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Revised Inserts for Clarificat ion As Requested by 
the PNL Cversight Committee 

Th e subject test plan has been revised via the change co mrol prccec:\.:re defined in the 
test plan to accommodate requests by the oversight committee. The requested 
changes involve minor clarifications of terminclogy and intent and do not in any way 
effect operations or safety. The original text in the procedure is replaced with text in 
italics and a corrected page inserted. 

The primary changes address the following areas: 

1) Clarification that the "simulated sludge" used in the tank is not representative of a 
true refractory sludge since it is composed of only hanford soil and water. Rather, it is 
representative of a high water content material. 

2) Relative to the test objectives, clarity again thc;t t.t1e sludge is not representative of a · 
refractory type sludge but represents a high warm- .cdntent material. 

3) Clarify the use of and basis for pumice as a fill material. 

4) Clarify that for major changes, the project manager and the site supervisor must 
confer with laboratory safety personnel. 

5) Relative to the SOP 58, clarify the starting depth position for the electrodes. 

6) Replace the term exclusion zone with the term safety zone where thi s term is used 
to describe the roped off safety zone around the hood. 

Changes made and approved by Leo E Thompson, Trld!i.Cf•'/.__/ 
Reference Test Plan LS-U1V-1, Rev. o. April 1991. J //II I / 1r 
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1.0 

1.1 PURPOSE 

; ~P0OUCTION 

EST ?LA N 
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APRIL l 991 

In situ vitrification (ISV) is a waste remediation technology, deve io ped at 
Pacific ~orthwest Laboratory (PNL), which environmentally stabilizes contaminated 
soils and sludges without exhumation . Hore than 70 tests of the ISV process ranging 
from laboratory to full scale have been conducted. generating vitrified bl ocks 
weighing from 1 to 900,000 kg. These tests. conducted on a wide range of actual and 
simulated wastes types and soils. have repeatedly demonstrated the utility of the ISV 
·process as an effective means of immobilizing hazardous chemical· and radioactive· 
contaminated soils. This demonstration, using the DOE large-scale test equipment, 

will extend the application of ISV to full-scale sludge-bearing tanks. d&:1.,/tc/'i·( 
This test plan will be used by PN~ ,to_ d1r'ec:f::tne . testing of ISJ process on an 

,-,,;,h t,,..;aTT!.- C.C.-,1?t:.;1-r Sc.•, I ra,ye::• 
und erg round storage tan le containing a ! ; mo, at~ft-a-e to ry s-+~e-rtee+. This test 
plan describes the procedures to be used to conduct the test at the 300 ~est large­
scale underground tank vitrification (UTV) tc:t site. Included ~re descr i ptions of 
the site. the ISV process, equipment start-up and operation, test parameters. and 
data analjses and interpretation. The overall objective of the large-scale t2sting is 
to demonstrate applicability of ISV for remediation of a full scale undergrourid tanlc. 
Specific test objectives are stated below. 

1.2 rcsr OBJ~CTIVES 

The objectives of this test are as follows: 

Demonstrate the applicability of ISV in remediating a 10 ft diameter (6000 
gallon) buried tank which contains a high water content layer representative 
of a saturated sludge. 

Obtain water balance data to support the theory explaining why volat il e 
components and water soluble components do not migrate away from t he melt. 
rather are drawn to it. 

Characterize the particulate produced during the various stages of tie 
·,itrification process to support future off-gas treatment system desi gn. 

Demonstrate the abil i ty of !S V to ·,itrify the site to depths pract i ca i" within 
the context of actual t ank remediation activities. ?erfor ~ance wi ll j e 
determined by vert i cal an d l ateral dim ensions of t he vitrified zcne. Th e 
primary measure of success i s to completely vitrify t he t ank, the ~~n ks 
contents, and the support i ~g ~ad. 

l 
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Oe monstrate t he first ~arge -scale :Jplication oi an electrode feed sy stem. I f 
su ccessful, t :ii s .,,.i i 1: 

allcw the system tJ r ecover from el ec trical short circui t s when the 
electrodes ar e engaged in a molte n pool of metal. 

Eliminate th e labor in tensive process of i nstalling fixed buried 
electrodes, 

reduce worker exposure from the int rusive process of emplacing 
electrodes into the soil adjacent to a tank, 

eliminate t:ie secondary wastes generated during electrode placement 
activities. 

Demonstrate a technique which could be used i n an actual remedial operation to 
fill an underground tank .,,.ith dry soil. The ability t o :ninimize vo id spaces 
in the tank is important to reduce the--pPi_~bility of transient gas releases 
from the tank as well as preventing the formation of drain holes wh ich could 
disrupt the conductive pathway. 

Obtain data for evaluation of hood pressurizati9n mech ani sms. 

1.3 TEST DESCRIPTION 

1.3.1 Process Descripticn 

The UTV process, illustrated i ~ r1gure 1.1, converts underground tanks and 
associated hazardous materials to a solid block. immobiliz i~ g th e contaminated tank. 
sludg e, and surrounding soil i~ t:i e process. ?rior to t reatment by ISV . void space 
in the contaminated undergr ound tanks i s fille d. A ho od fo r containment of gases and 
volatilized materials generated during the ISV ~recess is placed over th e area to be 
vitr~fied. An electrode feed system (EFS) is positioned over the hood and an array 
of four graphite electrodes i s placed i~ the EfS. Each electrode i s i nitially 
in serted one to two feet into the ground. 3ecause soil i s not electricaily 
conductive when moisture has been driven off, a graphite and glass frit starter 
~at erial is spread bet~een the electrodes to for~ a conductive starter path. An 
electric potential applied ta t~e electrodes establishes an electric cu rr en t in the 
starte r path. Th e resultant pcwer heats the starter path, generating temp eratures 
hig h enough to melt th e s ]rroundi ng soii (typi cally about 1700'C). - he starter path 
i s consumed b-y oxidation. :nd t:ie cu rre!1t i s tr ans ferred to the rnol te!1 soil . 'l'f'hich is 
electr ic all y conductive. 

2 
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FIGURE l.l. ~perating Sequence for Underground Tank Vitrification 

As the molten zone prog~esses downward. the electrodes move with the melt 
:rant. Hetal inclusions in the treatment zone (such as the steel tank in this t est) 
~elt when contacted by the molten soil. The fluid metal. which has a higher density 
:h an the liquid glass, flows to the bottom of the molten pool. Concrete, when 
: ontacted by the molten glass. decomposes and dissolves into the molten mass. 

r~ vitrification of an underground tank the molten pool encompasses th e soil. 
; teel tank. concrete shell and sludge i n the bottom of the tank. The melt may also 
Je- allowed to continue downward. if desired, to immobilize contaminated soil below 
:h e t ank. Radionuclides and ~onvola til e hazardous elements such as heavy metals ar: 
i ncorporated into the glass product. Organic components are generally pyrolyzed by 
:h e high temperatures experienced in the melt. The pyrolyzed byproducts migrate to 
:h e surface of the vitrified zone, where they burn i n the presence of air. Th e metal 
: ank melts and forms ingots near the bottom of the melted mass. Any hazardous 
~a ter ial s not captured in th e glass or de stroyed by th e ISV process ar e re moved in 
:h e off-ga s t reatment system. 

Th e product resulting fro~ the I SV pro cess i s a glass and crystalli ne ma ss 
~esembling natural ob sidian and a ~etal ingot . Th e ISV block which is only 3 to 11: 
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~eavier tha n concrete. ~assesses abou t 5 to 10 t ime s the str engt h of un re in f or ced 
con cr ete i ~ both tension aGd cc"'pression. The ISV block is also extremely ine rt. 
with a chemical leach resist3nce approa cn ing th at of ?y rexa gl ass . 

The EFS is used to control mo vement of the electrodes into the melt . Th e 
electrodes can be fed in either a passive or active mode. In the passive mode the 
elect r odes are allowed to gravity feed into the molten ·glass. Th e electrodes. which 
rest on the bottom of the melt, feed into the melt as the melt progresses downward. 
In the active feed mode the electrodes are gripped and air motors are used to move 
the electrodes either up or down as required. As the tank melt a molten pool of 
metal will form at the bottom of the melt zone. Shorting can occurs if electrodes 
contact the molten metal. If a shorting conditions developes an electrode can be 
lifted to alleviate the problem. To preclude shorting, when it is known t hat a large 
pool of metal exists at the bottom of the melt,= t.ll~ -~lectrodes can be systematically 

...,... ·---
fed in to the melt. The EFS. in conjunction with t~e...:..t est configuration. i s shown in 
Figure 1.2. 

1.3.2 Tank Description 

The configuration of the tank which will be used in this large-scale 
demonstration was designed to represent .actual tanks present at the Oak Ridge 
National Laboratory (ORNL) site. Characteristics of 33 underground tanks. both 
vertically and horizontally oriented, at the ORNL site were evaluated. Tank 
conditions wer~ selected which should represent the most difficult application of 
ISV. A 10 ft-diameter by 10-ft tall stainless steel tank with a 8 in. thick outer 
layer of gunite will be used. The tank wall thickness is a nominal 1/4 in. with a _ 
conical top and flat bottom. Th e tank dimensions are representative of actual 
dimensions of tanks buried at the ORNL site. The tank has been fitted with risers 
and flanges to simulate actual field conditions, while also serving as ports to filJ 
the tank and insert instrumentation into the tank. As an added measure of safety, a 
10 psi rupture disk has been fitted to the bottom of a pipe extending vertically 
through the tank. The pipe has been drilled with 1/2-in. holes every 1·1/2 i n. to 
provide a pathway for a pressure gradient of greater than 10 psi to be relieved by -

• blcw i~g a rupture disk. Th e tank configuration is shown i n Figure 1.3. Ta nks with 
diamete rs of 1 ft and 3 ft will ha ve been previously tested to de termine processing 
characteristics ·and product durability of IS~ en scaled tanks. 

4 
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.nstrurnen tati cn will be pla ced in t~e ta~k that will ~rovi~e data ~eit dept~. 

