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WATER MOVEMENT TEST 

Los Alamos National Laboratory 

ABSTRACT 

The water movement tracer test Is designed to produce Information derived from 
Isotopic measurements of soil and tuff samples collected from Yucca Mountain that is 
pertinent for assessing the performance of a nuclear waste repository. Measurements of 
chlorine isotopic distributions will help characterize the percolation of precipitation into 
the unsaturated zone. The ehlorine-36 in the unsaturated zone occurs from atmospheric 
fallout of chlorine-36 produced by cosmic-ray secondaries reacting with argon-40, and, 
to a lesser extent, with argon-36 and as global fallout from high-yield nuclear weapons 
tests conducted at the Pacific Proving Grounds between 1952 and 1963. When chloride 
Ions at the surface are washed underground by precipitation, the radioactive decay of the 
chlorine-36 In the chloride con be used to time the rate of water movement. The 
chlorine-36 half-life of 301,004 yr permits the detection of water movement In the range 
of approximately 50,000 to 2 million years. These dat# are part of the input for 
developing numerical models of 1roundwater flow at this site.
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STUDY PLAN FOR WATER MOVEMENT TEST 
Site CharacterIzation Plan Study 8.3.1.2.2.2 

1.0 PURPOSE AND OBJECTIVES OF STUDY 

1.1 Purp! 

This study consists of a single activity (8.3.1.2.2.2.1). The purpose of this study is to determine the rate of water movement downward through the unsaturated zone beneath Yucca Mountain, using measurements of chloride concentrations and chlorine isotopic compoeitions in samples of soil and tuff collected as part of the site characterization program. The objective of one ph&e of this study is to determine an upper bound on the amount of water that enters Yucca Mountain by Infiltration. The objective of the second phase Is to time water movements in the unsaturated zone by measuring chlorine36/total chlorine ratios In samples that will be collected as the exploratory shaft is mined. The 301,000-yr half-life of chlorlne-36 is useful for tracing water movements between 50,000 and 2,000,000 yr and is most useful between 100,000 and 1,000,000 yr.  
The data from this test will be used as part of the Information required by the Yucca Mountain Project (YMP) to calculate releases to the accessible environment. These data will help establish an accurate model of the hydrologic characteristics of the unsaturated zone at Yucca Mountain. The hydrologic model will be used to compute radioactivity releases to the accessible environment as part of the repository performance assessment.  

Another use of the data will be to estimate the rate of technetium-99 movement through the unsaturated zone. The technetium-I9 i likely to be In the chemical form TeO4-, which, like chloride, is a nonsorbing geochemical form. The rate of movement of technetium will be no faster then the chlorine-36 rate of movement.  

1.2 Resolution of Performance Issues 

The rationale for the YMP site characterization program is presented In Section 8.1 of the YMP Site Characterization Plant (SCP) (DOE, 1988). The issues-based strategy was guided first by an Issue Identification procedure and then by performance allocation to define the activities needed to resolve the Issues. The Issues were divided Into performanee Issues and design Issue. The work in this study plan applies only to performance Issues.  

The primary issues that will iue the data from this study are the followingp 

Issue 1.6: WMll the site meet the performance objective for pre-waste-emplacement 
gpound-water travel time as required by 10 CPR 60.113? 

Issue 1.1: WMll the mined geologic disposal system meet the system performance 
objective for limiting radionuclide material to the accessible environment as required by 10 CPR 60.112 and 40 CFR 191.13? 

The measurements described in this study plan do not directly contribute to any of the performance parameters (discussed in 8CP Sections 8.3.5.12 and 8.3.5.13) that will be used to calculate ground-water travel time and total system performance. Those parameters are generally hydrologic properties of the rocks and fluids that will be used to construct models of flow and transport at Yucca Mountain. Instead, as noted in SCP
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Section 8.3.5.12 (Issue 1.6), the isotopic measurements described here will provide 
Important information that may confirm or Invalidate model predictions of pround-water 
velocities and fluxes In the unsaturated zone. Section 2.2 of this study plan discusses the 
Interpretation of the Isotopic data with respect to the determination of rates of water 
movement.  

1.3 Regulatory Rationale and Justification 

As Indicated in the discussion of performance Issues, this study could provide support 
concerning compliance with several key regulations. The Department of Energy's siting 
guidelines [10 CFR H0.4-1-2(bXl)] specify that a pre-waste-emplacement ground-water 
travel time greater than 10,000 yr along any path of likely radionuclide travel from the 
disturbed zone to the accessible environment would be a favorable condition. The long 
travel times that this test can measure will bear directly on the evaluation of this 
favorable condition. The data may be used to determine the nature and rates of 
hydrologic processes that have occurred during the Quaternary Period, which are 
specified In 10 CPR 960.4-2-1(bX2). The sampling procedure for this test (see Section 
3.1 below) is designed to detect stratigraphically Influenced changes in the rate of water 
movement through the unsaturated zone. Such changes, if detected, will be used for 
validating the modeling of the geohydrologic system that is required in 10 CPR 960.4-2
l(bX3). AU of the above information will be used to support the higher level findings on 
the geohydrology disqualifying and qualifying conditions specified in 10 CFR 960.4-2-1(a) 
and (d).  

