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QUARTERLY REPORT ON THE FERROCYANIDE SAFETY PROGIMM
FOR THE PERIOD ENDING SEmEMBER 30, 1995

J. E. Meacham
R. J. Cash

G. T. hlkdOW

ABSTRACT

Ibis is the eighteenth quarterly repon on the progress of activities dressing the

Ferroqanide S@e~ Issue assm”ated m“thH@o& Sire high-level radioactive waste tanks.

Progress in the Ferrocyanide S@ety Program is ran-wed, including work dressing the Sk

parts of D@nse Nwlear Faa”lities SajletyBoani Recommendation !07 (IZR19W). All work

acn”viti~ are desm”bed in the revised program pkzn (ZME 1994b), and this reprt follows the

same fomat presented there. A summary of the key events occum”ng this qumer is

presented in Secn”on1.2. More &tailed discussions of progress are located in Sem”ons 2.0

through 4.0.
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1.0 INTRODUCTION

1.1 PURPOSE

This quarterly report provides a status of activitim undemvayon the Ferrocyanide Safety
Issue at the Hanford Site, including actions in rqonse to Defense Nuclear Facilities Safety
Board (DNFSB) Recommemhon“ 90-7 (FR 1990). In March 1991, a DNFSB
implementation plan (Cash 1991) responding to the six parts of Recommendation 9(.L7was
prepared and sent to the DNFSB. A ferrocyanide safety program plan addmahg the total
Fermyanide Safety Program, including the six parts of DNFSB Recommendation 90-7, was
released in October 1994 (DOE 1994b). Activities in the pro- phll are UXl_y or are
completed, and the status of each is describd in Sections 2.0 and 3.0 of this report.

1.2 QUARTERLY HIGHLIGHTS

● Instrument trees were installed in the last five f~ “de tanks (241-BY-103,
241-BY-108, 241<-111, 241-TY-101, and 241-TY-103) this quarter. Sixteen new
trees have been installed and temperatures in the fmyanide tanks are monitored
using 33 &ees. This completes this task activity and closes DNFSB Recommendation
90-7.1.

. All old and new instrument trees (33 ~ total) in the 18 ferroeyanide tanks arc
comected to the Tank Monitor and Control System (TMACS) and are being monitored

mocyanide tanks was turned over tocontinuously. Temperatum monitoring of the f
Tank Farm Operations. All work for this task is complete, and DNFSB
Recommendation 90-7.2 is closed.

. Multiple rotary-mode core samples were obtained fkom two ferrocyanide tanks this
quarter (241-BY-108 and -BY-110). Six cores were obtained from tank 241-BY-108
and four cmes were taken in tank 241-BY-11O. Analyses of the core samples will be
available early next quarter.

. Data interpretation reports were completed this quarter for tanks 241-C-108, -C-111,
and -TY-104 (Sasaki 1995, Kelly 1995a, and Kelly 1995b). Because of delays in
obtaining rotary-mode core samples from tank 241-BY-108, the report for that tank
will be completed next quarter.

. A final report summariziq Fourier transform inbred (FI’IR) work was issued this
quarter (Rebagay et al. 1995), completing FI’IR development work for the
Ferroc@de Safety Program.

● A report summarizing M&sbauer work was issued this quarter @ti 195),
completing M&sbauer development work for the Ferrocyanide Safety Program.

1-1
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●

●

●

●

●

●

●

●

An annual report on scanning electron microscopy (SEM) results for fiscal year (W)
1995, Scanning Elect?vn J4ictvscopic Analyses of Ferroqm”& Tank Wastes for the
Fertvcyanidk Sa$ley l%vgmrn - FY 1995 Rqxnt, WHC-SD-WM-RPT-194, Rev. O, was
prepared and issued this quarter (Callaway 1995). Work will be completed on this task
in February 1996.

Construction and testing of new dualdetector neutron moisture probes was completed,
andtheprobes wereused to obtain moisture data fromf~ “deand organic Watch
List tanks. This work completed the FY 1995 milestone for this task Further work
was transferred to the Organic Safety Program.

The electromagnetic induction (EMI) probes were deployed in tanks 241-BY-104,
-BY-106, -BY-107, -BY-111, -BY-112, -TY-103, -TX-118, -TX-114 (3 liquid
obsewation wells LOWS]), -S-105, and -S-106 this quarter. Results were promising,
and the EMI deveiopmcat effort was tmnsferred to the Organic Safety Program.

Modeling of the moisture retention propcmiesof saltcalw and sludge waste was
completed this quarter and a document issued (Simmons 1995). This report completes
the moisture retention modeling for the Femcyanide Safety Program.

A report on ferrocpide degradation through hydrolysis and radiolysis was completed
and released this quarter (Lilga et al. 1995). The report summarizes the results of
@g e=ts performed for the Ferrqanide Safety Progmrn.

A report comparing the elemental concentrations of sirmdant and actual waste was
released this quarter (Scheele 1995), completing the effort fbr this task.

A report on the contact ignition criteria ((XI) for pqmgatm“ g reactions was released
this quarter (Fauske et al. 1995a).

A final report on chemical reactivity testing of simulants was completed this quarter
(Fauske et al. 199Sb). The report wmnarhm the results of propagation testing on
femcyanide waste sirnulants at Fauske and Asw&tes Inc. (Fill). All f-de
waste simulant experiments are completed, and no ad&ional chemical reactive testing
of simulants is planned.

1.3 ~RT FORMAT

Progress reports for activities under each of the six parts of DNFSB Recommendation 90-7
are arranged in the same order as the program plan (DOE lS94b). The arrangement also
follows the same order provided in Recommendation90-7. To report on progress, each part
of the recommendation is repated in italics, followed by paragmphs explaining the scope of
work on each part or subpart of the recommendation. Subheadings for each task activity
report the following:

1-2
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An annual report on scanning electron microscopy (SEM) results for fiscal year @Y)
1995, Sm”ng Electron blicmscopic ~ses of Ferrocyani”& Tank Wmtes for the
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The electromagnetic induction (EMI) probes were deployed in tanks 241-BY-104,
-BY-106, -BY-107, -BY-111, -BY-112, -TY-103, -TX-118, -’IX-114 (3 liquid
Observationwells Lows]), -s-105, and -s-106 this quarter. Results were promising,
and the EMI development effort was transferred to the Organic Safety Program.

Modeling of the moisture retention properdes of saltcake and sludge waste was
compleled this quarter and a document issued (Simmons 1995). This report completes
the moisture retention modeling for the Femcyanide Safety Program.

A report on fmmcymide degradation through hydrolysis and radiolysis was completed
and released this quarter (L@ et al. 1995). The report mmmarim the results of
@g ~ts Xormed for tie F=OCYXU“de Safety Program.

Areport amparingthe&nenti~Htia ofsirnukmt andactualwastewas
released this quarter (Schecle 1995), completing the effort fm this task.

A report on the contact ignition criteria (CIl) for propagating reactions was released
this quarter (Fauske et al. 1995a).

A M report on chemical reactivity testing of simulants was com~leted this quarter
(l?auskeet al. 1995b). The report &mm&es the results of pro&ation tes&g on
f-de waste sirnulants at Fauske and Asso&&s Inc. (FM). All f-de
waste shnulant experiments are completed, and no ad&onal chemical reactive testing
of simulants is planned.

1.3 REPORT FORMAT

Progress reports for activities under each of the six parts of DNFSB Recommendation 90-7
are arranged in the same order as the program plan (DOE 1994b). The arrangement also
follows the same order provided in Recommendation90-7. To report on progress, each part
of the recommendation is repeated in italics, followed by pamgraphs explaining the scope of
work on each part or subpart of the recommendation. Subheadings for each task activity
report the following:
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● Progress Dtig Reporting Period
. Planned Work fm Subsequent Months
. Problem Areas aud Action Taken
. Milestone status.

1.4 BACKGROUND

Since the mid-1940s, various high-level radioactive wastes from defense operations have
accumulated at the Hanford Site in underground storage tanks. During the 1950s, additional
tank storage space was required to support the defase mission. To obtain this additional
storage volume within a short time period, and to minimbe the need for constructing
additional storage tab, Hanford Site scientists developed a process to scavenge ‘Cs and
%r from tank waste liquids. In implementing this process, approximately 140 metxic tons
(154 tons) of f~anide were added to waste that was later routed to a number of Hanford
Site single-shell tanks (SSTS)(Shit 1954, 1955).

In the presence of oxidizing materkd such as sodium nitrate and/or nitrite, ferrocyanide can
be made to react exothermically by heating it to high temperatures or by applying an
electrical spark of sufficient energy (Cady 1993). However, Ii@ oxidizers, and temperature
are all important parameters. If iiml, oxidizers, or high temperatures (initiators) are not
present in sufficient amounts, then a runaway or propagating reaction cannot occur.

In 1990, little was known about the potential hazards of a femqani&nitrate/nitrite reaction
in Hanford Site SSTS. Because the safety envelope was not adequately defined by existing
analyses, an inadequacy existed in the authorization basisl. That is, the existing safety
analysis report (Smith 1986) and subsequent analyses such as the 1987 environmental in$act
statement (DOE 1987) did not adequately define the conditions neaxsary to preclude
P-~g ~ons in thefmde waste; therefore, an unreviewed safety question
(USQ) was declared (Deaton 1990).

Based on the knowledge gained from simulant studies, theoretical analyses, and analyses of
actual waste samples, safety criteria were defined for the ferrocyanide waste (Postma et al.
1994a). These criteria were reviewed and accepted by outside reviewers and reviewers
withirithe U.S. Department of Energy (DOE). -
the DOE Assistant Secretary for Environmental
(Sheridan 1994a).

The USQ was closed on March 1, 1994 by
Restoration and Waste Management

1The U.S. Department of Energy (DOE) authorization basis chactaks the facility
design basis and operational requirements for each nuclear facility. The authorization basis
is described in documents such as facility safe~ analysis reports and other safety analyses,
hazard chssification documents, technical safety requirements, DOE-issued safety evaluation
reports, and hcility-spedic commitrmmts, such as safety assessments for specifk tank
operations and the Interim Safety Basis (Wagoner 1993).

1-3
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In September 1990, an ad hoc task force report (Kress et al. 1990) recommended that studies
be performed to provide information on: (1) the potential for a fermcyade- nitratehitrite
explosion; (2) the conditions neces=y in the tanks to initiate an explosion; and (3) the
potential mnsequences of such an occurrence. The U.S. General Accounting Office (GAO)
advised the Secretary of Energy to implement these recommendations @each 1990). A
closeout report addmsm“ g all three GAO recommendations was submitted to DOE in June
1994 (Payne 1994a). The closeout report summarizes the progress made on detemmm““g the
potential for kmcyanide reactions in Hanford Site f-de tanks, and the conditions
nccessmy to sustain an exotherrnic fixrocpide reaction.

In March 1989 (Nguyen 1989), based on process knowledge, process records, transfer
records, and log books, 22 Hanford Site tanks were identified as potentially containing
1,000 gram-moles (g-moles)2(211 kg [465 lb]) or more of fernxyam“& [as the
Fe(~ anion]. Ttvo additional femcyanide tanks were identified in January 1991
(Borsheim and Cash 1991), increasing the number of f-de tanks to 24. To avert
possible injury to persomel and damage to the fkcility or environment, strict controls were
identified for these and other safety issue tanks in Operm”ng S’cijicatz”ou for Wutch List
Tunks (WHC 1990). Tanks identified by this document (see WHC [19951for the latest
revision) have been commonly referred to as Watch List tanks. In October 1990
_ lm), the Fexrocyanide Safety Issue was declared a USQ (see Section 2. 1) because
the safety envelope for these tanks was no longer considered to be bounded by the existing
safe~ analysis report (Smith 1986).

In November 1990, the Wyden Amendment (Public Law 101-510, Section 3137 [1990]) was
enacted. This law required the identification of Hanfbrd Site tanks that may have a serious
potential fw release of high-level waste (see Section 4.0). In February 1S91 (Harmon 1991),
the24fmcymide tanks wemamong thetanks identified, andwere included inthe
subsequent July 1991 report to Congress (’Watkins1S91) that responded to the Wydcn
Amendment. However, m+xmhab ‘on of the historical records @orsheim and Simpson
1991) indicated that six of the 24 tanks did not contain the requisite 1,000 g-moles of
femqmide. Therefore, these six tanb should not have b included on the Watch List
nor identified in the response to the Wyden Amendment. The six tanks were subsequently
removed from the Watch List (Anttonen 1993, Sheridan 1994b).

me 1,000 g-moles criterion has since been replaced with a 115 calories per ~ (CaUg)
fuel concentration criterion. See Section 4.1 for ~.

1-4
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3.0 ACTIONS TO COMPLETE DNF!3BRECOMMENDATION 90-7

This section follows the format of the program pk (DOE 1994b) and describes all work
“deSafety Program. Where applicable, each task activity isassociated with the Femocyam.

desmbed relative to the DNFSB Reco~ “on (90-7.1 through 90-7.6). The spcific
part of the recmnmendation is given, fdowed by a summary of activitia underway to
respond to that part of Recommendation 90-7 (ii not already closed out).

3.1 ENHANCED TEMPERATURE ~

.
rnme&austepssbw&tim&~ “nasnecesstuy tothe SSTJcmUining

~~anide that W-ll establish whether hot spots tdt or may devdbp in thejhtun? in the
slored waste. 7he instnunentm”on should inchuik, as a m“rhnum, additional thennocoupk!
trees. Trees should be inmxiuced at several raiihl locm”ons in all tanks co-”ning
substm”kd amounts of femxynide, w measure the @nperature w a jiotction of ehution at
these radii. % we of in@rred tedniques to survey the su@ce of wste in tanks should
continue to be investigated u a pn”ority matter, and on the assumption that this method will
be found valudk, monitors based on it should be installed now in the femxynide bearing
tank. m

3.1.1 Il@mrUd Trees

Work in several areas has developed a broader knowledge base that has warranted several
changes in the approach to implementing this recommendation. Ori@ally, it was planned to
add several temperature measurement instruments to each &uk This plan was mocMed to
ensure that at least one instrument tree with replaceable temperature-sensing elements is in
each ferrocyanide tank. Additionally, at least two operational temperature-seasing elements
should be in the waste to cmsurea true temperature measurermmt, and one or more elemats
should be in the headspace.

The new data that have warranted this action include the following: (1) many of the
TC elements in the existing trees have been relurned to senice, and measured tempemtums
are as expected; (2) thermal modeling to date @fcIaren 199* 1994b) and an enhanced
understanding of waste pmqxxb! ShOWthat f-on of hot spots in femcymkk tanks is
not credible (Dickinson et al. 1993, Epstein et al. 1994); and (3) new cdcuhtions of
tank heat content based on tank temperatma show lower values than previous estimate9
(Crowe et al. 1993, MclJanm 199@ 1994b).

There aretwoinstrument trees inallbut - f~ “& tanks (241-BY-106, -111
and -112). Tanks 241-BY-105 and -106 already contain instrument trees with replaceable
temperature-sensing elements. Earlier, tanks 241-BY-111 and -112 had no operable
instrument trees, and the waste temperatures were measured with a dedicated TC element

3-1
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installed into each rank’sLOW. New instrument trees with replaceable tem~sensing
elements were installed in these two tanks in March 1993. The ex.king “MMtrWmltmin
the ferrocyanide tanks will be monitored in addition to newly installed trees. The older trees
areeqected eventuaUytolWinamanner suchthat theycannot berepaimd, and theywill
not be replaced.