:dth and tank pressure during processing. Two vertically oriented type K 
, ermocouple bundles will be used. One will be placed slighly off-center inside the 
: nk with the TCs starting at 5 ft below grade and placed on on e foot centers to 23 

1 : below grade. The second vertical TC bundle will be placed outisde the tank in the 
1 l ectrode plane. The TCs will start at 4 ft below grade and be positioned every two 

~et to 14 ft belo~ grade. One bundle of type K thermocouples will be buried 10 ft 
~low grade with the first TC placed 1 ft from the outside of the gunite wall 
1rrounding the tank and subsequent TCs placed on 2 ft center out to 23 ft. Depth 
1d melt shape monitoring capabilities will be provided by the thermocouples. As a 
~condary method of depth determination, the electrode f eed system will be fitted 
i th an electrode travel monitoring system, which w-i--W -~ _s_play the vertical travel of 
~e four electrodes. One type C thermocouple will be placed at the bottom of the 
.rnk, 15 ft below grade, to measure melt temperature. The tank will contain a 
i nimum of three tubes which will be connected to pressure transducers to monitor the 
r esenc~ of press~re gradients within the tank. The test pit instrumentation layout · . , 
s illustrated in Figures 1.4 and 1.5. 

7 
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Ao proxi::iately i5~ of the :ank ·,olui:ie ( -3340 L) ·,.,ill be filled '..'it:i a ~'-itl.i~-e.d--
.: '-" ~ (" 

·~-1'-~'H'·ac-t-c-r-1 s ; a dve. An e v a 1 u at i on of ORN L tanks rev ea 1 e d no tanks cont a i n i n g 
; I 1l 

greater than 25 vol: sludge. The sludge for. this test will be simulated by a mixture 
of an alumina silica base material (Hanford soil) and water. The composition of 
Hanfo rd soil is shown in Table 1.1. Typically, sludge hee l s i~ the tanks at the ORNL 
are only a few volume percent of the total tank volume and the tanks will be filled 
with soil or some other suitable material prior to vitrification. 

Tabl~ 1 1 Hanford Soil Ccmposition 

Alkali 

Kz0 

NazO 

Al'<;:,1i ne Earths 
Al 203 

cao 
Fe,03 

Hg0 

Si0z 

OthPCS 
?zOs 

I.iQ, 

Tota 1 

Comoosition, 
- ..=.. --~- - 1.80 

3.02 

13.6 

6.0 
9.55 

2.88 
60.9 

0.42 

_Lil 

99.8 

A wide range of sludge types were reported in the ORNL report ra nging from 
ha rd to soft sludges. Specific data regarding water content was not prov id ed. It is 
esti~ated that sludge water content could range from 20 wt: to 80 wt%. ~a ter has 
1 ittle im pact on the quality of the resulting waste form since all of the water is 
vapori:ed and removed to :he off- gas treatment system. ~a:er content i s p~imarily a 
proces sing concern. Quick release of water vapor frcm :~e :ank could result in 
pressuri zation of the ho ed and release to the environment. It is anticipated that 
duri~g actual tank remediation 2: ORNL, a~y remaining sJpernate wo uld be removed from 

10 
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the ta nks prior to vit rific ation. ~ater re~ainin g in the s ludge ccnstitutes a miner 
po rt io n of the tarik volume and the ine rt fi ll ~ate rial wo uld contain ~ini~al ~a ter 
conten t to maximize the efficiency of th e ISV process. To evaluate the effect of 

high water content sludges on the ISV process (i .e., tank and hood pressurization, 
scrub system water accumulation, etc.), a 30 wt: water sludge will be placed in the 
bottom of the tank and a dried, low density fill material will be used to fill the 
tank. Sludge placement and tank filling will be performed through an 13-in. manhole 
that is slightly off-center of the tank. 

1.3.5 Ian\ Fil] ,:.,nJ f.ii cc.cf"'':"~ d;f,,/91 
An objective of the test i s to demonstratfuse of existing methods to fill the 

void space in the tank prior to vitrification/ The void space resulting from removal 
of supernatant liquids in the ORNL tanks wou~n~to be filled prior to treat:nent 
with ISV. The presence of large void space/ in a....:..t~nk could caus.e a loss of 
conductive pathway betwe~n the electrodes /s the molten soil slumps into void areas. 
As part of the tank fill task a techniquP.f~i11 be identified that will minimize void 
space within the tank. The technique identified will pose no threat of detrimental 
impact to the environment nor increase hazard to personnel. 

Previously completed eniineering- and pilot-scale testing has studied the ISV 
process on tanks surrounded by and filled with ORNL soil. The large-scale test is 
being conducted using Hanford soil as the material surrounding the tank and a low 
density fill material for tank fill. Hanford soil was chosen for use due to the 
economics associated with shipping ORNL soil to the Hanford site. It will also serve 
to broaden the knowledge base bY use of a second soil. If the glass and crystalli~e 
product formed from vitrifying a tank in Hanford soil meets the requirements of Toxic 
Characteristic Leach Procedure (TCLP) testing it is believed that a product formed 
with ORNL soil will be even more resistant to the leaching of contaminants. The hi~h 
electrical conductivity of molten Hanford soil causes the system to be amperage 
limited once a large molten mass is produced. Treat:nent of ORNL soil, w'hich 
possesses a lower electrical conductivity than Hanford soil. allows the large-seal~ 
system to operate at a more efficient amperage level. Thu s, i f a tank is processable 
in Hanford soil, it :n ay be more efficiently and easily treated in ORN L soil . · 

11 



( 
I 

I -~ 

,1tU-c(l As part of the effort to success full y meet the test objec :i ve of achiev ing ,:J ·,1 
1l'" depths practical within t he. ccntext~of act:.1al t.rnk remediation activitie s." 10·,1 

L-_;(2_;,2 f::•,'6..\LC ~ d -c-r c:<;c.:: , ,"\ 
de nsity materials a.;-e bei~n--h.ta-h:<l-t-o-fi lling the ·,o id volume in th e tank. Th e 
low density materials. in theory, would prcduce ~ smalle r volume of glass per depth 
as well as reduce outward growth of the melt resulting in greater melt depth. Foup---<_ 

low deosity fill rnateriaJs '!o':1 e,. avaluat'"o a'"e ;::u;:;; ' ce, 'ow dens- ~~ 

b o+:-o s i l i ca ta- ...g.+a-s-s-,11 i e Po s ;:;~~d-v-e F-~ n-e n-g-~i--n-g--s-c-~~e-s.;._w.ill-b~ 

C?-eMuet ed 011 the -mater i a 1 ~~.d-t-0 d et.e ~::i in e i mpaG-t-oi+-~oces.s...i.r.g,...-de pt-h-a nd--(:_ 

.pcod11ct.....q.wl ity. Q_ 

1.3.6 Heat Shield and Vent ?ipe 

Calculations and previcus testing i ndicate the probability of a hoed pressure 
event attributable solely to ho t gases released from the melt is very low. However. 
rapid radiant heating of the hood atmosphere ·f~~-he melt surface could result in a 
hood pressurization. To preclude pressurizing the hood due to radiant heating of the 
of the hood gases, a heat shield will be utilized to buffer heat release from the 
surface of the melt in the event the cold cap is disrupted. Th e h?at shield will 
designed to inhibit heat transfer to the hood at~osphete while at the same time 
allowing adequate ventilation of the volume within the shield for the burning of 
combustible off-gases. A IZ -..:i.-J,c.. 5~--::,_pk;te 1,,•e.....+ p;-pe. -;,-.s+r._ilc?d. -fo de~ !'1 

fk +~ e,_..;,·11 al/ct,u re( ~G.S~S -+o G'-< ,-e(~o.-.ed +i-~ f¼2. fa.,.-~ . ---rk ve,"\. ~c.-l 
1.3.7 Depth Enhancement rdhnia 1Jes 1-,c.k;:s e:.. G,, iz, 16 . e-,,<:£ -z.4 ,r1 c...:p i',·c-,,,,, 'f..s 

\o,:~;e.. 
In an effort to demonstrate increased depth capability, several depth 

enhancement techniques have been incorporated into this test: low density tank fill 
material. an electrode feed system. dilated tip electrodes. a heat shield. and a 
modified. covered starter path. (? .... -rrt•<e) 

_L_ow...__D_P~ns_,_·t_,v ......... I-~~•~x ........ F~i~l~l-~~2~t~0-~_;_3~J~- The low density tank fill material~is 
expected to result in increased subsidence and preferential melting in 
the low density zone. This should enhance depth by increasing the 
downward melt rate while lim iting outward growth. An engineering-scale 
test utilizing a pumice material demonstrated a greater downward mel t 
rate when compared to a similar test not using the low density fill. 

E]Pctrode FP 0 d Svst P~ . l~ e electrode feed system will eli~inate power 
losses through electrcde ~ements in the soil below the melt zon e (fi xed 
electrode design). Electrode feeding .h~s been successfully 

12 
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The heat shield is expected to blocK the raaiant shine f rom the 
; release event disrupts the cold cap. This thermal heat source 
1eat the hood surfaces and suspended particulate which can act ~o 
heat the gas phase in a rapid fashion. Ther::ial energy from a 1 m 
the cold cap can exceed 250,000 watts which is available . for 

nee.re,- · 
Confi~ion, A new starter path configuration will be used to 

Jower ~ the center of the melt and reduce the initial outward 
modification does not impact the cross sect io nal area of the path 
angling the center points of the "square" around the electrodes 

: center point of the melt as shewn below. 

J.S ::1 

11 .S ~ 

Modified. Startet' Path for the large-Scale UTY Test 

12 ine.'i dia.gl'&pl'li:a ei.c-.ro.:u 

SUrtet p,a:.'i (ty-;)ie.21) z- 'Mde x 2 • d-.p in i.-.. ·x- a."ld moolaed s-;<=• 
wr.11 ~- ~~ 1ncrcln9 tai:.'1 .~. 
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The operation ...Qf th.e la r ge -scale iS'I sy st em i s governed by Safe C;::,erat:ing 
Kt2. , 'S 

?rocedure (SOP) 58, rle•,7i.. hereinafter referred to as SOP 58. Th e procedure includes 
start-up, operating, and shutdown in str uctions for the large-scale IS'/ system and 
gener ic instructions for equipment setup and maintenance. Site- and project-specific 
in structions are included in Sections 3. 0 and 4.0 of this test plan. 