The second major source of regultory requirements Is the technical criteria of the US 
Nuclear Regulatory Commission (NRC). In 10 CFR 60.113(aXI), the NRC requires that 
the pre-waste-emplacement pround-water travel time along the fastest path of likely 
radionuclide travel from the disturbed zone to the accessible environment shall be at 
least 1,000 yr. The NRC also specifies that the geologic repository system performance 
following permanent closure shall conform to the applicable environmental standards for 
radioactivity as established by the Environmental Protection Agency (10 CFR 60.112).  
The hydrologic flux in the unsaturated zone is an important component of the total 
system performance assessment, and the measurements in this study are part of the site 
characterization process to determine the unsaturated-sone flux.  

2.0 RATIONALE FOR USE OF CHLORINE-36 AND CHLORIDE TO TRACE WATER 
MOVEMENT IN THE UNSATURATED ZONE AT YUCCA MOUNTAIN 

2.1 Estimates of Rates of Water Movement from Hydrolotic Data 

Determining te rMe of water movement through the unsaturated sone at Yucca 
Mountain is me of the most important tasks for assessing the future performance of a 
nuclear wwt rlpautary, but It is a very difficult task. Montazer and Wilson (1984) 
diem, the da se water movement available through 1364. Their hydrologic 
terminology Is used In this study plan, as It Is In the YMP SCP (DOE, 1918). Estimates of 
downward flux through the potential repository host rook, the moderately to densely 
welded portion of the Topopah Spring Member of the Paintbrush Tuff formation, range 
from 1 , ir T to .L2 mm/yr. These estimates were based on hydraulic gradient and 
effective permeability data derived from one borehole and from cores re.overed from 
holes at more than one location. Analyses of geothermal heat-flux data from the same 
tuff unit Indicate that the net hydrologic flux may be upward at a rate of 1 to 2 mm/yr, 
possiblr from vapor-phae transport. Montaser and Wllson (1984) state that the 
hydrolr 4ic flux through the tuffaceous beds of Calico Hills, which underlie the host rock, 
is likely to be variable, but less than about 0.006 mm/yr downward, as estimated from
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measurements of effective hydraulic conductivities from core samples that Included the 
zeolitic facies of this unit.  

The hydrologic flux estimates outlined in the preceding discussion do not give a definitive picture of the rate of water movement to be expected through the unsaturated zone. If the flux through the Topopah Spring Member is assumed to be about 0.2 mm/yr downward, then estimates of ground-water travel time through the unsaturated zone are greater than 100,000 yr. Such estimates Indicate that chlorine-36 techniques would 
provide data useful for hydrologic modeling.  

2.2 Radlometric Determination of Rates of Water Movement 

Direct measurements of the rate of water movement through the unsaturated zone would be of great value. Radiometric methods are one potential technique for making such measurements. Determinations of tritium and carbon-14 in the unsaturated zone are discussed in the hydrochemistry study plan (8.3.1.2.2.7). The 5,730-yr half-life of carbon-14 permits dating to ages of 60,000 yr under favorable conditions. Other radiometric dating techniques have been considered. A survey of such techniques given by Phillips (1984) Indicates that radiometric dating with iodine-129 may be possible for waters older than 106 years. The applicability of this technique to waters moving through the unsaturated zone at Yucca Mountain may be limited by the lack of a useful lodine-129 source. The technique chosen to determine the water travel time through the unsaturated zone In this study is the measurement of chlorine-36 as a function of depth.  Chlorine is deposited globally both in precipitation and in dry fallout. The source of most of the chlorine in this fallout is sea salt lofted into the troposphere by surface winds. A very small fraction of chlorine atoms In the fallout consists of chlorine-36, 
which results from cosmic ray reactions with argon in the atmosphere. The chlorine-36 half-life of 301,000 yr is appropriate for the travel times calculated from the hydrologic 
data. Geochemical properties of chlorine make it a useful tracer of subterranean water movements (Bentley et aL, 1986). Chlorine is so electronegative that it exists as the nonvolatile chloride ion under most geohydrologic conditions. Bentley et a.L (1986) state that chloride Ions are among the least sorbed ions on solid surfaces because of their negative charge and small radius. Measurements of chlorine-36 discussed in Bentley et aL (1986) indicate the validity of using this technique for tracing water movements over 
long times.  