.~-ax~od. Immument treawerei nstakdintothelast five
f~ tanks (’241-BY-1O3,241-BY-108, 241-C-111, 241-TY-101, and
241-TY-103) this quarter. The instrument ~ W~ also cOnn@edtolMAcssnd
~mCC - were completed on August 24, 1S95. AU old and new”mstrumat
trees (33trces total) inthe18f~ tanks arcnowbcing monitored
continuously. Tempaature monitoring of the femcpide tanks wasturned overto
Tank Farm Operations. All work is complete for this task and DNFSB
Recommcmiation 90-7.1 is closed.

- September30,199S. Westinghouse Hanford Company completes indlation of
the last five instrument trees in assumed-leaker femcyade tanks (Tri-Party
Agreement @3cologyet id. 1994] Milestone M-4W12). The “mstrumat m were
instdkd inthelastfivef emcyaWe tanks; a1133instrumeM trees in the
18 f-de tanks are now instahd, and tmpmmms are monitored
continuously by TMACS as of August 24, 1995. The mdestme is complete and
DNFSB Recommendation 97.1 is closed.

3.1.2 Upgrades to Exkking Tesnpemture Monitoring Whmentation

This task determined the operability and aumracy of previously installed TC elements in the
OIi@ld 24 femqmide Watch Listtanks. Theoriginal andnewly installed inmruma ttrees
provide temperature mcasummn tsfathef ~w -“

Field mcasurememtswere taken in 1991 on each TC tlemmt in the thca+xisting ~ to
demetie ti~~dvol~e ~tijtimti~ eachleadtoground. The
exact condition of each TC element was &ermimd by ~ce and VOhl@measummmts
(Bussell 1992). This work was completed in FY 1991 with a total of 265 TC elements
evaluated. Work in FY 1992 f- on repair and recovery of 92 TC elements that W=
found to be fkiled or marghal in performance. Tldstaskwas completed in FY 1992.
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installed into each tank’s LOW. New instrument trees with replaceable tem~sczwing
elements were installed in these two tanks in March 1993. The existing instrument trees in
the ferrocyanide tanks will be monitored in addition to newly installed trees. The older trees
areexpcte deventuall ytofailin amanna suchtbat theycannot berepaimd, and they will
not be replaced.

●

●

●

●

~-~p~~~ ~f=tt=s w-kMedint othekistfive
femcyanide tanks (241-BY-103, 241-BY-108, 241<-111, 241-TY-101, and
241-TY-103) this quarter. The instrument trees W- also connected to ‘IMACS and
qtance tests were completed on August 24, 1995. All old and new insmmen t
trees (33trces total) inthe18femqani& tanks arcnowbeing monitomd
continuously. Temperamre monitoring of the femcyanide tanks was turnul over to
Tank Farm Operations. All work is complete for this task and DNFSB

mmdation 90-7.1 is closed.

Planned Work for Subsequent Months. None.

Problem Areas and Action TakerL None.

Milestone status.

- WP~ 30, 199S. Westinghouse Hanford Company completes instdkdon of
the last five instrument trees in assumed-leak femcpdde tanks (Tri-Party
Agreement Wlogy et al. 1994] Milestone M4M12). The “mstrumat trees w=
instakd inthelast five femcpideti; al133hMrumen ttmairlthe
18 ferrqdde tanks arenowinmdled, and ~ arc monitored
~tiXIUOUSlyby TMAcs as of August 24, 1995. The ~ is complete and
DNFSB Recommendation 9@7.1 is CIOsd.

3.1.2 Upgrades to Exkting Temperature Monitoring ~tion

This task determined the operability and accumcy of previously installed TC elements in the
original 24 ferrocpide Watch List tanks. The original and newly installed instrument trees
provi& temperature measurements for the f==Pi* -“

Field measurements were taken in 1991 on each TC elemat in the thrn-exhting trees to
determine the resistance and voltage across the junction and across each lead to ground. The
exact condition of each TC element was detmmined by resistamz and voltage measurements
(Bussell 1992). This work was ampleted in FY 1991 with a total of 265 TC elements
evaluated. Work in FY 1992 focused on repair and recovtxy of 92 TC elements that were
found to be failed or margimd in performance. This task was c0mple4edin FY 1992.
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● ROgIWSSDuring Reporting Period. No progress was required or planned.

. planned Work for Subsquent Months. None.

. Problem Areas and Actions Taken. None.

. Milestone StatUS. This task is complete.

3.1.3 Hot Spot Tlwmal Modeling

Radioactive matmids decayingin Hanford Site waste tanks generate heat. An early concun,
raised wheathef~ tanks first became asafetyissue, waswm anexothermic
excursion and local propagation could occur within the fmocyanide waste if a sdlcient

“deand a high enough temperature were presemt. This taskconcentration of femocyam
examined the available temperature data from the ferrocyanide tanks in order to detedne
the heat load and temperatures as a function of depth and radial location. Sensitivity and
pe~c dySM W- included to determine the magnitude of a hot spot that would have
to exist for the waste to reach propagation temperatures.

Heat load dySeS and thermal C~ ermqanide tanks in“ tics were completed for all f
FY 1994 (Mcbren 1994a, 1994b). The maximum heat load of my femcyade
tank, assuming worst-case conditions for soil moisture and thermal conductivity, was below
4.2 kilowatts (kW). Nominal heat loads calculated by M_ (199A, 1994b) com~
very favorably with those calculated independently in 1993 (Crowe et al. 1993). A dryout
analysis was also completed and released in FY 1994 (Epstein et al. 1994). The reprt
concluded that ferrocyanide sludge could not dry sufficiently to be chemically reactive during
interim storage, either globally or locally. Dryout mechanisms evaluated included global
evaporation, removal of liquid by leakage or pumping, boiling as a result of hot spots, and
enhanced surface evapmtion from hot spots. All activities were completed for this task in
FY 1994.

●

●

●

●

Progress During the Reporting Period. None.

Planned Work for Subsequent Months. None.

Problem Areas and Action TakerL None.

Milestone Status. This task is complete.
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3.1.4 Inhlm!d Scardng system

Mimed (m) scanningsystems are commercially available fmm numerous vendors. These
systems are sensitive to changea of *0.3 ‘C or less under ideal conditions and offer promise
formapping suri%cetemperature profiles inthef~ti. Thermal modeling
pdmrned on f~ tank 241-BY-104 (Mcbren 1993) SUg#Xtd that if hot spots with
temperatures of mncern are possible, surfhce temperature differerwes might be great enough
to bedetected by IRmapping.

Apositionpaper onthecredibi.lity of hot spots andtheneed for further IRscam@ waa
issued in April 1993 (Dickinson et al. 1993). Further analyses have been perfbrmed to

emcyanide waste @psteinetal. 1994). These reportsassess potential dryout of the f
.

exammed potential mechisms for f-g hot spots. AlldySCSindicate that hot spots are
not credible in f-de tanks. Based on these analyses, Westinghouse Hanford
Company rocommcmdcdthat no further planning be pursued for Ill scans fir the purpose of
detecting hot spots.

●

●

●

●

3.1.s

-- the Reporting Period. None.

Planned Work for Subsequent Months. None.

Problem Areas and Action Taken. None.

Mikatone Status. ‘I’histask is complete.

cooling system Re@mmdS

The program plan fm resolution of the Femoqdde Safety Issue (DOE 1994) provided
actions thatwould betakentocool the f~tanks ifsuch cooling were tobe
determined necessmy. Several tentative milestones, identified below, were established fa
use if a cooling system(s) were to be required. The concern at the time was that increasin
temperature could lead to loss of moisture within the femcpde

.
Wastematrix.

emergency actions thatwould be taken ifkrcased tempexatws were to occur are described
in the Am’on Plan for Response to Abrwmal Conditiow in Ha@bn/ Site Radimuw‘ W-
T& ti-”~”ng Femxyanide (Fowler 1994). Types of cooling systems might include, but
are not limited to, the following: (1) forced ventilation of the X using an exi@ingor new
exhauster system; (2) air conditioning the air to the *, (3) adding humid air or misG and
(4) adding water to the tank.

Based on the historical databse, results of samples from seven f~ “ tanks, and
results from the Pacific Northwe@Laboratory (PNL) aging test activity, none of the 18
ferrocyanide tanks contain a high enough concentration of ferrocyanide for a propa@ng
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3.1.4 Infrared Scmling system

Infrared (IR) scanning systems are commercially available from numerous vendors. These
systems are seasitive to changes of fO.3 “C or less under ideal conditions and offer promise
for mapping surfice temperature profiles in the femcyanide tanks. Thermal modeling

errocpide tank 241-BY-104 (Mc- 1993) suggested that if hot spots withperformed on f
temperatures of concern are possible, surface temperature differences might be great enough
to be detected by Ill mapping.

A position paper on the credibility of hot spots and the need for furthex IR scanning was
issued in Apd 1993 (Dickinson et al. 1993). Further analyses have beta performed to
assess potential dryout of the f~anide waste (Epstein et aI.-1994). Thcxe reports
examined potential meddsms for forming hot spots. AXldy- indicate that hot spots are
not credible in femcymide tanks. Based on these analyses, Westinghouse Hanf6rd
Company recommended that no further planning be pursued for IR scans for the purpose of
deteeting hot spots.

●

●

●

●

_ _ tie Reporting Period. None.

I%Med Work for Subsequent Months. None.

Problem Areas and Action Taken. None.

Milestone Status. This task is complete.

3.1.S Cooling System Reqhmmts

The program plan for resolution of the F=ocymide Sakty Issue (DOE 1994b) provided
actions that would be taken to cool the ferrqanide tanhifsueh eoolingwerctok
determined necessmy. Several tentative milestones, identified below, were established for
use if a cooling system(s) were to be required. The concern at the time was that increasing
temperatures could lead to loss of moisture within the ferrocpide waste matrix. Immediate
emergeney actions that would be taken if increased temperature were to occur are described
in the Am”on Plan for Response w tinonnal Chddionr in Hanjhzi Site RdWactm“ Wtmt?
Tanks Gmttu”ru”ngFerroqanide (Fowler 1994). Types of cooling systems might include, but
are not limited to, the following: (1) forced ventilation of the @ using an existing or new
exhauster system; (2) air conditioning the air to the M, (3) adding humid air or mist; and
(4) adding water to the tank.

Based on the historical database, results of samples from seven femocyam“de tanks, and
results tim the Pacific Northwest bboratory (PNL) aging test activity, none of the 18
ferroeyanide tanks contain a high enough ccmeentrationof femoeyanide for a propagating
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reaction to occur. Because dryout of the waste under the present storage conditions (Epstein
et al. 1994) is not credible, a special cooling system for the ferrocyanide tanks is not
considered necewry. No further work on this task is planned.

●

●

●

●

Progress During the Reporting Period. None.

Planned Work for Subsequent Months. None.

Problem Areas and Aeiion Taken. None.

Milestones Status. None.

3.2 CONTINUOUS TEMPERATURE MONITORING

“Ihe temperature semen refemxi to above /Recommen&Si on *7.1] should have cow-mums
recodkd retuhts and akznns that would signal at a pennanendy manned locan”onany
abnomally high @nperatures and any fm”led temperature instrumentation.”

This task provides continuous monitoring of presently installed (and operable)
temperatmwsmsing elements for the femcyanide tanks. New instrummt trees will be
connected to the system as they are installed into each ~ resulting in continuous
temperature monitoring in the femocyam“detanks. All data are collected automatically at the
continuously manned Computer Automated Surveillance System (CASS) @erator ContK)l
Station. The monitoring system is independent of the CASS and is capable of displaying data
to an operator on requesL Trend data on selected points are available fm display in numeric
or graphic form.

The TMACS system, which became operational in September 1991, has the capacity to
assign alarms for a change in the value of any temperature point. Alarms, if they occur,
trigger an audible annunciator and are logged immediately to hard mpy. An alarm summary
display provides a list of the most recent alarms in order of occurrence. Each alarm can be
identified by point and time of occumence. Operator acknowledgerneat of the alarm will
silence the audible annunciator. Signal conditioning and multiplexing are performed locally
at each tanlq eliminating the need to transmit low-level signals to the tank farm lxmndary
and reducing cable runs. ElectroNc noise, extension wire corrosion, and thermal gradients
are also reduced.

● progressDuring Reporting Period. The last instrument trees in the f-yanide
tanks were comected to TMACS this quarter. Temperatures for all 33 hstrumm t
trees in the 18 ferrocyanide tanks are being monitored continuously. Completion of
this task closes DNFSB Recommendation 90-7.2.

● Planned Work For Subsequent Months. None.
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● Problem Areas and ktion Taken. None.

● Miles&one status.

- September 30, MM. Westinghouse Hanford CompOnycompletes TMACS
connections for all installed instrument trees in f~ “de tanks. All the
ferrocyanide tanks are connected to TMACS and are monitored continuously. This
completes Tri-Party Agreement Milestone M-40-02 and also closes out DNFSB
Recommendation 90-7.2.

3.3 COVER GAS MODELING

“I?Ls~” on shouki also be inwallkd to monitor the composition of cover gtw in the
tankr, to &lish fj%mrnabk? gas is pltW71t. “

3.3.1 hterim Flammable Gas Monitoring

The effort to conduct ilammable and toxic gas monitoring and analyses in the f~
tanks is continuing. Most of this cdlort was transferred to the Tank Vapor Monitoring
Progmm, which is codktiq interim gas monitoring of the femocydk tanks andtanks
involved with the tank vapor program. Tank hdspccs are measured for flammability using
a commercial combustible gas monitor (calibrated with pentane gas), and are monitored fa
potedialtoxicgase9usi nganorg anicvapormon itorand~~tube9. Hea@Ooe.
ck@ematl “onofall the Hanford sitehigh-levei was@tanks iscontinuing using sOrbent
tubes placcdon theendoftubcs lowemdinto the&adspaa and SUMMA4au@ters that
collect gas samples topside. The initial hdspace sampling was done in several
tank locations (i.e., from two widely sepated risers) and at three elevations in the
headspace. Reviews of sampling data and modeling (Wood 1992, Claybrook and Wood
1994, Postma et al. 1994b) indicate that the headspace is well mixed and that sampling from
one riser at one devation is adequate.

●

●

●

Progress During Reporting Period. H@space sampling ofall18f-
tanks was completed last quarter. Table A-2 in the Appeadix summmks the redts.
~-tigofti~& tiwiJl-tiwaa_ti-P@
of the Tank Vapor Monitoring Program.

Planned Work For Subsequent Months. None.

Problem Areas and Actions Taken. None.

%ademark of Driigerwerk Aktimgesellschah, Inc., Lubeck, Germany; also National
Draeger, hlC., Pittsburgh, Pennsylk

‘Trademark of Molectrics, Inc., Cleveland, Ohio.
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Problem Areas and Action Taken. None.

Milestone status.

- September30,199S. Westinghouse Hanford Company completes TMACS
comections for all installed instrument trees in fermcyam“de tanks. All the
ferrocyanide tanks are mmected to TMACS and are monitored continuously. This
completes Tn-Party Agreement Milestone M+0412 and also closes out DNFSB
Recommendation 90-7.2.

3.3 COVER GAS MODELING

‘I~”on shoti ako be inszalled to monitor the composition of cover gas in the
tanks, to atablish fjlhmnable gm k present. ”

3.3.1 Interim Flammable Gas Monitoring

The effort to conduct ilammable and toxic gas monitoring and analyses in the f~de
tanks is continuing. Most of this effort was transferred to the Tank Vapor Monitoring
program, which is mmbuing “detanksandtanksinterim gas monitoring of the f~
invoived with the tank vapor program. Tank hedspces are measured fm flammability ushg
a commercial combustible gas monitor (calibrated with pentane gas), and are monitored fa
pot@ialtoxicgasesusi nganorg anicvap ormonitorand lMge#tubes. Ha@ace.c~on of all the Hanford Site high-level waste tanks is continuing using sorbent
tubes placed ontheend oftubeslowd intothe hcdspaceand SUMMA4~ that
collect gas samples topside. The initial h- sampling was done in several
tank locations (i.e., fkom two widely wpamted ~) and at three ekwations in the
headspz. Reviews of sampling data and modeling (Wood 1992, Claybrook and Wood
1994, Postma et al. 1994b) indicate that the headspace is well mixed and that sampling from
one riser at one elmation is adequate.

c Progress During Reporting Period. ~ sampling of all 18 femcpkie
tanks was completed last quarter. Table A-2 in the Appendix swmmiz$ the results.
Headspce sampling of the femcyanide tanks willcontinuc onaperiodic basis aspart
of the Tank Vapr Monitoring Program.