'" --=-- -.. - --
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3.0 TEST SITE AN O ECUIP HENT PREPAR AT ION 

3 .1 TANK ?~E PARATTON 
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Th e te st site will be initially exca vated to a dept h of 20 ft f or : l ace~ent of 
t est in strumentation. The hole will be approximately 50 ft across at the s~rfa ce to 
account fo r a required maximum slope of 45 deg rees. An 8 in. thick pad of cement 
will be poured at the bottom of the hole to support the tank such that the top of the 
~ad is 15 ft from grade. 

The tank will be placed on the pad so th at the conical top and tank marker is 
pointing upwards. Gunite will be sprayed on the outside of the tank to a nominal 
thickness of 8 in. Rebar will be used around the tank to support gunite. After the 
gunite has been allowed to cure the test pit will be back-filled to represent a 
t ypical tank configuration at ORNL. 

3.2 SITE PREPARATION 
-- .;.:-- .~_ ... 

The site will be leveled per SOP 58 to provide an even surface on wh ich to 
place the ISV hood and process trailers. The 18 in. manhole and one 4 in. riser will 
be left accessible for filling the tank. 

The off-gas processing trailer, support trailer. and control trailer will be 
located on site. immediately east of the test site on the outside edge of the safety 

..!..!?.!!.e perimeter established by the site supervisor. A change room trailer with all 
necessary protective clothing is present at the 300-W site. Entrance into the safety 
zone will be controlled through the off-gas treatment trailer. The process control 
trailer and the electrical supply trailer will remain outside of the safety zone. 
Figure 3.1 illustrates the relative locations of t he trailers. 

IS 
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Th e hoed and tr.e electrode fe ed sy stem will be position ed ove r the test site. 
Prior to and after setting t he off -gas hood several upgrade and ~aintenance 
activitie s inv olvin g the hood ~ill ta ke place. T~ ese in clu de: 

Verify that sufficient hood vacuum can be maintai ned du r ing 
processing. 

Modify the existing off-gas line so that the electrode feed 
system wi 11 fit over th e hood. 

Weld a steel plate skirt around the entire hood to help 
reduce the consequences of a subsidence event reaching the 
edge of the off-gas hood. The current hood is only 40' x 40' 
and past testing has shown that this dimension of hood can 
impact depth. 

Modify the existing two windows to eliminate the "t unnel 
vision" and install. two additional windows on the other two 
sides of the hood. 

·-. -== ...... , 
-- - _..;=-- --

Install lighting in the hood to -a1cf in viewing the melt 
surface and remote activities conducted inside the hood. 

A tank locat i0 n marker protruding out of the soil covering the tank will 
identify the center of the tank. The hood will be positioned such that the tank is 
centered within the electrodes. After positioning the hood, cover soil will be 
placed around the edge of the hood covering the skirt. The electrode feed system 
will then be assembled per the assembly plan and placed over the off-gas hood . The 
off-gas hood will be vacuum tested prior to test initiation. 

Installation of the hood and support equipment is detailed in SO P 58 . 

3 . 3 TANK E ILL 

The •simulated sludge• (a ctually a wet soil layer representing a high water 
content layer) will be prepared by mixing Hanford soil with water to obtain a 30wt~ 
water - soil layer. The layer will be mixed by placing the given quantity of soil 
in the tank and then addition th e appropriate amount of water. A low de ns ity fill 
material (pumice) will be used to fill the remaining void volume in the ta nk. The 
fill material will be placed in the tank th rough an open riser. Vis uai verifications 
in side the tank will be made to ensu re the fill material i s un iforml y dist ributed 
during the tank fill op er ation to minimiz e significant void spaces within the tan k. 

3.4 "' ECTROOE ASSEMBLY ~ND START~3 PATH I~STALLATION 

The electrodes will be positio ne d and th e starter path and the insula ting 
blanket laid per SOP 53 instruction. Th e electrodes will be posi tioned in a squ are 
configuration with a 3.5 ~ (11.5 ft) spacing . Th e electrodes will be initial ly 
i nstalled at a 2 ft . de pth in to the ground. 

(( 
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If it be comes necessary to lay a new starter path because electrical 
conductivi ty between the electrcdes has been lost and cannot. be re-established, the 
cause of start- up failu re will be identified prior to restart. Upon approv al of the 
Task Ma nager and the Site Eq uipment Supervisor and in accordan ce with a confined 
space en try permit, fresh soil will be placed over the melt zone and a new starter 
path and insulating blanket laid per SOP 58. 

3.5 PROCESS EQUIPMENT ASSEMBLY AND TESTING 

The process equipment will be assembled and tested. Verif ication that all 
pre-run activities in SOP 58 have been completed and signed off will be made. The 
test may be initiated following pre-run verification and successful completion of 

·equipment testing. 

---=- ~ · -~-· - ...,,;;_. -
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~ off- gas system start-up in accordance wit~ SO? ~a . Set ~~e 
Jre across th e scrubbers (D PIC-203) t o 50-in. ~ater. Operate scrub 
the quencher and tandem scrubber nozzle pressures of 20, 30, and 

~ly . 

. 6-H NaOH solution in the pH adjusting tank. 51ow1y add 100 L of 
followed by 40-kg (88-lb) dry NaOH, being careful to watch for 

:ns. Fill the tank to the 150-L level with water per SOP 58 

i system 2 temporarily to set the nozzle pressures. Adjust the pH 
: o between 8 and 11. Collect pretest scrub samples from both 
; nd set aft.er 30 min of operation. Label the samp.~ run 

1 ~ r~ time and date taken. and operator initials. Shut off-scrub pump 
l samples. but leave all of the scrubber system 2 valves in their 
i n case scrub system 2 is activated by the automatic process 

system changes. tank transfers including caustic addition. as well 
servations. in the log book. 

OPERATING INSTRUCTIONS 

Jrmer wi11 be operated as outlined in SOP 58. The electrical system 
using manu al amperage control. Use the graduated power buildup 

1 for each electrical phase to control power during start-up. 

perat ing at greater than zsi power, select the appropriate voltage 
:ower fa ctor on both phases is not less than 0.84 for more than 
: time. ?o.wer factor can be calculated as the ratio of the load 
:me plate voltage for the given tap. 

?ower Factor load voltage 
~a me p1ate voltage 

t :-ansfor:ner t ap changes. :s wel1 as op eraticnal cbservations. i ri 

:riodic1ily cal culate che ~owe r facro r ~henever :pe rating at 25! Jr 
:3b fl ity ~n d record the result in the leg book. 



Predicted 
Ilme !bl 

o.o • 0.5 
0.5 • 1.0 
1.0 • 1.5 
1.5 • 2.0 
2.0 • 2.5 
2.5 • 3.0 
3.0 • 3.5 
3.5 - 4.0 
4.0 · 4.5 
4.5 • 5.0 
5.0 • 5, 5 
5.5 • 5.0 
5.0 · 6.5 
6.5 • 7.0 
7.0 • 7.5 
7.5 - 8.0 
8.0 • 8.5 
8.5 · 9.0 
9.0 · 9.5 
9.5 - 10.0 
10.0 · 10.5 
10.5 · 11.0 
11.0 • 11.5 
11.5 • 12. 0 
12.0 • 12.5 
lZ.5 - 13.0 
13.0 · 13.5 
13.5 · 14.0 
14.0 - 14.5 
14.S · 15.0 

96 I 3Y-•0~.0868 

Haximum 
Power 

(t'dl0bs1.sel 
---~·-s ·- f 

10 
20 -25 
35 :.., 

45 
55 . 
65 _, 

75 
85 ' I 

_ 95 
·-;~105· 

·· tzo· 
130 
145 
155 
175 
180 
190 
205 , ;, 

220 
,,. 

230 ) : ·, 
21'5 ! ~ 

260 : .. , 

275 
285 
300 
325 ·~ : ,,,.. . 
335 
350 

,.-_, 

Predicted 
I1me !bl 

15.0 - 15.5 
15.5 - 16.0 
16.0 - 16.5 
16.5 - 17.0 
17.0 · 17.5 
17.5 · 18.0 
18.0 · 18.5 
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Haximum 
Power 

n•~£~tla se l 

375 1 -: 
390 · : . ) 

405 .. ~- ~-=--425 
450 

. , 

. . 
-HO 
500 

.. -
1a.5 - 19.~~o -· - ~- :~ 

19.0 · 19.5 - . 545 ' r 

19.5 - 20.0 570 
20.0 • 20.5 595 

. 
- -

20.5 • 21.0 :-·-- -.... 615 . •. . -. . 
21.0 • 21.S 650 -~~ 

21.5 · 22.0 675 - . 
22.0 • 22.5 705 .. -
22.5 - 23.0 735 ---
23.0 • 23.5 775 -. -
23.5 - 24.0 800 
24.0 · 24.5 840 ·: . -. 
24.5 · 25.0 aao ;·, ' 

25.0 · 25.5 925 - -
25.5 - 26.0 985 

,,. ., - -'.JI-· 

25.0 · 26.5 1030 Jr--: 
26.5 · 27.0 1095 -· I ' :.; .. . . 

27.0 • 27.5 1165 70 . ,, 
27 .5 · 28~0 1250 :· ,:- . -
28.0 · 28.5 1500 

., __ , ..... 
_ -:, ·-

28.5 · 29.0 1680 ! ,~ .. . ' .... 

29.0 · 170.0 1680 

TA 3l; i,l. Graduated ?ower 9ui ldu p Ch art. 

20 

' : ,:-~: ... -~ 
: ~~:~;.:-'~; .: 

•• • • # ~ ~s:~~J 
..,...;. _ ... ·. ::. '";."' '. 

-~~~~:-~ ~··:~~~ -~ 
. ~lt,'!-!: :j' .· 
,"!"-;li;r"-~ ; :$ • ,_,. 
~~:~> .. 

