENDIX No. 15 

'F3P SAFETY REGULATIONS, BUILDING 3517 

1. Protective Clothing and Equipment 

(a) Safety glasses, safety shoes, film badges and pocket meters 
will be worn at all times in all areas, except while showering. 

(b) Face shields, rubber gloves and arm covering will 'be worn when
ever chemicals are handled or transferred by pump. 

(c) Hard hats will be WOrn whenever it is necessary to enter a cell 
or pipe tunnel when the roof blocks are removed. 

2. Handling and Storing of Chemicals and Equipmen~ 

(a) All materials 'weighing over 50 pounds will be handled by two Or 
mOre men or the crane. The weight limit is 50 pounds per man. 

(b) Loading areas will be chained off when lifting eq~ipment or ' 
chemicals with the crane. 

(c) 'Gas cylinders will be handled according to standard procedure and 
all empties will be tagged and placed in the empty racks. 

(d) Carboys will be handled by carboy lifters and drum holders and 
will be flushed and tagged after emptying • 

(e) Acid bottles will be carried in approved containers and all 
empties cleaned immediately after emptying. 

(f) All empty chemical containers shall be removed from the building 
and stored in proper places as soon as possible. 

(g) Hydrazine will be less than 42.5% concentration and will be 
stored in approved location. 

(h) Hydrazine will be handled in the same approved manner as in the 
chemical make~up procedure. 

(i) No solvents will be stored inside the building. 

(j) Solvents will be transferred in approved safety cans with 
grounding clamps • 

(k) Flammable material will not be stored on statr::way storage areas. 

(1) All areas shall be kept clear of material at the safety showers, 
fire fighting equipment and exits. 
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3. Mechanical and Electrical Equipmen~ 

(a) No mechanical equipment such as cranes, pumps, centrifuges, 
agitators, etc., will be operated until the operator personally 
clears the area of personnel. 

(b) Main electrical switches will be turned off and tagged whenever 
work is necessary on electrical equipment. ' 

(c) Danger tags will not be removed from equipment by anyone except 
the person who originally placed it on the equipment., 

(d) When not in use, the bridge crane will always be parked over the 
loading bay with the crane hook at least ten feet above the 
floor. 

.4. Fire Fighting and Emergency Equipmen.~ .. 

(a) All personnel shall acquaint themselves with operation and loca
tion of all fire fighting and other emergency equipment. 

(b) All personnel shall ~cquaint themselves with the operation and 
location of all safety showers. 

(c) All personnel shall acquaint themselves with the operation and 
location of assault and air line masks. 
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