At Yucca Mountain the technique discussed in this study plan will measure chloride carried into the tuff by meteoric water and now present In pore water or on the surfaces of the tuffs. This chloride trace the movement of water In the liquid phase through the unsaturated soe. Chlorne originally present in the tufts (the chlorine-36 component of which should have decayid to negligible amounts at the present) may be included In the samples. Most of this chlorine may be chemically bound. Short leaching times should help minimize the Introduction of this chlorine into the samples for the chlorine-36 
measurements.  

Measurements to aid In interpreting the chlorine-36 data include chloride concentration with depth and stable chlorine Isotope ratios. The chloride concentration profile is expected to be relatively uniform, if the water movement In the unsaturated zone is uniform. Deviations in the chloride concentration profile may result from nonuniform evaporation or from mingling of waters caused, by localized cross-cutting features.  These data may help confirm patterns of nonuniform flow in the chlorlne-36 data. The stable chlorine Is-tope ratio measurements may Indicate that detectable differences can be observed In thW hlorine-35/chlorine-37 ratio, depending on the origin of the chlorine.  Such differences have been reported recently (Desaulniers et aL 1986). At Yucca
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Mountain, the chlorine-35/chlorine-37 studies may show that chlorine of meteoric origin has one ratio whereas chlorine originally present In the tuff has a different ratio. The chlorin.-36 content associated with chlorine of meteoric origin is the only quantity of Interest. Measurements of elorine-35/chlorine-37 ratios in the samples for chlorlne-36 analysis can be compared with the ratio determined for chlorin, of meteoric origin and with the ratio measured for chlorine from tuft to correct the chlorine-36/chlorine ratio to that which should be observed In chlorine of meteoric origin.  

The specific activity of chlorine-36 in the environment is so low that measurements of the chlorine-36 isotopic abundance have not been feasible, with a few exceptions, until the recent development of tandem accelerator man spectrometric analyses. The sensitivity of this technique currently Is approximately one atom of chlorine-36 in 1015 atoms of chlorine. The sample size required for these measurements is 10 mg of chloride or more. The background chlorlne-36/chlorine ratio in surficial deposits of alluvium at Yucca Mountain has been measured in this work to be approximately 5 x 10-13, which is more than 100 times greater than the limit of this technique. Any samples collected in which chlorina-36 has undergone detectable radioactive decay wil result in chlorine-36/chlorine ratios lower than that of the cosmogenic background. Radlometric determinations are limited to samples that have been isolated from Isotopic exchange with eosmogenic sources of chlorine-36.  

Several recent studies suggest that chlorine-$6 may be a suitable Indicator of the rate of water movement. Andrews et al. (1986) used the chlorine-3S/chlorine ratio to estimate ground-water residence times at the Stripe mine In Sweden and formulated conceptual ground-water flow paths to explain the evolution of the ratio.  
Norris et aL (1937) used measurements of chlorine-SO In soil samples from two locations near Yucca Mountain to determine the infiltration of precipitation during the past quarter century and to examine the differences In suwriclal hydrologic infiltration between the two sites. The source of the chlorine-SO measured In this work was not from cosmic ray reactions with argon In the atmosphere. Instead, the chlorine-3S was deposited globally as fallout from high-yield nuclear weapons tests that were conducted at the surface of the Pacific Ocean between 1952 and 1H2. The data can be interpreted In terms of an Infiltration rate at Yucca Wash, located to the east of Yucca Mountain, of 1.8 mm/yr during the past quarter century. This value represents an in situ measurement of flux that is valuable in establishing the upper bound for the amoutt-rwater flowing downward through the unsaturated zone.  

The mechanisms of water tvnsport In the unsaturated sone are of Interest for approprIate modeling of radionuclide transport. However, the chlorine-6/c1hlorine data from this study are unlikely to discriminate between fracture flow and porous flow because the eblarWd that Is measured can result from water flow by a combination of mechanism&. MWe o rne-30SS/chlorine data may shed light on the mechanism of water flow only It rapid fracture flow dominates to the extent that bomb pulse chlorine-S6 is observed at reat depths or If the hydrologic flow is so slow that hydrologists would describe the mechanism as porous flow.  
2.3 Constraints on Chlorine-SO Studies 

Analytical and Sam nint Constraints 

The specific activity of ehlor!ne-$8 present In tuff samples from Yucca Mountain, as In typical samples from other e.vironments, is too small to permit direct measurements of the radioactive decay of chlorine-SO. Conventional mass spectrometry can be used to

4
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measure chlorine-36/chlorine ratios as low as i0- 0 , but the ratios in Yucca Mountain 
ar approximately 5 x 10-13 for samples with contemporary coemogenic ehlorIne-36.  
Therefore, the only feasible technique for this study is tandem accelerator mass 
spectrometry.. The 10 mg of chloride required for the chlorine-36/chlorine measurement will be leached from crushed tuff samples, as described in Section 3 of this study plan.  
The chloride content of tuff samples from the Paintbrush Tuff formation at Yucca 
Mountain necessitates collecting about 40 kg of rock per sample. The collection process should involve little or no contact of water with the sample to be collected, to avoid 
inadvertent removal of the chloride before the leaching process that is part of the 
analysis procedure.  

