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. 
A BRIEF id-.- 'MY OF THE T PLANT FACILITY 

c!' THE HANFORD SITE 

1.0 HISTORIC PERSPECTIVE 

T Plant (221-T) was the first ar- largest of the early chemical 
separations plants at the Hanford En; $er Works YEW) (World War I1 name for 
the Hanford Site). Officially designzred as a Ce . Building by the p-ynattan 
Engineer District (MED) of the Army Corps of Engirzers (agency resc' ale for 

ms at HEW), T Plant served as the headquarters of chemical processing OF 

Hanford from its construction until tFt2 opening of the EDOX Plan.. 
January 1952. Because it formed a crucial link in the first, fu;--scale 
plutonium production operarions in world history, it meets criteria 
established in the National Historic Preservation Act of 1966 as a National 
Historic Structure. 

.. 

.. . 
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.. Z. 0 CONSTRUCT I ON 

Ground was broken for T Plant on June 22, 1943, and the first temporary 
construction (TC) support structure to be completed was a 24 =t by 40 ft wood 
frame structure that housed the offices of the Division Engi) '.*?r. Finished on 
October 23, 1943, this small facility held the essential cons:rxtion offices 
until a larger office building was completed midway between the T and U Plant 
sites. Field cormnication services (temporary telephone facilities) were not 
connected until C-rcember 12. 1943. Water for constructio- 'rposes was 
obtained from the preSite McGee Artesian Well bec;nning OK ember 8, 1943. 
However, only 200 gal/minute at 20-pounds per sql;3re inch (. was avai 1 ab1 e 
until November 22, when a booster station and a '30,000-gal 
were instal 1 ed. 

woir tank 

Aggregate for the concrete used in the construction of T Piart was 
supplied from the Haven Barrow Pit, located approximately 0.5 miles west of 
the 100 B Area; from the Hanford Barrow Pit, located about 1 mile west of the 
old Hanford townsite; from a barrow pit dug in the 200 West Area on the site 
of the future 288-W Ash Disposal Basin, near the east-center of the 200 West 
Area; and from the excavations for the 221-T and 221-U Buildings themselves. 
Aggregate from the Haven and Hanford pits was brought to the.2CIO West Area on 
temporary, standard-gauge rail tracks that terninated at the 206-T Building, a 
temporary batch p1ar.t for the mixing and pour;'-s of concrete used in the 
construction of 221-T. 
disassembled and moved to the 200 East Area after 90% of the concrete had been 
poured for T Plant in early June, 1944. 
Plant was supplied from the nearby 200-U Batch Plant. Additionally, a special 
yard was constructed in the 200 West Area for the fabrication of precast 
concrete cell block covers. 

c 

This batch plant, which stood near T Plant, was 

The remainder of the concrete for T 

The original construction schedule for T Plant, established by the prime 
HEW cmtractor, the E. I. duPont de Nemours Corporation (duPont) of 
k'--. :3ton, pelaware, placed completion at "30 :-'!ys after the completion of 
1 L -. .4rea. Early construction progressed very slowly, because of a 
Shi: 3 of manpower. During the first six months of construction (June 
thr lecember 194?), only 3% of the work hvas completed. This portion of 
the h iainly cons?rted of excavation work for the canyon and the erection 
of tc -y construction support structures and facilities. In September, a 
two-mL iold" was placed on permanent construction in the 200 Nest Area, to 
free wo, to build additional living qhartcrs in the Hanford Construction 
Camp. (tiJ -244, this camp, located at the old-Hanford townsite, housed 
51,000 people.) During this two-month period, less than 300 workers were 
available to work on the entire 200 West Area! 

Normal work forces returne:! to 200 West Area construction on November 28, 
1943. The 75-ton overhead cran which was to be used to transfer irradiated 
slugs from their railroad well-c: - to the dissolvers in Sections 3 and 4 of 
T Plant, was installed early, so :--A- it could be used in construction 
operations. In December , a speci a1 35-ft-1 ong "Head End Addi ti on , I' to house 
1 aboratory equipment for radiochemical process improvement tests for the 
bismuth phosphate separations process used at HEW, was authorized for 

3 



”? 1 Plant.2 The design of this test laboratory section corresponded to two 
standard sections of T Plant, except that it contained smalier-capacity 
aquipment (Section 4.0). 

In March 1944, the duPont Corporation ordered a sharp increase in the 
work forces dedicated to the 200 West Area. Such forces peaked in May 1944 at 
4,960 workers. 
through July 1944 and declined gradually after that as more skilled crafts 
were required for equipment and instrument installations in T Plant and other 
structures. From July 5 through August 25, 1944, all skilled pipefitters and 
welders were diverted from work on U Plant, B Plant, and other structures and 
dedicated to completion of key portions of B Reactor and T Plant. 

Beginning in early September 1944, portions of the T Plant building and 
equipment were completed and turned over to the Operating Department. 
Equipment calibrations and “water runs,” or tests with water instead of 
process solutions, were started gradually, and some last-minute design changes 
were made as a result of these trials. The largest single modification was a 
-complete regasketing of T Canyon equipment, when it was found that the 
original plastic gaskets allowed leakage under impact with the remotely 
controlled flanges. 
the brass ends of the neoprene flexible connectors in the hydraulic system 
piping of the centrifuges cracked under strain. 
connectors were procured and instal 1 ed. 

Employment in the 200 West Area remained at 90% of this peak 

Additionally, the equipment testing phase revealed that 

Steel-ended flexible 

P 
At midnight on October 8, all construction forces, including standby men, 

were removed from T Plant. Chemical runs, and then practice runs using cold 
(unirradiated) slugs having defective aluminum jackets (covers), were made 
during November and early December. Flushing and calibration tests were 
essentially complete by November 20, and Operating Department personnel began 
preparations for a preliminary startup. Actual runs using process solutions 
began on December 6, and the first batch of irradiated fuel rods from 
B Reactor was processed on December 26 and 27, 1944. 

.. . . . 
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3.0 PERSONNEL AND TRAINING 

The first group of T Plant operations personnel to be hired consisted of 
60 men transferred in the autumn of 1944 from the 300 Area fuel manufacturing 
sector of the "Pl' (Production) Deparxient, the organization responsible for 
fuel fabrication and irradiation activities. A second gro:;p of 1SO men was 
chosen in early 1945, from interviews with approximately 400 people from both 
rqsite and offsite, who were seeking work as war construction jobs decreased. 
,"wing late 1944, a training program for T Plant operators was -repared by a 
senior supervisor. This program initiated general and job-specific training 
courses for each operator, demanded familiarity with a new "S" (Separations) 
Department training manual, and provided that the operators comple-,-A a 
required list of sitewide training classes in safety, security, 
transportation, company policies and regulations, and other subjec . 
According to duPont Corporation records, th. "primary task was to fAliarize 
them [plant operators] with the operating equipment and processes required for 
the proper execution of assigned jobs, and to provide them with actual 
practice necessary to develop proper technique in operating the equipment. n3 
Shift supervisors were made responsible for training the men assigned to them. 

assist in water runs and then chemical runs through the plant. 
completing those practice runs were they allowed to participate in processing 
active uranium. 
60 men who demonstrated the necessary qualifications were advanced from "B" to 
"A" class operators. 
B Plant to lead the equipment flushings and instrument calibrations for that 
f aci 1 i ty . 

When training classes had been completed, operators were allowed to 
Only after 

In Febru3rq. 1945, those individuals in the first group of 

Half of the original group then was transferred to 

r) 

. -. 
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4.0 CELL STRUCTURE AND Ut 

T Plant contained 42 concrete process cells, arranged in 20 pairs (called 
- sections) along the length of the building. Originally, in June 1943, the 

plant was designed to have 38 ce::s. However, later that year, according to 
duPont, experimental development '? the extremely new and emerging chemical 
separations process to be carries 
inclusion of an oxidation by-product precipitation ahead of the extraction of 
the product from the met:l solution. This required ths use of two cells, so 
in order to retain the aesirable feature of a spare cell near the middle of 
the building, the oxidation step was assigned to Cells 11 and 12 and all 
subsequent steps in the process were moved down two cell numbers to 
compensate. ,,' 

at in the facility "necessitated the 

Still later that year, a special 65-ft addition, consisting of "two 
aouble-size equipment cells and continuations of the three galleries and crane 
rails," was authorized for the building. The addition was deemed necessary by 
the duPont Corporation, in order to have a "hot semi-works laboratory ... to 
study and evaluate the various steps in the process and for process 'trouble- 
shooting' .'I5 The criteria for this semiworks (pilot-scale process testing 
facility) were that it be able to handle small-scale batches of full-strength 
plant solutions and irradiated metal, that it not int-.+fere with the normal 
operation of T Plant, and that it allow access to anc 'eaning of test 
equipment so thoroughly that manual inspecti.2: and chG*i :souts would be 
feasible. As finally constructed and equipped, the semiworks was separated 
from the main portion of T Plant by a thick concrete barrier wall, and it 
contained 14 process vessels, each scaled down to 5% the size of the main 3 pl ant equipment. 

Within the main body of T Plant, each standara '.ion was 40 ft long, 
ft, 8 in. by 22 ft and each individual cell was approximately 13 ft by - 

high, with 7-ft-thick concrete walls and 6-ft-thick cover blocks. 
exception to this size limitation was Cell 3. which was designed to provide a 
23-ft cell with adequate shielding to hous=. ?e railroad tunnel into the 
building. The other exception was Cell 5? Yht), the collection area for 
miscellaneous in-plant process wastes, whic. tas built with an additional 
20 ft of depth belowgrade. 

with stepped, interlocked edges to prevent the escape $.. radiation. Twelve of 
the 20 sections in T Plant each contained a standard gr,uping of process 
equ:Dment that consisted of four pieces: a precipitator, a catch tank, a 
cefi,r-ifuge, and a solution tank. (These werc Sections 6, 7, 8, 9, 10, 13, 14, 
15, 16, 17, 18, and 19.) All pipe. instrument, sampling, and control lines 
into the cells were buried in the 1 mcrete and terminated in standardized 
connector flanges on the cell walls. Each of the electrical lines contained 
six leads. The other instrument, hydraulic, and lubrication lines contained 
four small pipes. The chemical feed, steam, and water lines consisted of 
single, 2- or 3-in. pipe. To minimize the escape of radiation into the pipe 
gallery, an S-curve was built into the piping as it ran from the cells to the 
gallery. 

One 

The cover blocks of each cell in T Plant consiste- 3f removable sections 

Within each section of T Plant, process lines between cells were run 
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~\ directly through cell walls. 
expansion joint which sfparates adjacent sections," no piping pierced the 

However, because of "difficulties created by the 

walls between sections. I_ 

According to the duPont builders of T Plant, "flexibility" and the need 

"At the time design was begun, the [separations] process was 
for remote maintenance were the governing factors in the design of the 
facility: 
largely undeveloped. 
flexibility to permit minor changes and also fundamental alterations in the 
equipment arrangement and process flow. 
was designed, as far as possible, as a group of standard units in which 

connections can be installed without requiring structural modifications. 

as follows. 

This required the incorporation of sufficient 

To accomplish this, the Cell Building 

different types of process vessels, pipe connections, and instrument 
II 7 

The original uses and designations for the T Plant sections and cells are 

Head-End Addition (Cells A and e): 
process improvement semiworks for the Hanford Engineer Works. 
subsequent uses, see Section 9.0. 

Section 1 (Cells 1 and 2): 

Section 2 (Cell 3): 

Section 2 (Cell 4): Storage of slugs with ruptured jackets. (NOTE: This 
cell was kept filled with water.) 

Section 3 (Cells 5 and 6): 
reduction. 

Section 4 (Cell 7): 

Section 4 (Cell 8): Metal solution storage. 

Section 5 (Cell 9): 

Section 5 (Cell 10): Sewage disposal and sewer cell. 

Section 6 (Cells 11 and 12): 

Section 7 (Cells 13 and 14): 

Originally used as the radiochemical 
For other 

Storage of contaminated, discarded equipment. 

Railroad tunnel for bringing in irradiated metal. 

Coating removal and metal dissolving and 

Coating removal and metal dissolving and reduction. 

Sewage disposal and holding tanks. 

Spare. 

Extraction (spare). 

Sometimes was used for a by-product 

precipitation before extraction. - -- 

Section 8 (Cells 15 and 16): Extraction. 

Section 9 (Cells 17 and 18): 

Section 10 (Cells 19 and 20): 

Section 11 (Cells 21 and 22): 

Section 12 (Cells 23 and 24): 

Treatment of waste metal solution. 

Treatment of waste metal solution (spare). 

Spare (unequipped as of 1945). 