. Planned Work For Subsequent Months. None.

. Problem Areas and Actions Taken. None.

%ademark of Dr5gerwerk Aktiengesellschaft, Inc., Lubeck, Germany; also National
Draeger, kC. , Pittsburgh, pennsyhank

‘Trademark of Molectrics, Inc., Cleveland, Ohio.
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● Milestone Status

- September 30, 1995. Westinghouse Hanford Company completes headspce
sampling of remaining f~ tanks. All f~anide tank hedspces have
beemsampled and analyzed, completing this milestone and closing out DNFSB
Recommendation ~7.3. Tri-Party Agreemat Milestone M-40-03 (complete
hedspace ~on fa all f~ “ Watch List tanks by November 30,
1995) will be cmmpletedwhen a letter documenting completion of this Tri-Party
Agreemmt milestone is sent to the Wasbhgton State Department of Ecology and
the U.S. Environmental Protection Agency next quarter.

3.302 Continuous Gas Monitoring

The possibility that localhd amentrations or stratification of gases exist in the tanks was
evaluated. A modeling study was conducted to determine airtlow patterns in the hdspace
of tank 241-C-109 and evaluate the amount of mixing and the local gas concentrations that
cmddoumr. Thestudy revealed that the gases inthetank arewell mixed and follow
Graham’s law for gaseous difi%sion; theref-, an analysis of a second tank was mnsided
unnecessary (Wood 1S92). Studies completed since that time (Claybrook and Wood 1994,
Postrna et al. 1994b) also con&m that conclusion.

The need for continuous gas monitoring was addressed in a report that also assessd the
potential for cyclic venting and the possibility of accumulating flammable gases (Fowler and
Graves 1994). The report concluded that continuous flammable gas monitoring in
fixrocpide tanks is not warranted based on: (1) the low concentration of flammable gases
found to date; (2) anticipated low famcyanide concentrations because of waste aging;
(3) analytical results from tanks 241-C-109 and -112 showing that the fkl concentration in
the tanks is much lower than postulated by flowsheet values and opmting recordq and
(4) dculations of hydrogen accumulation using realistic generation values and passive
ventilation assumptions. Vapor sampling of all 18 ferrocyanide tanks has corroborated that
flammable gas concentrations in the femcyanide tanks are too low to be of mncern. No
further activities are planned for this task.

~ - =Pa ~~ None”

Planned Work For Subsequent Months. This task is complete. DOE has
concurred that no continuous gas monitoring is required (O’Leary 1994).

Problem Areas and Actions Taken. None.

Milestone Status. None
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3.4 FERROCYANIDE WASTE CHARACTERIZATION

“lhe prugmrn of sampling the contenis of tie tanks should be greatly accelkmted The
proposed schedule WIU* anaiysis of two com samples jhm each singbshd tank is m be
completed by September 15?$8is sedady ina&pte in light of the wuxmdnties u to sq/Wy
of these tanks. Rmhemwn, addidonal samples m w~”red at seveml miii and at a range
of ekvatiom jbr the tanks containing substantial amounts of fernxyani&. ●

Charwemm“ “onofthe waste inthefemocpide tanlm isnemsary to: (l)guidefhrther
chemical reactkm studie9with the f~waste simulants; (2)detmmine actual waste
chemical and physical pmpedes; (3) determine how the femocyam“dewaste can besafely
stored until retrhal and disposal actions are compkted; and (4) apply the study results to the
final remediation of the waste. This information is necessaq to remlve the Femqmide
Safety Issue.

The important reactive materials present in the f~ tanks are fbei (f~
sulfides, and reduced carbon species such as organic complexants), oxidants (nitmtes and’
nitde.s), and inerts or diluents (including phosphates, aluminatm, sdfStes, carbma@,
oxides, and hydroxide@. The location of fission products such as ‘Cs and % is important
because these pluducts are M sources and potential source terms in postukd radiological
releases iiom a hypothetical fixrocyanide reaction. The wates content of the waste is very
important because water’s high heat capacity and heat of vaporization make it an efktive
inerting material. Water can preveat a sustahd combustion or a ppgatmg. reactkm; wet
f~de ~~ WOW =@@@ ~~ it ~~ - ~ ~“

3.4.1 Femcyanide Tank Waste S811@@ and Analyses

Tank SllII@@. Rotary-mode and pUSh-mOdCSamphg cqabditim and auger surface
sampling are used to obtain waste samples from the Watch List tanks. Tanks without
saltcake and with relatively soft waste solids can be sampled by the push-mode method. If a
hard saltcake layer is presen~ rotary-mode sampling can be used. Auger sampling may also
beusedifthe depth ofwasteis nominally lessthan60cm.

Each core consists of several 48-cm segments (or portions thereof) depcdng on the depth of
the waste in the tank. The sludge layer in these cores is divided into four 12+n
subsegments for each 48-cm segmea~ If the tank contains a ~ layer, the saltcake
segments will be divided into only two subsegments. Process flowsheet knowledge,
tank historical data, and results obtained tim tests with ferrqanide sludge simulants are
used to supplement the analytical results from core sampling.

The priority for sampling femcyanide tanh was changed to reflect the need to detamine the
reactive properb of the contests. In respmse to DNFSB Recommendation93-5 (DOE
1994a) to expedite sampling and analyses required to address safety issues in the Hanford
Site Watch List tanks, the analysis plans for fbture f-yanide tank core samples (and the
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3.4 FERROCYANIDE WASTE CHARACTERIZATION

“l?aeprogram of sampling the contents of these tanks should be greatly accelerated. I%e
proposed schedule whereby andyti of m cow sarnplksj%nn each single-shell urnk is to be
comphwd by September 1998 k seriously inaakquate in light of the uncenahuier m to safey
of these tanb. Iimhennom, additional samplex am re~”red at several radii and at a range
of ehmuions for the tanks mw”w”ng subsuvuial arnounn of fermcyanide. ●

Cbacmiml “onofthe waste inthef_de tanks isnecessuy to: (l)guidefhrther
chemical reaction studies withthef emcpide waste Simulants; (2) &ermine acmalwaste
chemical and physical properk; (3) determine how the femcyanide waste can be safely
stored until mtrievd and disposal actions are completed; and (4) apply the study results to the
ilnal remediation of the waste. This information is neceuary to resolve the Ferrqdde
Safety Issue.

The important reactive mataids “de tanks are fuel (f-ales,present in the f~
sulfides, and reduced carbon species such as organic complexants), oxidants (nitrates and
nitrites), and inerts or diluents (including phosphates, aluminatq mlfates, cdmates,
oxides, and hydroxide@. The location of fission products such as ‘Cs and %r is important
because these ptiUCtS are heat sources and potential source terms in postdated tiOIOgiGd
releases tim a hypothetical ferrocyanide reaction. The water content of the waste is very
important because water’s high heat capacity and heat of vaporization make it an effective
hating materW Water cau prevent a sustained combustion or a pqagatq .

reaction; wet
f~dematerid woukirequiredrying before itcxmld react orpmpgate.

Tank Sampling. Rotary-mode and push-mode sampling capabilities and auger surfkce
sampling are used to obtain waste samples fkom the Watch List tanks. Tanks without
saltcake and with relatively soft waste solids can be sampled by the push-mode method. If a
hard saltcake layer is presen~ rotary-mode sampling can be used. Auger sampling may also
beusedifthe depth ofwaste is nominally less than60 cm.

Each core u)nsists of several 48<m segments (or portions thereof) depeding on the depth of
the waste in the tank. The sludge layer in these cores is divided into four 12<m
subsegments for each 48<m segment. E the tank contains a sakcake layer, the saltcake
segments will be divided into only two subsegments. Procxss flowsheet knowledge,
tank historical data, and results obtained from tests with ferrocyanide sludge simulants are
used to supplement the analytical results from core sampling.

The priority for sampling ferrocyanide tanks was changed to reflect the need to @ermine the
reactive properties of the contents. In response to DNFSB Recommendation 93-5 (DOE
1994a) to expedite samphng and analyses required to address safety issues in the Hhnford
Site Watch List tanks, the analysis plans for future femocyanide tank core samples (and the
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plans for other Watch List tanks) were revised. The Watch List tanks were @v= priority
for uxe sampling, and the number of required analytes was reduced. Analyte selection was
refocused prinwily on dety-related propdes.

. Regress During Reporting Wriod. Multiple rotary-mode core samples were
obtained from two f-yanide tanks this quarter (241-BY-108and -BY-11O). Six
torts were obtained from 241-BY-108 and four cores were taken in tank 241-BY-11O,
-*- uirements specified in the Fermyanide Data Quality Objectives
(X@) *ent (Meacham et al. 1995a). Analyses of the core sample9 will be
available early next quarter.

“detanks to besampled● Planned Work For Subsequent Months. The next f~
are 241-BY-104, -TY-103, and -TX-118. Although tanks 241-BY-105 and -BY-106
are currently listed on the schedule for sampling next quarter, it is doubtfid that
sampling will be completed in these tanks (see Problem Areas below). A tank
Chamdmza“ tion (data interpretation) report will be prepared and issued next quarter
for tank 241-BY-108.

● Problem Areas and Actions Taken. The drill string in riser 12B of tank
241-BY-11Owas bent during rotary-mode sampling, and the drill string remains in the
tank. A tool for extracting the failed drill string (the Sliding Wedge Cylinder) was
designed, built, and tested in the laboratory. The drill string will be extracted next
quarter.

Monitoring of the waste height in f~ “de tanks 241-BY-103, -BY-105, and
-BY-106, indicates possible slurry growth, and the waste in these tanks may contain
_ g=. Consequendy, timabh gas Watch List controls W- imposed on
these three tanks as sound management practice. Because an SA for rotary-mode
sampling of a flammable gas tank has not yet been approved, sampling of tanks
241-BY-103, -BY-105, and -BY-106 has bees delayed. A more detailed evaluation to
determine if 241-BY-103, -BY-105, and -BY-106 are indeed flammable gas tanks is
underway. Concurrently, an SA is being drafted for rotary-mode sampling a
flammable gas tank

Because of these problems, it will not be possible to complete the milestone dates as
ShOWIlbdOWfm F’y 1996.

● Milestone status.

- June 30, 1995. Westinghouse Hanford Company obtains core andhr auger
samples ikom four ferrocpide tanks. This milestone was completed this quarter. “
Samples were obtained ffom tanks 241-C-108, <-111, and -TY-104 last quarter.
Tank 241-BY-108 was silmpkd thiSquarter.
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- Septeuhr 30, 1995. Westinghouse Hanfbrd Company completes data
in~ -, awdabk for public release, for four femcpdde tanks.
Three reports for tanks 241-C-108, <-111, and -TY-104 were completed this
quarter (Sasaki 1995, Kelly 1995a, and IGdly 1995b). Because of delays in
obtaining rotary-mode core samples from tank 241-BY-108, the fd report will
be completed next quarter.

- Decem&r 31, 1995. We9tin@0use Hanfbrd Company obtains core samplea from
fiveadditional f~tanks. The fiveadditional tankgare scheduledfa
sampling in 1995. However, completion of this miktonc depends on the
timclinas of rotary-mode care sampling. This date will not be met as planned
because of the d+y in Sampi@ tanks 241-BY-103, -BY-105, and -BY-106, as
mentioned above.

- Mamh 31, 1996. Westinghouse Hanf@d Company c0mplete9 data intmpreWion
reports, available fm public release, for five femqmide tanks. This milestone
date will not be met because of the delays cncmmtered in rotary-mode sampling
some of the ferrocpide tanks.

- JulY 31, 19%. Westinghouse Hanford Company obtains core samples from the
remaining femqmide tanks. ‘hismilestone datewill not be met because of the
delays eacountercd in rotary-mode sampling some of the femcyade tanks.

- October 31$ 19%. WestiX@OuseHanford Company completes data intqmtation
P, amle f= public *, for tb remainhg femqmidetanks. Itis
tititit iti~abm~ofb ~ttiyhdtig
core samples from some of the femcpide tanks.

Infrared Spechoscopy Analyses. The oollectkm of near-infhred (N’IR)spectra from
archived waste tankwaste coresamplcs withvarious chemicdmatricestig aFouriex
transfbrm infmred (171TR)speotrometry-based tlber optics method is continuing. Calibration
of the methtxl using nonradioactive simulants that mimic the actual composition of tank waste
was started.

-m~dG, ti-~ti~ti* byti W=~o-&_
River Laboratory in Aiken, south Card@ could provide suilkiat throughput to perform
muki-componcmtanalyses on diffusdy-refkted mixed waste. The probe has a single
detector fiber surrounded bysixinfiamd source fibers beveled toward the&tector iibex(six
around one um@umth). This cone-fkce design &uses all fiber optic fields to cross at a
fixed @tance from the probe surfiwe, forming an effective optical diameter of about 1
millimeter. The most pressing concern in performing quantitative spectml measurements
with this probe is the difficdty of obtaining reproducible data because of the inhomogcmous
sample surfhces. The small optical diameter of this probe makes it qecially sensitive to
surface inhomogeaeities.
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Infnmd

September 30, 1995. Westinghouse Hanford Company completes data
interpretation reports, available for public release, for four ferrocyanide tanks.
Three reports for tanks 241-C-108, <-111, and -TY-104 were completed this
quarter (Sasaki 1995, My 19954 and my 1995b). Because of d@hySin
obtaining rotary-mode core samples from tank 241-BY-108, the fourth report will
be completed next quarter.

Ikember 31, 1995. Westinghouse Himford Company obtains core samples tim
five additional femcyadc tanks. The five additional tanks are scheduled for
sampling in 1995. However, completion of this milestone depends on the. .
bmeimas of rotary-mode core sampling. This date will not be met as planned
because of the delay in sampling tanks 241-BY-103, -BY-105, and -BY-106, as
mentioned above.

MArcll 31, 19!K. Westinghouse word Company completes data intqmtation
reports, available for public release, for five femqanidc tanks. This milestone
date will not be met because of the delays encountered in rotary-mode sampling
some of the femcymkk tanks.

JuIY 31, 1996. Westinghouse Hanford Company obtains core samples from the
remaining femcyadetanh. This milestone datcwill not be met because of the
delays encountered in rotary-mode sampling some of the fmqmnide tanks.

October 31, 1996. Westinghouse Hanford Company completes data intqmtation
w, a-k f= public *, form ~.*g femcyadetanks. Itis
tiubti~ti~~k~~ofk~ttiyh~a
coresamplcs tirnsomeofthef emqmide tanks.

Spedmscopy Analyses. The colkxtion of near-infrared (NIR) _ tim
archived waste tank waste core samples with various chcrnicii matrices ~g a Fourier
transform infrared (FI’IR) spectrometry-based fiber optics method is continuing. Calibration
of the method using nonradioactive simadant.sthat mimic the actual composition of tank waste
was started.