These constraints led to the necessity for using tuff samples collected as the exploratory 
shaft Is mined. Some water will be used in the drilling and blasting operations, but large rubble pieces can be chosen to minimize any wetting of the major part of the rubble 
volume. This study could not be performed with core samples from conventional 
surface-based drilling, in which water is used as the lubricant for the drilling bit.  

Samples will be collected from the exploratory shaft as shown in Figure 1. The sampling 
locations Indicated were selected on the basis of stratigraphic data from USW G-4. The 
strata might be factors in controlling the downward movement of water through the 
unsaturated zone penetrated by the exploratory shaft. The ehlorlne-36 half-life constrains the interpretation of the data to water movements that have taken longer than 30,000 yr, because too little chlorine-36 decay has occurred to be detectable for younger 
times. Measurements of samples collected from the upper part of the exploratory shaft 
may give no useful data because of this threshold limitation. The half-life of ehlorlne-36 
also constrains the measurements of age differences between samples to those that are greater than 30,000 yr. The data from deeper samples should provide information about 
water movement in the tuff above the repository horizon as well as below it.  

The Impact of this study on the potential repository site will be negligible. Each sample will require that about 40 kg of rubble be used for analysis. Preliminary plans call for 
the water used to construct the exploratory shaft to be tagged with 20 ppm of bromide.  
This will permit detection and correction for approximately 10 ppm of ehlorine in that water. Some samples for chloride profile studies may be at shallow depths (<10 m) In locations of potential Infiltration, but these locations wUl be selected after a field study 
of Yucca Mountain.  

The aalytical techniques for this study are available and are described in Section 3 of this plan. Coemogenle ehlorlne-3$ In samples of Yucca Mountain alluvium has been measured (Norris et eL US?). The tandem accelerator mass spectrometric measurements have to be performed when the apparatus is available. There am a sufficient 
number of taedem accelerator users that a wait of several months can be expected.  
Exploratory shaft operations are not affected by this wait. The time required for 
Interpretat o of the chlarine isotope data does not constrain any other activity.  

Chlorine-36 can be produced underground from neutron capture by ehlorlne-35. The 
neutrons result from the presence of uranium and thorium and their decay chains. Some neutrons come from spontaneous fission of the first members of the decay chains. The remainder are produced by (an) reations on light elements. Calculations will be performed to determine whether In ft production of chlorine-36 will constrain the 
interpretation of the data from this test.

5



YMW-Lue'-51 S...2 , no

09PTH, In (tt)

TIVA CANYON MUSER WELDED. DEVITRIPIED TUFF 

S~CA M T. 7 3 cl ý 'wrVT 
CANYON MEMIERS seabe nl" vrWmC I O 7 1. 1 (233.4Y am

00.9 WweLaj

121.0 (400.) 

125.0 (420.0) 
143.2 (470.0 

TOPOPAM SPRING 
MEMINSER 

307.2 (640.0) 

US5.0 (770.0) 

343.7(1127.9) 

36B1.0 (1250.) 

3941.0(IRMO.) 
401J (181I6.1 
4 10.6 (1346.4) 
430.0 (1677.8 
424.? (1406.8 
634.7 (1424.3) 
443.4 (1464.11) 

T1PPS OF CALICO MILLS 
481.1 (1480.0)

UY E�UM. �M T DIAL *I�M

WELDE. OEwrnopiPE r.". vAPOR-PHAsE 

CaY SIALLJZnAT oNZOe

I - . tA~. -
W WV jI IFYWMYAL PAWVIRSE

I U5.SASEUHPYA

WWELDE DEVMFITRPE TIW?. COMMON TO ABUNDANT 
UT'HOPIIYSAL CAVITiES (UP TO 40W)

wELDED, OEviTariPIE IwP. *Am urihoftySa 4 
SOWE MIGM-ANGLI PRACYLIRSS PRESEN 

WELDED 0EMRIMpE TIFF, UITHWOU A CAVITIES 
2-30%; SPLINTE11Y AND CONCMOIDAL- TYPE PARTING 
COM"MN THROUGHOUT INTIPVAL. LOWER CONTACT 
GRAGATIiOAL

WELDED DEVITRWPE TyFF; ITH@PwY SAL CAVITIES 
EXT!EWALY RAME TO A5881

WUL�R mamy, � � � .. ____ 
WEt tim. �

MOO WELD9D TO NoNWgLDED. VITRIC
NON- TO PA~1L W tfl *AUY WW t.I-A'

-E -. -M- =~~I~ &n InU

IOONWaLOE TUFF, ZEOUlIC

NOT? TO SCALE

Figure!1. USW G-4 stratiprapic column wICý pr'oposed chlorine-36 sampling locations shown as circle&. Total samplIng depth will be constrained by the depth of the Explortory aft Facillty.