Storage and oxidation of metal solution. 

. 

') 



Section 13 (Cells 25 and 26): , 
I precipitation. 

Section 14 (Cells 27 and 28): 
precipitation. 

Section 15 (Cells 29 and 30): 

Section 16 (Cells 31 and 32): 
precipitation. 

Section 17 (Cells 33 and 34): 
precipitation. 

Section 18 (Cells 35 and 36): 

Section 19 (Cells 37 and 38): 

Section 20 (Cells 39 and 40): 

First decc-.>nination cycle, by-product 

First decontamination cycle, product 

Treatment of decontamination wastes. 

Second decontamination cycle, by-product 

Sedond decontaminati on cycle, product 

Third decontamination cycle (spare). 

Thi rd decontami nat i on cycl e (spare) . 
Spare (unequipped as of 1945). 

9 
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5.0 ORIGINAL SEPARATIONS PROCESS 

The original separations process used at HEW was the bismuth phosphate 
The steps of this process were carried out first in T Plant, (BiPO,) process. 

then in the 224-T Bulk Reduction Building, and then in the 231-2 Isolation 
Building. 
achieved separation by varying the valence state of u9Pu, and then by 
repeatedly dissolving and centrifuging plutonium-bearing solutions. It was 
based on the principle that bismuth phosphate is similar in cr'::i 1 structure 
to plutonium phosphate. By precipitating bismuth phosphate, t.- "Pu in the 
+4 (tetravalent) state could be carried with it. In the +6 (r .avalent) 
state, the ='Pu would not carry with the bismuth pt.-81Jhate, a; a by-product 
precipitation could be achieved. The plu' .ium was .educed (t.:Ken to the 
tetravalent state) by adding oxalic acid i ferrouz Ions and oxidized (taken 
to the hexavalent state) by adding sodium cismuthate (when bismuth phosphate 
was the carrier), or potassium permanganate (when lanthanum fluoride was the 
carrier). Actually, lanthanum fluoride was known to be a better carrier of 
plutonium, in that it could carry with a smaller bulk or volume and could 
carry away the stronger lanthanides such as cesium, strontium, and lanthanum. 
However, it is very corrosive; and for that reason, it was rejected for the 
main phase of the Hanford separations process. 

The entire operation was a batch precipitation process that 

The first step in the separations process carried out in T Plant was 
dissolving, a process that removed the aluminum fuel jackets from the uranium 
?'.?ments. It was carried out in the dissolvers and metal solution storage 
: es located in Sections 3 and 4 (Cells 5, 6, and 7) of the canyon.' The 
-. 'iated, jackeitd fuel rods first were placed in boiling sodium hydroxide, 
t ;ch sodium nit,-ate slowly was added (to reduce the formation of 
hj tn) . This step produced "coating removal waste. 'I Next , 3 mezric tons 
of 
incrE.B.cr:Ls, enough to dissolve 1 ton in each increment. To keep the time 
:ycle as short as possible, "a substantial metal heel" was left in the 
dissolver between charges. New material was charged on top of this heel. 
June 1945, a second dissolver was placed into operation in T Plant. 

aj metal were charged into a dissolver. Nitric acid was added in three 

In 

The second step in the process was the extraction step. This operation 
separated the product (u9Pu) from most of the uranium. It also removed about 
90% of the fission products into what was called the metal waste solution. 
The extraction step reduced the gamma radiation activity level by a factor of 
10. In the first extraction step, plutoniun I. s kept in the -1 (reduced) 
valence state. 
that contained the dissolved fuel elements, 
phosphate. 
then occurred. 
from the liquid. 
portion ("precipitate cake") , which contained the plutonium, was placed in 
another tank and dissolved with nitric acid. Sodium bismuthate or potassium 
permanganate were added to the plutonium-bearing solution to oxidize the 
plutonium to the +6 state, and then sodium dichromate was added as a holding 
agent to keep the plutonium steadily fixed in this state. The BiPO, then 
precipitated as a by-product, leaving the plutonium in solution. 

Bismuth nitrate and phosphor' xcid were added to the solution 

The precipitate was centrifuged to separate the solid portion 

Jsing the formation of bismuth 
A product precipitation (one that carried the plutonium with it) 

The liquid portion was jetted away as waste. The solid 

11 
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The third step, decontamination, essentially was a repetition of the 

The final decontamination cycle reduced the gamma ray extraction process. 
activity level by a factor of 10,000, giving an overall process 
"decontamination factor" of 100,000 below that of the original uranium 
solution. 
with the addition of ferrous ammonium sulfate. Then, bismuth nitrate and 
phosphoric acid again were added, a product precipitation occurred, and the 
precipitate was centrifuged. 
1 iquified with nitric acid, oxidized, and the remaining BiPO, precipitated 
away as waste. 

Plutonium-bearing solution was transferred from the southwest end of 
T Plant to the 224-T Building via underground piping. 
in the latter facility was 330 gal. Here, the plutonium solution from the 
221 Buildings was oxidized with sodium bismuthate. Phosphoric acid then was 
added to produce a by-product precipitation, leaving the plutonium in 
solution. Centrifuging then separated the solution and precipitate. Nitric 
acid was added to dissolve the by-product cake, and it became waste. 
the plutonium-bearing solution was oxidized with potassium permanganate 
(KMnO,). Hydrogen fluoride and lanthanum salts were added, in what was known 
as the "crossover" step. 
1 eaving hexaval ent pl utoni um in sol uti on. 

The plutonium-bearing solution from the extraction step was reduced 

The solid portion, containing the plutonium, was 

The starting batch site 

Next, 

A lanthanum fluoride precipitate was produced, 

Impurities were precipitated in a by-product cake, as the fission 
products were carried with the lanthanum. 
of the lanthanides (e.g., cerium, strontium, and lanthanum) that the BiPO, 
could not carry out of the stream. The cake was dissolved in nitric acid, 
neutralized with sodium hydroxide, and sent to tanks for settling. 
plutonium solution then was reduced to +4 state by adding oxalic acid. 
Lanthanum salts and hydrogen fluoride again were added, thus precipitating 
lanthanum fluoride that contained the plutonium. 
separated by centrifugation, and potassium hydroxide was added to metathesize 
the plutonium lanthanum fluoride, forming a solid plutonium lanthanum oxide. 
(Metathesis is a chemical process to convert a solid to another solid.) Any 
liquid was removed by centrifugation, and the solid plutonium lanthanum oxide 
was then dissolved in nitric acid to form plutonium nitrate. 
the original 330-gal batch that had entered the 224-T Building had been 
concentrated to 8 gal (volume). 

This by-product cake contained all 

The 

The precipitate was 

By this time, 

Lastly, the plutonium nitrate from this facility was sent to the 
231-2 Building for the final processing that-cjjld be done at the HEW. 
Hydrogen peroxide, sulfates, and ammonium nitrate were added to the plutonium- 
bearing solution. The hexavalent plutonium precipitated as plutonium 
peroxide. Nitric acid then was added to dissolve this precipitate. 
plutonium nitrate then was placed in small shipping cans and boiled right in 
these cans, using hot air. It was reduced to a wet nitrate paste. 
form, the plutonium was stored in the 213-5 and K Vaults in the southeast end 
of Gable Mountain, and then shipped to theasecret Los Alamos Site. 
shipping can held about 1 kg of plutonium. 

The 

In this 

Each 
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6.0 SUPPORT AND ANCILLARY STRUCTURES ASSOCIATED 
-WITH THE T PROCESS GROUP 

Aside from the most central buildings of the T Process Group (the 
221-T and 224-T Buildings), and the 231-2 Buttding, many other facilities were 
built during World War I1 to support T Plant. Among these we!- the fiiilowing. 

211-T Tank Farms 

The 211-T Tank Farm functioned to store and supply fresh chemicals to 
T Plant. It was located .?bovegroUnd, at the rear of 221-T Building, in the 
angle between the 271-T Edilding and the railroad tunnel that entered T Plant 
to deliver irradiated fuel rods ready for processing. The 211-1 Tank Farm 
consisted of nine vertical, stainless steel storage tanks that held acids 
(five for 60% nitric acid, three for 75% phosphoric acid, and one for 90% 
formic acid). Six horizontal. stainless steel tanks held the full-strength, 
concentrated nitric acid that was received in rail Aipments, as well as the 
facilities to dilute this acid to the 60% strength that actually was used at 
the plant. Three additional steel tanks he'd 50% caustic solution (sodium 
hydroxide), one steel tank held sulfuric aciu, another tank on scales held 
anhydrous hydrofluoric acid, and a small expansion tank was provided as a 
spare, to provide for overflow and prevent the rupture of other tanks. 
Transfer and circula$ion pumps, as we17 as drum-fill ing facil - . os, completed 
the 213-T Tank Farm. 

222-T Sample Preparation Laboratory 
(also known as the Control Laboratory) 

The 222-T Laboratory functioned to test the 221-T and 224-1 process 
solutions at various stages in the processes, to determine the product 
concentration and the rate of product decontamination. Because the entire 
separations process was conducted remotely, verification that the process was 
working correctly csuld be obtained only by drawing samples and conducting 
radioassay. Product concentration was measured by the alpha ray 
disintegration rate, and product decontamination (i.e., separation from 
unwanted fission products) was measured by beta and gamma ray disintegration 
rates. 

7 

The laboratory building W~Z located betveen the 224-T and the 
292-T Buildings. It containec .-? rooms, inc'dding chemical and sample 
preparation 1 aboratories; the L.i:l.ple measuremert (counting) room; balance 
room; instrument repair room; equipment and machinery -ooms; receiving room; 
and others. 
concrete. 
small, lezd-shielded sampler pits located approximately 2 ft below the canyon 
deck leva, in the cell walls. A long, thin "trombone" apparatus was inserted 
into the riser pipe to withdraw a sample, which then was transferred into a 
stainless steel "door-stop" c6rrier. Less active samples (or those predicted 
to be less active) were transported to the laboratory in "bayonet" pipette 
carriers. In the 222-T Building, active samples then were stored on shelves 
behind an additional 1 in. of lead shielding. In late 1950, additional 
shielding and ventilation equipment was added to reduce radipactivity levels 

The counting room in this srructure was shielded by 2 ft of 
Samples were removed from T Plant via riser pipes that led into 

13 



around the waste sample disposal and equipment decontamination bench in the 
building. 
equipment and piping in 1951. 

224-T Bulk Reduction Building 

Further upgrades tyothe building added new acid dispensing 

The operations of the 224-T Bulk Reduction Building previously have been 
described in terms of the bismuth phosphate process. This three-story 
building contained 21 rooms and five reinforced concrete cells, with the large 
Operating Gallery located on the third floor. In 1950, equipment in F Cell 
was rearranged to a1 1 ow para1 1 el operation of two centri fuges , thus boosting 
production. In 1955, when plans were being formulated for the shutdown of 
T Plant, consideration was given to installing the 231-W Isolation Building 
process in the 224-T Building. However, this change did not take place. In 
1975, the 224-T Building was modified to become a storage facility for 
plutoniurn-bearing scrap and liquids. In 1985, it became known as the 
Transuranic Storage and Assay Facility (TRUSAF) Building and begap, storing 
drums containing wastes contaminated with transuranic substances. 

241-T Process Waste Disposal Systems 

See Section 10.0. 

271-T Chemi cal Preparation and Servi ce Bui 1 ding 

chemicals used in the bismuth-phosphate process into T Plant. Attached to the 
back (northwest) wall of the 221-T Building at the midpoint (adjacent to 
Sections 10 through 13), the large 271-T Building also provided the 
supervisory office space for T Plant. The basement and first floors contained 
chemical storage facil ities, instrument and maintenance shops, ventilating 
equipment, and change rooms. The second floor contained offices, while nearly 
the entire third floor housed a large chemical preparation room with a smaller 
chemical control laboratory to sample the chemical mixtures before they were 
delivered into T Plant. Although this reagent control laboratory was 
deactivated in the late 1940s, it was refitted with new equipment during the 
production increases of the early 1950si2 Two labyrinth accessways were 
provided into the T Plant crane cabway. 

7 

The 271-T Building functioned to receive, store, mix and deliver the 

- -- 291-T Exhauster Building and Stack 

The 291-T Stack functioned to exhaust process gases from the 
221-T Building. 
one steam for emergency backup) with blower equipment located in the small 
291-T Exhauster Building at the base of the stack provided the additional 
"diluting air" deemed essential to the safe dispersion of process gases in the 
atmosphere. 
head-end face of the 221-T Building. It was connected to T Plant via 
underground inlet and outlet air ducts. The inlet duct was L-shaped, 
4 ft wide by 7 ft high, with 12 in.-thick concrete walls. 
angle to the line of the fans in the 291-T Building and to the 221 Building 
and connected with the latter structure at the center of Section 3 (between 
Cells 5 and 6). 