. --~~ . · 
·- " . 

' ,;.~~:> ;:· --

·;1; 
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4.3 SH UTDOWN IN ST KUCTION S 

Refer t o SOP 58 fo r no rmal an d em ergency shutdown procedures. rol lowing 
system sh ut down (no rmal c; e~e rgency ) co ntinue to mo nitor :h e l lq uid le vels ln the 
tanks every other day (excluding weekends) or until the hood i s removed. Record the 
tank liquid levels in the laboratory record book. If an increase in tank level is 
observed contact the task manager and the site equipment supervisor. 

Minimum normal shutdown condit ions will be when the melt has reached the 
bottom of the tank pad (16 ft.). If reasonable progress is being made (e.g .• 0.25 
i n. I hr) testing may be directed to be continued to greater depths as directed by the 

·Project manager and 
operate the off-gas 
per shift) or until 
downward. 

Site Equipment Supervisor. Once electrode power i s terminated. 
system and the HHS sampler for an additional 48 hours (2 staff 
the water accumulation rate in the HHS sampler i s trending 

-~~ - ~ ---

-1-~·..- -

' ,__ 
t" • ..,.: ,. ;. .... .. 

Upon test completion unscrew the remaining portions of electrodes Cit may be 
necessary to cut the graphite) a~j r em~ve with a crane. Disconnect the electrical 
cables and the electrode feed system (EFS) airlines. Lift the EFS off of the hood. 
Disassemble the EFS down to its normal storage state. 

... ,I( ~ ~ 

4.4 PROCESS MONITORING 

The ISV off-gas and power-conditioning ~ystems are controlled by computer. 
The ISV computer is a distributed-control system that is made up of a number of 
smaller process control u~its or microprocessors. A centralized operator interface 
for monitoring and controlling the ISV process is located in the control trailer and 
consists of two CRT terminals. Operating conditions are monitored electronically by 
a large number of remote sensors and the results are displayed and recorded by the 
operator interface. Set the clock on the process control computer before start-up. 
Do not readjust the clock during the test unless power is lost t o the site and the 
Baily Process Control System needs t o be restarted. Note the computer clock time 
vs. actual time once a shift in the laboratory record book. 

Part of the operator's duties i s to make sure the data ar e periodi cal ly 
pri nted out an d rec~rded to dis kette. Ta ble 4.2 shows th e frequency at wh ich graphic 
data (Area 7) are printed and ar chi ved to the diskette. Critical data will ~e 
monitored on a priority data acqui si tio n (PDA) sy stem. ~hich di splays and sto res 
pr io rity data once per second. As a minimum. th e data wh ich will be ~o nitored and 
collected on the PQA system will ~e th e off- ga s hood vac~~m and selected ho od 
temp eratures. and tank press ures. 

~here the process data are fe d di rectly t o the computer. an d in cases where a 
d::..+ c.: ~c:::.d<- .... -p i -s ci f-5~•-ed.J f ~'ca~= ss c::L .. +c.._ a.re r.ec c:---' ci~d en daic.. sf1~+s_ 

( iia...-,i.;~·- l[, .,, r-i::>ci:..-rc'...-d d e:_ fc::.... u.re / ;ste:d ' " Tt:..bfE :.f,2 , 
I 

I 
I 
I 
I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 
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.i ? .. ?recess Measurements and Sampl e Collection 

Measurement 

Computer Data 

Archive data to 
diskette 

Dump screen data to 
pdnter 
Pc,·cr,~1 D:.b ~ J:lvk.: #'f<',·,-:. (Ier'-1) 

Operator-Logged Data 

Liquid transfer 1og 

Power readings 

Environmental monitor 

Depth of vitrification 

1'tle tkcd 5 s~'""""'f \~. 
c(Y\m5) 

Sa;nple or 
Information 
Collected 

189 data pts 

graphics screens. 
a11 Area 7 groups 

1=e1,,,uJ: ck,k d' 
~.:. l:·'--P d'-~ ~tc.f ... -:, 

·,olume. pH 
each ta-~ ·~=-~ _-_: 

volts. amps. 
power: power 
factor each 
phase 

_a_ .ue. 110x. sex. 
02.~CO 

electrode depth, 
thermocouple data 

- ' ~- I L. 
IC:,\ C:. ? ~ '-j C Ge. i-y__ 

Get 1 €. 'c:1~ 5 '-f s te~ 
d.;.k.. pci,, + s 

I' ('. i r r 1..::.,.,1~.-~ c,,..ec.K or 

i 1M r ;"jer \{.: i .,-r,""-<; J 

\ L~ e. h :.. ~ cic!.. f-v-
, I 

Ccl (1:c.~r CYI 

22 

Collect i on 
Interval 

1 set every 
12 hrs 

~/ per shift 

dt.8 ,/t' ;1, _ 
~ p:-- s 1.;H;. 

before and 
after each 
transfer 

4 per shift 
and at change 
in setpoint 

) 

1 every 2 hours 

l every 2 hours 

.,. . ... ·- ·:~ij_k_, 
; . . . : If~ .... ..-~~--""~:.~~ ,;:;:..· 
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The purposj of the sampling plan is to identify the procedures that will be 
used to collect. identify, and analyze samples that will be collected from the test 
site prior to and following the UTV test. Sampling objectives are listed below. 
Samples needed to meet the stated objectives are identified in Figure 5.1. 

Obtain data for va 1 i dati on of soi 1 gas transport during ISV operatiaDS"" ... J · 

' The soil water processed through the off-gas system will be determined and 
compared to the estimated quantity of water affected by the melt. Affected 
volume for the purpose of evaluation will be based on the 100°c ·isoth.enr-· at 

the time power is shut down. -,- .?~ 
-~:.:-

Obtain off-gas particle size. composition data for design of new treatllent 
. ---.,.<: •. 

systems. 

Evaluate contamination of scrub solutions from a "clean• melt. Naturally 
occuring hazardous soil constituents concentrate in the scrub solutions. 
The data collected will be used to determine methods for minimizing 
secondary water generation. 

5.2 SAHPI ES 

Table 5.1 lists the sample types. number. analyses. and sample amount to be 
collected. All samples will be labeled appropriately with sample name. initials and 
date. Table 5.2 specifies the sample name coding. All sample collection activities 
will be documented in the laboratory record book and will be consistent with PNL 
procedures. 

23 



. :ST SAMPLES: 
~ICE ~ATER CONTENT 

: I L WATER CONT ENT 

RETEST SAMPLES: 
!tOHE 

JRETEST SAMPLES: 
· SOIL COMPOSITION 
- PUMICE COMPOSITION 
· ..SCRUB S OLUTI OH 

9613lH10 ~ OB?Z 

OPERATIONS DATA: I 
- AMBIENT TEHP AHO R.H. 
- OFF-GAS FLOW iUT E 

1 

OBTAIN DATA FOR 
EVALUATION OF 

SOIL-GAS TRANS?ORT. 
DURING rsv OPERATIONS 

........ 
... 

: o,ERATIOHS DATA: 
- PARTt CLE SIZE 

:.• • Off·GAS FLOW RATE 
• LOCATION IM liELT 

OPERATIONS DATA: 
• SCRUB SOLUTIOlf 

DETERMINE COMPOSITION 
OF SCRUB SOLUTIONS 

FROM A "CL~AN" MELT 

TEST ?LAN 
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PO ST-TEST SAMPLES: 
- HMS DESSICAHT 
· HM S !HPIHGER SO LH 

VOLUME 

POST·TEST SAMPLES: 
- PARTICLE COHPOSITIOH · 

?OST·TEST SA'4PLES: 
- SCRUB SOLUTION 

F:GUS E 5,1. Samples and Object iv es Correlation 

24 
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N 
Vl 

S.implc 
Ila I er I a I 

~u\l 

Pumice 

He IL 
I' H l I Cu I d Le 

Sc ru ll 
Sulull un 
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TA3L: 5.2. Samele Name Ceding 

samol12 ~ame 
LS-UTV-1-S-# Soil 
LS-UTV-1-P-J Pumice 
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LS-UTV-1-D-J HMS Dessicant 
LS-UTV-1-IH-v MMS Impinger Solution . , ,~ 1/t1/?1 

..1,,-1,..S~ij1:rTI~.f-' --,il.-+'P~S-.,,f-----,.p1l"a T""t t~;ttc~l"l!!!e~S 't":i !~!~Arn11i!'a+-l ;.,..;· z~e~r....,...?½-31'~t:;..:i~c;..y!:i.+l-.ra-~ (JzU 
LS-UTV-l·SS·I Scrub Solution Samples 
NOTE: Replace ffe with a number on the sample label.) 

5.2.1 soil sampJ.,s 
Two soil samples will be taken during t'e-~_-~-t preparation. The samples 

will be taken at approximately 10 ft depth. These samples will be used to deter~ine 
so~l ~oisture. as we11 ~s. soil oxide composition., 

s.2.2 Pumice samoJ~s 
Three pumice samples will be taken prior to placement of pumice in the 

tank. The pumice is located in · a pile next to the test site. The samples will be 
taken from three different locations . in the pile. Samples should be taken b~low the 
surface of the pile to ensure better representation of the pumice. 

5.2.3 ~MS Dessicant 
The HMS sampler will be used to ev~luate the quantity af water. vaoodr -i ,

1
· 

' ~ .:i~~t••)\l,t ... ~ -1•<"-lli•+'/ C.~ l,.,,c.to,1, c::_b':,C{ I,,:- I• C,r 

present in the off-gas. The dessicant samples wil_l be collected,\-aRa :J:na,,:z:~d. The 

-· resultant data will be adjusted for a:nbient humidity throughout the test and should 
provide a good approximation of the amount of water transfered from the affected , 
soils. rl 2 c~!',l~et 1,.,:ll _b~ '-'5..-d u:tc.. r{..,~. sysf-== :-f"u c.otlttc• P<----Lc...,la~e. _"-•'~,..e... 