6

0

1 we, -naft z.

I

LITHOLOGY

a 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0

WO&QW. SPARM LnW(WWYS"



2.4 Potential for Interference with the Chlorine-36 Studies 

The Interferences to which this study is susceptible from exploratory shaft operations are due to the use of water, which has been discussed above, and the introduction of chlorine that could alter the In situ chlorine-36/chlorine ratio. The explosives used In mining the exploratory shaft may contain chlorine with negligible chlorine-36. Samples for this study will be collected to minimize the possibility of contamination from 
chlorine In the explosives.  

3.0 DESCRIPTION OF CHLORINE-36 STUDY 

The key parameter to be measured In this study is the ratio of chlorlne-36 to total chlorine u a function of depth In the exploratory shaft at Yucca Mountain. Location of the exploratory shaft Is shown in Figure 2.  

3.1 Sample Collection 

Most of the sample collection will be performed as the exploratory shaft is mined. The principal borehole (USW G-4) stratigraphy was used to seleot sampling depths on the basis of lithology and stratification that might be significant for hydrologic characteristics. When there were no stratigraphic features to guide the selection of sampling intervals, the maximum interval between samples was set arbitrarily at 30 m (100 ft). The locations of samples are shown in Figure 1. The depths of sampling are subject to minor modifications to account for the dip of the beds between USW G-4 and exploratory shaft 1 (3S-I) and because the stratigraphy at ES-I may not be exactly the "same as that at USW 0-4. The data from the Shaft-Wall Mapping Test (see geologic study plans) will be monitored to ensure that the blasting rounds will be sampled where 
significant lithologic changes occur.  

Sampling will be performed In accordance with the procedures that will be developed by 
the YMP Sample Overview Committee.  

After each designated round, a geologist will demand to the working face of ES-1 to select rubble pieces larger than 130 mm (6 in.) In diameter for transport to the surface before the customary washdown. At the surface, the rubble may be segregated into a special container. A 208-L (55-gl barrel will be packed with 100 to 200 kIg (220 to 440 lb) of rubble and labeled with the depth from which the rubble wu collected.  

Accidental eoutaminatlo .of samples with chlorine-36 Is not expected to be a problem.  Chlorine-36, wlne ear't-149, Is not transported in the vapor phase. No special atmospherte potection Is necessary during sample preparation. Quantities of chlortne-3$ produced from nuclear reactors or particle accelerators are not stocked routinely wbet the chlorine-$4 sample preparation is likely to be performed.  

Moat chlorine that might accidentally contaminate the samples from 35-1 would come from chloride iors In the Well J-13 water used In construction en from chlorine in the explosives that will be used during suaft-sinking operations. Therefore, the selection of larger pieces of rubble and the postponement of the ustomazy waahdown after blasting are two steps taken to mitigate potential sample contamination problems. The chloride content of Well J-13 water is approximately 10 mg/L. The water used underground will be tagged with a sodium bromide tracer. The bromide concentration -:f the Well J-13 water will be Increased to 20 ppm, which is .103 times the tz•tural bromide concentration. The bromide content of the rubble selected for chlorine-36 analysis will

7
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be measured to permit the calculation of the chloride that might have been Introduced from Well J-13 water. Finally, a chlorine analysis of all the explosives used during the mining operations will be obtained and used to set a bound on the maximum amount of chlorine that could contaminate the samples from explosives.  

The Introduction of chlorine from Well J-15 water and from explosives is expected to result in at most a minor perturbation In the data because the quantities of chlorine are small. Explosives customarily contain chlorine as a minor or a trace constituent. A problem more difficult to evaluate is the downward movement of water used In construction, which may leach chloride from tuff below the working depth before samples are collected for this test. Selecting rubble pieces with large diameters may ameliorate this problem, because water flow Into the Interior of an intact piece of tuff is slow. If the data Indicate that leaching before sample collection is a problem, additional samples can be obtained by using horizontal dry coring techniques. The shaft liner and the surrounding tuff can be penetrated to a depth where the downward flow of water used in construction is unlikely to be a problem.  

Some samples for measuring the chloride profile at depths to a few meters below the surface may be collected independently of the exploratory shaft mining operations, particularly If the hole for the exploratory shaft collar is excavated in a way that precludes obtaining samples at known depths. These data will aid In Interpreting the chlorine-36 data by providing a source term for the expected quantity of meteoric 
chloride.  

Any water encountered in sufficient volume during the construction of the exploratory shaft will be sampled and analyzed for chlorine-SO. Pore water samples will be analyzed for chlorine-S6 if sufficient volume can be obtained (see SCP Section 8.3.1.2.2.8, 
Hydrochemistry).  