Additionally, three fans (two electric for regular use and 

The stack itself was 200 ft high and was located 252 ft from the 

It ran at a right 

This connection point was chosen because the dissolver 
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sffgases, located in the first Sections of T Plant, were the emissions of 
ancern to HEW officials. 
autlet duct and was separated from it by a concrete wall. The operation of 
the fans Jn the 291-T Building was sufficient to add an average of 
20,000 ft /minute to the process gasses exiting T Plant during normal, World 
War 11 dissolving operations. 
25,-T Facilities can be found in Section 11.0. 

This last section of the inlet duct paralleled the 
\ 

I 

Further discuss$n of the action of the 

292-T Exhaust Gas Laboratory 

The 292-T Exhaust Gas Laboratory functioned tr mple and test the 
291-T Stack gases for levels cf chemical and -2dic 've contaminants. This 
small (336 ft2) buildir; was located approxim2:elq _I ft from the centerline 
of the 291-7 Stack, ir the direction of the 222-T .:xple Laboratory. The 
decision tc add this !..ilding to support the T Procsss Group was made in the 
spring of 1944, when ct!Pont health physicists proposed that: 
house is not a suitable place for this [monitoring] equipment because of 
cramped quarters and possible interference from steam engine vibration. 
A separate building near the stack is recommended." The 292-T Building 
contained no windows but had roof ventilators and gas refrigeration and 
testing equipment. 
sampling line. The gases were drawn into the 292-1 Building and passed 
through a small water scrubber (containing 5% soda ash soluti n , dried via 
refrigeration, and then counted in a chamber to measure the 13'Xb activity. 
The scrubbing,yater then was counted in a separate apparatus to determine the 
13'1 activity. Further discussion of the 292-T Facility can be found in 
Section 11.0. 

Several other buildings and facilities were constructed to support the 
entire 200 West Area. As such, they functioned in support of T Plant. The 
following is a brief listing of these facilities: 

"The 291 control 

It was connected to the 291-T Stack via a 2-111. overhead 

252-W Secondary Substation 
253-W Distribution Substations (21) 
272-W Area Shop 
274-W Machinery Storehouse 
275-W Chemical Storehouse 
282-W Reservoir and Pump House 
283-W Filter Plant Building 
284-W Power House 
288-W Ash Disposal Basin 
2701-W Gate House and Clock Alley 
2704-W Supervisor's Office Building 
2707-W Change House 
2709-W Fire Headquarters 
2713-W Storeroom Building 
2713-WA Essential Materials Storehouse 
271; WB Mi scell aneous Storehouse 
2715-W Oil and Paint Storage Building 
2716-W Automotive Repair Garage 
2719-W First Aid Building 
2720-W Patrol Headquarters 
2722-W Paint and Riggers' Shop 
2729-W Extra Machinery Storehouse 

- -- 
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2730-W Salvage Yard 
2731-W Burning Pit 
m-4-W Cy1 inder Storage Building 
2501-W Fence and Road Lights 
2503-W Transmission Lines 
2505-W Fire Alarms 
2506-W Tel ephones and (le1 ephone) Cab1 es 
2601-W Railroad Tracks 
2603-W Roads and Walks 
2605-W Fences and (16) Guard Towers 
2607-W Underground Septic Tanks 
2612-W Open Drainage Ditches' 
2613-W Parking Lots 
2614-W Monitoring Stations (6) 
2621-W Emergency Gasoline Generator Buildings 
2801-W Outside Overhead Pipe Supports 
2802-W Outside Overhead Steam Lines 
2803-W Outside Overhead Air Lines 
2805-W Outside Overhead Process Lines 
2901-W Outside Underground Water Lines 
2902-W Outside Underground Fire Lines 
2903-W Outside Underground Sanitary Sewers 
2904-W Outside Underground Process Sewers. 

-. . 
.. 
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Qgerating experiences during the first few montfff5 of T Plant's operations 
were described by duPont as "unusually si' sfactory. No serious 
mechanical problems developed, except that the bowl of the centrifuge in 
Sec'ion 16 jammed against some dip tubes when it was run backwards on January 
C 45. The centr:.uge was replaced via remote operations, partially 

.taminated in a >pare cell, and then buried in 1554 whe- it was determined 
- . \. it could not be repaired. 'his and other miscelianeou remote tasks gave 
operators confidence that "the -3nyon Buildings can be operated remotely as 
planned ac? with some:...lt less loss of fabricated equipment than originally 
anticipated."" 

During the next six months of T Plant operaLions, procedures were 
standardized. Technical efforts were directed towar: reducing time cycles, as 
production sped for the special nuclear materials n-r -2d to win the war. 
By mid-1945, emphasis had shifted to "a review of process technology and 
OperatinXtechnique in an effort to improve efficiency and reduce waste 
losses." Free nitric acid concentration was reduced to obtain an increase 
in the specific gravity of dissolver- ..lutions. The most significant 
improvement, however, came ;n the 1; ;ummer, with the installation of piping 
to allow for intermediate ::'ution t -fer from storage to the precipitator 
in Section 6 (Cells 11 and -1). This das a safety measure, as metal solution 
slightly in excess of chargk requirements then could be taken from storage, 
agitated, and samp?ed so that the correct amount, based on critical mass 
limitations, could b? transferred to the extraction sections of the plant. 
Further safety improvements included more rigorous efforts to empty and 
decontaminate the precipitators used in the extraction and decontamination 
cycles. These measures ensured the prevention of u9Pu buildup on equipment. 

During 1946, much experimentation was done in T Plant to lower further 

Reductions in the molarity of this acid, 
the quantities of phosphoric acid required in the product precipitation steps 
of extraction and decontamination. 
as well as in sodium hydroxide and calcium carbonate were achieved 
successfully. Additionaily, the "problem of batch size control and prevention 
of product accumulation received attention throuchout ths period.u18 New 
connector assemblies were installed to bypass c-..--ain pr-.:cess vessels where 
the headroom was insufficient to allow for in-- 
consequcntly, product-bearing precipitates migt. ttle. Acid washings of 
catch : {nks in the precipitation cells also werf reased, to prevent 239Pu 
accumulation, and sampling of standpipes and otht .?nsfer lines was 
increased. As a result of the vigorous acid wasl- 
material balances occurred at T Plant during the I f. 

agitation and where, 

igher than normal 

At the same time, according to duPont, the I'prG s equipment began to 
The failure of show the effects of one and one-half years of operat:. -, . 

centrifuges, skimmers, and dip tubes accounted for ''a fair portion of the 
maintenance load. 'Izo Transfer jets gave "regular though minor troubles, I' and 
asbestos gasket failures became cor-:n. Piping lines began to fail because of 
corrosion and/or netal fatigue, and ' ?ing jacket leaks increased. However, 
the 75-ton remotely handled crane "gE.e performance bordering on 
perfection. 1121 
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8.0 EAALY PROCESS CHANGES 
I 

_- T Plant and the other Hanford separations canyons were designed on the 
basis that one plant would have the capacity to process'the output from one 
pile (reactor). With each HEW reactor origina;:y planned to produce 1 metric 
ton of metal (containing approximately 250 g of product [239Pu]) each day, the 
earliest standard procedure for T ,71ant involved starting a 1-met-ic-ton 
charge of metal into the dissolv- : about every 26 hours. However, by the 
summer of 1945, production tests -ad shown that charge size could safely be 
increased to 1.5 metric tons of metal, "without noticeable effect of yield or 
equipment performance. By September 1, process modifications enabled the 
plant to complete the prrcessing of a charge in just 20 hours, with only a 10% 
allowance added onto the average process cycle for equipment repairs. 

Other very early changes included the elimination of potassium carbonate 
from the separations process in February 1945, and one month later, because of 
the unavailability of potassium hydroxide containing only 0.0005% iron 
impurity, the relaxation of process specifications for this chemical to allow 
for 0.005% iron impurity. Overall, the first full-scale separations 
experiences at T Plant and at the 224-B Bulk Reduction Building and the 
231-2 Isolation Building, led to large reductions in many essential materials, 
per unit of production. For example, the strength of the key dissolving agent 
nitric acid was decreased from an average of 95% to an average of 69% (a 33% 
reduction). By September 1, 1945, other chemical recuirements were reduced as 
follows (per unit of production): 

Phosphoric Acid .............. 28% 
Sulfuric Acid 14% 
Hydrofluoric Acid ............ 58% 
Caustic ...................... 36% 
Soda Ash ..................... ;4% 
Ammonia Silicofluoride ...... 42% 
Bismuth Subnitrate ........... 43% 
Ferrous Ammonium Sulfate ..... 66% 
Hydrogen Peroxide ............ 33% 
Potassium Permanganate ....... 55% 
Potassium Hydroxide .......... 34% 
Lanthanum Salt ............... 33% 
Sodium Nitrate ............... 28% 
Sodium Nitrite 16% - -- 
Oxalic Acid .................. 56% 
Sodium Dichromate ............ 62% 
Sodium Bismuthate ............ 56% 
Zirconium Carbonate Gel ...... 66% 
Potassium Carbonate .......... 100% (eliminated from the process). 

................ 

............... 
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Additional and ongoing process improvement studies carried out during the 
simplification I945 to 1946 period were directed at the following activities: 

of operations to achieve reductions in process time, modification of the 
process to increase canyon capacity per batch, reduction in waste volumes, 
recovery of additional product from wastes, the establishment of better 
understandings of process safety and safety 1 imi ts, decontamination 
improvement, and basic studies in the chemistry of plutonium. 
were pursued in the T Plant semiworks (Cells A and B), in the 
3706 Radiochemistry Building, and in the 321 Separations Building. 

Such studies 

._._. . . ., -. r. “1.. . . . ..- .. 
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gC. SEMIWORKS MISSIONS 

- The radiochemical process improvement semiworks in the head-end addition 
of T Plant was completed in September 1944. Chemical and tracer runs were 
undertaken through December 1944, wbpn full-strength experiments were 
undertaken in the extraction and f -:t-cycle decontamination steps of the 
bismuth phosphate process. A fou ::ep decontamination process, consisting of 
warnes with nitric acid. ammoniun .licofluoride, and hydrogen peroxide then 
was undertaken. A Cell das deconlaminated sufficiently to permit entry, but 
B Cell could not be bro:ght to acceptable contamination levels. On January 
13, 1945, the semiworks was placed on cold standby, and all personnel were 
transferred to the 321 Separations Buildings. designated for "cold" process 
improvement runs. 
semiworks in 7 Piant, to conduct tests in wiizh scavengers were omitted from 
the by-product step and ammonium si1icofluo.--de was used in the product step. 
Another test was conducted in which the extraction cake was washed with 
potassium hydroxide. 
decontaminated, and, in March, process improvement tri a1 s and personnel were 
transferred to the 321 Building. 

infrequent basi s , making research and development tri a1 s for the bismuth 
phosphate process through early 1947. At that time, the newly formed 
U.S. Atomic Energy Commission (AEC) directed Hanford Works (HW), the new Site 
designation under the AEC, to begin immediate --ci rapid development-of a 
continuous solvent extraction chemical separa: :ns process. Because the 
equipment in the head-end addition of T Plant kids not suited to such a 
process, the semiworks was decontaminated and closed. In early 1949, the 
original equipment was removed to prfhare the space for use as a separations 
facility for radioactive lanthanum ( Lz), known as "RALA," a tracer gas 
ordered by the Air Force for tracking nonnuclear explosions. 
irradiated barium, RALA had a half-life of only 40 hours: so quick that 
small-scale separation was necessary. 
Cells A, B, and 5 in T Plant, as well as modifications to the offgas scrubbers 
that by then had been emplaced for the 291-T Stack, were completed in the 
Spring of 1950. The construction of some temporary facilities, such as 
hoists, hand rails, access platforms, and fencing also was ccmleted. 
However, before the major mod'fications could be emplaced, thz AEC decided to 
place the RALA program with t' 
Station (now fLdaho National Er,;ineering LabQratory), to be built near Idaho 
Fa1 1 s , Idaho. 