; r ec,- ... ,c,,\ t!. :t; -fl-~ !:it:' {.-1/.,;.,s, (1'10..:j ~ ;,.·sc.?_.:i .(Cf° ?c..,-+-;c , .. : \c1. f-~ s; Zc- c.,,c:.-~,;es ... c... Sct11 
5.2.4- Particle SjzQ or e-7\;,...,..:..k..;.......t-. 

A Hodel ?C-2 Quartz Crys-;:al ~icrcbalance (Q C!-1) ca scade im pactor will be 
used t J analyze particle size distribution of particulate generated from ~he melt. 
Qu artz crystals are used in each stage as mass ~onitors to provide real-time mass 
collection data. The partic~ia-;:e collected will be anaiyzed fo r cc~position. · 

5.2 .. S ~cr vb Solution Sampl?~ 
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No hazardous ::iateria l s ·,. i l l :2 uti li zed i :1 t:iis :es.:. ~cr ub solution 
sa :no ie s ·,.ill be taken pri or :o s·tJrt up, .:-..: ,1:,g ooeraticns ~nd f oi1 cwi i1g :: 2st ~ 
shutdcwn. These samples .f0~be 2nalyz~d to evaiuate concentiation of naturally ~id 
occuring heavy metals in the scrub soluticn. Two samples from each tan~ will be r'//i'/~r 

c..,i)p,\::Jl.,'(YIC,. tEY 
taken prior to -test startup. One sampl~ will be talcen/\every day fpom each oft~ two 
tanks during operations. Two samples frcm each tank ~ill be taken immediately 
following test shutdown. Determinat i on -of .,..hich samples,,will be analyzed will be 

made after test shutdown. ( lf° a., ... J) -dzfj 
1
;,, f';1 

5.3 SAMPLING METHOD V· 
5.3.1 s011 samples 

All soil samples collected will be ~laced into precleaned 500-mL. wide­
~outh glass jars capped with Teflon-lined lids. Sample locations, any observations. 
and the results of the field tests · ... ill be reco-;:d-ei--{n the laboratory record book. 

5.3.2 Pumice samples 
All pumice samples collected wil~ ~ ~ placed into precleaned 500-ml. wide~ 

mouth glass jars capped with Teflon-lined lids. Sample locations, any observations. 
and the results of the field tests will be recorded in the laboratory record book. 
Samples will be taken using a efrab sampler. 

5. 3.3 HHS Qessicaot 

The dessicant in the HMS sampler will be monitored and changed as needed to 
preclude water carryover. Each time the dessicant is changed out the weight of the 
wet dessicant will be measured and r ecorded i n the L~8 and the weight of t~e new 
dessicant will be measured and recorded in the LR3 prior to placement i n t~e MMS 
sampler. 

5.3.4 P~rticJ 0 s;z 0 

The PC-2 operates at a flew rate of 240ml per ~inute. Jue to the iow flow 
rate the connection to the sample source should be less than l ft l ong. An important 
operating parameter for :he PC-2 is the sampling time. 7he ~ensitivit, of t he 
'.n s~rument is 1.5 ~anagrams of ~ass i ~oacted per hertz. ~~ e opt i mum sampl i ng time is 
therefore that time which i s suffic i ent to i::i part a frequency cjange of 20 :j 30 
~ertz with a tolerance of -5 :J ~!o hertz. A l onger samo iin g :i~e whic h c1uses a 
frequency change of more than :0 ~ertz i s undesireable. : ~it i al sample duration 
shcu 1d be short ( -3 tJ 3 s ec ) wi t ~ adjust~en.:s fJr subseauent ~amo i es ~ace 

27 
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accordin gly. I f follcwing a sampling th e ~f's in th e stages with the highe st 
: :n ce ntrat ions are bet~een 20 and :o Hz. :~e sa~oles ti~e us ed was cotimurn. I f the 
~f's are less than 5 Hz the sampl ing ti~e was too short. An approxi mate gui de to 
partic~late concentration is given in Table 5.3. Refer t o the PC-2 OCH Cascade 
Impactor .Operations Manual for exact instruction on how to operate the device. The 
so: cut-off sizes (OpSO) for the standard ten-stage PC-2 instrument are listed in 

Table 5.4. 

TABLE 5,3. Approximate Particulate Concentrations 

Concentration Time Af 

{ug/mll__ is.ill. .IBz.l 

10 
_. _ _:::.. - .... . 

480-- -=~-"".: 20 
100 30 15 

1.000 s 25 
10,000 2 100 
50,000 1 250 

TABLE 5,i. SO: Cut-Off Sizes (OpSO) for PC-2 

· STAGE .Qll5.0. 

1 25.0µm 

2 12.Sµm 

3 6.4µm 
4 3.Zµm 
s l.6µm 
6 0.80µm 
7 0.40µm 
8 0.20µm 
9 0 .10µ.'il 

10 O.OSOµm 

Ten jar s. corresponding to the te n collection stages will be in pla ce fe r coll ection 
of th e particulate from the stages. ~h en the sampling trays require cleaning th e 
~articulat e should ce placed i~ the appropriate sample collect ion jar. 

23 
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?recess s crub soluticn sa~ples wi ll ~e cJ11ected i n wi de- mouth 2S0-~L 
1vinyl sample bottles. All samples will be properly labeled. dated. and stored to 
1re sample integrity. 

·==-.-::..- :~ - ....::...- -

29 
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This test will be conducted i n strict accordance with the requirements 
outlined in this test plan, in SOP 58, and QA plan WTC-014 in accordance with the PNL 
QA Program~ which is based on ANSI/ASHE NOA-1, 1986, Oualjtv Assurance ?rogram 

Reauiremeots for Mv,Je~c facilities. 

A QA engineer assigned from ?NL's ?recess Quality Department provides-... _ ~"! 

independent oversight of project activities and will monitor activities to ensur~ '. ~ 1~~ 
compliance with established requirements during test preparations, testing, and~c 
subsequent sa~pling. 

6.2 LABORATORY SECORD BOOKS 
The laboratory record book CLRS) is the p.rimary method of recording day,-to· 

day project activities. The LRB is intended to provide information with sufff~e~t\ ~ ­
thoroughness to per:ni t an i ndepe r. dent person of equi va 1 ent techn i ca 1 backg rounle:::s~~ 
understand the work and evaluate the technical soundness of the work, continue · · · ·-,<­
unfinished work, and/or be able to replicate the work. All activities involved0 vith 

this project will be recorded fn LRS BNW-53697, BNW-53698. or in data sheets 
referenced by the LRSs. 

6.3 DATA SHE~Ts 

Pertinent data gathered before. during, and after processing will be 
entered on data sheets. The following data sheets will be used during the test: 

Scc•b Solotion samples _:_ cftd --r/ct/'lr 
Solut1011 ri a11sfe1 Log 

Large-Scale Power Readings 

Electrode Depth Readings 

Environmental Monitoring 

Th ermocouple ~eadings 

Tank ?ressure Readings 
• l'Y','Y'tS Sc--p(u­

Sampl e cop ies of data sheets are ~ro vided i ~ Appendix A. 
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~u ch of t~e process data frc~ th e IS~ test ~ill ~e i1 t~ e form of ~a qnet i: 
-~e la rge-scale ISV system provides automatic dat a lo gg in g at intervals 
: by the operator. The computerized data in clude precess conditions 
:Jre, f low rates, etc.) and environmental monitor output. su ch as from the 
-' 8<7 
~xide and carbon monoxide monitors. Th e accuracy of th e .data is dependent 

: librations of the instruments used to obtain the data. 

A priority data system that accumulates data every second will be used to 
: rit1cal data points. Data monitored by this system will include tank 

hood pressure and hood plenum temperature data. 
1 an internal hard drive. 

Cata from this system are 

. .c .i· ~~-
- ....:..--

·HYE RECORDS MANAGEMENT 

The identification, maintenance, storage, and final disposition of records 
.rned by PHL QA procedures. Project records will be maintained by PNL through 
: of the project and th~n transferred to a Records Holding Facility for 
;. Th e specified retention period will be net less t~aR 4Q yearf:-,... 

~, 

1 ~, a_ccc,--dc-1'< ..., i: f-l.._., ~ 
'Rec<--~s Tt-~1. k'/ o..,-d 

5:-k~ ck. i E. 
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A purpose of the : 2st plan i s t o define the cr i teria f~ r deter~ining the 
success of the test. and describe how the results of the test will be measured 
against these criteria. The test objectives and criteria for successful achievement 
for the large-scale UTV test are the following: 

1, Demonstrate the ·applicabiJitv of rsy in c0 mediating a 1 0 ft diameter burjod tan~ 
~hich contains a hjgh water content J3yor r 0 preseqtatjv 0 of a saturated sludge; . 

The criteria for successful attainment of this test objective is to 
completely vitrify the buried tank and tank contents. Determination of melt size and 
whether the criteria has been met will be based on thermocouple and electrode-dept~ 
measurement data. Thermocouples will be placed vertically below the tank and. 
radially outward'from the tank. Temperatu~rements ob~ained from the 

- - --
thermocouples will provide a reasonable estimate of melt size. 

-~· Qbtajn water balance data to support the theory exol~ininq ·-thY volatile .. :-;;•~•,::•­
cJmp~nents and water soluble components do not migrate away from the melt. rather are _,_ 
dr~wn to it, · 

A water balance will be performed to compare the amount of water given off 
from the melt to the amount of water that was displaced by the melt out to the l00°C 
isotherm prior to vitrification. This objective will be met by demonstrating that 
vaporized water within the melt zone does not migrate away from the melt. 

Following completion of the 116-8·6A test. significant amounts of water 
coming out of the melt were observed for two days after shutting off power. To 
obtain defensible water balance data the off-gas system will be operated for t~o days_ 
following power shutdown. 

3. Cbac~ct=riz= the oact~cuJat~ oroduced durjnq tho y3rious ct;ges 0f ~, 0 

yitrificJtjon process to support futur 0 off-gas tr 0 3t]e~t svstei docj an. 

A gravimetric sampler will be used to determine particle size distribution 
of particulate produced during ISV system operation. The data obtained will be _used 
~o support development of f uture off- gas t r eat~ent sy stems. 7hi s cbj ect iv e will j e 
3chieved by successfully cbtain in g t he des i red data. 