The Yucca Mountain Project is considering drilling deep boreholes with dry drilling techniques. Samples from various depths in these boreholes will be requested for chlorine-36 analyses. If the data from the first few boreholes indicate no significant variation with depth or with location, the sampling will be discontinued.  

3.2 Measurement of Chlorine-36/Chlorine Ratio 

The chlorine-36/chlormne ratio will be measured in the tuff samples collected from ES-1.  A subcontractor will be chosen to prepare the rook samples and perform the analyses of chlorine-SO, because a hihly specialized technique Is used (Elmore st aL 1984a). The rubble selected for the chlorine-61/chlorine ratio measurements will be crushed. The bromide coatent will be measured to determine the quantity of chloride from well J-15 water In the sample, and the crushed rock will be contacted with chloride-free water.  Silver nitrate will be added to the water to precipitate about SO mg of silver chloride.  This precipitate will then be analyzed for the chlorine-3S/chlorine ratio in a tandem 
accelerator mam spectrometer.  

Descriptions of the apparatus and the techniques currently being used for tandem accelerator mass spectrometric analyses of chlorine-SO ae given In Elmore et aL (1984a). Chlorine in the form of silver chloride is accelerated frst as negative ions to eliminate Interferences from argon-SO, which does not form negative Ions. The chlorine ions pass through an argon gas stripper In the center of the tandem accelerator. Ions with a charge of +7 are selected fer mass analysis in a 90 degree magnetic analyzer.  Chlorine-SO and chorine-$7 are measured in a multiplate gas ionization detector.  Measurement of energy loss in this detector permits separation of chlorine-SO ions from
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Interfering sulfur-36 Ions. Measurements of chlorine-38 with precisions as good as t5% have been obtained. The data In this study plan, from analyses performed on a routine bais, ar expected to be measured with a one standard deviation (a) precision of t10%.  
3.3 AnayIsis and Interpretation of Isotope Data 

Table 1 summarizes the parameters that wil be measured In this study and provides expected values. The rang* of expected values for the chlorine-36/chlo .. ratio is determined at the upper end by the contemporary quantity of coemogenic chlorine-3O and at the lower end by the sensitivity of the tandem accelerator mass spectrometric technique. The bromide will be added as a tracer to tag the water used In the exploratory shaft; the maximum quantity added will be 20 ppm. The ion chromatography sensitivity limit Is 20 ppb. The limit on the sample collection depth is determined by the total depth of the exploratory shaft. The final part of this test is the analysis and interpretation of the data.  

TABLE 1 

PARAMETERS MEASURED IN THIS TEST 
Procedure Parameter Measured Expected Value 

Tandem accelerator Chlorine-30/chlorine 1 to 600 x 10-15 mas spectrometry 

Ion chromatography Total bromide 120 ppm 
Linear measurement Depth of samples In ES <457 m (<1500 ft) 
ASTM mercuric Chloride concentration I to 1000 mg/g rock 
nitrate titration 

Conventional mass Chlorine-37/chlorine-3$ -1 to 3 per mlU relative spectrometry 
to standard mean ocean 
chloride 

The techniques used to obtain the chlorine-36/chlorine Isotope ratios from tandem accelerator sum spectrom .try measurements are documented In a pap by Elmore et aL (1U ). It-at paper discusses the calculation of the ratio of chlorine-SB to chlorine-3S + abl•mne-3? In the sample, in a National Institute of Standards and Technology WV!') chlorine-SB standard, and In a reagent blank. The isotope ratios are corrected for man fractionatlon, for background, and foe interferences arising from the presece* of •ulfur-36. The NI? chlorine-S1/chlorine ratioe are used to normalize the ratios In the samples for Inaccuracies Introduced by the tandem accelerator. The value of the final chorine-S*/chlorine ratio In the sample Is calculated as the mean of the corrected and normalized ratios from a sequence of measurements, wegted by the uncertainty of each determination.  

Interpretation of the chlorine-S6 data In terms of the rate of water movement through the unsaturated zone will require the consideration of processes that differentiate chloride movement from water movement. One process Is that of anion exclusion.  Positively charged components In the subterranean mineralogic environment can exclude

10
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negatively charged Ions, which causes the anionic tracer to move slightly faster than tritiated water (Daniels 1983). The second aspect of chloride movement that Is 
important for hydrologic modeling is the nonvolatile character of these anions. If water movement through the unsaturated zone should be in downward pulses through the matrix In the liquid phase, followed by upward movement in the vapor phase, the chloride ions would move only In the liquid phase. The chlorine-36 decay data, then, might show an age that results from mixing chloride ions from more than one pulse. The data in this 
case still would be useful for calculating the average travel time of a radioactive waste 
nuclide such as technetium-99, which is expected to be transported In water as the 
TeO( ion. Like chloride, the pertechnetate Ion is both nonvolatile and nonsorbing.  