Based on prehkary results, the ~ optic probe fabricated by the Westinghouse Savannah
WV= ~mtory in ~, SOUticarob could proviti s~t throughput to @Orm
multi-wmponent anaiyscs on diHusely-reflected mixed waste. The probe has a single
detector fiber surrounded by six infhred source fibers beveled toward the detector fiber (six
around one configuration). This cone-ha design buses all fiber optic fields to cross at a
fixed distance from the probe surfhce, forming an effective optical diameter of about 1
millimeter. The most pressing concern in performing quantitative spectral measurements
with this probe is the difikuity of obtaining reproducible data because of the inhomogeneous
sample surfaces. The small optical diameter of this probe makes it eqecidly sensitive to
surface inhomogeneities.
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To improve sensitivity, design efforts have focused on reducing interference fkinges and stray
incident infhred light. Substantial improvement in sensitivity can be made through optical or
experimental suppression of the interference fringes and elimination of stray light. A new
diffuse-reflectance probe, consisting of a collimator, a hollow metallic light guide, focusing
optics, and a sapphire window, was ychased in mid-July 1995. The probe was interhced
to a new W-fiber bifimated fhsed silica bundle (@fiber bundle for the infrared source and
@fiber bundle fm the detector assembly in a “salt and pepper” configuration) that can be
detached fkom the fiber bundle for ckaning or replacemen~

●

●

●

●

Progress During Reporting Period. Specm collected by diffbse absorbance and by
mid-infrared photoacoustic spectrosmpy were compared this quarter to determine
which method had better resolution. Tests were conducted on two oven-dried
simulants, 241-BY-104 and -SY-101. Results indicate that the diffuse dlectance
spectra have more distinct bands fm chemical structure elucidation than the
photoacoustic spectra. A final report SUmmarizkg FI’IR work was issued this quarter
‘&ebgay et al.- 1995). This completes the
Ferrocyanide Safety Program.

Planned Work For Subsequent Months.

FI’IR ‘iievelopment

None.

Problem Areas and Actions Taken. None.

Milestone Status.

work for the -

- September 30,1995. Westinghouse Hanford Company issues a final report on
FI’IR technology developmea~ A final report on FTIR technology development
wasreleaXd thisquarter (Rebagayetal. 1995).

Miissbauer spectm6COpy. A sn@ task on h@sbauer spctmcqy is inves@ating the
physical and chemical nature of iron within f-yanide tank waste. The National
Aeronautics and Space AdminMrm“on(NASA) has developed a ~ M6ssbauer
spectrometer that is small enough to perform devation scans in the LOWS. Iron is a major
constituent of f-de waste, and information about its location and composition in the
tanks supports safe interim storage and eventual retkval of the waste.

M&sbauerspectroscopycan providethevalence state ofironas welIassp=ific coodmtion
chemistry for the iron atom. That is, M&sbauer spectroscopy can see diffkrencea in anions
surrounding the iron cation in a stable crystdine strucmm and distinguish between different
iron-based minerals. A recent development in thistype of spectmqyistheuseof
reflectance rather than Eansmkion ~, thus allowing inf-on to be gained in
situ. M&sbauer sp@Kwpy can distinguish between femcyade“ and fenkyanide
complexes and almost any iron mmpound that might exist within tank waste. By Imowing
the iron concentration and species as a function of elevation in a given tanlGit should be
possible to determine how much aging has occumed within the waste.
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The M&sbauer program represents a cmpemtive venture between Westinghouse Hanford
Company, DOE, and NASA. The contact at NASA is Dr. Richard Morris at the Johnson
Space Gmter in Houston, Texas.

●

●

●

●

~ -,~P* ~~= ~ ~--
radioactive matemls inside thc222-s Hotceus Area
Zictualtan kcorcmataia lmetwit hmixedsuccess. Thedetcctm wasunaffectedbythe
high radiation fields, but resolution -tk W~ experbd. A report
summmhhg M&sbauer work was issued this quarter (Riedel 1995). This completes
the M&sbauer development work for the Femcyade Safety Program.

Planned Work for Subsequent Months. None.

Problem Areas and Actions Taken. The hot cell results showed the need fm better
@@~= Cooling the detedor and adjusting its window to a more
MITowsetting should result in inmased sensitivity.

Milestone status.

- July 29, 1995. Westinghouse Hanford Company initiates hot cell testing of the
M&sbauertankprobeusingf~ tllIlkW~SilnlplCS. Thismiktonewas
completed this quarter.

- September 30, 1995. Westinghouse Hanford Company completes an in-tank test
of the M&sbmerprobe ina LOWinoneofthef
f

~ tanks. sampling of
emcpide tanks has shown low ~ f~ concentrations. In-tank

testing of the M&sbaucr probe would have little beaefit. Therefore, this mile
was deleted and noti&xttion of this change is hereby provided in accordance with
Section 3.7 of the program plan (DOE 1994b).

- September 30, 1995. WestinghouseHanford Company issues a report, availabie
for public distribution, on the M6ssbauer spectroscopyprogram results fa
FY 1995. This “mllemmc was completed on schedule (RiCdel1995).

~ ~n Microscopy. Chemical and physical propatis of f-de @
Wasteare being detemkd to XxXEltdy assess the WaStCfm Sakty and inVCXltOrypUIpOSC9.
Analyses indicating the presence or absence of ky chemiml components-including CN”, Na,
Fe, XW,and Cs-can be used to ~ “ thetankwaste andtoasscss whether thewastc
Canbestored safelyuntilretrimlf wfinaldisposal. Memmme@t hatauowaambtim
of possible cordatm“ nsofchcmical cOmposidonandphysical pmprtia, suchasp0rdcleand
crystallite size, may provide additional information on how the waste may have changed with
time and facilitate comparisons of red waste propatics with those determined earlier for
waste Simulants.
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TIMM&sbauer program represents a coopemive venture between Westinghouse Hanford
Company, DOE, and NASA. The contact at NASA is Dr. Richard Morris at the Johnson
Space Center in Houston, Texas.

● -- Repo~ Hod. The M&sbaucr spectrometer was tested on
radioactive materhk inside the 222-S Hot Cells Area. Pdhhary efforts to use
actual tankcore mataial metwitimixeds~. Thedetector wasunaff&tedbythe
high radiadon fields, but resolution -ties were exprknd Axeport
~g M&sbauer work was issued this quarter (Riedel l&5). This completes
the M@sbauer development work for the Femqmide Safdy Program.

Planned Work for Subsequent Months. None.

Problem Areas and AetiorLsTakerL The hot cell results showed the need for better

●

signal dkiminm “on.
narrow setting should

Miles&onestatus.

Cooling the detector and adjusting its window to a more
result in increased sensitivity.

- July 29, 1995. Westinghouse Hanford Company initiates hot cell testing of the
M&sbauer tank probe using femcyanide tank waste sampk. This milestone was
completed this quarter.

- September 30, MM. Westinghouse Hanford Company completes an in-tank test
of the M&sbaerpro&ina~W inoneofthef emcpide tanks. sampling of
femqmide tanks has shown low remaining f-de conmtrations. In-tank
testing of the Mhbauer probe would have little -t. Therefore, this miktone
was deleted and notification of this change is hereby provided in accordance with
Section 3.7 of the program phl (DOE 1994b).

- September 30, 1995. Westinghouse Hanford Company issues a report, available
for public distribution, on the M5ssbauer spectroscopy program results for
FY 1995. This milestone was completed on schedule (Riedel 1995).

~ ~~n ~~OPY. Chemical and physical propmies of fmocyanide tank
waste are being *, xi to accurately assess the waste for safety and inventory purposes.
Analyses indicating the prcsace or absence of key chemical components-inciuding CN, Na,
Fe, Ni, and~-canbetitoti~ thetank waste andtoassess whetier tie waste
can be stored safkly until retrieval for final disposal. Measuremcmtsthat allow cxamhad“on
of possible correlations of chemical compositionand physical properties, such as pardcle and
CIYStdMesize, may provide additional information on how the waste may have changed with
time and facilitate comparisons of real waste properties with those determined earlier for
waste Simulants.
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scanning electron microscopy (sEM), coupled with backscaaed electron detection and
energy dispemive X-ray ~y, W* a method uniquely capable of providing
particie size, chemical composition, and particle morphology information in a single
measurement. Recent developments in instrumentation computer control, digital data
acquisition, and light element X-ray detection have significantly enhanced the utility of this
technology for particle chm@ei@l “onapplications. Further reilnernemtsin integWed
computer software and firmware now enable rapid collection, processh g, and storage of
large volumes of chemical and numaical ti Through these instrumentation and data
rocesing enhancements, SEM ~

.
P “onhas evolved into a new and potentially
powerful methodology for the c~ “onof f~anide and organic tank waste.

● Regress During Reporting Period. Unacceptable performance of the R J. Lee
Personal SEMI system continued to hinder program progress. During two site visits,
the SEM vacuum system, the column hardware, console hardware and control
electronics were reworked. During the past fiscal quarter, both the manual and
motorized specinm stage systems were returned to the vendor’s facility for repair,
and updated versions of several software programs w= acquired in order to comect
operational detkiencies. Vacuum system, vibrational noise and motorized stage
operation problems are resolved. Two software isws and repair of the manual
specimen stage remain outstanding.

A vibration dampadng system was specified and instaki on the SEM system. Tests
verified that the dampening mounts signiikantly reduced the impact of ground-
propg~ vibtio~ noise on SEM performance. ‘k pneumatic mounts should be
of particular value when the SEM system is transfemed to the radiological sample
analysis trailer.

Atrailer wasacquired andisbeingcodigud tosupport SEManalysis ofradio$@ve
f~anide tank waste samples. This trailer will be a posted radiological zone
located at the MM)Area Weather Station. Approprkte furnishings, support equipment
and outfitting Suppk were identified in the Westinghouse Hanford company excess
pool or acquired through local vendors. Outfitting of the SEM trailer is proeding.

Transfer of SEM specimen preparation equipment into the 222-S IAoratory fidity
began. Preparation equipment required to complete installation of a specimen
prepmtion station within a 222-S radiological hood was identified and ordered.
Requests for supplemental dosimetry required for these activities in the 222-S fiwility
were completed and submitted.

lTrademark of R. J. Lee Instruments Ltd., Trafford, Pennsylvania.
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●

●

Romement of the SEM system upgrade package was completed. These upgrade9
aretobe instaMin 0ctok1995 and will-c= (l) SEMdatatmnsferand
archiving capabilities; (2) SEM scmiauautitative elemental analysis capabilities; and
(3) SW -yti - Pmceshg and presentation options.

~ re@sitions were completed and submitted fa all additional SEM
-d supplies, analysis cmsumabk and specinm prcpmtion equipment
anticipated to berequired fixthetargewd SEMmicxwchmmmmlm

. .
activities.

DeJiveq of all items should be completed by October 31.

An annual report on SEM program results for FY 1995, Scanning Reamn
Micmsco@ Analyses of Femcyanide Td Wd$esjbr the Femcym S@@
Program - FY 1995 Repro, WHC-SD-WM-RPT-194, Rev. O, was prepared and
ti this quarter (Callaway 1995).

Planned Work For Subsequent Months. Work in the SEM program will be carried
forward into FY 1996. The target date for completion of SEM-based
micro—cbWmzatl

.
“onofakmqamde “ tank core ~pk is February 29, 1996. A

Westinghouse Hanf6rd Company SEM program report, available for public release,
will be issued on March 31, 1996.

Roblem Areas and AdiOllS Taken. System hihwes and @O~~ defkiencics Of
the R. J. Lee Pemonal SEM%mtinucti dclayactivity milestones. Inan August16
meeting with Dr. R. J. Lee, Presidat of the R. J. Lee Group, Inc., the SEM
program qnizantsc ientistwasas suredthatimmdkte action would bctabto
resolve outstanding SEM pdbrmancc issues. several issues were subsequently
resolved during the vendor’s September 5-15 visit. Remaining hardware and software
issues arc cumcntly being addmwcd at the vendor’s fkility.

Delay in locating a facility suitable fm SEM analysis of AiOactive tank waste
specirneas has been a major problem, but is now be resolved. Two trailer ikcilities
were located that can accommodate SEM analyses of the radioactive kmqamde“tank
wastes. outitting of one trailer is procedng while final evaluation of the alternate
trailer is made.

Two members of the Hanford Technical Senices group who were attached to the
SEM pro= h support of_ -on, traik OUtitt@ and radiological
concerns tasks were included in the receat (September 26, 1995) Hanford Site
Reduction of Force. Efforts are underway to ident@ rcplacemat personnel in order
to mitigate the impact of these loses on program targets.
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●

●

Procurement of the SEM system upgmde package was completed. These upgrades
are to be installed in October 1S95and will dance: (1) SEM &ta transfIerand
archiving capabilities; (2) SEM semiqmntitative elemental analysis capabilities; and
(3) SEM analysis data ~g ad p~on OPtiOnS.

Pumhase requisitions were campleted and submitted for all additional SEM
mod supplies, anaiysis commmablesand specimen prqwation equipment
anticipated to be required for the targeted SEM ~~ .

“onactivities.
Delivery of all items should be completed by October 31.

An annual report on SEM program results for FY 1995, $tanning Recmm
Mcmscopic Analyses of Fenqvzni& Tank.Wm for the Femxyani& S@@
Pmgrom - FY 1995 Repro, WHC-SD-WM-RPT-194, Rev. O, was prepared and
issued this quarter (Callaway 1995).

Planned Work For Subsequent Months. Work in the SEM program will be carxied
fonvard into FY 1996. The target date for completion of SEM-based
micro-c emcyanide tank core SMlpk is February 29, 1996. Alm@xmtion of a f
Westinghouse Hanford Company SEM program report, available for public release,
will be issued on March 31, 1996.

Problem Areas and ActiorJs Taken. System fiiilures and performance deiicimcies of
the R. J. Lee Personal SW continue to Wy activity milestones. In an August 16
meeting with Dr. R. J. Lee, Resident of the R. J. Lee Group, Inc., the SEh4
pfom~-t titistwassure dthatimndate action would be taken to
-k outstanding SEM pedonnance issues. Several issues W= subsequently
resolved during the vendor’s September 5-15 visk Remining hardware and software
issues are currently being addmsed at the vendor’s fhcility.

Delay in locating a facility suitable fm SEM analysis of radioactive tank waste
z- M b a major problem, but is now be resolved. TWOtrailer facilities
were located that can acmmmodate SEM analyses of the radioactive f~ tank
wastes. Outfitting of one trailer is procedng while final evaluation of the alternate
trailer is made.

Two members of the Hanford Technical Services group who were attached to the
SEM program in support of spcimen prepation, trailer outfitting and radiological
concerns tasks were included in the recent (September 26, 1S95)Hanford Site
Reduction of Force. Efforts are imdenwayto identify replacement pexsomel in order
to mitigate the impact of these loses on program targets.
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- May 31, 1995. Westinghouse Hanford Company installs and completes operational
acceptance tests on SEM system. Operational problems continue with the R. J. Lce
Personal SEM’” system. Several issues were resolved during the vendor’s
September 5-15 visit and the balance of the outstanding iss= are curmtly being
@kssed in the vendor’s facility. @erational acce@nce tests will be COIII@@!d
two weeks * final resolution of the SEM performance issues.

- September 29, 1995. Westinghouse Eanford Company issues a report, available
fa public release, on SEM program results fa FY 1995. A report was issued on
schedule this quarter (Callaway 1995).

- Mamh 31, 1995. Westinghouse Hanford Company issues a final report on SEM
technology development.

3.4.2 Estimation of Moisture Content

Methods for detemmm“ “ g moisture concentrations in ferrocyanide waste tanks arc being
developed using sample data analyses and available surveillance systems. This work is an
increase in scope from the origiml implementation plan (Cash 1991), which did not examine
moisture monitoring. Two in situ moisture monitoring technology are currently being
investigated by the Femxyam&“ Safety Rogram, neutron &fusion and electromagnetic
induction (EMI). Initial development of N.Ill spcmxwpy was completed in FY 1994 (Reich
et al. 1994) at the University of Washington Center for Process Analytical Chemistry. ‘II&
surface moisture monitoring technology will not be developed further by the Femcyanide
Safety Program. Additional moisture monitoring technologies, such as _ foil activation
and fission chamber in a cone penetrometer, are being evaluated by other programs. A
report aamining moisture monitoring technologies was completed in April 1993
(IWxlchamet al. 1993).