~. Qemcnstr~te t~e ~bil i tv ?f !S1 t? vi t ri fv t he si te~? ~=ot ~s J r ~ct':3 1 ~it~ i n t ~e 
c;nte~t of ;Ctual t;nk r 0 ~=~i,cioa ,r:jvi: i os, 

The primary ~easure cf su c:ess i s tJ c:mpl e~e l y vi :~ i f ; : ~e :!~k. ~he tank 

22 
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~cp ort i~g pad . Fo r the ISV tecnnology ' ~o c 2 con sidered a 
. -:::chr.ology fer bu r ied tanks. i t :::~st ::-e ~ Jable of i:;-:::,obilizing 

'-. 

; to depth s greater than the bottom of ~~e t::~kS'~hich ma y oe u~ 

:ca1e of equipment. The specific pe rfor;;iance crite~ fo r 
:gainst this test objective is the ab ility of th e !SV s~tem to 
) a depth below the tank or at which soil cJnt amination from a 
to background levels. For this test. ·1itri-fication will ·c3'~inue 

: h. if possible. to further test the capabil ity of the system.:1 The 
is limited to a maximum depth by the current capacity o~ the 

ystem. The depth of t~e vitrified zone will be monitored via 
1surements and thermocouples -placed vertically in and below the 
st. 

0 first Jarge-scaJe apoJication of ~a 01 ?ctrode t;;i.}~~. 
'. cability of using an EFS on a site containing a buried ·ietal tank. 
; from the ability to feed 12 in. graphite electrodes down to the 
, itrification and minimize binding situations. Successful 
:he electrode feed system will: 

l ow the syste~ to recover from eTectrical short circuits when the 
~ctrodes are engaged in a molten pool of metal. 

iminate the labor intensive process of installing fixed 
ri ed electrodes. 

: uce worker exposure from the intrusive ~recess of 
Jlacing electrodes into the soil adjacent to a tank. 

i minate the secondary wastes generated during electrode 
a_c.ement activities. r/f(j- -1 flt /1, 
technique which counlbe used ii') an ~ctual r 0 medja] operHion to , 

,d tan~~;•, dry 5-9::H':: Ibe ability ~o ]inimiz: void spaces in th o 
to r0 duce the oossibjlity of tr~nsient gas ~0 Jo3ses from the tank 

:ing th 0 fo riation of dr~ia hol 0 s ~hirh rould disrupt th 0 ron duct iv e 

1 field ap plications. it will be necessary to fill a tank with fill 
~h e void spa ce. Th is will hav e to :e ~e r fcr~ ed so th at bot h 

3za rdous co nt~mination i s not spread to ~~e envi ronment or endanger 
at the site. Thi s test will investigate di fferent ~et ~ods tJ 

-:;p1ish filling an act:.ial io{ aste tank. 

33 
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7 '"'b t~j, rl 3ta for ov3Jy~t in ~ nf ~o ~r ~hjold offor ~ i~ onocs i ry ;-o~~cjna or 
., 1 ; - , ~;:it ; 7 o hi;; 00 '"'r o c ~ u·,, - : - , - ., c 

Previous testings ihdicates hood pressurizatio n could be cau sed by 

di sruption of the melt cold cap resulting in rapid radiant heating of the dust laden 
at~osphere in the hood. A heat shi eld will be used to inhibit direct heat transfer 
f rom the surface of the melt to th e hood at~osphere. Pr essure tra nsducers wi~l be 
used to obtain tank and hood pressure data. Th e hood~ t ank and surrounding soil _have 
been instrumented with thermocouples t o provide temperature data. These data wi~t)l~;,. 
used to evaluate the radiant heat expansion th eory and the resultant effect of the --···· 
·heat shield on hood pressure stabi lity. 

-~~ __ .. -
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It is the goa1 of this projec: :J take every practical precaution to 
~rotect the hea1th of PNL employees. s~bcontractors. and visitors frcm any adverse 
effect that might ·result frcm activities conducted during large-scale UTV testing. 
SOP 58 details the hazards associated with operatic~ of the )arge-scale ISV system. 
This section of the test plan describes potential hazards associated with this test 
not covered in SOP sa. 

8.1 PQT~~IIAL HAZARDS 

s.1.1 Site and System Pce,aration 

Site preparation activities i nclude :he following: 
pit excavation = ..;; ~-

placemen~ of tank 
application of gunite to tank 
tank fi 11 

backfilling around the tank 
site leveling 
transport of the ISV trailers 
connecting off-gas lines 

- __,;;_. -

placement of the head and electrode feed system 

These activities will involve the ~se, of heavy equipment and the hazards associated 
with their operation. Care must ~e taken and appropriate personnel orotect~1e 
equipment (?PE) used when operating equipment or when working near equipment being 
operated. Appropriate safeguards shall be taken when excavating the test pit. Pit 
walls shall be adequa~ely ang1ed or shored to prevent collapse. No personnel shall; 
Je allowed in the pit without PP£ (hardhat). During operations involving ~ovement of 
the tank care shall ~e · taken not to place personnel i n a position where injury cou}d 
result from sudden. unexpected movement of the tank. During application of gunite to 
t he tank appropriate PPE sha11 ~e used (safety glasses. respiratory masks. ~ard hats. 
~tc. ) . ?rior to backfilling around t~e :3nk a ~a1kthrough will be mace t o verify 
t~ at no personnel are i n e r ~ear :~e ec;e of t~e pit. Juring all ocerations : involved 
l n ~oving and positioning t~e off-gas 1: ~es. c:ntainraent ~oca and elec:rcce feed 
syste~ care shall be taken not :o place personnel in positions where i njury could 
r es ui : frcm unexpected "'ovement of :~e : q~;:~ent. S:eciai c~re shal l : e :~ken during 
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oper atio ns requiring t he l ift in g of eq uipm ent ov er head. Al l pers onne l '"' ill ·,..ear the 
requi r ed ?? E (~ ard ha ts . etc . ) t~ r i~g : ~e se cp er 3: io ns . 

s.1 .2 Post Test Act ivit i es 

As with. the site preparation activit i es, the post test activities '"'ill involve 
the use of heavy equipment in removal of th e hood and electrode feed system. The 
subsidence that occurs from t he dens ifi cat io n of soil as it melts will r equire 
backfilling at the completion of the test. Precautions as described in sectio~-9~1: l ;-
shall be taken during all post test activit i es. -.:.~l&-

. . : tr·: l!',· ... 
8 .1. 3 Ionizing Radiation <external. ·n tecnal) ;~fs;.,.._, __ 

. -." .... ~' 

There are no radioactively decay in g ::iaterial present in this test, however··· ... , ... 
th ere may be residual material in filter housings or off-gas piping from previous 
radioactive testing. The radiation work proc!'dir~WP) provides speci ft c. mea-~s---. ~-"'. 

. - - · . 

necessary to miniaize radiation exposure based on sampling and monitoring. Any ~ j 

external contamination present on the off-~~: hood or off-gas trailer will be 
c~n trolled through the use of personal protective clothing as specified in 

During processing off gas~s frcm !SV are collected in the hood and passe<t 
through the treatment system. A wind direction indicator will be posted during 
sampling activities and ISV operations . To the extent feasible, personnel· will be 
positioned upwind of any site activity t o prevent the inhalation of dust or exhaust 
fr om the off-gas treat~ent trailer. ?revious ISV operations have shown t hat the 
concentration of toxic gases generated by ~elting soil and exhausted from th e 
treatJ1ent trailer (NOx and SO 2 ) has been wit, ·n acceptabS)· levels. However. the ISV 

~~r q:.:u..l:+-, C-z.. a...,J CC 
exhaust wi 11 be :non i to red for • · r, · ·,,,--1. :.::::::/ 'j /o - (__/(Q t I( r ( 

To prevent ingestion of any tox i c ~aterials. eating, dri nking, chewing gum or 
t obacco, s~oking, or any practice t hat i ncreases th e probabil i ty of hand· t o- ~outh 
tra ns fe r and i ngest i on of :n aterial wi l l be prohib it ed within t he controll ed area. 

?rotective clot hi ng and gloves will be '"'or ~ as necessary to pr ev ent c~ntact 
. .,. i t:, ch em i ca l cont am i nan ts . ! r.i p e r :n ea b 1 e g 1 o v es w i 1 1 be re q u i r e d .,.. h en ha n d 1 i n g so i 1 

sa mples and soil t ools. 

a.1.s 1,1 oi 5e 

: s 
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~oise levels from equipment and op erations will ~e measured and he aring 
~r otection used when required. ~eavy 2~ui~ment acti~itie s ~ay se nerate ccerating 
~oise levels as high as 100 d3 at th e site. rl igh noise l evels a lso exist i ~ the off· 

gas trailer blower room. Operators entering th is area are requireo to wear hearing 
protection when the ISV off-gas blower i s operating. 

8 .1.6 EJec:tric:aJ Hanrds 

The large-scale ISV electrical system is designed to minimize the potential 
for electrical shock. The electrodes and cables a.re insulated from the off•g~boq~'f~.-

• =" ..... ·,·~~::-.,..... 
electrode feed system and other possible contact points. No additional hazarctds · · 
posed during ·operation with precipitation or moisture present. Electrical shock_. 
hazards dudng ISV _setup. operation. and maintenance will be· further controil!d;,by_ 
separation of operations from overhead power lines and insulation of · conduc.tors. 
Insulation of conductors wi 11 be inspected 'an~~d. Only authorized personJ!~l 
using electrical gloves and rubber shoe covers '"'ill be permitt-ed in the- controll~d _ 

. ,, } - •-. 

area dur1 ng ISV ope rat i ens. Lock and tag procedures a~d -_;g,fo~e-:i.. 1 ve ~qui p~entt-lf.~4;~ 
discussed •in the,· SOP 58 for work on electrical systems. Eye. protection ·,nll· ~~~~~:;_· __ 
during electrical maintenance and inspection to protect against ejection of ~olten 
metal in case of arcing. 