On February 12, it was necessary to reactivate the hot 

Following these tests, the facility again was 
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The 7 Plant semiworks facility continued to run on an intermittent but 

3 

Made from 

Design studies for modifications to 

newly authorized National Reactor Testing 
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1G.J WASTE MANAGEMENT 

The earliest practices for handling bismuth phosphate wastes were based 
around the 241-T Process Waste Disposal Systems. This system consisted of 
16 underground, single-shell tanks (SSTs) for the storage of high-level 
wastes; a gunite catch tank (or "sump" tank); a settling tank; four reinforced 
concrete diversion boxes; two retention basins; and eight observation wells. 
The high-level waste storage tanks were constructed of reinforced concrete 
with a 0.25-in. welded stee: plate lining. Twelve of these tanks were 
75 4: each in diameter and were numbere3 in series from 241-T-!01 to 
24'-T-ll2. Four of the high-level waste tarr.5 were only 20 - each in 
d: 9eter and were designated with numbers frx 241-T-201 to - -T-204. 
Ad- .ionally, a 20-ft-diameter catch tank, numbered 241-T-30i. rJas located 
unde-;round approximately 112 ft ;way from Tank 241-T-112. Another 
20-ft-diameter settling tank, ncxered 241-T-361, also was located underground 
to hold the process wastes from tne 224-T Building on a short-term basis. 
After a settling period, the contents of this tank (except for an accumulated 
sludge or heel) were discharged into a pipe that carried used process cooling 
water. 

Together, these two liquid streams were discharged into one of the two 
500,000-gal retention basins. These basins, numbered 241-T-352 and 241-T-353, 
then overflowed into open, earthen drainage ditches that ran far out into the 
desert to the northwest of the basins. Additionally, four underground 
diversion boxes containing piping, pipe connectors, and water spray nozzles 
were a part of the process waste disposal system. They functioned to direct 
the flow of process wastes to the various tanks.25Seven of the observation 
wells were 150 ft deep, and one was 300 ft deep. 

1> 
The earliest HEW policies divided T Plant wastes into fnur types: 

coating removal waste (that generated in Cells 5 through 7, 
produced by the dissolving of the aluminum fuel coatings); f,, st 
decontamination cycle waste (that containing approximately 90% of the 
products and virtually all of the uranium that did not convert to plutk 
second decontamination cycle waste (mat containing apprDximately 10% Oi :he 
fission products); and cell drainage waste (that collected from floor drains 
in the dissolver Cells 5 and 6). 
neutralized with sodium hydroxide and placed in the Omderground SSTs for 
storage in perpetuity (or until another final dispr a1 alternative was 
?-,.reloped). 
discharged to the ground. 

ocifica" 

:ion 
4n); 

The first three types of wastes all were 

The cell drainage waste was settled, with the supernate then 

As production increased at T Plant in response to Cold War imperatives, 
ink space became scarce and the TX Tank Farm (18 SSTs, holding 750,CX gal 
Ich) was constructed during 1947 and 1948. At that time, "cribs" (aiso known 
earth reservoirs) were first constructed to drain additional low-level 

.tes throagh covered void spaces and into the subsoil. The TY Tank Farm, 
ccntaining six SSTs of similar capacity to the TX tanks, was built during 1951 
and 1952. The first two waste evaporators at the Hanford Site, 242-T and 
242-8, also started up in 1951 in an effort to conserve tank space. First 
cycle bismuth phosphate wastes were sent to these facilities for concentration 
by steam heat, with the condensate discharged to the ground and the 
concentrated high-level wastes sent to SSTs. ) 
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Btt the same time, other efforts to optimize tank space, for only the 
highest level wastes, resulted in the decision to combine coating removal 
waste and second-cycle decontamination waste with cell drainage waste and 
224 Building waste and to send all of this mixture to holding tanks. After 
settling, the supernate from this waste was discharged to cribs. 
Additionally, older second-cycle wastes were taken out of SSTs and so 
discharged. 

In some cases in the early 1950s, waste disposal tests resulted in the 
discharge of mid- and high-level wastes to the soil. In 1953 and 1954, 
supernatant from some of the older first-cycle wastes from T and B Plants were 
discharged to the ground through "specific retention" trenches. 
retention practices were based on the theory that liquid waste would be "held 
against the force of gravity by the molecular attraction between soil 
particles and the surface tension of water." However, by 1957, the practice 
had been shown to work poorly, at least with Hanford soils and wastes, and its 
use was recommended at the Site only in "emergency" situations. In one trial 
campaign each in 1954, the bottoms of the 242-T and 242-8 Evaporators, 
containing concentrated high-level wastes, were discharged to the ground. 
Additionally, in a 1955 and 1956 test, newly generated, first-cycle T Plant 
wastes were settled with chemicald additives, and the supernatant was 
discharged to the 216-T-26 crib. 

approximately 87,285 Ci of beta emitters and 7,840.83 g of plutonium had been 

trenches, cri bs, swamps, and reverse we1 1 s. Unknown amounts of 
radionuclides had been disposed to the T, TX, and TY Tank Farms. 

Specific 

By the time T Plant shut down as a processing facility in early 1956, 

- discharged in liquid wastes sent to the grogTd in the various T Plant \ 

I 

I_. . . . . . 
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t 11.0 ATHOSPHERIC RELEASES AND ?;' ''.tID CONTROL 
I 

As early as the first MED experiments with procesres that would separate 
plutonium from irradiated uranium, it was known that i:1 of the key -recesses 
generated highly toxic fumes in the metal dissolving phase. 
knowledge contributed to the selection of the remote, eastern Washington site 
for the Hanford Engineer Works. Discussions between MED scientists and Army 
officials in August and October 1942 emphasized the intensely radioactive 
gases that evolved from metal dissolving along with the need for an isolated 
site. 
of 1943, at the time that it agreed to accept the co-tract to build and 
operate the nation's first plutonium production plat- . duPont's top 
officials, like the MED scientists, urged the select 7 of a site far removed 
from centers of population. General Groves, in his mrnoirs, underscored the 
role of the metal dissolving gases in the selection of the Hanford Site: "We 
knew, too, that in the separation of plutonium we 3ht -elease into the 
atmosphere radioagtive and other highly toxic fumes- that would constitute a 
distinct hajard." * Further evidence of the generation of radioactive gases 
containing ' 'I and many other fission products from the bismuth pk?zDhate 
separations process that would operate at HEW was found in the ear;-est 
operations of a separations pilot plant that was built at the Clinton Engineer 
Works (now the Oak Ridge Site). Known as the Clinton Semiworks (or the SMX), 
this plant began to operate in early 1944, with the same chemistry (albeit on 
a much smaller scale) that would be used at T Plant. According to the duPont 
builders and operators of both the SMX and HEW: 
Clinton ... sufficed to define rather clearly the radiation hazards to be 
expected in the separations process at Hanford. r29 

In fact this 

Similar discussions WE.'+ held with the duPont Corporation in the autumn 

"The early experience at 

Ti. knowledge gained in the MED experiments ana -+- the SMX -npted 
severai =rly decisions at HEW. According to duPont, these PO' tially 
serious mditions demanded that all such ... by-products be disr .1 of safely. 
The mean. chosen consist of high [ZOO-foot] ventilation stacks 
discharge ;he gaseous by-prcducts to the atmosphere well abov 
level." Each cell within :- Plan? was connected to a main er*;iust duct 
built into the concrete stricture. 

- each.dissolver, to propel the highly contaminated vapors from dissolver 
operations directly to the base of the stack. 
constructed of concrete on the outside, and "acid-resistant" mortar and brick 
on the inside. 
at coordicates N 43925, W 72935. 

. fans which 
-. sund 

A separate steam ;et was installed for 

The stack itself was 

It extended fromJ14 to 914 ft above sea level and was located - -- 

Add mally, a temporary meteorological crew was brought to HEW as early 
as June i ' i. Tasked with determining domir- t wind patterns, velocities, and 
variances, he group soon found that the pr 3iling wind directions blew 
toward the i..;rtheast, east, and southeast. !wever, they also discovered 
complex micro patterns in wind directions a- velocities over HEW, including 
frequent and pronounced inversions. In eari. 1944, duPont's onsite 
construction chief, Gilbert C&rch, sought ar;; obtained permanent status for 
the meteorology group at HEW. The group's work then expanded to include 
wind dispersion tests with oil fog (SO,), begun in the partially completed 
T Plant stack as early as April 1944. In the autumn of 1944, as construction 
and preoperations activities increased at T Plant, these tests moved to the 
C Plant stack and finally to the 400-ft HEW Meteorology Tower ) 

25 



* -\ 
? (622-R structure). 

200 East and 200 West Areas, was complete enough for use on December 7, 1944. 
An anci 11 ary equipment facil i ti3 and an observatory a1 so were constructed to 
support the Meteor01 ogy Tower. 

The latter facility, located between and just north of the 

So extensive was the weather study and forecasting effort that by the end 
of 1944, over 36,000 individual readings on wind dilution patterns had been 
recorded in the 200 West Area. The meteorology group evolved some dominant 
theories. They described the offgas trajectories from the 200 East and West 
Area stacks in three possible conditions: 
path in which the gases followed the wind direction in a relatively straight 
line; "coning" described a narrow pattern, which also followed a straight line 
downwind from the stack; and "looping" meant an undesirable condition in which 
the stack gases bounced from stack height to ground several times in their 
pathway down the wind stream. The former two cases occurred during "aloft 
conditions," defined by duPont as circumstances in which "process stack 
discharge [is/was] not expected to reach the ground." Looping, on the other 
hand, occurred during "unstable" air conditions, primarily inversions. 
seen as the worst-possible scenario, as the primary concern was to keep stack 
gases from coming to the groknd close to the stacks where HEW workers could 
receive a concentrated dose. 

"Fanning" denoted a wide, V-shaped 

It was 

Because T Plant, as well as the other 200 East and West Area processing 
facilities at HEW, would operate without stack filters of any type, wind 
patterns and dilution factors, as well as the "cooling" (or aging) time that 
irradiated fuel rods spent between leaving the reactor and being chemically 
processed, became the chief means of control of the offgases. duPont 
scientists calculated the normal floy of air and process gases exiting the 
T and B Plant stacks to be 4g,OOO ft /minute and then augmented this volume 
with an additional 20,000 ft /minute of "diluting air," giving a total stack 
flow of 60,000 ft /minute. According to duPont, the "resultant 50 ft/sec. 
velocity of discharge ... assures considerable vertical 'carry' into the 
atmosphere and assists dispersion." At this stack flow rate, they continued, 
"dilution factors greater than 1000: 1 are considered favorable, those from 
500:l to 1OOO:l moderately satisfactory, and those less than 500:l 
unfavorable." It became HEW policy to dissolve only whff the "ground dilution 
expectancy" ratio of air to gases was 500:I or greater. 
dissolver operations when atmospheric conditions are conducive to maximum 
dispersion," hourly and 12-hour "dissolving forecasts" were phoned to T Plant, 
beginning with the cold runs in November 1944. According to duPont, "these 
forecasts, along with more direct observation5, allowed the start of each 
dissolving to be scheduled with reasonable success.'' After May 1945, 
believing that the hourly and 12-hour forecasts had proved "too short for 
effective scheduling of dissolver operations," thf6 meteorology team switched 
to a single, daily (24-hour) dissolving forecast. 

earliest separations experiments that longer cooling times after irradiation 
@,lowed fpr greater decay of the chief airborne fission products of concern, 

dilution factors along with the addition of the fan-driven diluting air in the 

To "schedule 

Scientists connected with the Manhattan project had realized since the 

I and ' 3Xe. Using the meteorological calculations for necessary wind 
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stack gases, HEW chemists decidt- in the .!turnn cf ,344 that "if the normal 
wind dilution factor is 1000 ... iodine to .-ance 17 els" in the vicinity would 
"not be exceeded" if the metal was cooled for 30 days. 

With startup conditions thus defined, and the meteorological program in 
place, hot processing began at T Plant on the night of December 26, 1944. 
The metal had been aged 32 ddjfs, and its activity was about 10 times as high 
as n that had been processed at the SMX. Somewhat surprised at the 1,700 Ci 
of '{ that was evolved, duPont reported that the "first significant plant 
discharge3tf radio xenon and radio iodine into the atmosphr-e at Hanford" had 

'i 
37 

-1 

activity. increased dissolving frequency, and tht qge to war-ier spring 
weather. 
the middle ~f the day, when maximum outside temperature prevailed." Unstable 
inversion a:. lower wind velocities at those times lf$ to a decision in early 
June to confine dissolving operations to the nights. 

They noted that incidences of highest cci, .-:r,ination occurred "during 

At the end of World War I1 in August 1945, a large inventory of 
irradiated fuel rods from HEW's three production reactors, 6, D and F, awaited 
processing. The number of fuel charges being processed rose at T and B Plants 
from 22 in June 1945, to 77 in December. Beginning in September of that year, 
according to duPont, chemical processing was carried out in "uninterrupted 
operaticn." Further, "an effort was made to reduce the processing time cycle 
and to increase the arjunt of metal processed per charge." Between July and 
December, dissolvir.5 was carried out under "favorable" conditions only 60% of 
the time. and HEW's tiealth Instruments (H.I.) Section, a part of the Medical 
Division. reported "an increase in radioactive iodine deposits CT! vegetation 
in outlying districts." Concerned, HEW officials increased the metal cooling 
time from about 35 to about 60 days, beginning in December. During the period 
from January through August4J946, dissolving was carried out under "favorable" 
conditions 64% of the time. 

