
lknilatia, W/WO, and Ag/AgCI elkvodcs have been 

Inairv Monitoring of Chcmirtry d C o m l o n  bmpomted.into a smsor army cell designed to capture 

Prorrama Under H u t  Tnmfer d Ephdic We* water pacola- thIOu#h crushed luff and into a simulated 

Condllloln . driA that is actively hated. It is anticipated chat these 
~CWK dcamdcs will provide information as to the 

C.S. Blossia. D.S. hmp and O.C. Moghissi evolutirm of pH and chloride concentration on initial 

Centa fa N u c k  Wute  Wtay b+a ~ ~ l u t i m  ~ p h a c  ~d welting followed by dryout during 

S o u t h w a s t R a ~ ~ ~ c  hating. 
6220 Culebn Rcad 

San Antoaio, TX 78228 Uaing the ~ m c  sensor array cell the corrosion 
pdcntLtr of Alloy 22 and T p  316L SS arc also being 
monitored in an attempt to detect the onsa of iofalized 

ne U.S. ~ ~ ~ - ~ t  of E~~ (DOE) is w e d  corrosion. The primary limitation of using the corrosion 

with the pennarrent d r ~ p o r ~ l  of high level nuclear wute potential to predict localized corrosion is that the critical 

(HLW) generated during commercial power plant a d  mas for localized corrosion (e.g.9 E,,. E d  arc 

research reactor operations. The current DOE plans 4 1  for d c ~ a d c n t  on envim-tal factors. primarily chloride and 

the mplacement of this HLW in metallic containas t ~ m p h u c .  As a result, h e  mcasumnent of the corrosion 

constructed of an inner T p e  316L s t a d e s ~  steel (SS) km, Potential is a wmplimmtar~ m=wmnent that needs to be 

5 cm thick, surrounded by 2 cm of Alloy 22 (57Ni-22Cr-  PI'"^ in conm with the material and the environmental 

13.5Mo-3W-3Fe) with the contain= to be placed in a ~ d i ~ ~  and m o t  be used as a stand-alone localized 

horizontal drift (tunnel) at the proposed site in Yucca ~ s i o n ~ t o r ~  

Mountain (YM), NV. The primary attribute in thc selcaion 
of Alloy 22 as a container material was the low MmBjon In addition to the potcntiomceic based approaches, 

rate and hi& mistanK to lmlized -ion in the oondu~tivity of the ~ n v h n r ~ ~ e n t  has used to detect 

environments. The west un-ty, however, dcding the p-ce of an aq-us phase and to serve as a mu& 

long-term material behavior is h e  n a t m  of the mvironmeat indication of corrosivity since the conductivity increases 

to which the containns will be exposed. ~s MllSeq-, with increasing ionic strength in the sensor m y  cell. It is 

momtoring of the water chemistry on the container surfacc ~coe"ized,  however, that the relationship between 
and how this affects comrsion is impo-t to i"cnased conductivity and increased ionic stren@ is 

detect the onset of unanticipated conditions that may lead plklarily applicable only in dilute solutions and that at 

to rapid corrosion and container failure. higher ionic strengths, especially when appmachmg 
solubility or in the presence of precipitated salts or minerals 

Though the DOE hss yet to clearly d e l j t e  the (which may occu~ in the pmposed repository), sipificant 

parameters it considers important to monitor to vaify in cOnductivitY are generally not ~bm'i'ed. 

material performance (11, several key parameta have hem F d m o r e .  mcwurcment of conddvi ty  cannot easily be 

identltied through laboratory studies conducted by the c-lated with corrosion rate as conductivity cannot 

authors and m d  thomu@, -mS of the l i t e ram as MPtU'C the effects of redox polential nor can it distinguish 

presented elsewhere [2,3]. First, tbc mode and ratc of v~~ anions (e.g., chloride) that arc known '0 influence 

corrosion 1s expected to depend on the presence of water on corrosion w s  or corrosion modes. 