Neutron Diffusion. Well-logging techniques, coupled with computer modeling, were
developed and applied to an existing neutron probe to determm“ information about moisture
levels, mated in~, and O* waste ck@mi@x in the fmyanide tanks. using
the knowledge gained from computer mode3ing,in situ measurements, and expaimatal
calibration data with the current in-tank liquid level neutron probe (Watson 1993), prototype
moisture measuremeat neutron probes were developed. This system amsists of three neutron
probes: a near-field thermal neutron probe, a far-field thermal neutron probe, and a far-ileld
epithermal neutron probe. This improved system would @marily be used to d ‘ “ the
axial moisture concentration profile within the f~ tanks.
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Moisture measurement using neutron diffhsion is an established technology. The technique
uses a neutron source and one or more neutron Wectors. The thermal neutrons reaching a
d~e=ti~- timti~m ad=do~mtimtibyti
medium. Because hydrogen atoms are efkctive at slowing down neutrons, the detecmr
respnse is a strong function of the surrounding moisture concentration.

Twomedmdsaregenerallyus edinthe maumment of moisture Concentrationaround wells
using neutron diffusion. The first method, the moisture gauge, has a short source—WMector
_g(~-W)on@-OfOto 10 Cm. Themponse ofamoisturegaugeis
chmdcmd byanincrcase indetector mponsewith incmaing moisture amcentration of
thesurrounding medium. Thesecond method, theneutron log, ofteahas twodetectmwith
longer Source—to+tecmrspacing~ 20t050cm (fkr field). ‘I%edetectors ina neutron log
arrangement exhibit a deaeaed response to increased moisture concentrations. The detedor
placed at the shorter spacing is used to correct the response of the longer-spaced detector for
borehoie effects.

Tank moisture measurements are takn from within LOWS. The LOWSare permanently
installe dsealedpipe sthatextendfiom theriser topthrough thetankwasteto near the tank
bottom. The LOWSallow axial information about the surrounding waste materials to be
obtained using certain detedom.

● mm=-xm~ cmstwmn“ andtesting ofnewdualdetedor
neutron moisture probes are complete, and the probes have been used to obtain
moisture data fiomf~and organic Watch Listwaste tanks. These probes
--=d~to~ changes andenablewHc tomakbetter
intqmtations of moisture mspomes fiomregions of thetanlm where anairgapexists
between the LOW and surrounding saltcake. These probes have been deployed and
usedtoobtain data from14LOWs in12tanks. Aletter rcportwasissuedon
August 31, 1995 to meet the ‘XTVRSndestone to “Implement Moisture Monitoring fw
Fmocyanide Tanh with Existing ~WS Using Dual Neutron Probe. “ This report
was transmitted to DOE in September (Lipk 1995b).

~e~ti, tiW4md* tiena~nmd M-mtid
predict moisture cxmtent,has been completed. The code has been tested, wdidatd,
andapplied totankscans obtained with theprototype neutron probes. A letter report
was tmmrnitted to DOE in August 1995 that ~ the moisture intqmtation
results provided by this pdmimry data (Lipk 1995a). For tank 241-BY-104, the
moisture intqreWmn“ Predicted inthesaltcake isinverygood agr=mentwith
available analyses fivm auger sample9 (Beck 1992). Complete software quality
assurance documentation has been produced fm the code, including: prqject
m=gement P*, system design de=iption, vdl@ion and vaMtion ~ and a
code user’s manual @nfrock 1995a, 1995b, 1995c, and 1995d). This interpretation
code will be applied to the data gathmed with the new dual+tector neutron probes
once the model-produced inteqxetation libraries are completed for these probes.
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Moisture measurement using neutron diihsion is an established technology. The technique
uses a neutron source and one or more neutron detectors. The thermal neutrons reaching a
detector originate as fast neutrons fkom the source and are slowed or absorbed by the
medium. Because hydrogen atoms are effective at slowing down neutrons, the detector
response is a strong function of the sumounding moisture concentration.

Twomethods amgenedlyus,edkti measurement of moisture concentration around wells
using neutron -on. The first method, the moisture gauge, has a short sourwMcMetector
-g (~ ~d) on b order of Oto 10 cm. The response of a moisture gauge is
characterized by an increase in -r reqonse with increasing moisture concentration of
the surrounding medium. Thesaxmd method, theneutron log, otihas twodeteckm with
longer source—mdetecmr spacingx 20 to 50 cm (far field). The detectors in a neutron log
arrangement exhibit a decreased response to increased moisture concentrations. The detectm
placed at the shorter spacing is used to correct the response of the longer-spaced detector for
borehole effects.

.

Tank moisture measurements are taken from within LOWS. The LOWSare permanently
installed sealed pipes that~dtim theriserropthroughti~w~ tonear the tank
bottom. The LOWSallow axial information about the surrounding waste materials to be
obtained using certain detemrs.

●Progress Dmbg ReportirlgHti Con@udm and testing of new dualdetector
neutron moisture probes are complete, and the probes have been used to obtain
moisture data fiomf_&d _ Watch ListwastetankS. These probe9
_~~mtomoisture changes andenable WHCtomakebetter
inteqmations of moisture mponses ihmregions of thetankswherean airgapexists
betweea the LOW and surrounding sa.ltcake. These probes have bees deployed and
usedtoobtain datatim14LoWsh12 tanks. Aletter rcportwas issuedon
August 31, 1995 to meet the TWRS milestone to ‘Implement Moisture Monitoring for
Femcyanide Tanks with IMsting LOWSUsing Dual Neutron Robe.” This report
was transmitted to DOE in September @pb 1995b).

The TMAD de, designed to evaluate the neutron and EM probe scan data and
predict moisture conten~ has been completed. The code has been tested, validatd,
and applied to tank scans obtained with the prototype neutron probes. A letter report
was transmitted to DOE in August 1995 that descrbes the moisture interpretation
results provided by this prdminmy data (Lipk 1995a). For tank 241-BY-104, the
moisture interpretation predicted in the saltcake is in very good agreement with
available analyses from auger samples (Beck 1992). Complete software quality
assurance documentation has been produced for the code, including: project
-em~t Ph; system design description, verMcation and validation repo~ and a
code user’s manual @.nfrock 1995a, 1995b, 1995c, and 1995d). This interpretation
code will be applied to the data gathered with the new dualdetector neutron probes
once the model-produced interpretation libraries are campleted for these probes.
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A new liquid observation well has km dedgned to accommodate the deployment of
gamma, neutron, and electromagnetic induction probes and to interface with the
existing tank structure and ezwironment. An improvd method of LOW hstdation
reduces thewatex introduced tothetankand lesstms thechance thatalargeannulus
will forminthe waste around the LOW. New LOWswere needed because the
@inal type contained large amounts of neutron absorbers and has not providd the
needed strcmgthto samive the conditions in all tanks. Test results of the S-type
fibaglass probe under a simulated waste tank environment were satisfktory and have
been documented (Pam 1995). TWO_ of S-type fibe@ass mataids w=
evaluated foruseas the LOWcasing. Thedurability of thedesigndjoint sand
inkrfaces forthe LOWtubes wasalso tested. Theselected LOWmaterid anddeaign
should provide superior stmmgth,durability, and insertion capability while enabling
more accumte moisture measurements to be made with all probes under development.

The initial design and prototype tests have been completed for a new suri%cemoisture
measurement neutron probe. A modeling and test report damrnenting the basdne
design for the probe is being written. This probe will be lowered directly onto the
waste surihce in order to obtain moisture data tim the waste surface. The
deployment system will allow positioning of the neutron probe anywhere witbin a
2-meter radius. Modeling and test results confirm that the probe should be able to
interrogate three diHerent depths, up to 15 cm, below the waste s- so that
information about the moisture concentmtion as a function of depth will be provided.
The design of a dedicated data acquisition system for both the surface and LOW
neutron probes has been completed and assembly of the system is undenvay.

Planned Work for Subsequent Months. None. This effort has been transferred to
the Organic Safety program, and no additional developmentwork will be conducted fm
the F~de s~ety ~-”

Milestone Status.

- September 30, 1995. Complete installation and deployment of the first phase of
the neutron moisture monitoring system, and initiate monitoring. A letter report
was issued September 27, 1995 (Lipke 1995b) that provides a summary and
description of the design, constmction, testing, calibration, and field deployment of
the dual neutron probe system.

Electromagnetic Induction Probe. The purpose of this task is to deploy the EMI probe in
the LOWS and possibly near the waste surface to measure moisture concentration. EMI
prob= operate by creating a magnetic field that induces current in a conductive medium.
This induced current can be m-wed and is related to the media conductivity. The higher
the electrical conductivity, the higher the fkee moisture content in the tank waste.
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w~~k-tititi-aof-timbuti=d~ coils
or sensing coils. The present cdgmtbn usesone coilasthccxciting coilandthrcc coils
as the sensing COih This amf@mtion ilbWS three ti&erU depths of pmctmtion during
one-. Thccktrmwx“ can bcprognlmmed tousefourf@ucmcic9 (hlringonescan,so
the informatmn“ acquircd will bcfourfrcqucncies atthrce diff’tooil spacings. This
information will bcuseful insepara@ thecnvironmmt ncarthe LOW fi0m thecnvimnmcnt

far from the LOW. ‘IWOdiffaeat EM probes have been built, with diffcrcmtcoil spacing
andturns pcrcoil, todetermb in-tank mqonscs.

Two areas of engineering activity apply to mcasurementoffrcc moisture inthchigh-level
waste tanks: (1) EM ~t of ddUtC conductivity of the waste medium; and (2)
detuminah“onof the cktrkal conductivity as a function of free moisture content of
femcyanide or organic waste. Mamemcat of absolute conductivity is being studied using
finite+lemcnt modeling of the EMI probe geometry. The modeling is being performed by
Washington State University (WSU) using EI’ Analysisi, a prc@@ay code, and in-house
using EMIP, an electromagnetic induction program developed at Oak Ridge National
Laboratory during the dy 1970’s.

“ “tc4cmcnt EMIpmbc simuktionswcre● Rogress During Reporting Period. Fuu
completed this quarter at WSU, and the results were used to choose two different
EMI proba for mnsmwtion. EM hardware, with nassary custom modifidons
andcktrkal adapters, wcrcprocumd. moEMxspidu’s todcploy the EMIprobc9
into the Lows were Ummctcd foruscwith thcdraw-works forwanning themw
betxv- the bottom and top. Four ekctrid conductivity calibration standards were
designed, Constructedand ddkd by pacific Northwest -ratory @NL). ‘hO
EMI functionality standards for use in the field were designed, amtmctd and
ddiV~ by PNL.

The EMI p- W- deployed in 241-BY-104, -BY-106, -BY-107, -BY-111,
-BY-112, -TY-103, -TX-118, -TX-114 (3 ~Ws), -S-105, and -S-106. There wem
tank scans using the 6-inch EM probe with coil spacings of 1.5 inches, 3 inches and
6 inches, and several scans using the 12-inch EMI coil with coil spacings of 3 incheJ,
6 inches and 12 inches for comparison. The depth of petration is roughly
P-- to W - -g, dthough the EMI m goes out beyond the coil
Spaclngdistancc. Thc6-inchcoil, with f-turns pcrcoil, wasused at frequencies
&m50md5m m,d~5mmtil.5a. Thc12-inchcoil,
with more turns pcr coil, was only used at IYequenciesbetween 50 kllz and 500 kHz.
Laboratory EMI measurements were made with the identical coil/fkqueacy and
ampliiktion gain settings fa the purpose of converting HLW tank scans into
effkctive conductivity measurements.

~Trademarkof Zetech, Inc., Issaquah, Washington.
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The EMIprobe isdesigned with four~ coils ofwirethat can beeither exciting coilg
or sensing coils. The present configumion uses one coil as the exciting coil and three coils
as the sensing cds. This configuration allows three dii%ixent depths of penetration during
OIESCXL lheelectronia can beprogmnmd tousefour fhqueacies during one scan, so
the information acquired will be four frequencies at three diffexent coil spacings. This
information will be useful in sepaming the environment near the LOW from the cmkonmmt
far ffom the LOW. ‘IWOdifferent EMI probes have bees built, with Mkrent cdl spacing
and turns per coil, to detedne in-tank responses.

Two areas of engineering activity apply to measurement of tkee moisture in the high-level
waste tanks: (1) EM measurement of absolute conductivity of the waste medium; and (2)
determhah“onof the eledcal conductivity as a function of free moisture content of
fmocyanide or organic waste. Measuremtmt of absolute conductivity is being studied using
finite+zlemrntmodeling of the EMI probe geometry. The modeling is being performed by
Washington State University (WSU) using EI’ Analysis1,a proprietary code, and in-house
using EMIP, an electromagnetic induction program developed at Oak Ridge National
-ratory during the ~ly 1970’s.

● ROgKWSSDuring Repining Period. Fini~ tEA!uprobe simdationswm
completed this quarter at WSU, and the results W= used to choose two differcat
EMI probes fm construcdon. EM hardware, with necewwy custom mdilhbns
andekmical adapters, were-. ‘Iko EMIspiders todeploy the Eh41probes
into the Lows were cmMruc@ for use with the draw-work fm scannhg the LOW
betweca the bottom and top. Four elecmid conductivity calibration standds were
d=igned, Constructedand delivered by = Northwest ~ry PNL). TwO
EMIflmdodl “ty standards for use in the field were designed, constructed and
ddiVerCdby PNL.

The EMI probes were deployed in 241-BY-104, -BY-106, -BY-107, -BY-111,
-BY-112, -TY-103, -’17C-118,-TX-114(3 LOWS), -S-105, and -S-106. ‘Ike were
tank scans using the &inch EMI prObCwith coil spacings of 1.5 inches, 3 inches and
6 inches, and several scans using the 12-inch EM coil with coil spacings of 3 inches,
6 inches and 12 inches for comparistm. The depth of penetration is roughly
P-o~ ~ ~ mfl -g, although the EMI signal goes out beyond the coil
-g CMan= The &inch coil, with fewer turns per coil, was used at frequencies
between 50 kHz and 500 kEz, and betwexm500 kHz and 1.5 MHz. The 12-inchcoil,
with more turns per coil, was only used at ~uencies between 50 kHz and 5(X)kHz.
Laboratory EMI measurements were made with the identical coil/frequency and
amplification gain settings for the purpose of converting HLW tank scans into
effective conductivity measurements.

lTrademark of Zetezh, Inc., Issaquah, Washington.
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●

●

●

Observations of the in-tank acquired data allowed some conclusions about EM to be
made (1) the system is sensitive to loss of hydraulic conductivity, which oumrs
about 0.08 to 0.12 volume fraction of liquid, &pending on porosity; (2) the scan can
interrogate multiple depths simukaneody; (3) EM is sensitive to small changes in
matmial propertk; (4) EMI method measures anducfivity directly, while moisture
intqmtation requires some assumptions; (5) EM results are affected by temperatum,
so compensation is required; and (6) EMI method is strongly affected by
fermnagnetic items.

Areport wasissued thisquarter summarizing FY 1995 program activities on the EMI
probe and desdbing the results of actual in-tank measurementts. The -
WHC-SD-WM-ER-520, Rev. O(Crowe and Wittekind 1995), comp- the
September 30, 1995 milestone for this activity.

Planned Work for Subsequent Months. None. This effort has been transfizred to
the Organic Safety Program, and no additional development work will be conducted
for the Ferrocyanide Safety Program.

Problem Areas and Action Taken. None.

Milestone Status.