3 

.. 
As a result of the dissolving practices and quantities of irradiated 

material processed through T and B Plants, at least 345,000 Ci of 13'1 was 
released to the atmosytere during 1945, and 76,000 additional Ci ('311) were 
released during 1946. 
concerning the deposition and buildup of airbone fission product activity in 
the HEW plant areas and throughout the surrounding region. 
precaution, routine thyroid checks (for 13'1 depcsition) were begun on T Plant 
workers and other 200 East and West Area workers in June 1945. 
continued4fhrough mid-1946. RoutiRe urinalysis *.?r plutonium began in 
May 1946. In January and February 1945, the in,-.ial stack monitoring 
equipment in the 292-T Building was found to be cross-contaminated and not 
working properly. 
existing calibration factor for this equipment was "low by a factor of 500," 
and it was adjusted in March. 
a factor of three, the equipment was not c&nsidered reliable, and its use was 
abandoned on a routine basis in June 1945. 

In the meanwhile, the learning curve continued 

As a safety 

This program 

Independent test samples run in February showed that the 

Although new tests revealed correlations within 

) 
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In the autumn of 1945, radiation levels in the T Plant exhaust fans, 
measured at the inspection .plates on the electrical fan housings, reached 
8,000 millirad per hour (mr/hour). As a result, the fences around the fans 
were moved outward, and an earth barricade was placed inside the fence to 
shield personnel walking near the north boundary. Additionally, locked gates 
and fenced lanes were erected leading to both the 291-T Exhauster Building and 
to the 292-T Exhaust Gas Laboratory. According to duPont, the new arrange- 
ments prevented "the risk of personnel wandering into the area around the 
electrical fans.. .where dangerous levels of activity existed." 
Permits were required for servicing both the 291-T and 292-T-structures. 
The following spring, lead shield-ing was installed around the emergency steam 
fan in the 291-T Exhauster Building, "to prevent an intolerable radiation 
condition in the fan house, should the emergency fan be operated." 

Alslo6, improvements were made in the techniques for remote oiling of the fans. 

Special @rk 

... . ... 
\ 

. ' 

During the same period, H.I. Section studies extended further into the 
region adjacent to HEW. In the spring of 1945, according to duPont, 
"detectable quantities of radioactive iodine were found [by H.I. mo%itors] as 
far afield as Richland." By autumn, "the widespread deposition of "I on the 
ground led to a study of its accumulation in terms of micrograms of 
vegetation." In December, an "activity increase [on vegetation surrounding 
HEW] accelerated the already considerable interest in the iodine problem, and 
led to a calculation of the hazard to animals grazing on contaminated plants." 
In the spring of 1946, the "search for contaminated vegetation was extended - 

until positive samples were found up to 150 miles radius." With the extensiqn 
of cool ina times for irrfv 
*iodine 
steadily but did not reach 
wies pem I 

Gd into the effects of "I on animals and vegetation at and near 
HEW. 

period, studies by HarSford's H.I. personnel and other MED officials 

The one-year period that began on September 1, 1946, witnessed tremendous 
On that date, the duPont Corporation left the Site as changes at the HEW. 

prime contractor and was replaced by the General Electric (G.E.) Hanford 

nation's atomic facilities, because the Atomic Energy Act of 1946 (the McMahon 
Act) had been signed into law on August 1. On January 1, 1947, the new 
civilian-controlled AEC would take control of the atomic sites, shortening 
Hanford's name to the Hanford Works (HW). 
at Hanford that the Site would not follow the path of so many wartime ordnance 
plants and close completely. 
so fiercely throughout late 1945 and all of 1946 at the United Nations and in 
the U.S. Congress, finally had direction. 

Businesses in the Hanford region, which had languished as half of 
Hanford's work force (5,000 people) left or were laid off in the 15 months 
that followed the war's end in August 1945, revived. 
production booms assumed enormous proportions in the late summer of 1947 as a 
giant expansion of the HW facilities was announced to the public. The 
G.E. Hanford Company, following urgent orders from the AEC, was rushing to 
build two new production reactors (H and DR), as well as the first continuous 
action, solvent extraction chemical processing plant in the world (the 

. Company. At the same time, the old MED was concluding its stewardship of the 

These changes symbolized new hope 

The uncertain future of atomic energy, debated 

The economic and nuclear 
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Reduction-Oxidation [REDOX] Facility), 42 additional underground tanks for the 
storage of high-1 eve1 wastes, many anci 1-lary and support faci 1 it i es , and new 
housing in Richland. Additionally, speciaip nuclear weapons material 
production goals for HW increased sharply. 

As the processing workload on T and B Plants increased in late 1947, so 
did airborne emissions of 13'1 and other contaminants Although the metal 
cooling time was increased early that year to betwe: 50 and 90 days on a 
routine basis, H.I. monitors still found "areas at - ;ies which have [activity] 
levels above the tolerance level of 0.2 pc/kg.. [in,iuding] communities of 
Pasco, Kennewick, Benton City and- Richland." Although vegetation 
contamination levels for 1311 fell to within the range defined as tolerable 
during the second and third quirters of 1947, they rose sharply with the 
fourth quarter production expa.:,ions. According to HW scientists, these 
increases occurred throughout ':: rather wide expanse of privately owned 
agricultural lands of Washingtor,, Idaho and Oregon." During that year, an 
estimated5,24,000 Ci of 13'1 were released from the stacks of T and 
B Plants. In the meantime, in the summer of 1947, a Site chemist developed 
a method for measuring the deposition of airborne plutonium (from 200 East and 
West Area stack gases) on desert plants. However, a colleague was quick to 
point aut that sample measurements for this contaminant were nearly 
meani- .iess in themselves: "Nothing can be stated with absolute certainty for 
sever;! reasons. Little, if anything, is known about ihe rate or method of 
deposition of plutonium from air on or in vegetation." ' 

Another new problem concerned "specks" (particles) that were observed 
near the T and B Plant stacks beginning in the autumn of 1947. 
estimated that the specks were being emitted at the rate of 10 to 100 million 
per month from each of the two facilities, with areas of highest deposition 
near the stacks, receiving as many as 50 particles per square foot (psf). 
Analysis by Hanford's laboratories showed that while the specks contained some 
1311, other fission prgduct and chemical co tituents were more important. 
These included '"Ce, 'Sr, yttrium, "'Ru, 1'5Cs, and the carbon, iron, silicon 
and hydrogen components of the resin paints used in World War I1 to coat the 
insides of the 291-T and 291-8 stacks, fans, and duct work. It was the paint 
constituents that gave HW officials the insight to unravel the puzzle. "The 
condition described is not consistent with accepted operating standards of 
contamination control ... and therefore constitutes a serious health hazards 
requiring the utmost expediency in its correction," decreed facilities 
manager, W.K. MacCready, on November 3. He order:.. the replacement of the 
duct work, fans, and fan casings in the 291-T-and 131-8 Facilities, as well as 
the installation of both temporary and pernafient "water scrubber" air filters 
between the fans and stacks and in the inc:iv*".:al cell exhaust ducts in T and 
B Plants.3 The temporary filters were to be capable of handling 
30,000 ft /minute of offgas flow, and the pepanent ones were to be able to 
scrub the full 60,000 ft /minuts <tack flow. 

It was 

-- 

By early 1948, however, the problem was seen as more intransigent. 
fans and duct work in ihe 291-T and 291-8 Facilities had been replaced by 
March, and it had been jetermined that the installation of the scrubber 
filters could not be completed before another four to six months. Also, 
further examination of the material exiting the T and B Plant stacks had shown 
the presence of "droplets" or "acid mists" from condensed or coalesced process 
gases. Like the particles, these mists contained activation products and 

The 
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oxides of nitrogen. Therefore, it was decided in the spring of 1948 to add 
huge sand filters below ground near the plant stacks and to reroute the 
process gases through them. Sand filter installation was completed at T Plant 
on October 15, 1948, and was finished at 6 Plant 15 days later. Additionally, 
between April and November 1948, a series of 11 special air monitoring 
stations were emplaced around the northwest, specifically to monitor for stack 
particulates. Three of these stations were located at Richland, Pasco, and 
Benton City, but the remaining eight stretched in a huge trapezoid from Great 
Falls, Montana, to Boise, Idaho, to Klamath Falls, Oregon, to Stampede Pass, 
Washington. Also, biological monitoring for particulate deposition and 
effects, wig2 rabbits, was initiated in the vicinity of the 200 East and West 
Area stacks. 

-1 

The sand f i 1 ters themsel ves cons i s ted of success! vel y f i ner gradations of 
sand, placed in a large underground container (110 ft by 48 ft) at T Plant, 
and equipped with air distributors, plenum chambers, and duct work. 
Offgasses from B and T Plants entered the filters via large manifolds that 
extended along the long side bottoms of the filters and moved progressively 
upward through layers of concrete blocks, coarse aggregate, and then fine sand 
at the top. A large plenum chamber at the top of each filter then led the 
gases horizontally toward duct work leading to the stacks. However, the sand 
filters were only marginally successful because the sand beds plugged, and the 
resistance (pressure drop) within the unit increased rapidly. In December 
1949, when filter efficiency dropped markedly, it was learned that excess 
humidity in the system further lowered filter effectiveness. By April 1950, 
the filters had been dried out, and equipment to measure humidity levels was 
installed in late 1950. Soon fiberglass filters, consisting of glass 
filaments one to two microns in diameter, were added in the dissolver offgas 
1 ines themselves. 
were tested as means of filtering particles from B and T Plant gases, but 
these methods showed mixed or marginal results. "High radioactive particle 
content" in the air around the 200 East and West Area stacks and throughout 
the region remained a problem through at least 1953. 

Electrostatic precipitators and cyclone separators also 

1 

As work went forward to address the particulate and acid mist airborne 
difficulties emanating from the T and B Plant stacks during the period from 
1948 to 1950, the offgas iodine problem also was receiving attention. 
time frame also witnessed a dramatic increase in the output of irradiated 
metal from the HW production reactors. In July 1948, 6 Reactor, closed since 
1946, was reenergized. In October 1949, the new H Reactor went on line, as 
did the new DR Reactor exactly one year later,-The activation of these units 
brought the total number of operating Hanford reactors to the (then) all-time 
high of five. Further, in April 1949, experiments began to increase the 
operating power levels of the oldest HW reactors above their World War I1 
design levels of 250 MW. A year later, these experiments were so f6uccessful 
that plans were being made to take B, 0, and F Reactors to 600 MW. With 
the new REDOX processing plant not scheduled to go on line until early 1952, 
the workload on T and B Plants rose substantially. 
1948, a key subcommittee of the National Committee on Radiation Protection 
(NCRP) was taking steps to reduce the "tolerance value" of 1311 to man by a 
factor of 10. In view of these developments, along with continued "scattered 
readings ... of the off-area contamination of ve etation. ..two to two and a half 
times the estimated tolerable limit of 0.2 pc "I/kg," Hanford's chief health 

The 

At the same time, in early 

Herbert M. Parker, recommended an increase in metal cooling times 
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beginning in April 1345. This suggestion was adoptt imed iy by Site 
management. The aging period for irradiated fuel elezcnts :- 
and 125 days and remained there for most of 1948, 1944, and 6 -7y 1950. 

prominent industrial health s;:cial ists from around the nation, to "make a 
concerted and full-scale attack on solutions to various existing stack gas 
problems. Whi 1 e the Group was to address difficulties throcahout a1 1 AEC 
installations, it was instructed that "Hanford is to have t-- wiority." 
During its initial Site tours and meetings in the summer - 48, the Grc.. 
discussed Chemical Warfare Service. (CWS) filters, electr IC precipitators, 
submerged porous pl ates, cycl one equipment, and many ot +w techno1 ogi es 
including "u1 trasonics." However, caustic "water" scr ~ and sand filters 
were considered to be the best available and practic? s to deal with the 
hr;ge volumes and high radioactivity levels of the T 
discharges. By summer's end, the Group also had ret- 
techniques should be improved and that evaluation 0- 

continue." At that time, they had "no specific fur:iw recommendations. , 

to betwff.: 90 

Additionally in 1948, tb AEC established a Stxk Gas Working Group of 

Jlant stack 
.aed "that sampling 

ii: problem should ,158 

Despite the best efforts of the Stack Gas Work 
scientists, no truly effective chemical or physica' .rriers to control ;.he 
activity levels in T and B Plant stack emissions w: identified in 1948 or 
1949. 
permissible limit for "I not by a factor 7f $0, but by a factor of 25. At 
the same time, Hanford's tolerable level 
was halved, to 0.1 pCi/kg. Metal cooling -imes purposely were kept long, and 
13'1 emissions at the Site were held to approximately 1,200 Ci throughout 
1948. The 1949 discharge levels, likewise, remained low until Deceqber, when 
a single event at T Plant allowed the escape of nearly 8,000 Ci of "I in a 
two-day period. 
level to approximately 12,000 Ci. 

dissolving and processing, at T Plant, of irradiated metal that had been aged 
only a short time (i.e., that was "green" or newly irradiated). 
occurred just three months after the United States had learned that the Soviet 
Union had achieved atomic weapons capability by detonating its first nuc!oar 
test bomb over Siberi9 The initial U.S. detection of this test had ccm via 
Hanford's network of "I monitoring stations. 
Accounting Office, the Green Run was an instrument development test th4t "was 
also generally related to research into the safety and health effects of 
nucl ear detonations and nucl ear production operations . " 
directed by the U.S. Air Force and involved the dissslving of 1 ton of fuel 
elements that had been pushed from a Hanford production reactor on 
November 17. As such the metal had been aged only 16 days, although original 
plans had called for metal that had been cooled 20 days. A special and 
extensive monitoring effort was established in the Hanford region, involxing 
taking over 100,000 samples w'thin the few days that followed the test. 