Occupational Safety and Health Ad~inistration (OSHA)·required clearances of 
10 ft bet~een derricks and pcwer lines will be maintained. No personnel shall be 

near cranes or drilling rigs during electrical storms. 

During ISV start up, arcing may occur within the starter materials on the 
surface of the soil. Use of a welder mask or appropriate attenuating filters will · be 
used by start-up observers. 

No personnel will be allowed on the electrode feed system platform or on the 
off-gas hood when power is applied to the electrodes. Once the electrode cables are 
installed and tested. no personnel will be allowed to step on or climb on any 
electrical cable regardless or whether power is on or off. ?hysical barriers. 
including ropes. signs and walkways, will be placed to id entify an d cable positicins 
and preclude po tential danger :o oersonnel and damage ~o t he cable. 

3.1.7 M~cbanicJJ µaz~rds 

Operations associated with assembly of the ISV system pose var~cus ~e chanical 
hazards. Attention ~u st ~e ~ai d to th ese potential ~azards to ~rec lud e inju ry to 
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~erso nnel. Th ese haz ards in cl~te pinch ~oints . flying c~je cts . ~oving equipment 
~a r ts and heav y teals . ~ec~anlcal ~~ ar ds. safety devices Jnd :ersonal :rc:ec t lve 
equipm ent will be used to ~inimize risk cf pe rsonnel inju ry. ?ri or to us e tools and 
equipment will be inspected to verify that appropriate guards are in place and 
functional. To minimize potential hazards. equipment operators shall have received 
appropriate training (i.e .• crane operator t raining) prior to use of the equipment. 
Gloves, safeiy glasses. steel te e shces. fa ce masks and hard hats should be used as 
appropriate. 

Nonessential personnel are not permitted in the immediate vicinity of 
operations where mechanical hazards are present. Untrained personnel who must be 
present in the vicinity of operations where mechanical hazards are present must be 
briefed on the hazards and acccmpanied by trained personnel. 

Eye protection will be provided and t1-S-6U~ing operations where eye hazards 
- - --

such as flying particulate matter are present. Personnel will not wear contact 
lenses in eye-hazardous areas or operations. If personnel require corrective lenses . 
they will b~ ~rovided with prescription safety glasses or goggles that can be worn 
over their glasses. A portable eye wash unit will be provided onsite. 

8.1 .8 He~t Stress 

During the summer. ISV personnel working outdoors may be subject to heat 
stress. Cool drinking water · .. ill be available onsite and personnel '"'ill be 
encouraged to increase their use or' salt on foods during hot periods. Site personnel 
will be trained to recognize symptoms of heat stress. 

Heat stress monitoring us in g wet bulb globe temperature (W SGT) measurements 
should .be instituted whenever ambient temperatures exceed 85°F. Work-rest regimens 
recommended by the American Conference of Governmental Industrial Hygienists ~ust be 
followed. 

8.1 .9 Cold stress 

As the temperature dro ps :elow 20°F, :here i s an in creasing dang er of freezing 
excos ed fl esh within 1 ~in. de~e nd ing on wind s• eed. ~auivalent :~ill temc eratures 
-,..; 11 :e ca 1 c:.:1 ated at amoi ent :e:r:pe rn ures 1 es s tha n 2J°F. '...'o r '-<.ers • .. ; ii :e .... arned to 
avoid .ski, contact with cold surfaces :elew 20°F. 3reaks will :e taken '.n ~eated 
~~ailers du ring cold ~eriods. 
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Curing ISV operaticns and coo l ~own. the hood and arr-gas 1 in es will be very 
hot. •~arning signs will ::ie displayed at e.9osed surfaces ,,,.here ther:nal burns could 
occur. Access around the ISV equip~enc during vitrif i cation will ~e 1 imited to 
essential trained personnel. 

3.1.11 firP Haz~cds 

A prefire plan has been prepared for ISV operations at the 300-W site. 
Vegetation will be cleared from the s i te during site preparation. The work site will 
~e kept orderly and free of debris, :~~bleweeds. etc. The use of ccmbustible 
~aterials in the controlled area ~il l ~e ~ini~ized. Aoproved fire extinguishers will 
be provided .and situated for easy access frorir'ili ·t¼i.n and outside of t he control 1 ed 
area. 

3.2 WORK SAF~TY PLAN 

3.2.1 ?i,rsonnel Tr3ining 

Minimum trainjng requirements for ISV operations staff and supervisors 
are defined in the training plan included as part of the ISV Site 
~nvironmental Compliance ?Ian. The plan addresses the job descri~tion. 
skills. education, and training requ i rements. 

Field team personnel directly ~ar~icioacing in onsite operaticns. ~,eluding 
rsv operators. in the controlled area are required to complete 40 h of instruction on 
health and safety for waste site operations . . This training will i nclude recognition 
of observable symptoms of exposure to toxic chemicals associated ~ith the site. 
Documentation verifying that training ~as ~ee~ c:~pleted will te ol aced i 1 the 
training file for all personnel. On an annual basis, ::iese :iersons re0uire 8 h of 
Jdditional training. Cther training r equired of field teaw and cpera~ions :eam mem­
jers i ncludes radiation ~rai ning and i esu i rJtory protec: i on ~ra i ni~; ( i nc l ~ding a 
=~rre~t respirator f~tting r ecord car:l. ~1 1 site :ers onn e i are r ec u1red ~ J have a 
:;ui t i -c .,i;:, dosimeter. 

3 . 2 . 2 'o ,.. <: r r-; ,-, ~ 1 :, ,... ~ • 6,.. '1- i '/ 0 : ... • , i r ""'!on -
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?rotection Level u is the ~ini~u~ level of protection that will be used within 
:~e excl~sicn :one at ~he 300 -W si :e. ~?c~ si ~~acicn will je evaluacea i~ divid uall y, 
and hazard conditions will determine the actual level of protection and other safety 
procedures required to meet health and safety requirements. Street clothing can be 

worn outside the control zone during ISV operations. SOP sa describes protective 
clothing requirements (equivalent Level D) when hazardous materials are not involved. 

The highest level of protection required during test preparation and operation 
is Level C. · A control area will be established around the site. Level C protection __ 
is required in the control area during ISV operations and when site excavation rs ·0

- ~ " 

involved. Protective equipment and clothing required will be determined by the ~ork· , 
activities involved. Personal protective equipment requirements for site preparation· 
and system operation have been provided in this test plan. When there is a potential 

· for contact with radi onucl ides the protect i ve~~ent and. clothing requi re•ents are 
specified in the site-specific Radiation Work Permit (RWP). 

8.2.3 Medical Surveillance ,-.;.,. - " 

All team members must be covered by a medical surveillance program. The­
medical examinations provided to employees for Hanford contractors satisfies the 
medical surveillance requirements. OSHA requires that employee medical records be 
maintained for a minimum of 30 years. Hanford employee medical records are 
maintained for 75 years. Physical examinations will be provided annually or 
following any suspected exposure above allowable limits. 

8.2.4 Monitoring 

Radiation prote<:tion technicians (RPT) will monitor site oper.ations on an as­
needed basis dependent on the site work activity. 

Air monitoring of the exhaust frcm the off-gas stack will be conducted ta 
ensure that no hazardous levels of radiological or chemical contamination are being 
released. 

8.2.5 Site Con~ra] H0 ~sur 0 s 

?u blic access to secured area s of the Ha nford Sit e is strictly controll ed. 
1isito rs require special badges and ~ust be escorted. Th e 30 0-W site i s l ocated 
i nside a fenced area and i s controlled by li~it ed key access. 1i sitors ~ust be 
issued a ·1isitor~ badge by PHL security and be escorted by ?N L ~ersonnel. Entrance 
tJ :~e ~x~ 1 a3ion aFea must be aut~orized by t~e shift en gineer. 

~c;_fu~ ~ 
--- .· .,., -r/11 I 1 r .! a 
(JtCi 
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A radio will be located onsite fo r rcutine and em er gency communications. 
?hon es ar e located in the precess c:n : rJl ~~ail er, :~e off ~a s trailers an d support 
trail ers. The Hanford Fire Department's 30 0 Area Fire Stat io n will provide emergency 
medical treatment for this site and wil l be notif i ~d prior to the start of work. 
This fire station is approximately 1 mil e southeast of the site with an estimated 
le ss than 5 minute response time. An emergency medical technician (EHT) is on duty 
at the 300 Area Ffre Station at all times. Th e nearest first aid station is located 
in the 3706 -bldg of the 300 Area. 

No less than two people will be onsite at any one time during test operatfons. 
A wind direction indicator will be posted during sampling activities and rsv 
operations. To the extent feasible. ~ersonnel will be positioned upwind o~ any site 
activity. 

.,,._~~-

Site preparation work will be conducted on1y during daylight hours. unless 
night lighting is provided. ISV operations are run continuously. 24 h/day. 

a.2. s .~rnergencv Besgonse Plan 
A site-specific Emergency Plan will be posted at the site. Th e nearest first· 

aid station is located in the 3706 bldg. of 300 Area. 

8 . 2.7 Nearest Site Resources 

Water Supply 
Telephone 
Flush Toilet Facilities 

a.2.a Sanitation 

3790 Bldg, 300 Area 
300-W !SY Si~e. 300 Area 
37 90 31dg, 300 Area 

During site preparation activities. th e field team is considered to be a 

mobile team with transportation available to the nearest water and sanitation needs. 
Once waste processing by ISV i s started. the site will be equipped with the following 
sanitation items: 

?otable water will be pro vided out s ide th e controlled area in closed 
containers equipped with a tap and label ed as ••ri nkin g Water.• Non-potaole 
water supplies will be labeled. · unsafe and No t for Dr inking, ',.'a shing, or 
Ccoking Purpos es.· 

One chemical toilet will ~e lc cated ou ts id e the c:ntrolled area. 

J, 
-.:. 
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While no hazardous materials will be used in this test, solid residuals 
(wastes) could potentially be generated. These wastes would likely include 
contaminated protective clothing, scrub tank sediment. sample jars and similar 
debris. Those wastes determined to be hazardous per EPA and WDOE regulatory 
requirements will be disposed of in accordance with E?A's land disposal restrictions 
( 40 CFR 268). 