- May 30, 1995. Westinghouse Hanford Company acquires an EM system
compatible with sumillancc van application. This milestone was completed on
April 7, 1995. Procmmmt ofasuweilhnc evanspedblly for EMIwas not
approved; consequently, acquisition of the EMI system Mfills this miktone.

September 30, 1995. Westinghouse Hanford Company issues a report, cleared for
public release, describing the FY 1995 ~g -g of tie ~ m*
monitoring system. Report WHC-SD-WM-ER-520, Rev. O (Crowe and Wittekind
1995) was issued to complete this milestone.

3.4.3 Moisture Retention Properties of Ferrocyanide Sludge and Saltcake Shulants

The moisture content off emcyanide sludge is critical in preventing exothermic
fqaniddtitrate-nitite reactions. Studies are underway to evaluate the moisture retention
properth of ferrocyanide tank sludge and saltcake simukmts as they relate to possibie waste
tank leaks, tank stabilization by pumping, and possible evaporation fim exposed surhces.
Previous work (Epstein et al. 1994) has shown that.femcpide sludge cannot dry
sufficiently to be chemically reactive during interim storage, either globally or locally.
~out mechanisms evaluated included global evaporation, removal of liquid by bkage or
pumptig, botig as a result of hot spots, and enhanced surface evaporation Ilom hot spots.
Current work is fbcusing on moisture retention in saltcake materizd, cspecMly after a
tankhas beeninterim stabilixd.
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Modeling dcdations are being perfbmd toewimatethe “mmstum-mtaining capability of
f~anide waste in typical Hanfbrd Site tank systems. The effort f~ on evaluating
the impact of consolidation and surfkce mmpodon procewa. Computer models am
employed to Wimate themoisture retention within thematrixand to det=mhesurfkce
drying of sludge and saltcake waste. To accomplish these objectives, the hydraulic
P- of- ~udg= ~ ~~ poro~ * m~ bCcompared with tc9ted waste
simulants, and their physical proputies must be codated.

Modeling work is being performed to examine themistance ofsaltcake waste togravity
drainage andsurlkceevapdon. under glavity’s influence, satwatd Saltcakewill dlain
when liquid is pumped out and when a tank is stabilized. In contmsq sludge does not readily
drain and the interstitial liquid must be expdled by consolidation, usually caused by an
overburden. Because saltcake drains when stabilized, it is more subject to potential drying at
thesurface asaresultof “~ -on=

-- Repox Period. Modeling of the moisture retention pmprtks of
saltcake and sludge waste was completed this quarter and a document issued
(Simmons 1995). This report completes the moisture retention modeling for the
Femcyanide Safety Program. However, additional saltcalm modeling will be
conducted next quarter for the Organic Safety Program.

Moisture retention modeling has shown that consolidation procews control water
retention in sludge, and capillary f- control water retention in porous saltcake.
Sludge &reasei in water content when it is compressed by its own weight or by a
drained overburden of Saltcakeo Saltcak retains water in interstks by capilky
action anddrains under thepullofgravity whenatankis stabilized. Tanks with
morethan afewfeet ofsaltcake waste candryout atthesurhce.

~ekF~lf~titit_e~~mmpMtiq~. The
water content of drained In Farm 1 simulant was detemined as a function of location
in the drainage column by sampling and analysis. Results show that fa the
4-in.diameter by 8-in.-high column (after consolidation the column height was 6 in.),
the moisture varied consisted along five evedy-spaced locations from 46.1 weight
pcrcat(wt%) water atthetopto47.8wt% water atthebottom. Thewatercontent
Wasmeasured along the center axis, andis in good agreemmt with the measured
liquid thatdrained fromthemhunnduringthethmeyearte stperiod. Thewater
content at the outer diama of the column varied mmistcmtly along three evenly
spaced locations fhm 47.4 wt% water at the top to 48.3 wt% water at the bottom.
There appeared to beawaUeffect ontheamount ofwatermtained since thewater
content near the wall was a little higher than the water content at the amtedine.
These results show that the f~ simulant strongly retains moisture even when
there isanopen path formoisture todrain.

Planned Work for Subsequent Months. None.
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Modeling dCUktiOnS are being performed to CStiHWe the moisture-refaining capability of
ferrocyanide waste in typical Hanfbrd Site tank systems. The effort focuses on evaluating
the impact of consolidation and surfk ~n p~. Computer models are
employed to estimate the moisture retention within the matrix and to determine surface
drying of sludge and drake waste. To accomplish these objectives, the hydraulic
P-= of- ~udg= ~d ~tca.ke porous media must be compared with tested waste
simukmts, and their physical properties must be comehed.

Modeling work is being performed to examine the resistance of saitcake waste to gravity
-e ~ S- evapomtion. under gmvity’s idlWZNX,~ @tdOE W *
when liquid is pumped out and when a tank is stabilized. In mn~ sludge does not readily
drain and the interstitial liquid must be expelkd by consolidation, usually caused by an
overburden. Because saltcake drains when stabti, it is more subject to potential drying at
the surfhce as a result of moisture evqomtion.

Progress During Reporting PerhL Modeling of the moisture retention properties of
saltcake and sludge waste was completed this quarter and a document issued
(Simmons 1995). This report completes the moisture retention modeling for the
Ferrqanide Safety Program. However, additional sahcake modeling will be
conducted next quarter for the Organic Safety Program.

Moisture retention modeling has shown that consolidation pmcases control water
retention in sludge, and capillary f- control water retention in porous saltcake.
Sludge decreasa in water content when it is eompmssed by its own weight or by a
drained overburden of saltcake. Saltcak * water in interstices by capilhy
action anddrains under theptiof~~ whenatankissrab~. Tanks with
morethan afewf~tofd~q candryout at the surface.

The In Farm 1 f~de sinmiant drainage test was completed this quarter. The
water content of drained In Farm 1 simulant was determined as a function of location
in the drainage column by sampJingand analysis. Results show that for the
4-in.diameter by 8-in.-high column (after consolidation the column height was 6 in.),
the moisture varied consistently along five evenly-spaced locations from 46.1 weight
-t (w%) _ at the top to 47.8 W% water at the bottom. The water contmt
was measured along the center axis, and is in good agreement with the measured
liquid that drained from the column during the threeyear test period. The water
content at the outer diameter of the column varied consistently along three evenly
spaced locations fbm 47.4 wt% water at the top to 48.3 wt% water at the bottom.
There appeared to be a wall effect on the amount of water retained since the water
content near the WWwas a little higher than the water content at the centerline.
These results show that the fmocyanide simulant strongly retains moisture even whea
there isanopen path formoisturetoti.

Planned Work for Subsequent Months. None.
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. probl~ ~ and Actions Taken. None.

● Milestone M,atus.

- September 29, 1995. Pacific Northwest hboratory issues a report, cleared for
public release, on FY 1995 work on waste moisture modeling activities. This
report was completed and issued on schedule (Simmons 1995).

3.5 CHEMICAL REACTION STUDIES

“7he schedukjbr the program on study of the chemid properties and exphiw behavior of
thewaste inthese mks&ind@ule anddoes noti@eathe wgentneedfor acompmheruiw
and dqlnitiw assewment of t%eprobability of a vioiknt chemical reaction. I& study shodi
be extended to other metallic wrnpounds offermcyanide that are known or beiieved to be
present in the tankr, so that wnchuwns can be generalized as to the range of tempemture
and other propem”es needed for a rapid chemical reacn”on~“lh sodium ni”trate.”

Chemical reaction studies on f~ waste simulants are being conducted by
Westinghouse Hanford Company, Fauske and Aswcia@ klC. (FM, PNL, and LOS-0S
National Laboratory (LANL). Westinghouse Hanford C~mpany and PNL have produced
flowsheet simulant materhk for testing and characterbtion. FAI is conducting dabatic
calorimetry and propagation tests on these same flowsheet materials and on stoichiometric.
mmtures of pure sodium nickel femcyanide and sodium nitratednitrite. The test program at
LANL was completed in FY 1993.

3.5.1 Chemical Reaction Studies at Pacific Northwest Laboratory

Chemical reaction studies axe continuing at PNL using flowsheet sirmdant materials. Waste
studies addressing DNFSB Recommen&tion 97.5 are being conducted to determine the
following: (1) the aging effects (hydrolysis and radiolysis) from more than 35 years of
storage in the tanks; (2) the correlation of waste simulant and actual waste propatks; md (3)
modeling calculations to predict the moistum-mtaining capability of ferrocyanide waste in a
typical tank system (this work is reported in Section 3.4.3).

● Progress During Reporting PeriML

Aging Studies A report on femcyanide degradation through hydrolysis and
radiolysis was completed and rekased this quarter (L@ et al. 1995). The work
summarizes the results of aging experiments performed for the FeIIocyanide Safety
Program.
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The influence of metal ions present in tank waste on In Farm simulant was
investigated this quarter. Metal ions chosen for addition were bismuth, lead, zinc,
and chromium because samples fimmtanks 241-C-112 and -C-109 showed that these
ionswere present inmofcthantracc level Concentrations. Figure 3-1 ShOWSthe
results of the 13-day hydrolysis expaiunts withand without adddtih, along
with FY1994data thatwerecdected Underidentical conditions inthesafne vessels.
Lead, chromium, bismuth, and zinc ions do not affect the extmt of aging of the
femqmide 50WSheetsimulant, as indicated by the amount of iUnmOti produced.
Results of experiments containing these ions were statistically the same as results
from identical control experiments that did not contain additives.

Comparison of Shmdants and Actual Femocymide Was&e. The e3emental
concentrations of simulant and actual waste have b measured using inductively
coupled argon plasma atomic emission s@msmpy. I@ults Ikom these analyses
weremportcd intheprevious quarterly rcport@eacham etal.1995b). Arcport
comparing the analytical results was released this quarter (Schcele 1995).

Planned Work For Subsequent Months. Aging cxpaimmts will continue into the
tit tWOquarters of next= 1996 using the h Farm flOWSheCtsirmdant. Aging
emts m be completed by March 1996.

Problem Areas and Actions Taken. Some aging ~ts (~llti at low pH
and low temperatum) were not completed this 15scalyeq therefore, cxpcrimeats will
becontinued until March lS96. Thei5nalrcport onaging experimats will bercvi9ed
to include these results by June 28, 1996.

Milestone status.

- &?pklllber 29, 1995. PNL issues the final report integmting all Femocpi&
safety program hydrolysis and EldiO1ySiSaging activities.

- m~ 29,1995. PNL issues the final report, available to the pubk, on
studies comparing chemical and physical parameters of fade waste
simulants with actual tank waste samples.

- June28,1996. PNL* @g report to include the results of expimeats
camied over into FY 1S96.
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The influence of metal ions present in tank waste on In Farm simukmt was
investigated this quarter. Metal ions chosen for addition were bismuth, lead, MC,
and chromium because sampies from tanks 241-C-112 and -C-109 showed that these
ions were present in more than trace level concentrations. Figure 3-1 shows the
results of the 13day hydrolysis experiments with and without added metal ions, along
with FY 1994 data that were collected under identical conditions in the same vessels.
Lead, chromium, bismuth, and zinc ions do not aff’ the extent of aging of the
femcyanide flOWSh~ Simuiant, as indkatd by the amount OfSUnrnOtiproduced.
Results of experiments containing these ions were stadsticdly the same as results
Iimmidentical control experiments that did not contain additives.

Comparison of Simulants and Actual Ferroqmide Waste. The elemental
mncentrations of simulant and actual waste have been measured using inductively
coupied argon plasma atomic emission spectroscopy. Results from these analyses
were repted in the previous quarterly report (Mea&am et al. 1995b). A report
comparing the analytical results was released this quarter (Scheele 1995).

Planned Work For Subsequent Months. Aging eqerimmts will ccmtinueinto the
tit tWOquarters of next ~ 1996 using the k Farm flOWShCCtsirmdant. Aging
_~ts @ ~ ~mpleti by March 1996.

Problem Areas and Actions Taken. Some aging experiments (conducted at low pH
and low tempemture) were not completed this fiscal y= themhe, experimmts will
becontinued until March lW6. The final report onaging ex@rnmtsti&ti
to include these results by June 28, 1996.

Milestone Status.

- September 29, 1995. PNL issues the final report integrating all Ferroc@&
safety program hydrolysis and tiOlySiS aging activities.

- September 29, 199S. PNL issues the @al report, available to the public, on
studies comparing chemical and physical parameters of f~ “dewaste
simulants with actual tank waste samples.

- June28,1996. PNLrevises @g X to include the results of experiments
tied OV=into = 1996.
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Figure 3-1. Influence of Added Metal Ions on Hydrolysis of In Farm Simulant
at 90 ‘C With an Applied Gamma Dose Rate of 1.07 X 1~ Rad/h.
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3.502 ~pllI’lltiOll and CillUll_tiOIl of Femcyanide Sindants

Puresodium niclmlfemcyade is being pmparcd andanalyzed todetermine its chemical
reaction proputkx with stoichiometric mixtures of sodium nitratehitrite as a function of
water content. These tests are being conducted by FAI to clearly dei5ne the margin of saf~
bebwxmthe theoretical and experimental propagation limits for f~. Thc9e tests are
run in the FAI reactive systems smelling tool. These tests and previous tests with
simulants-along with analyses of actual tank waste samples, waste tank monitoring, and
waste modeling-provide information to chmcteme- with a great deal of assurance safety
concerns relating to the sludge in the femcyanide tanks.

●

●

Pro- During Reporting Period. ~0 batches, each about 300 grams, of
triphxvashed and dried siI@&ph N@iFe(~ WCE pI13piUd at Westinghouse

Hanford Company. The two batches will be blended and analyzed for codknatmy
analysis and a portion will be sent to FAI to provide material for additional
propagation tests as part of the Organic Safety Program. Some of this material will
be sent to various other laboratories for analytical technique evaluations (such as
I?Ill? and Raman spectroscopy) sponsored by other programs.

Heats of reaction were measured on the sludge material in the completed 11.1-cm
(4-in.)-diameter In Farm 1 drainage column test (see Section 3.4.3). The In Farm 1
simulant showed very little differmce in the measured heats of reaction fa matmial
taken along the centerline horn the top of the column to the bottom. The values
titim718joti ~~~/g)of @~titi~@fi2 J/g@
simulant at the middle. These results imply that there is little or no migration of
f-k ~ the ~~ge Ov= ~.

A report on the contact ignition criteria (C’I’1)for propagating reactions was releasd
this quarter (Fauske et al. 1995a). The CI’I report describes the theory and
~mmts used to dcvebp saf~ criteria for femcpide and organic waste. From
the C’11theay, the minimum requirement to support a propagating reaction is a
chemical energy release greater than 1,200 J/g [-10 W% Na#liFe(CN)d in dry
waste. The amount of water required to prevent ppagation varies linearly as a
function of fuel concentration until 20 wt%. For water concentrations greater than
20 wt%, no amount of fuel and o* will support a propagating reaction.

A final report on chemical reactivity testing of simukmts was completed this quarter
(Fauske et al. 1995b). The report summarizes the results of propagation testing on
ferrocyanide waste simulants at FAI. All the femocyam“dewaste simulant ~ts
have been completed and no additional chemical reactivity testing of simulants is
planned.

Planned Work for Subsequent Months. None.
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3.502 Preparation

Pure sodium nickel

and Chamcterization of Ferroeyanide Sixnuhts

f~anide is being prepared and analyzed to determine its chemical
reaction properties with stiichiometric fit&s of sodium ikratdnitrite as a function of
water content. These tests am king conducted by FAI to clearly define the margin of safdy
between the theoretical and experimental propagadon limits for fermcpide. These tests are
run in the FAI reactive systems ~g tool. These tests and p~OUS tests with
sirmdants-along with analyses of actuai tank waste samples, waste tank monitoring, and
waste modeling-provide information to chmcterm- withagreat dealofassurance safety
concerns relating to the sludge in the femcpide tanks.