Group and HW 

Additionally, dying the summer of 1948, the NCRP voted to reduce the 

,- ' 'I contamination on vegetation 

This event, knowp9as the Green Run, boosted the 1949 emission 

n 
The Green Run was so named-because it involved the experimental 

The event 

According to the Generai 

The event was 

Effects of the Green Run on contamination levels on regional vegetation, 

Vegetition samples taken in the 

in rainwater and mud, and in other environmental media were dramatic. Rain 
and snow moved into the area just a few hours after dissolving began on the 
12 (midnight) to 8 a.m. shift on December 2. 
Tri-Cities and Benton City demonstrated average activity levels from 8.3 to 

31 



A 
61.7 pCi/kg, with the highest reading in Kennewick showing 107.3 pCi/kg. 
latter reading was over 1,000 times the (then) tolerable limit of 0.1 

Site, as well as areas to the northeast and southwest. Communities up to 
70 miles from HW displayed readings from 2.0 to 5.0 pCi/kg, while Walla Walla 
eyJ,denced values from 5.0 to 10.0 pCi/kg. Animal thyroid values for beta 
( 
than they had in October. According to Hanford's AEC manager, the Green Run 
"reaffirmed that 13'1 will contribute the greatest difficulty upon dissolving 
metal cooled for such a short period."6' 
controversial testbras made public in 1986, the level of public interest in it 
has remained high. 

The 

An elliptical zone of contamination was detected, encompassing t JadF 

I) activity within 70 miles of HW averaged 14 times higher that December 

In the years since this 

Following the Green Run, metal cooling times at Hanford returned to the 
90- to 125-day range throughout the first eight months of 1950. However, a 
major discovery in 13'1 control was made during that period. "Silver reactor" 
filters, so called because they contained a bed of fiberglass material soaked 
with silver nitrate that would react with radioiodine to form silver iodide, 
were developed and tried on an experimental basis. The tests worked so well 
that such filters were installed at B and T Plants in October and December 
1950, respectively. 
dissolver cells and into the main plant exhaust lines. Sampling equipment 
first was placed in the 292-T and 292-8 Buildings but too much acidic 
condensate formed in the 265-ft length of dissolver vent line. At the end of 
the year, the sampling equipment was moved into the pipe galleries of T and 
8 Plants. Hanford officials anticipated good results from the silver reactor 
filters, and they were anxious to increase production in view of tense , 
international developments, specifically the onset of the Korean War in June 
1950. As a result, they began in September 1950, a series of experiments in 
shortening metal cooling timef3., That month, the aging period was dropped to 
70 days, but a quick rise Ln I emissions drove the period up to 78 days for 
the remainder of the year. 

When the filters were installed, initial rfaorts prepared in January and 
February 1951 placed their efficiency rate for 
Although they were not positioned to entrap the small portion (approximately 
10%) of 13'1 that escaped from the plutonium-bearing solutions in the plants 
after the dissolving phase, filter performance was so encouraging overall that 
metal cooling times at HW were dropped to 67 days in mid-February. Decay 
periods were lowered further in March and then decreased to an average :JIonly 
48 days in April. During these months, the -aVFrage emission level for 
hovered between 2 and 5% of that which was evolved in the dissolver cells of 
T and B Plants. In late April, however, H. I. monitors reported a "material 
change in the efficiency of the silver reactor." By mid-May, with copling 
times ranging between 44 to 55 days, the average fraction of evolved 311 that 
was released to the atmosphere had risen to 25%. In one dissolving, as much 
as 34% was released. Additionally, with the greater throughput of irradiated 
metal, more 1311 was being generated than ever before at HW. The amount of 
total released curies soared to an average of 181 per day throughout the 
spring, with a one-day maximum of 425 Ci. At T Plant, a summer production 
test was planned to determine whether 1311 evolution could be suppressed by 
the addition of mercury to the metal dissolving solution. 

saturated" and "failing." The filters serving Cells 4 and 5 Left and 3 to 

The equipment was placed in the ducts that led out of the 

7- 

I removal at 99.9%. 

However, by late 
July, H.I. monitors reported that the silver reactor filters were "easily i 
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5 Right fn 7 Plant were replaced when they oven. -2 and ain showed good 
results. hwever, in view of the overall performu reco!-J of the silver 
reactor filters, metal coolin%,periods were lengthenL, to 80 to 100 days at 
HW. Atmospheric emissions of 

1 
I then 211 to an overall average of 5 Cilday 

- throughout the fourth quarter of 1951. 

The 1950 and 1951 experiments in shortened metal cooling times were 
clearly reflected in the radioiodine discharge levels and in the vegetation 
and animal thyroid activity levels in the Hanford region. In total, the years 
l?$O and 1951 witness#, the airborne discharge -I approximately 2,100 Ci 
( I) and 18,700 Ci ( I), respectively. Act ty dens!:/ on vegetation in 
Richland averaged 0.16 pCi/kg threughout most c. 1950 (only slightly above the 
then-tolerable limit of 0.1 iuCi/kg) but averaged 0.4 pCi/kg by Pcril 1951. As 
the result of dissolver probiems at T Plant and the REDOX Pla. .nat spring, 
values jumped to 2.5 bCi/kg in June 1951, with one sample ir newick 
demonstrating 23.0 pCi/kg. Likewise, animal thyroid sample, Laken up to 
200 miles :?om HW revealed sharp risesddn beta ('"I) activity levels during 
the second and third quarters of 1951. 

Throughout the next few years, Hanford scientists learned that the silver 
reactor filters worked well, as long as they were replaced and/or regenerated 
(i.e., sprayed with additional silver n:trate) on a frequent basis. 
Additionally, operating experience showed that the filters worked best when 
the gas was heated to approxirately 375 "F (Fahrenheit), instead of at the 

' 

mid-1951 levels of 400 to 478 'F. Silver reactor filters became the standard 
and best means of control for 13'1 to be used at T Plant (and the remainder of 
the Hanford Site) throughout its operating history. However, after.1951, 
T Plant did add mercury, silver, potassium, and/or sodium to the metal 
dissolving solution to help keep iodine in solution and to provide added means 
of emission control. Throughout the remainder of T Plant's years as a 
chemical processing facility, ~et-al cooling times were rzintained between 
90 and 110 days. Average tot.: I emissions from HW hL.-sred around 
2.8 Ci/day and sometimes reac! 3s high as 4.2 Ci/day but almost never 
achieved the target rate of 1.. .i that had been established by the 
H.I. Division. 
of 13'1 released from its stack, and subsequent investigation revealed 
malfunctions in the dissolvers in Cells 3 through 5 Right. That summer, in 
the midst of a special nuclear defense materials push undertaken by President 
Eisenhower, the question of shortening metal cooling times was again debated 
at HW. 
could affirm the safety of reducing the decakperiod to 70 days, because 
dependable countermeasures were not at hand.. -- 

3 

During early 1955, T Plant experienced a spike in the amount 

A "Symposium on the Iodine Problem'' was held, but none of the speakers 
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12.0 T PLANT'S TRANSITION: THE END OF THE 
C+fEHICAL PROCESSING RISSION 

Throughout the 1940s, the efficiency of the bismuth phosphate process 
continued to improve at T Plant and at B Plant (the other active World War I1 
chemical separations canyon at Hanford). 
production rate had increased by 299% over the 1946 rate, and rssearch and 
development had cut the processing time cycle by 45%. Additionally, process 
improvements d decreased the amount of fresh chemical materials needed, so 
that depite ?her mater741 costs. expenses for fresh chemicals were reduced 
by 25%. P:L;t;nium prodkt-:ion at' tianford continued to increase in 1951, and 
in 1952, with the completln of C Reactor, it rose another 44% over 1951. By 
that time, the production rate stood at five times that of 1947! 
1950s, underwater repair facilities for failed cell connectors and other 
equilment pieces were installed in Cell 4, to avoid unnecessary shutdowns. 
Al: Jgh T Plant adapted its pro'cesses to handle metals irradiated to many 
dl; rent goal exposures, and learned to optimize batch size and minimize time 
cyc~os, its importance diminished with the startup of the REDOX Plant at first 
lriktion (reduction oxidation) chemical processing plant in January 1952. The 
r+ew plant was muc" more efficient because it operated with a continuous 
action, solvent-c,;traction chemiztry and it salvaged most of the uranim that 
was not converted to plutonium. 

By 1950, the Hanford *Pu 

In the early 

In 1953, overall HW plutonium prodcction rose by 38% over that of 1952, 
with 88% of the processing being condcxed in the REDOX Plant. 
accounted for the remaining 12% bftaust. B Plant had shut down shortJy after 
the REDOX Plant began operations. 
dramatic rise at Hanford throughout the 1950s. 
that of 1953 by 26%. 
T Plant, with the acquisition of a third metal dissolver in August and a third 
extraction unit in December. A program to reactivate 6 Plant, known as the 
4X Program (because it would use four of Hanford's processing facilities for 
active chemical separations) was initiated. Design and proposal wot-i sJas 
approved, and @e construction work needed for reactivation was begun in 
December 1954. The B Plant renovation work was completed one year later. 
Cdring the same time frame, a combined operation of T Plant and U Plant, to be 
known as the TBX Plant, also was studied. In this plan, metal dissolution and 
process feed preparation would take place in T Plant, while separation and 
decontamination would take place in U Plant. 
in 1955, T Plant operations were characterized by increased time cycle 
efficiency, to the point where the average processing time cycle dropp# to 
4.5 hours. The overall HW production ra+e increased by 30% over 1954. 