A premise of data Interpretation for this study is that the chlorine-36 fallout has been 
constant throughout the Quaternary Period. Experimental evidence bearing on this premise is being sought in iee cores from Camp Century, Greenland (Elmore et aL 1984a). A perturbation in the constancy of the ehlorine-36 fallout occurred between 
1952 and 1962. Hlgh-yield nuclear weapons tests at sea level in the Pacific Ocean resulted In significantly Increased global fallout of ehlorine-36. This "bomb pulse" has 
been used to measure Infiltration that occurred during the past 30 yr into the top few meters of sandy loam in New Mexico (Bentley et aLL 1986) and into alluvium at Yucca 
Mountain (Norris et al. 1987). Hydrologic flow at Yucca Mountain may occur through 
fractures In tuff and by some lateral flow, particularly through the Tiva Canyon and Pah Canyon Members. If chlorine-36 values higher than background are encountered in samples from the exploratory shaft, the data will be examined to determine if fracture 
flow or lateral flow might account for the Inclusion of "bomb pulse" chlorine-36.  

The ratio of chlorlne-36 to chlorine as a function of depth will be correlated with the measured chloride concentration pro/fle and with detailed data on fracture orientation 
and frequency. Regions of nonuniformity In the chloride concentration profile Indicate 
nonuniform flow rates, and such nonuniform flow rates might be observable in the chlorine-36/chlorine profile. The data concerning fracture characteristics and distributions, to be provided by the US Geological Survey (USGS), will be studied as one 
poesible explanation for the nonuniform flow.  

3.4 Accuracy and Precision of Water Velocity Determinations 

The chlorlne-36 concentration data, when plotted against sample depth, provide a measure of water velocity down through the unsaturated ione, If a vertical flow path is assumed. The accuracy of the measurement from this test depends on the rate of water 
movement down through the unsaturated tuff. For velocities less than 5 mm/yr, the Semuacy Is hW It decreases for higher water velocities until the practical limit of the 
test is reached at water velocities of about 10 mm/yr. For water velocities greater than 10 mm/yr, the Asorter lved nudides discussed In Section 2.2 will be used. The following 
statistical analysis shows the sensitivity of this technique.  

Power curves were used to estimate the probablity of detecting small water movement 
velocities from chlortne-36/chlorlne ratio measurements at the depths indicated In 
Figure 1. The analysis is based on a constant water flow rate throughout the volume penetrated by ES-1. A null hypothesis was tested, namely that the rate of water flow through the unsaturated zone is greater than or equal to 15 mm/yr (which corresponds to a slope of -1.5 x10-4 m- 1 or greater when the natural logarithm of the chlorine-36/chlorine ratio Is plotted versus depth). Figure 3 shows a plot of velocity versus power. Power is the probability of rejecting the null hypothesis, when the null 
hypothesis Is false. The significance level of 0.05 Implies a 5% chance of erroneously 
rejecting the null hypothesis. The three curves in the figure are labeled with the t1o 
values of the individual data points.

11
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The curves In Figure 3 show the probability that the measured data can distinguish between an actual velocity, shown on the absciss, and the selected hypothetical velocity (greater than or equal to 15 mm/yr in this ase). The curves show this probability for different uncertainties associated with the measured data. As the actual velocity approaches the hypothetical velocity, it becomes more likely that the two velocities cannot be distinguished. For example, when the actual velocity is 10 mm/yr, there is a 36% chance that the data will Indicate a velocity greater than or equal to 15 mm/yr.  However, when the actual velocity Is less than about 5 mm/yr, there is essentially no chance that the data will indicate a velocity greater than 15 mm/yr.  

Figure 4 shows a plot of the expected half-width of a symmetric 95% confidence interval for the average velocity. This plot shows that a velocity of 1 mm/yr can be estimated within a few percent. However, for a velocity of 5 mm/yr the error associated with the 95% confidence Interval will be about t2 mm/yr with t1a a 10% measurement errors, which are expected, and will be considerably larger as the measurement errors increase.  The maximum flux is expected to be 0.2 mm/yr for a saturation of 0.85 and a porosity of 0.14 (Montazer and Wilson 1984), which is approximately equal to a water velocity of 2 mm/yr. Figure 4 shows that water velocities less than 2 mm/yr will be measured with 
small uncertainties.  

3.5 Ecuipment and Services Required 

Two special facilities are required at the ES-1 site. One Is a box at the surface (see Table 2) Into which the rubble collected at a particular depth can be poured. The purpose of this box is to separate the sample material from the spoils pile until the sample can be peacked In 208-L (55-gal) barrels. The second facility required at the E8-1 site is a metering device (Table 2) to introduce a definite, small quantity of water tracer Into all water that is used for mining ES-I. In practice, a bromide tracer will be added to all Well J-13 water used at the exploratory shaft site. A surge tank is likely to be the apparatus of choice for this application. Water samples will be analyzed periodically to verify the water tracer concentration. Water used at the surface for site preparation and dust control also will be tagged with a suitable tracer.  