● ~~ _ ~po~ ~od. ~o &j@Ms, each hut 300 grams, of
trip&VUhed and dried Sillgbp- Na@F@~ W~ pR@lll?dat Westinghouse
Hanford Company. The WO batches will be blended and analyzed for codirmatq
analysis and a portion will be sent to FAI to provide material for additional
p-on ~~ = w of the Organic Safety Program. Some of this materiai will
be sent to various other laboratories for analytical technique evaluations (such as
~ and Raman -SCOpy) sponsored by Oth~ pro-.

Heats of reaction were measured on the sludge mataial in the completed 11. la
(4-in.)diameter In Farm 1 drainage COhunntest (~ Section 3.4.3). The In Farm 1
simulant showed very little differcmz in the measured heats of reaction for matmial
takm along the centerline ikom the top of the column to the bottom. The values
varied from718joules pergrarn (J/g) ofdrymterial atthetop to662J/g dry
Simulantat the middle. These results imply that there is little or no migration of
f~de iUthe ~udge over -=

A report on the contact ignition criteria (Cl”I) for propagating reactions was released
this quarter (Fauske et ai. lS95a). ~ CIl report describes the theory and
experiments used to deveiop safely critaia for ferrocpdde and organic waste. From
the CI’I theory, the minimum requirement to support a propagating reaction is a
chemical energy release greater than 1,200 J/g [-10 wt% Na#liFe(CN)J in dry
waste. The amount of water required to preveat propagation varies linearly as a
function of fhel concentration until 20 wt%. For water concentrations greater than
20 wt%, no amount of fuel and oxidizer will support a propagating reaction.

A final report on chemical reactivity testing of simulants was completed this quarter
(l?ausk et al. 1995b). The report mmmarhx the results of propagation testing on
ferrocyanide waste simulants at FAX. All the ferrocpide waste simulant experiments
have been completd and no additional chemical reactivity testing of simulants is
planned.

. Planned Work for Subsequent Months. None.
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● FroMem Areas and ActioIIs Taken. None.

● Miles&one status.

- July 31, 1995. Westinghouse Hanf6rd Company rdeases a report, approved fa
public release, documenting the development and umfirmation by testing of the
contact temperature ignition critexion model. This milestone was cOmpletedthis
quarter (Fauske et al. 1995a).

- September 30,1995. Westinghouse Hanford Company completes the femcpide
cahx’imetryand~Ontes$tp rOgramatFMa S spedied by Westin@ouse
Hanford Company, and prepares a report, availabie for public release, that supprts
final resolution of the Ferrocyanide Safety Issue. The report was completed and
released on schedule (Fauske et al. 1995b).

- Septmber 30, 1996. Complete FAI support for Fermyanide Safety Issue
resolution and conclude chemical reactivity studies of chemical waste. This will
close DNFSB Recommendation 97.5.

3.6 EMERGENCY RESPONSE PLANNING

“me Boani had recornmendd ‘that anactionpidn bedkvwibpedjbrt hemeasumsm betden
toneutrtdizt? theconditiomth at?nq besignaled byaiar??x ’ m~pesofrneasumm
implied: actions to respond to unexpected degradation of a tank or its wntents, and actions
to be & lfan explosion were to occur. YourimplemeW@o“ nplhn stated that lhecument
com”ngenq plans .. . will beneviewed andrevised ~needed.’ Wedonotw*r thatthis
proposed impbnewatw “ n of the Board’s nmmm#@o “ n b adequately responsive. It is
recommended that a written action plizn foundki on &non#rated prim”ples be pmpamd as
soon as possibik, that wxdd respond to indkations of onset of abnormal wmperatwzs or
other unuwud comi%ioru in a femcyanide-hearing tank, to counter any pemeived grvwth in
hazard. A se~rate emergency plan should be fbnnukued and instituted, covering metxums
that would be* in event of an exploswn or other event Jkading m an airborne ndease of
radioactive materialfhm the tanks, and that wvndiiprvtect ptvxonnei both on and oflthe
Hanford Site. l%e Boani believes that even though it is comidered that the prvbabitity is
Smauthatsuch anevent wl”lloccur, pmdk?lce diaates thatsteps betaken atthistimeto
prepare the means to m“tigate the unacceptable results that COW ensue. W

The original A~”on Plan for Re.sptme to Abnormal Clmdltions in Ha@oni Radioactive WtWte
T& Clmttu”ru”ngFerrocyanide (Cash and Thurman 1991] was prepared in response to
DNFSB Recommendation 90-7.6. The plan kwribes the steps to be taken if a temperature
increase trend above the tank temperature baseline is measured in any of the fmocpide
tanks. The document was revised (Cash and Thurman 1992) to include the monitoring

3-25



WHC-EP4M74-18

criteria and responses for abnormal levels of flammable and toxic gases, as well as the
-g ~ti-ts, if titi criteria are exeeded. The second IWiaionoftheplan
was rekased in June 1994 @OWh=1994).

The Td Fam Stabilization Pkm For 13nergenq Response (WHC 1991) was issued in
March 1991. Ha fitive* timaf~tiw=@~, itw-b
detectd by one or more radiation monitoring systems. SignMcant airborne or ground
Sh~tbt@ be’yOIldtbCim~@llk Ortiti would bedetectd by the
tanki%rm arearadiation detectm. These monitoring systems areonalltankfiwms. h
-q involving ~ um&gmnd radioactive waste storage tankisa unique event with
potentially serious consequenrn both onsite and ofKsite. The Smbiliaion Plan prwides
quick preplanned actions that can be used to stabilize an emergency event at an underground
radioactive waste storage tank.

All actions with respectto emergency planning, emergency event recognition, protecdve
action recommendations, and emergency response procedures have been completed. Further
reViSiOllSand -Olld tidation exmises will beaccomplished aspartofthenormal
Westinghouse Hanford Company and DOE emergency planning efforts. No fbrther reporting
on these issues is planned, and this part of DNFSB Recommendation 90-7.6 is considered
complete and closed.

DOE considers this recommadatm“nmbeclosed withthe provisos that the abnormal
conditions response planandernergency plans arcreviewd on a periodic basis and revised
andupdated asrequired to bmprafe any additional controls &&mined apppate

. by the
ongoing Waste Tank Safety Program hm#i@ms (e.g., the Auion Pfanjbr Response to
Abnmnd Cbndisio?L?in Haqfiod Site Radoaum“ W- Tanks CWuaining Femqwni& was
updated and rdeased in June 1994 ~OWler 1994]); and that validation exercises fbr various
waste tank accident scenarios are conducted periodically (exercises for the tank farms are
conducted every two years).

●

●

●

●

__~*=d. Asnotedinprevious re@s, alloftip_
milestones fa this task were completed.

Planned Work For Subsequent Months. None planned.

Problem Areas and Action Taken. None.

Mlestone Status. AU milestones have been completed.
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criteria and responses for abnormal levels of flammable and toxic gases, as well as the
reporting requirements, if established criteria are exceedd. The second revision of the plan
was rekased in June 1~ (Fowhzr 1994).

The T& Funn Smbiilztion Pkm For Bnergency Response (WHC 1991) was issued in
March 1991. Ifa radioactive release from a femcyanide tank were to occur, it would be
detectd by one or more radiation monitoring systems. Signi&ant airborne or ground
surfiwemleasc sthatsprea dbeyondtheimmediate tankortank hrrn wouldbe ~bythe
tank fimn area radiation detectors. These monitoring systems are on all tank farms. An
emergency involving an underground radioactive waste storage tank is a unique event with
potentially serious consequcn~ both onsite and offsite. The StabiZizrtion PZanprovides
quicQ preplanned actions that can be used to stabilize an emergency event at an underground
radioactive waste storage tank

AU actions with respectto ernergemy planning, emergency event recognition, protective
action recommcndim“ens, and emergency response procedures have been completed. Further
revisions and occasional validation exercises will be accomplished as part of the normal
Westinghouse Hanford Company and DOE emergency planning efforts. No further reporting
on these issues is planned, and this part of DNFSB Recommendation 9&7.6 is mnsidered
complete and closed.

DOE considers this recommendation to be closed with the provisos that the abnormal
conditions response plan and emergency plans arcreviewd on a periodic basis andrcvised
andupdated asrequired to bmrpmte any additbd controls &termhd apppmte

.
by the

ongoing Waste Tank Safety Program inwsdgations (e.g., the Aczion Him fir Response W
Abnonnaf Chditions m H@oizl Site Radioaw “ Waste Tanks Cimm”m”ngFemxyani& was
_ ~d ~ in June 1994 Powier M940; and that validation exercises for various
waste tank accident scenarios are conducted periodically (exercises for the tank fhrms are
conducted every two years).

. Progress During Reporting Period. AS noted in previous reports, all of the planned
milestones for this task were completed.

● ❞ WOIDIK For SUbseqUd Months. None plannai.

. Roblem Areas and Action Taken. None.

. Milestone Status. All milestones have been completed.
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4.0 ~ATION OF TEE WYDEN AMEND~

The Wyden Amendment (Public Ixiw 101-510, Section 3137 [1990]) requires that:

“..the Secretary of Energy shall idennjj which single-shelled or double-shelled high-level
nuclear wme tanks at the lla@oni Nwkmr Resemm”on, Richkmd, Washington, may have a
serious potential for reliwse of high-level waste due to uncontdled incremx of temperature
or pressure. Ajier completing such idenn~cm”on, the Secretary shall &ternu”ne whether
contr”nuousmoniton”ngis being canied out to &tect a rekzre or excessive temperature or
pressure at each @nk so idknt@ed ~such monitoring is not being caxn”edout, as soon as
practicabk the Secretary shall install such monitoring, but only if a type of monitoring that
does not itsefincrease the dunger of a release can be irwzlled.”

4.1 THE WATCH LIST

In March 1989, using process knowledge, process records, transfer records, and log books,
Westinghouse Hanford Company (Nguyen 1989) identified 22 Hanford Site tanks as
potentially containing 1,000 g-moles (211 kg [465 lb]) or more of ferrocyanide [as the
Fe(CN)~ anion]. To aver&possible injury to persomel and damage to the f&ility or
environment, strict controls were identifkxi for these and other tanks with safety issues.
These controls were &saibed in the document, Oper@”ng Spec@ztions for Watch List
T* (WHC 1990). Tanks identi@d by this document (see WHC [19951for latest revision)
have been commonly referred to as Watch List tanks. Two additional f-de tanks
were identified in January 1991 @orsheim and Cash 1991), increasing the total number of
ferrocyanide tanks to 24.

In November 1990, the Wyden Amendment (Public Law 101-510, Section 3137 [1990]) was
enacted. This law required the identification of Hanford Site tanks that may have a serious
potential for release of high-level waste. In February 1991 (Harmon 1991), the 24
femeyanide tanks were among the tanks identified, and were included in the subsequent July
1991 report to Congress (Watkins 1991) that responded to the Wyden Amendment.
However, mexamkd “onof the historical records (Borsheim and Simpson 1991) indicated
that six of the 24 tanks did not contain the requisite 1,000 g-moles of femocyanide.
Therefore, these six tanks should not have been included on the Watch List nor been
identified in the response to the Wyden Amendment. The six tanks were subsequently
removed from the Watch List (Anttonen 1993, Sheridan 1994b) (Note: these tanks do not
contain greater than 8 W% Na~iFe(C~ and should not be on the Watch List for this
reason also).

As part of the overall safety wreening module being conducted by Westinghouse Hanford
Company Tank Waste Remediation System, all of the Hanford Site SSTSwill be core
sampled and characterized. Eighteen f-de tanks are currently on the Watch List, and
no more fmocyanide tanks are expectd to be added to the Watch List.

4-1



WIIC-EP-0474-18

Work conducted since 1991 on femcyanide reactions has resulted in a change of the
criterion used for placing f~e tanks on the Watch List. The 1,000 g-mole inventory
criterion has now been replaced with a fuel concentration criterion of 115 calories per gram
(~g) of dry sample (this is an energy equivalent to a concentration of 8 wt% N@iie(CN),
in the waste). This fuel concentration criterion more accurately reflects the risk associated
with f~e tanks. Fmrocydde tanks with concentrations less than an energy
equivalent of 8 wt% N@iie(CN)f cannot support a propagating reaction, and are
categorized as s@e. Detailed rationale for the 115 Cal/g of dry fuel concentration critefion is
presented in Postma et al. (1994a).

Core San@ng and CkiW&Xhb “on efforts will determine the femcymide concentration fm
thOSC tanks that bound aging (see Sections 2.2 and 3.4). After adequate Chamctmhtion, if

these tanks contain concentrations less than 8 wt% Na.JWe(~ (i.e., the fuel value of the
maximum concentration is less than 115 Cal/g), then a request will be made by Westinghouse
Hanford Company for DOE concurrence to remove all the ferrocyanide tanks from the
Watch List.

Some sample bias and analytical error are unavoidable; therefore, confidence intervals have
been established to specify when it is ~~ to con~ude ~ a f~e
tank contains concentrations less than an energy equivalent of 8 wt% N@iie(CN)~. An
80% confidence internal was chosen for tanks with a fuel concmtration of 8 wt%
Na@Fe(CN)t. That is, if five f~de tanks contain exactly an energy equivalent of
8 wt% Na.#iFe(CN)d, stZi_y, four tanks would remain on the Watch List and one
tank would be removed. The possibility of removing a f~yanide tank from the Watch
List decraws substantially as the fuel concentration increases. The confidence intervals
increase to 95% and W% at N@$Tiie(CN)cconcentrations of 12% and 15 wt%, _VCiy.
Detailed discussions on how sample bias and analytical error are fiwtored into determining
the actual fbel concentrations in a f~e tank are given in the Ferrocyanide Data
@My Objectives document (Meacham et al. 1994).

. Planned Work To Complete Program. An increased understandingof f~e
aging indicates that little &mcyaI@“ remains, and the assumption that it is necessmy
to core sample all femcpide tanks may not be valid. By chmctemm‘“g thewaste
in only those tanks that bound aging (i.e., tanks with conditions least conducive to
@g), the F-de Safety Issue could be resolved much earlier and at a
substantially reduced cost. As more core sample data become available, the need to
sample all the f-de tanks will be reexamined.

- January 31, 1996. Westinghouse Hanford Company issues documentation
supporting resolution of the Famcyanide Safety Issue for the four C Faxm tanks,
and recommends resolution of the Femcyanide Safety Issue for C Farm tanks. All
four C Farm tanks have been sampled and data interpretation reports have been
completed for the tanks.
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Work conducted since 1991 on femcyanide reactions has resulted in a change of the
criterion used for placing ferrqanide tanks on the Watch List. The 1,000 g-mole inventory
criterion has now been replaced with a fuel concamation criterion of 115 calories per gram
(Mg) of dry sampie (this is an energy equivalent to a concentration of 8 W% Na2NiFe(CN),
in the waste). This fuel concentration criterion more accurately reflects the risk associated
with fmocyanide tanks. Ferrqanide tanks with concentrations less than an energy
equivalent of 8 wt% Na#JiFe(CN)d cannot support a propagating reaction, and are
categorized as sq’ie. Detailed rationale for the 115 Cal/g of dry fuel concentration criterion is
presented in Postma et al. (1994a).

core Sanq)lingarid C~ “deconcentration fa“onefforts will determine the ferrocym
those tanh that bound aging (see Sections 2.2 and 3.4). After adequate characterization, if
these tanks contain concentrations less than 8 wt% N%N@e(CN)c(i.e., the fuel value of the
maximum concentration is less than 115 Cal/g), then a request will be made by Westinghouse
Hanford Company for DOE concurrence to remove ail the ferrocyanide tanks from the
Watch List.