the contamer surfaces and how it is delivered. Dripping 
aater will cmy dissolved solids h m  interaction with the Beyond the sensor array cell, a set of galvanic 

surroundlnf rock, condensed water (or water vapor at high  COUP^^ ~ I s O ~ S  has been developed in line with the concept 

rrlat~ve hurn~dity) will be relatively fme of dissolved solids, put forth by Shinohara et al. 141. These sensors consist of an 

and hot), \v l l l  depend on the or scale on the intmdigitated array of silver that is electrically isolated h m  

surlce.  Key characteristics of this water include the substrate. The subslrate~ investigated thus far are 

pH and concentration of halides, particularly chloride fw d o n  steel and fYPe 304L SS. Through the use of WO 

afjecllng localired and svess corrosion cracking substrates a relative corrosivity scale can be developed with 

of , ~ . l l ~ !  2: ne corrosion potential of a metal in an the carbon steeYAg system being more sensitive to a low 

environment 1s imponant as it, for can be 0Vm11 corrosivity whereas, given the increased resistance 
compared iu cntical potentials for the omel of localized of T P e  304L SS to corrosion. the T p e  304L SS/Ag s p t m  
corrosion and stress cornion cracking ~ d d j t j ~ ~ ~ l l y ,  would respond only in more a g ~ s s i v e  environments. The 

measuring h e  potential of a m a l  known to be inert in an p ~ ~ ~ i b i l i t y  that the Type 3 0 4  SSIAg system may be used 

mvlrunment (e.g.. plahum) gives insiplr to the level of 10 detmt the onset of localized corrosion is also being 

ondanw or reduc~ng agents (redox potential). investigated. Figures 1 and 2 show the resistance and 
current response of a carbon steelIAg sensor measured as 

ne focus on = h ~ n i ~ t r y  monitoring bs a function of relative humidity and concentration of salt 

been aimed at measurement of the ,,H and chloride solution added as 2.5 mL on an area of approximately 14 cm'. 

concenuatlon using potentiometric methods (i.e., o ~ & d  Afia deposition of the 2.5 mL of solution, the solution was 

tungsten Ibr pH and chloridized silver for chloride allowed lo b' out at a RH of 39%. Then the RH was 
concentrat~on). The main limitation !hat has been observed ~ ~ C ' C B S C ~  lo 99% and the sensor response monitored. 

these methods is the for a stab]e refcrcnce Clearly. monit0King of the sensor resistance was sensitive to 

electrode. n u s  far. a SCE connected to thr sensor array both chanpes in chloride concentration and %W especially 
through the use of a long Luggin probe has perfomed 81 low %RH. At hi&= %RH the resistance measured was 

reasonably well. but the long-term practicality of an independent of the chloride concentration. In contrast the 

arrangement is questionable. Despite the reference electrode measurement using a ZRA was sensiuve to 



%- 
both chloride and YJUI at higba chloride CMcQltntiOlu. 
Though not strictly pmviding corrorion rate OI mode 

prcinise for de(aturg and daamuung thc m s i v i t y  of the 
environment. 

infmrmrtim at this pains thir lcaMT design c l d y  holds 

To date, the s- m y  ccll and the grhnnic 
couple senson haw pafomcd adequately during kocb 
ter6ng. T h c ~  lystans, alcng with mN1 coupona and 
solution catch cups, have b a n  incorporarcd into a 
laboratmy rule test camucted of cnnhcd I U K ~  Yh4 to 
simulste a drift The driR is being hated to air 
tcmperanve of - 105 'C to simulate thc thmnal load that 
would result from radioactive decay within the waste 
containm. Percolation of deionized water that has bccn 
equilibrated with the tuff for over 6 ma has ban initiated 
and will eventually begin dripping onto the SCI~SOI m y s ,  
galvanic couple mors, coupons and solution catch cups. 
?he results bum th sensor system will then be compamd 

analysis of water diquats (e.g., capillary electrophoresis, ion 
chromatography, inductively coupled plasma spcaroScopy) 
and metal wupons. 
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Figure 1: Measured resistance between carbon steel and 
interdigitated silver m y  as a function of %RH and chloride 
concentration. 

Figure 2 :  Measured currcnt between carbon steel and 
interdigitated silver array as a function of %RH and chloride 
concenvation 