The vitrified product will remain in the ground at the tett site. 

-=.:·.~ 
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Chang~s to_ or departures frcm thi s t est plan or SO P 58 may be needed as t he 
t est progresses. Any changes t o th e doc um entat i on govern in g t his t es t sh all first be 
defined as a minor or a major change . ~inor ch anges are changes which have no impact 
on t he environment, personnel or equipment safety . Major changes have a potential 
im pact on the environment or worker safety or poss ib le damage t o process equipment. 
The determination of whether a changer is minor or major shall be made by the shift 
engineer. After· the scope of a change i s dete rmi ned. th e following will be 

performed. . _ _ dcJ --,ji / 
All m1nor changes shall be doc um en t ed 1n th e r ecord copy or th e test 

1 
plan or sa.e.. 58 and noted , i n t:-i e LR S . . c~~s :si\u.11 b<l . M~+ed j " t k •~CC'1'o ccpt 
c-t- ~ E:'~c.kr:l dccc. ~'1 ~,<L i ,i-;f.'i ·-: .-...a,..;...d d f:..fc:!cL 

All major changes shall be approved by the ISV equipment custodian and y 

the project manager~ It will oe a• tl:le aiscretign 0£ t!:le ISY e~ui~meat 4 

c1ts-todian ud the J91"ojee: ;aaRager as Li: ·:-mct her or not Lhe p, epo~ed ·­
change wi J J be di scus~aQ ':4" t"l a U.!:01 !lt~ Safety iel)ras11Ata•i ve <:::.. 

Changes affecting the objectiv es of the test as stated in t his t est 
plan will be approved by t he project manager and ISV equipment 
custodian. 
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Staff support will be ic ent i f i ed prior t o testi ng so t hat th e 2ppropriate 
t raining can be performed. It is the practice of this section to staff operation 
shifts with a minimum of one experienced operator or engineer. In addition to the 
experienced staff, at least two additional personnel wi11 be on shift at any given 
t ime except for non-powered periods fo11owing the test. Staff identified for test 
operations are listed in the attached shift schedule and include the use of Geosafe 
personnel. 

12.0 SCHEDULE 

The attached schedule lists the tentative operating staff and alternates. 
Table 12.1 provides the tentative 1arge-sclfFii?Jr:operations schedule. Each ere.,, 
consists of 4 people with one person off allowing for 3 people on site per shift at 
all times except as noted above. Staff on shift include a shift engineer and two 
operators for each of the thrPe shifts. The schedule is structured ~o allow- for each 
person to work 6 days on followed by 2 days off. During the 2 days off. the 4th 
person assigned to the shift rotates in for a 6 day assignment. Each shift includes 
at least one person with previ6us large-scale operations experience, either with the 
PNL system, or alternatively, .,.ith th_e Geosafe Large-Scale system. The Site 
Equipment Supervisor and the Task Leader wi77 be available during day shift and, as 
needed. on off-shifts. One of the 3 staff members assigned to _each shift will have 
the primary responsibility of monitoring the HHS sampler. Changes to this schedule 
:nust be coordinated with the Task Hanager and the Site Equipment Supervisor . 

. It ( 
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large-Scale UTV Shift Schedule 

Draft Schedule 6/27/1991 - Blanks will be filled in later with alternates 

Leo E Thompson 

Star1-up schedu led fo r Tuesday, Jcly 16, i S9 1 

Crews are from: 8:00 am to 4:15 pm (days) 
4:00 pm to 12:1 s am (swing) 
12:00 midnight to 8:15 am (grave) 

Crews consist of 4 people with one person rotating in for re lief. 
At any one time, there will be 3 people per shift on site with the 4 th crew member having a day ort. 
Alternate shift engineer is in charge of the shift when the primary shift engineer has a day ott. 
Asterisk denotes· dual . responsibility for operating the MMS sampler (primary responsibility). 

Craw 1 (Day Shift) 

Bergsman 
Luay • 
Fichter• 
Timerman 

Craw 2 (Swing) 

Kindle 
Bigelow 
Sliger• 
Winkelman• 

· Crew 3 (grave) 

Tixier 
Powell• 
Garcia' 
Campbell 

(shift engineer) 
(alternate shift engineer) 

(shift engineer) 
(alternate shift engineer) 

(shift engineer) 
(alternate shift engineer) 

(2nd alternate shift engineer) 

Alternate Shift Engineers/Operators 

Koegler 
Thompson 

Another off-shift operator from another crew 
Woosley, Carter 
Jetts (last resort) 

= ---:~..: -~--
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Hevision 2. July 7 

CATE SHIFT 

Tu esday, 7/16/1 991 Day 
Swing 

17-JulGrava 
Day 
Swing 

1 a-Jul Grave 
Day 
Swing 

1 9-Jul Grave 
·cay 

. Swing 
20-Jul Grav• 

Day 
Swing 

21-Jul Grave 
Day 
Swing 

22-Jul Grave 
Day 
Swing 

23-Jul Grave 
Day 
Swing 

24-Jul Grave 
Day 
Swing 

25-Jul Grave 
Day 
Swing 

26-Jul Grave 
Day 
Swing 

27-Jul Grave 
Day 
Swing 

28-Jul Grave 
Day 
Swing 

29-Jul Grave 
Day 
Swing 

3O-Jul Grave 
Day 
Swing 

31-Jul Grave 
Day 
Swin g 

Th ursday 8/1/1991 Grave 
Day 
Swing 

SHIFT ENG:NEE:1 . · • • • • • · · 0? E Fl ATOR S • - - - - - • • - . 

Be rgsman 
-(i nd le 
Ti xier 
Bergsman 
Kindle 
Tixier 
Bergsman 
Kindle 
Tixier 
Bergsman 
Kindl• 
Tixier 
Luey 
Bigelow 
Tixier 
Luey• 
Bigelow 
Tixier 
Bergsman 
Kindle 
Powell 
Bergsman 
Kindle 
Powell 
Bergsman 
Kindle 
Powell 
Bergsman 
Kindle 
Powell 
Bergsman 
Kindle 
Powell 

Timmerman 
3igelow 
Powell • 
Timmerman 
Bigelow 
Powell • 
Timmerman 
Bigelow 
Powell 

Luey' 
Sli ger' 
Campbell 
Luey • 
Sligar• 
Campbell 
Fichter• 
Winkelman• 
Garcia' 

Timmerman Fichter• 
Bigelow Wlnkelman• 
Powell Garcia• 
Timmerman Fichter• 
Winkelman Sligar • 
Campbell Garcia• 
Tim merman "'fw"""~""-·•:•·A"""'""'la~P!~ .•. -~ •• ~.-,~~:. =::,::,:<: ::,:,:~-~--) 

Winkelman Sliger • 
CampBiF""~~arcia • 
Luey Fichter 
Winkelman Sligar • 
Car"'p~~ II Garcia• 
u.; ,y Fichter• 
Winkelman Sligar • 
Campbell Garcia• 
Timmerman 
Bigelow 
Campbell' 
Timmerman 
Bigelow 
Campbell' 
Timmerman 
Bi elow Winkelman• 
Wcosli'i~~ Garcia• 

Kindle Blaelow Winkelman• 
Powell Wooslci" ... · . .. . ... Garcia• 

Luey 
Bigelow 
Campbell 
luey 
Bigelow 
Campbell 
Luey 
Kindl e 
Powell 
Luey 
Kind le 
Powell 
Lu ey' 
Kindl a 

TTmmerman : _: '·••:mosari~titii4t 
Winkelman Sliger• 
!Woosli~~ 1Garcia • 
Timmerman · Fichter • 
Winkelman Sliger • 

!W'oosfi'yMM:7:f:fMG arcia • 
Koegler Fichter• 
Winkelman Sliger • 
Came bell Garcia• 
twoosfefV"·7::'.';:"J Fichter• 
Winkelman Sliger • 
Camp be II ,.;G;..;a;;,..r,..c 1....,· a.,,.•,...,.,..---,-...,..., 
Timmerman tw&s!ev<: . I 
Bigelow Sliger' 

Page 2 



r riday S/2/ 91 Grave 
Day 
Swing 

3 -Aug Grave 
Day 
Swing 

4-Aug Grave 
Day 
Swing 

5-Aug Grave 
Day 
Swing 

6-Aug Grave 
Day 
Swing 

7-Aug Grave 
Day 
Swing 

8-Aug Grave 
Day 
Swing 

9-Aug Grave 
Day 
Swi!'lg 

1 0-Aug Grave 
Day 
Swing 
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Ti xier Powell• 
luey' Timmerman 
Kindle Bigelow 
I I X 18 f Powell° 

I Thomoson:.;f:::/:::: .. :.:' j Timmerman 
Kindle Bigelow 
Tixier Powell 

IK6agret#,..D=::n:':::::t.)Timmerman 
Kindle Bigelow 
Tixier Powell 
Bergsman 
Bigelow 
Tixier 
Bergsman 
Bigelow 
Tixier 
Bergsman 
Kindle 
Powell 
Bergsman 
Kindle 
Powell 
Bergsman 
Kindle 
Tixier 
Bergsman Timmerman 
Kindla Bigelow 

- - - ------- - - --- --- --i 

Camobe ll 
!Vfoosie·vf:/:::: ' , .... ,,< I 
Sl iger' 
Campbe ll 
Fichter' 
Winkelman· 
Garcia" 
Fichter • 
Winkelman' 
Garcia' 
Fichter• 
Sliger • 
Garcia' 
Fichter• 
Sligar• 

Garcia• 
fwoos~~-=:.uo.~~t'!!i. 
sriger • 
Camobell 

1waoslit~~Ms:~11 
Sliger• 

Asterisk (°) denotes MMS operator. The operation of the MMS system is the primary responsibility 
of this statt memeber unless superseeded by personnel or equipment safety issues. 

Crew schedule changes must be preapproved by Thompson (Jeff's or Koegler alternate). 

If the start-up data slips, the schedule will not slip. In other words the schedule is fixed. Extended 
delays may necessitate a revision ot the schedule to accommodate commitments. 

?age J 