Some sample bias and analytical error are unavoidable; therefore, confidence intervals have
been established to specify when it is appropriate to conclude that a fqanide
tank contains concentrations less than an energy equivalent of 8 wt% N%NiFe(CN)6. An
80% cofidence intemd was chosen for tanks with a fuel concentration of 8 W%
N+NiFe(CN)6. That is, if five fUTOqan& tanks contain exactly an energy equivalent of
8 W% Na#iFe(CN)6, stadstically, four tanks would remain on the Watch List and one
tank would be removed. The possibility of removing a f~ “de tank fkom the Watch
List dtxmases substantially as the M concentration increases. The confidence intexvals
increase to 95% and 99% at N@iie@)d concen~tiom of 12% and 15 W%, reqwctively.
Detailed dkcussions on how sample bias and analytical error are fkctored into detmmining
the actual fuel concentrations in a femxyanide tank are given in the Ferrocyanide Data
C?U@ obj~ves document (k&a&am et al. 1994).

c Planned Work To Complete Program. An increased understanding of ferrocyanidc
aging indicates that little f~ remains, and the assumption that it is necessaq
to core sample all ferrqanide tanks may not be valid. By characterizing the waste
in only those tanks that bound aging (i.e., tanks with conditions least mnducive to
@g)~ tie F~c Stiety ksue could be n=olved much earlier and at a
substantially reduced cost. As more core sample data become available, the need to

“de tanks will be reexamined.sample all the ftmocyam

- January 31, 19%. Westinghouse Hanford Company issues documentation
supporting resolution of the Femcyanide Safety Issue for the four C Farm tanks,
and recommends redution of the Femocyanide Safety Issue for C Farm tanks. All
four C Farm tanks have been sampkd and data interpretation reports have been
completed for the tanks.
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- July 31, 1996. WewinghouseHanford Company receives DOE approval to resolve
the Ferrocyanide Safe~-Issue for C Farm tanks.

March 31, 1997. Westinghouse Hanford Company prepares documentation to
support resolution of the Ferrocyanide Safety Issue for the last 14 ferrocyanide
tanh, and recommeds Fmocyanide Safety Issue resolution.

- September 30, 1997. Westinghouse Hanford Company receives DOE approval
resolve the Ferrocydde Safety Issue. This completes the Ferrocyanide Safety
program.

4.2 TEMPERATURE MONITORING

to

The installation of tempaature monitoring capabilities is discussed in Sections 3.1.2.1 and
3.2.2. Installation of instrument trees and continuous temperature monitoring are considered
prudent waste management practices. Therefore, new instrument trees will be installed in
ferrocyanide tanks, even though the ferrocyanide waste has aged and little fuel value
remains. Instrument trees have been installed in all ferrocyanide tanks and are continuously
monitored by TMACS (see Seztion 3.1.2.1 for discussion on instrument trees).

●

●

Planned Work To Complete Progmun. None.

Milestones.

- September 30, 1995. Westinghouse Hanford Company completes installation of
“de tanks and comects trees to TMACS. Thisinstrument tree9 in all fermcyam

milestone was completed this quarter.

4.3 PRESSURE Monitoring

The f-de tanks were initially identiikd as having “a serious potential for release” and
were placed on the Watch List because insufllcient data were available on the probability for
fqde-nitratehitrite reactions. Pressure monitoring instrumentation is not presently
installed on the femcyanide tanks. It would take several years to install pressure monitoring
instrumentation because of the capital project time cycle. Ferrocyanide waste has probably
degraded (aged) significantly, and all of the tanks may now contain less than the 8 wt%
N@We(CN)6 fuel concentration speciiled for the wg?ecategory (see also Postma et al.
1994a). This eliminates the need for continuous pressure monitoring for offgases tim a
f-de =tion”
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The rationale for not installing pmsurc monitors in fmqanide tanks wasprcpamdand
submitted to DOE in July 1994 (Payne 1994b). Low gas generation rates (Fowler and
Graves 1994) and the low potemtialfor exothermic ferrocyanide reactions (Postma et al.
1994a) indicated that continuous pmsure monitoring is not warranted.

● Pldnned Work For Subsequent Months. No additional work is planned in this area,
because DOE has concurred that prmsure monitoring is not required as stated in the
revised Femcyrde “ safety Issue Program Plan (0’bary 1994).

. Milestones. None.
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The rationale for not installing pressure “detanks wasprqared andmonitors in f~
submitted to DOE in July 1994 (Payne 1994b). Low gas generation rates (Fowler and
Graves 1994) and the low potential for exothcrmic ferrocyanide reactions (Postma et al.
1994a) indicated that continuous pmsure monitoring is not warranted.

Phinned Work For Subsequent Months. No additional work is planned in this area,
because DOE has concurred that pressure monitoring is not required as stated in the
revised Femcpide Safety Issue program Plan (O’Leary 1994).

Milestones. None.
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5.0 PROGRAM SCHEDULES AND MILESTONES

Schedules .(Figure5-1) are presented in this section. The schedules review milestones for
FY 1994 through the expected end of the program in FY 1997. The sequence and
anticipated completion dates of the major milestones leading to resolution of the Ferrocyanide
Safety Issue are presented. Closure of DNFSB recommendations are indicated on the
schedule as diamonds, and completion of interim milestones are indicated as triangles. The
schedules are statused through September 30, 1995.

.

.
5-1



WHC-EP-0474-18

Figure 5-1. Ferroc@de Waste Tank Safety Schedule. (Sheet 1 of 2)
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Table A-1. Summary of Contents and Status of Femocyam“deTanks.’

Total waste FeC~ Heat load
Maximum

Tank
status of

volume
(1,000 g-mole) (kW)c

temp. Riser No.
(1,000 L) (“C) (“F)

tanksd

BY-103 1510 66 1.6 27 80 1 NS; AL
288 83 5

BY-104 1540 83 3.3f 52” 125 1 IS; Sound
45 112 10B

BY-105 1900 36 4.9f 48 118 1 NS; AL
45 112 10C

BY-106 2430 70 4.7 50 123 1 NS; AL

BY-107 1010 42 2.6 36 96 1 Is; AL
3T 98 5

BY-108 863 58 2.7 42° 108 3 Is; AL
42 107 8

BY-11O 1510 71 3.3f 47 116 1 IS; Sound
41° 106 10A

BY-111 1690 6 2.1f 28” 83 14 IS; Sound

BY-112 1100 2 2.4f 32 90 2 IS; Sound

C-108 250 25 2.9f 26E 80 1 IS; Sound
25 78 5

C-109 250 6.82 3.(Y 288 83 3 IS; Sound
28 82 8

C-ill 216 33 2.5f 26 78 5 Is; AL
24” 76 6

C-112 394 11.5~ 3.3f 29 85 1 IS; Sound
2F 85 8

T-107 681 5 l.zf 20 67 4 NS; AL
21° 69 5

TX-118 1310 <3 1.4 2Y 73 1 IS; Sound
24 76 3

TY-lol 447 23 l.lf 2P 68 3 Is; AL
19 67 4
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Table A-1. Summary of Contents and Status of Femcyanide Tanks.’

Total waste Fe@’
_ Id Maximum

Tank volume (1,000 g-mole) (Ic~ ‘p:
Riser No.

(1,000 L) (“c) ( m

TY-103 613 28 1.5 22 71 4
23° 73 7

TY-104 ‘ 174 12 0.9 2(Y 67 3
20 68 4

Table A-1 Notes:

Reflects removal of four f~~

statusof
tanksd

Is; AL

Is; AL

tanks from the Watch List in July 1993 and two
additional tanks inOctober 1~. Tank information and
September 1995.
Inventories from Borsheim and Simpson (1991).
Heat load values fimmTable 7-1 in Crowe et al. (1993).

temperature data as of

IS - Interim Stabilized Tanlq NS - Not Stabilized; AL - Assumed Leaker Tank;
Sound - Non-Leaking Tank
Readings from new instrument trees; tank 241-BY-105 already had two trees.
New data takea tim Crowe et al. (1995).
Calculatedasf emcyanide ~e(~] based on the total cyanide values repated in
Simpson et al. (1993a, 1993b).
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Table A-1. Summary of Contents and Status of Femcyanide Tanks.’

Total W~ti
F-

l–. . I Maximum I la. “
Tank volume

(1,000 L)
(1,000 g-me

TY-103 613 28 1.5 22 71 4 Is; AL
23” 73 7

I
Heat 1~

temp.
I

status or
Riser No. -~

ole) (lc~
(“C) (“F)

TY-104 174 ’210“9El ~ I’s;M
Table A-1 Notes:

Reflects removal of four f~de tanks from the Watch List in July 1993 and two
additional tanks in October 1994. Tank information and temperature data as of
September 1995.
Inventories I%omBorshcim and Simpson (1991).
Heat load values fhm Table 7-1 in Crowe et al. (1993).
IS - Intaim Stabilized Tanlq NS - Not Stabilized; AL - Assumed Leaker Tanlq ‘
Sound - Non-Leaking Tank.
Readings fimm new instrument trees; tank 241-BY-105already had two trees.
New data taken fkom Crowe et al. (1995).
&kuhted as f~de ~e(~] based on the total cyanide values reported in
Simpson et al. (1993x 1993b).
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Table A-2. Ferrocyanide Tank Vapor SamplingSummary. (2 Sheets)
Tank Date I%xnm. organic NH, NH, HCN NO-+N~ TNMOC H2 N20

sampled (% LEL)b vapor (ppmv~ (ppmv)’ (ppmv)’ (ppmv~} (mg/mS)r (ppmv)s (ppmv)’
(WI@ (ppmv)’

)Y-103 05/05/94 (2) c1 1.2 25 30.7 <0.ow <0.3 5.2 21.4 49.2
11/01/94 (3) -J - - 26 - <0.2 -- <99 16.5

IY-104 04122194m <1 26 200 285 <0.005’ <0.3 56 204 305
06/24/94 &) - - - 248 - <0.4 61 295 201

IY-105 05/09/94 (2) c1 4.9 40 57 <0.005’ <0.1 17.8 85 122
owo7/94 (3) - - - 43 - <0.2 12.7 48 50

3Y-106 05104194(2) <1 5.7 60 87 <o.o1- <0.2 6.3 46 94
07108194(3) - - - 74 <0.2 9.9 46 71

3Y-107 03125194(2) 3-4 67 97 - - - 173 692 802
10/26/94 (3) - - - 972 - <0.2 150 267 621

3Y-108 03t28M4 (2) 1 97 7m - - <0.5 594 644 757
10I27I94m - - - 1040 - <0.1 510 4m 641. .

3Y-I 10 09/27/92 (1) c1 350 612 - <2 <0.5 - -- -
11/11/94 (3) - - - 401 - <0.2 29 <160 103

BY-111 05/1 lt94 (,2) <1 8.9 60 - --
11/16/94 (3) - - - 59 - <0.2 9.6 67 99

BY-112 03/26/93 (1) <l 5.9 10 “ <2 <0.5 - - -
11/18/94 (3) - -, - 63 - <0.2 5.8 <94 40

C-108 07LW93 (*9 cl 1.2 <2 - <2 <0.5 -- -- -
07m7r94“f2j - - - - <0.0002’ - <0.4 --
08/05/94 (3) - - - 2.7 -- <0.3 <1.4 15.3 344

C-109 06123194(2) <1 1 4 - - ..
08109194(3) - - - 1001 - <0.6 0.65 125 369

C-ill 08/10/93 (**) cl <0.2 <2 - <o,04k <0.5 <0.3 16 39
w20194 (2) <1 <0.2 <2 0.1 <0.01’ <0.2 0.18 - -
09/13/94 (3j - - - 5.6 - <0.7 <0.6 12,4 99

c-1 12 06124194(2) <1 <0.2 4 - - e

08/1 1/94 (3) - - - 22.7 - <0.7 3.4 204 544

T-107 10/22/92 (1) cl 24 203 - <2 <0.5 - - -
01/18/95 (3) - - -- 125 - <0.1 1.4 <94 42

<1
<12 126 49 (25.5*C)

<1 .-
1 10.5 58 (26 “C)

0.5 -
0.4 94 61 (26 ●C)

0.5 47.6 57 (27 ‘C)

<5
c 20 94 36 (33.1 ●C)

<5 -.
<76 224 56 (25.7 *C)

W---R
+-H--
*

0.1 I - I-.

0.1 198 86 (27 “C)

0.9 102 82 (28 “C)
-. -.

<12 75 82 (17.2*C)



Table A-2. Ferrocyanide Tank Vapor SamplingSummary. (2 Sheets)
Tank Flemm. organic NH, NH, HCN NO+NC$ TNMOC I& &o co Cq Water

sampled (% LEL)b vapor (ppmv? (ppmvr (ppmv)’ (ppmv~} (mg/ms)t (ppmv)~ (ppmv)’ (ppmv~ (ppmv)~ Content

(VI@ (ppmv~ %RH(“cy

TX-118 07t’Z8193(*? <1 0.3 10 - <2 <0.5 - - - -
09m7t’94(2) <1 7.8 28 - <0,02 <0.5 9.3 97 17 2.5 54
12/16/94 (3) - - - 33 - - - <94 29 <12 98 42 (21.5”C)

TY-101 08/04/94 (2) <1 12 16 <O.O1 <0.2 - - - - -
04mtv95 (3) - : - 16 - <0.2 1.0 <93 98 <12 83 77 (15.6*C)

TY-103 08/04/94 (2) <1 5 30 31 <0.01 <0.1 .- - - -
04/1 1/95 (3) - - - 49 - <0.2 60 <93 159 <12 121 85 (15.9”C)

TY-104 08105194(2) <1 2.5 24 50 - <0.2 - - - - -
04n7t95(3) - - - 61 - SO.2 3 <49 98 <23 <23 88 (15.6”C)

‘ sample Type:
+

b

●

d

●

1

8

h

I

J

●☛ Vaporeempk taken hookin-tank,non-heatedtubeeueing a vaporumpling cart(SUMMAm only - no NHj).
1 Monitoringperformedby Indt@rialHygiene technician wing threevaryingIength,non-heatedmmplingtubeeinto the tankheedepeceto

evaluatefix flammebiity end toxic vapors;this methodh no longer ueed.
2 In Situ Sampiiig (ES) - sampling h performedby lowering special eorbenttrap into the tankheedspece thatare connectedtopside to a portable

handcart.
3 -b ~VOIV* tho mobfie vwr ~P@ w~rn W3, h- -~r W, ~ itiktion Of● -ter-heated samplingprobeinto the tank

headqme. All lkrrocyanidetenkeare scheduledfor reeemplingusing thiemethod.
Meaeuredueinga combustiblew meter;LEL= Lmmr Explodve Limit.
Meaauredwing en OrganicVaporMonitor(OVM). OVM readingsare afkcted by ammonia;OVM ammonia
reeponeeis about 13:1, ee that 13 ppmv of ammoniaie imlicatedes 1 ppmvof organicvepcm (ppmv = partcper million by volume).
For Type 1 eemplingonlfi value is meaeuredusing calorimetric(Driiger~ tuba (valuesare “eeUnWed,and not quantitative).
Anelyeeeof ammoniaecrbenttrapeamples.
Total non-methaneorganiccompound(IIWMOC)concentretionameasuredfor SUMMAWcanistereemplee.
Anelyees of SUMMAWcenietereemplesfromType●*, end3 eamplingmethods.
%RH is the percentrelativehumiditycalculatedfrom measuredheadspecewatercontent(mg/L), temperatureand etmoephericpraeeure.
Temperatureofheadepeceg- in ‘C is listedin perentheaee.
HCN determination obtakd in eelectedtankausing a epeciel eorbenttrap;veiuee shown are below detectionlimit of the meeeurementtechnique.
- Datanot yet availableor not obtainedby this type of eamtding.

kThis HCN numberw < 0.04 parteper billion v-&r u de&mkd by a epecialeodum hydroxidebubbler.
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