T Plant 

Plutonium production continued its 

A 30% rise in processing capacity was realized at 
The rate for 1954 exceeded 

While such studies went forward 

By 1956, however, the great process-:g efficiencies being experienced at 
the REDOX Plant and at the new Plutonium-Uranium Extraction (PUREX) Plant made 
the operations of B Plant and T Plant unnecessary. That year, irradiation- 
processing rates increased by 39%, but chenical processing rates jumped by 
59%. The decision was made not to reactivate B Plant, and T Plant was retired 
from active service as a chemical processing facility in March 1956. During 
that final month, T Plant dissolved only three batches of fueLelements, and 
the final plutonium processing run was completed on March 20. 
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13.0 CONTAMINATION EVENTS 

The first recorded contamination event in T Plant's history occurred on 
1 

March 11, 1945, when a "suckback" in the steam jetting lines caused higher 
than normal radiation levels in the Pipe Gallery and in the Operating Gallery. 
On June 27, vapor condensate from a process tank backed into a solution 
addition line in the Operating Gallery and cause.: levels in that area to 
exceed tolerance limits. During the same period, some contaminat?- floor 
srnes were found in the 224-T Building. I: July, two separate ma7:;tenance 
o;;f+ations in that building's F Cell resultzd in the spread of "gross 
contamination over the entire floor area and over much of the equipment." 
Other maintenance operations in August and October also produced contamination 
spreads in the 224-T Building. In February lziij, a "trombone" cmtaining a 
high-level product sample wos being carried fvn T Plant to the 
222-T Laboratory when it .:;l to the ground ar., "spilled highly a;. Je 
solution." At nearly the .ame ti-9, a leak in an E Cell spray lir,= in the 
224-T Building "disseminated se'. 
floor ...[ and] onto the pipe galisry floor." The following month, a leak in a 
224-T waste line again "released milligrams of product." At nearly the same 
time, the most serious contamination event at T Plant up to that date occurred 
when a maintenance man, the ground, a crane ad diversion box were sprayed 
with first-cycle waste solution during an L..,empt to open and free a plugged 
tie-line from Section 15 of T Plant. 
a the Cell 3 to 5 Right gang valve assembly allowed fumes containing 
radioiodine and nikrous oxide from dissolver Cell 5 to back up into the 
Operating Gal 1 ery . 

clothing while "rodding" a Lent pipe in the new crib No. 2 near the 
361-T Tank. In May 1949, ZLst blowbacks from improperly sealed burial :-xes 
contaminated equipment burial grounds outside T Plant and spread contam1:iation 
to rrveral pieces of equipment being used in and near the burial area. In 
Aprr' 1951, an improperly wrapped vent pipe from the 224-T Building's E-Cell 
resu;ted in ''5' 5s" contamination of tw2 people, their truck, and areas of 
ground and of :?!e 224-T Building. In N:vember 1952, a large area of graund 
around the 155-TX diversion box catch tank, si ?hicles, two air compressors, 
a hydrocrane, and various electrical equipmeri- ..iire contaminated during the 
transfer of a highly acidic, off-standard so: 
four months later, a chemical reaction in the ,ame 155-TX catch tank resulted 
in allother spread of ground contamination. 
tr; ,,ze at the 222-S Laboratory became contamhated when he us:- improper 
procedures to transfer samples from T Plant to that laboratory Three months 
later, two other chemical trainees, using improper procedures, aropped and 
spilled a supernate sample from the 241-TX Tank Farm on the 200 West ArF,,a 
railroad crossing on 22nd Street between Bridgeport and Camden Streets. 

On July 3 and 4, 1953, perhaps the most serious contamination event in 
T Plant history up to that date occurred when a 4-ft-diameter hole caved in 
over the old 5-6 Cell drainage waste line between T Plant and the 
222-T Laboratory. Liquid flow about 200 ft long from the ruptured 5-6 line 
was visible along the ground just north of and over the 154-TX diversion box, 
located between the two buildings. Gross ground contamination occuhred over 
this wide area, although the cause of the pipe rupture was unknown. 

I 

1 milligrams of plutonium over the 

, 

One month later, a faulty vent valve on 

In December 1947, an operator received contamination on hi, hands and 

- 

3 

on out of this tank. Just 

In February 1953, a chemical 
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Contamination events multiplied in late 1953 and into 1954, as production -\ 

increases strained the capacity of plant and support systems. Diversion box 
catch tank leaks, as well as leaks from 242-1 Evaporator steam coils, caused 
ground contamination spreads in the summer and autumn of 1953 and continued 
fnto the spring of 1954. High winds during solid waste burial operations, 
complicated in one case by the dropping of a burial box and in another case by 
leaving contaminated materials out overnight while the necessary burial 
equipment was obtained, brought contamination spreads in large areas north and 
west of T Plant in November and December of 1953. In January 1954, two 
employees and a large area of ground were conftminated during the cleanout of 
pump and sluice pits in the 241-TX Tank Farm. 

\ 
I 

A serious personnel contamination incident occurred at the 224-T Building 
in February 1955, when two employees were grossly contaminated (one up to 
290% of the maximum permissible body burden) during the replacement of a dip 
tube on the F Cell centrifuge. The next day, in a separate incident, a large 
section of ground around the stack of the TXR Vault was contaminated with 
particulate matter consisting of activated rust and paint. The TXR Vault had 
been built in 1952 and 1953, as the place where T Plant high-level wastes from 
SSTs would be pretreated with nitric acid to be readied for the U Plant 
Uranium Metal Recovery Mission. In late December 1955, several thousand 
gallons of first-cycle waste accumulated on the ground between T Plant and the 
224-T Building, as a result of a ruptured underground line. This event was 
the last serious contamination incident that occurred during T Plant's years 
as a chemical processing facility. In subsequent years, other contamination 
spreads occurred along rail and other areas near T Plant. In the summer of 
1973, the largest high-level waste tank leak in Hanford Site history occurred 
at Tank 241-T-106. 
operations of T P1 ant. 

Hovver, the event was unconnected with the ongoing 7, 

..-.. . 
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14.0 T RW'S RO:. AS A DECOti -INATION FACILITY 
.. 

-- '1 
The full process of cleanout and transition to a P.- role as HW's 

'ashes of the 
tion began h:-.hin 

*\e in4 - 61 flush reduced the 

/ 

decontamination facility took several years at T Plan? 
processing equipment and cells with a 60% nitr 
10 days of the March 20, 1956, shutdown. The i. . flu 2terial then was 
collected and processed for plutonium recovery. 
radiation levels in plant cells by a factor of mi, and subsequent flushes 
with a solution of 1% sodium citrate and 5% sodium hydroxide achieved much 
smaller (albeit significant) reductions. 
assemt +s, jumpers, tanks, tank spargers, dissolvers, centrifuges, heaters, 
lubri ws, pumps, valves, jnstruments, and other equipment, as well as some 
pipin- removed from T Aant and buried as contaminated waste. In 1958, 
the faL I i ty rep1 aced U P1 ant as HW ' s central decontamination plant. Several 
control panels and other miscellaneous equipment pieces were moved into the 
plant's head end and stored there. 
with T Plant were 'amoved to make room for construction of the 
2706-T DecontaminzLion Annex, a facility that handled equipment too large to 
be moved into T Plant or pieces having lower contamination levels than those 
decontaminated in T Canyon itself. 
War 11 processing e%uipment and instruments still were being removed from 
T Plant and buried. 

lcid 

Between 1956 and 1963, many jet 

In 1959, two small shacks associated 

As late as the 1964 to 1966 period, World 

In 1963, all of the chemical, air, sten. and water piping from the Pipe 
and Operating Gailxies of Sec:ions 17 to i- t,f T Plant, with the exception of 
the main air, water, and steL header line5. was removed to make room for 
offices and a lunchroom for -e decontamination facility. The total amount of 
piping displaced represented ipproximately 25% of all such lines in the 
plant's Pipe and Operating Gaileries. 
the stainless and mild steel piping in Sections 17 to 20 was removed. 
same time, much stainless steel and black iron piping wa: removed from the 
Operating Gallery of the 224-T Buildgg and reinstalled 5s cold chemical 
addition lines in the sa- building. In 1964, a Burst Test Containment 
Facility was installed ii :.he head end of T Plant, thus providing a place to 
conduct trials in the ex; Jsive degradation of irradiated fuel elements. At 
that time, all of the dissolvers, condensers, towers, heaters, and silver 8o 

reactor filters were removed from the 3-5 Right and Left cells and buried. 
Two years later, all of the 0.5-in. steam condensate pJping from Sections 3 
through 17 of the Pipe Gallery was removed and buried. In 1967, Pacific 
Northwest Laboratories requested space for experimental work in the head end 
of T Plant. At that time, the panel boards -and gang valves from Sections 3 
and 4 of the Operating Gallery, as well as miscellaneous stainless steel and 
black iron pipe and fittings, were rerrrlb -d and buried. 
800 linear feet of 2-in. steam piping fr-2 the gang valves to the wall 
nozzles, 300 ft of associated conduit and electrical wire, and 200 ft of black 
iron piping were removed. Many additional pieces of equipment, old 
instruments, as well as much tJring and additional piping, continued to be 
removed during 1968 and 1969. 

The decontamination operations carried out in T Plant involved several 
processes. Smaller equipment pieces were immersed in decontamination 
solutions in "thimble tanks,'' and larger pieces were flushed with water, 
chemical solutions, sand blasted, steam blasted. high-pressure sprayed (using 
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The following year, the remainder of 
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Additionally, 



\ 
pressures up to 10,000 psi), and/or scrubbed with detergents. 
initial years, a strong nitric acid flush (approximately 60%) usually began 
€.he decontamination process, followed by a caustic wash with sodium hydroxide 
rombined with sodium phosphate, boric acid, versene, sodium dichromate, sodium 
tartrate, or sodium citrate. However, it was learned that versene and 
tartrate, in particular, adversely affected the ability of soil cribs to 
adsorb the rinsate materials. 
1 , 1,l-tri chl oroethane or perch1 oroethyl ene, and detergents generally were 
chloride based. By the mid-1960s, commercially prepared and trademarked 
chemical mixtures had replaced most of the simpler chemicals used in the early 
years. Many of the commercial products were based on oxalic acid, phosphates, 
nitric acid-ferrous ammonium sulfate combinations, potassium permanganate and 
sodium bisulfate, with some unknown additives. Filtration of airborne 
effluents associaLed with decontamination activities was accomplished through 
the sand filters. 

During the 

High-pressure sprays often used 

..- . . -- 

Decontamination operations carried out in T P1 ant demonstrated their 
economic value early. 
were shown in plant records, based upon the depreciated value of used 
equipment cleaned and returned to service. 1969, monthly savings usually 
were valued at between S100,OOO to S200,OOO. Most equipment needing 
decontamination was transferred to T Plant in "multi-purpose transfer boxes," 
flat rail car-mounted containers made of welded stainless and carbon steel. 
However, some very special transfers occurred to and through T Plant during 
its years as a decontamination facility. 
rail entry tunnel and pool cell were used to receive, unload, and disassemble 
high-exposure, irradiated fuel from the Shippingport (Pennsylvania) power 
reactor. In 1983, the T Plant rail entry tunnel again was used to receive and 
transload (into overpack burial containers) zeolite beds encased in stainless 
steel liners and loaded with 13'Cs from the Three Mile Island (Pennsylvania) 
power reactor. 
beds had been used to absorb Cs out of the contaminated water in the 
reactor coolant system's containment sump. In 1983, the Submerged 
Demineralized System (SDS) liners came to Hanford for burial as contaminated 
waste. During 1982 and 1983, several improvements were'made to the T Plant 
crane and cab, filtration sys&em, instrumentation, and rail tunnel, in 
preparation for this project. 

In just the first year, savings over nearly $225,000 

During the late 1970s, the T Plant 

-3 

Following an hscident in that reactor in 1979, the zeolite 
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15.0 1990s BRING NEW CHALLENGES AND 
OPPORTUNITIES TO T PLANT 

On October 24, 1990, a Continuous Air Moni+nr (CAM) at T Plant was 
A .-.I-  u sequent investigation silenced by the use of a stick and a chair. 

reported the incident as indicative of procedurai deficiencies, poor work 
practices and training, inadequate communications of management expectations, 
and deteriorating physical condit-Tns in T Plant. Eight other incidents in 
quick succession :hat autumn and 
contractor Westinghouse Hanford .::any (WHC) to curtail operations. As of 
January 9, 1991, T Plant was orai _J to accept no new wrk and to focus its 
sole efforts on upgLading the facility and the operati:.:: practices "to 
acceptabl e 1 eve1 s. 

-1y winter led to a decision by operating 

-.n Unusual Occurrence Report or: i tl ed "Limited Decontamination 
Ope :tion," issued later that mont-. reitevated the problems endemic at 
T Piant: "The facility has been a'lowed, due to resource limitations, to 
deteriorate over a period of years. . . Equipment has not been serviced or 
rep1 aced with the regul ari ty necessary to provide re1 i ab1 e service. 
Procedures have not been revised ... Personnel training has been insufficient." 
The award fee from the U.S. Department of Energy (DOE) for the six-month 
period covering October 1990 through March 1991, likewise pointed to the alarm 
disabling as a tip-of-the-iceberg event ref1 acting "systematic neglecx by the 
line organization over a substantial period rf time." A DOE Conduct of 
Operations inspection of T Plant, carried out during this time period, 
"displayed all areas to be in noncompliance. 

At nearly the same time, WHC organized a T Plant Futirre Assessment Task 
Team to determine the future decontamination needs of the Hanford Site and to 
delineate T Plant's role in filling those needs. 
named, along with a new staff of people dAicate$and excited by the immense 
challenges of rehabilitating the historic plant. 

I 

01 87 

A facility manager was 

Thus began the long road back for T Plant. In June 1991, the Task Team 
concluded that a centralized decontamination facility was essential to the 
Hanford Site cleanup mission, both for reasons of safety and economy. 
Hazardous and radioactively contaminated objects would face almost 
insurmountable regulatory barriers if they were to be shipped offsite for 
decontamination. Further, the costs of onsite decontamination would pay large 
dividends both in instances where equipment wag-returned to service and in 
cases where objects were reduced -:: radiation and chemical levels low enough 
that they could be buried as low-':.vel waste or released as nonregulated 
scrap. 
that of storing high-level or mixed waste (and there are additional costs for 
ultimate disposition later), it quickly became obvious thai9an upgraded 
T Plant had an important role to play in Hanford's future. 

In the meantime, the T Plant staff was busy evaluJtjng tt:e facility and 
beginning improvements. The lai.. 3f updated, usable, as-built drawings jumped 
out as an immediate probJern. Evi;ttuaJly, 2,600 drawings applicable to T Plant 
were identified, nearly all of them dating from an original set developed in 
World War I1 to cover T, 8, and U Plants as a unit. Over the years, 
engineering change notices (ECNs) applicable to any one of the three plants 

Because the cost of burying low-level waste is approximately one-third 

,) 
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had been entered in pencil on the drawings, even though these facilities soon 
diverged widely in equipment, missions, and modifications. The result was a \ 

-\. 

master set of drawings that described none of the plants as they really 
existed. 

The T Plant staff selected approximately 500 of the most important old 
drawings, let a subcontract to enter them into a modern, computerized system, 
and updated them through a series of thorough "walk-downs" of the facility. 
At the same time, a unique identifier system of coded labels was developed for 
each component of the steam, water, air, drain, ventilation, process, and 
instrumentation systems. Entered onto the updated drawings, as well as onto 
the physical components in the plant, these identifiers completed the process 
of making the drawings unique to T Plant. 
accurate new procedures for facility activities, and to implement a specific 
and workable Lock and Tag system. Additionally, a "worker-friendly" set of 
systems drawings were developed, designed to represent various single systems 
in schematic fashion, thus making it easier to perform maintenance work and 
other routine inspections. 

They also made it possible to write 

Another set of problems discovered early by the new T Plant staff was 
that concerning safety documentation. The facility was operating with a 
conglomeration of documents that included an old Safety Analysis Report (SAR) 
with many supplemental ECNs that had not been incorporated into the original, 
three sets of Operational Safety Requirements (now called Technical 
Specifications or "tech-specs"), and five Operating Specifications Documents 
(OSDs). 
Studying this maze, the staff began a process of.both excising the irrelevant 
portions contained in the many documents and consolidating duplicate or 
overlapping material. 
criticality safety evaluation report completed on the facility in 1989 and 
1990. The result was the adoption of a single SAR by mid-1993 (with some 
chapters still being revised in early 1994); a single, consolidated OSD; and 
two smaller documents relevant to the 72 irradiated fuel assemblies from tpt 
Shippingport reactor that have rested in the T Plant pool cell since 1978. 
Both documents relative to the fuel assemblies will be incorporated into the 
consolidated documentation during 1994. 

One more early activity flagged with a high priority was the inspection 
of the pool cell, known as the pressurized water reactor (PWR) pool because of 

appeared unclear and was covered with floating debris. However, some 
preliminary cleaning and the addition of new screening and filtration devices 
showed that the pool itself was basically sound. 
initiative was made to replace or possibly eliminate antique refrigeration 
units that had been needed to chill the pool's water and, thus, eliminate some 
of the secondary cooling water discharges to the 216 1-4 Ditch. Additionally, 
new level instrumentation, covering the entire pool depth instead of just the 
4-in. band covered by older instrumentation, was designed and installed. 
Lastly, firmpFdministrative controls were placed on the water levels required 
in the pool. 

out, and physical cleanup got underway. 
shower rooms, bathrooms, and change facilities) were given first priority. 

None of these documents had been approved officially by DOE. 

At the same time, they incorporated the findings of the 

. the presence of the Shippingport fuel elements. The water storing the rods 

A waste minimization 

At the same time, a complete radiological survey of T Plant was carried 
Staff "1 iving" areas (e.g.? offices, 
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The program that had built the experimental laboratory into 
in the 1960s had abandoned the facility, leaving a substant 
chemicals. The cleanout of this area revealed a vast array 

- defined as hazardous, including some shock-sensitive chemic 
detonated under controlled conditions. 

Existins office mace on the second floor of the 27' 

T Plant's nead end 
a1 supply of 
of substances no1E: 
7s that had to k- 

i3ui 1 ding was 
repainted, carpeted, and wired -3 accommodate modern cw:.;iers and other 
office machinery. In the same building, an old electroplating shop, 
containing many hazardous substances, was cleaned out to serve as a 
consolidated lunchroom. 
radiological control iseues associated with five older lunch areas. Two new 
change trailers were emplaced to serve the 2706-T Building and the rail tunnel 
to improve radiological controls and to allow radiation zone reductions in 
these areas. Additionally, design was begun on a large "entryway" project, 
prompted by safety concerns associated with the then-unregulated access to the 
221-T Building. Personnel radiation monitoring devices were emplaced to 
survey each person before leaving the plant, anJ a visitor identification and 
check-in office was established by early 1993. 

The new lunchroom was needed to address safety and 

In early 1992, the cleanup and cleanout of the 2706-T Deco::camination 
Annex began. 
in the facility over the years. 
4isposition, developed a leak that brought inspectors from the Washington 
State Department of Ecology (Ecology) in May 1992. Several deficiencies dere 
noted in the yard area outside of the 2706-T Building and the T Plant rz-? 
tunnel , a1 1 concerning noncompl i ance with waste accumul ati on, storage, 
administrative control, and record-keeping regulations. The T Plant staff 
began an ambitious program to open, sample, characterize, label and 
disposition every box, drum, and equipment piece at the facility. 
Contaminated items were carried into the T Plant rail tunnel, and much of the 
sampling was done with the aid of Hanford's Sampling and Mobile Laborato-y 
Group. 
Materials Team. When highly acidic contents were identified, the contents 
were treated, the drums were overpacked, and dispositioned as hazardous and 
radiological waste. In January 1993, Ecology and WHC conducted a follow-gp 
inspection of the 2706-T yard and confirmed that the noncompliance issues of 
the previous spring had been "satisfactorily ~ompletrj."~~ 

At the same time, T Plant officials had learned from dealing with their 
own noncompliant waste drums and boxes that thgy could perform a valuable 
service for the rest of the Hanford Site. To receive, store, contain, and 
perform some minimal waste --atments (e.g., 1 iquid absorption from 
containers), T Plant appliei .:r and received an expanded Part A Dangerr 
Waste Permit in September 15 . The permit also identified waste manac- :t 
activities supporting the fac . ity's long-term mission in waste storage 
treatment, in tanks, containers, and other units. 

Many boxes and drums containing unknown wastes had been stored 
One such drum, moved outside to await 

3 

The three most corroded drums were inspected by the Site's Haza;.Jous 

.d 

Waste inspections and repackaging then became an important part of the 

Work also was completed on an inventory of 58 boxes of unknown Tank 

T Plant mission, as the facility stepped up to accept, open, sample, and 
repackage over 200 drums containing unknown wastes from the Tank Farms in 
1993. 
Farms waste, and an agreement was reached to help sort, sample, and repackage 
part of a huge inventory (over 2,000 boxes and drums) of other Tank Farms ) 
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mntainers found to be in violation of Washington State codes in 1992. 
availability and suitability of T Plant for this work soon became a key factor 
k the ability of WHC and the Ecology to rea@ agreements on Hanford's 
backlogged and unpermitted waste containers. 

The I 

In the meantime, rehabilitation of the 2706-T Facility, where unfiltered, 
open-air decontamination activities had taken place, continued throughout 1992 
and 1993. A high-efficiency particulate air (HEPA) filtration system was 
installed, along with new doors with tight seals, a fan room to provide for 
negative air pressure in the facility, air monitoring equipment, new floor 
grates and drains, an automatic fire sprinkler system, and new lighting. 
Procedures for the facility were rewritten to meet current standards, and 
training packages were developed to ensure safe operation of the facility. 
DOE Readiness Reviews certified the 2706-T Building as capable &sf limited 
operations in 1993 and for full-scale operations in early 1994. 

When the cleanout and refurbishment of the 2706-T Facility was well under 
way, the T Plant staff turned its attention to the main canyon, the in-plant 
tanks, and the galleries. 
revealed the inability of these single-walled vessels to meet modern 
regulatory codes. New transfer piping leading to the rail loading area, where 
rail cars are filled with decontamination waste liquids destined for the lank 
Farms , was needed. The gal 1 eri es contained extraneous pi pes and process 
control equipment, much of which was insulated with asbestos, as well as 
obsolete and underpowered electrical connectors and clutter of various types. 

The canyon "deck" itself was littered with old pumps, racks, hoses, old 
processing equipment in various states of repair and disrepair, including 
jumpers, pulsers, motors, transformers, shields, pallets, tanks, and many 
other items. Most prominent amidst the canyon debris were the components of 
the "Hot Spares Train," and two large "drag-off" box liners. The latter were 
the stainless steel shells from inside concrete waste containers approximately 
8 ft by 8 ft by 16 ft. The components of the Hot Spares Train (known as the 
"Circus Train" by Hanford workers) were several used towers and process tanks 
from the PUREX facility, brought to T Plant in ea;Jy 1990 after a series of 
transportation mishaps that brought the nickname. 

During 1993, the first drag-off box liner was emptied, sorted, and the 
wastes were segregated, repackaged, and dispositioned according to the 
appropriate designation. Work to characterize the contents of the second 
drag-off box liner, known to contain at leastme item providing significant 
potential radiation dose, also was initiated in 1993. An initial attempt to 
remove contaminated equipment from this 1 iner resulted in high radiation 
levels. Complete repackaging of this liner in 1994 is crucial to readying the 
canyon deck for future operations. The components of the Hot Spares Train, 
also likely to contain significant radiological contamination, 1 ikewise remain 
a crucial puzzle that must be tackled in 1994. Radiological and physical 
characterization and discussions with the regulators will help to determine 
whether the parts are cut up and partially decontaminated and buried, or 
whether they are sealedp,and transported to the PUREX tunnels or to some other 
final disposition site. 

Inspection of the in-plant tanks and piping 

7 
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Looking to its future, T Plant currently has many upgrades projer- 
way. Among the largest is a multimillion dollar addition to the 291- 
ventilation system, replacing and augmenting the fans that circulate i 

T Plant canyon air system. Other extensive upgrades will add capacity to the 
primary power systems and motor control centers of T Plant. An approximately 
$15-million project will provide modern col?ecticn tanks with secondary 
containment and leak detection capacity for in-plant, licuid mixed wastes, as 
well as two collection tanks in the 2706-T yard and one 'large tank in the 
2706-T rail pit. Additionally, a moveable hoist is planned for the 
2706-T Bui 1 ding, to ensure that decontamination workers and equi pment could 
reach any angle needed to perf--:-work on odd-shaped equipment. 

under 
. 

.Lack 

Other plans are being deveioped to provide low-level decontamination 
services for a variety of needs, including verificztion sampling of mixed 
wastes, waste repackaging, disposition of T Plant backlog waste, and 
refurbishment of well drilling rigs, cranes, trucks, tankers, and other 
equipment used in the course of the Hanford Site cleanup. Preparations are 
under way for high-1 eve1 decontamination operaTions to process contaminated 
canyon deck equipment. Additionally, a WesTIP (Westinghouse Technologies to 
Improve Processes) workshop recently was held to discuss the integration of 
customer, regulator, servicer, and other needs in decontaminating Tank Farms 
long-length equipment in T Plant. A transfer port to bring in odd-shaped or 
oversized contar$nated equipment is being designed for the tail (southwest) 
end of T Plant. 

When the cleanout and upgrade projects are completed at T Plant, some 
standard decontamination technic:Les will be used, including eam and water 
sprays, vacuum cleaning, chemica: and detergent scrubs, elecr opolishing, 

"ice-blaster" for decontamination work has been procured for the 
2706-T Facility, and a cutting shear is being considered for the 221-1 Canyon. 
A1 so, innovations , such as steel "greenhouse" encl osures for separate stat ions 
within the canyon, are possible. 
cleaning out some of the cells themselves, lining them with steel, and setting 
up specialized work areas with robotic systems to perform the highest level 
work. Presently, customers from all over the Hanford Site, especially the 
Tank Farms, are pressing T Plant to begin performing decontanination work on 
high-level "debris" and on a wide variz-y of equipment p: -'I. As quickly as 
it can meet regulatory requirements for safe operations historic pkant 
will make a significant contribution to Hanford's envi-. :mental cleanup. 

".. various soaks accompanied by ultrasonic agitation, and others. Currently, an 

Additionally, thought has been given to 

- -- 

' WesTIP is a trademark of Westinghouse Electric Corporation, of 
Pittsburgh, PA. 
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