3.6 Representativeness of Velocity Determinations from the Exrloratory Shaft 

A question can be raised concerning the representativeness of the data from the exploratory shaft when It Is extrapolated over the entire area of the repository, because the exploratory shaft allows acessi to only one point In the area. In the relatively unfaulted portion of Yucca Mountain, spatial results ae expected to be fairly uniform.  If downward water movement tends to be episodic with either short or long periodicity, Interpretation at ehlorine-36/ehlorine ratioe at different depths may be complicated.  However, Motaswr and Wilson (1984) Indicate that such pulses are likely to occur only in 
the shallow umaturated zone.  

Representatlvenem of results is also influenced by the degree to which water transport oeurs In the matrix of the tuff versus fractures. If most recharge occurs through major structural features as suggested in the conceptual model of Montazer and Wilson (1984), spatial variability may be large. Washes and other areas underlain by structural features would be likely to provide higher velocities, whereas relatively nonfaulted areas would provide lower velocities. The data of most concern to predictions of repository performance are those from the repository level and below. The potential variability in water ',elocities Is therefore unlikely to cause significant changes In the determination of wa.'.;r movement by chlorine-36 tracer studies because the effects of temporal chanes In Infiltration are likely to be manifested only at shallow depths.

13
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TABLE 2 
INSTRUMENTATION, EQUIPMENT, MATERIALS, AND SERVICES FOR THIS TEST

Item 

1. Box for rubble 

2. Water tracer 
metering system 

3. Water tracer, NaBr 

4. 208-L (55-gal.) barrels

Quantity Description 

I Nonstandard 

1 Nonstandard 

1, 120 kg Standard

A60 Standard

Procurement Method 

Designed and constructed 
by tester's organization 

Designed and constructed 
by tester's organization 

Tester's organization 
purchase order 

Tester's organization 
purchase order

SERVICES LIST

1. Depth of designated blast
in ground 

2. Geologist to select and pack 
rubble pieces for chlorine
36 analysis (about 40 hours 
total) 

3. Extract chloride from rub
ble; analyze for chlorine
36, chloride, and bromide; 
interpret data

Standard

Nonstandard

Shift-sinking subcontrac
tor 

Fenix and Scisson

Tester's organization sub
contractor

Samples could be collected at other locations by using a new dry-drilling technique, reverse vacuum drlling (WhItfleld 1985). Correlation of the chlorine-SO results with detailed stratigpaphic mapping of fracture frequency data would not be possible to the extent that wl be possie in the exploratory shaft. If sptially distributed data are likely to lngeove knowledge of the hydrologic flow through the unsaturated zone, this alternative method of sample collection could be used at the later date.  

Another source of material for chlorine-$6 analyses is perch• water that might be encountered during the construction of the exploratory shaft- If the chloride content of the perched water is 10 ppm, as In Well J-13 water, then 2 to 3 L per sample would be sufficient to obtain material for a chlorine-3t analysis. The data from these analyses might provide information about the rate of water flow In the unsaturated zone at Yucca 
Mountain.  

3.7 Quality Assurance ReG'lirements 

The activities in this study plan have been assigned as Quality Level I in accordance with LANL QA procedure TWS-MSTQA-QP-18. (This procedure Is currently being revised and

15
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will be issued as TWS-QAS-QP-03.4.) These data may be used in the license application 
In assessing gpound water travel times and ground water flow rates which have a direct 
bearing on site assessments concerning waste isolation to be used In the license 
application. The applicable criteria from NQA-l that apply to this study are shown in 
Appendix A, along with the procedures and other documents that will satisfy these 
criteria.  

Technical procedures for the work in this study are shown In Table 3.  

TABLE 3 

TECHNICAL PROCEDURES FOR STUDY PLAN 8.3.1.2.2.2

Activity 

Sampling in Exploratory Shaft

Field Sampling 

Sample Crushing and Leaching

Technical Procedure 

YMP-AP-4.2Q, Borehole 
sample-handling activ
ities 

YMP-AP-6.3Q, Sample 
management facility 

YMP-AP-4.6Q, Speol
men removal

To be prepared 

To be prepared

Chloride Concentration Measure- ASIM Mercuric Nitrate 
ment Titration

Bromide Concentration Measure
ment 

Chlorine Isotope 
Analyses

To be prepared 

To be prepared

Anticipated 
Availability 

Date

Nonstandard

Nonstandard 

Nonstandard 

Specialized 
standard 

Nonstandard

Standard

Specialized 
standard 

Specialized 
standard

* Proedures will be ready 30 to 60 days before tests.  

4.0 APPLICATION OF RESULTS 

4.1 Site Invetilation 

The work in this study plan will provide informalon for determining the pround water 
travel time in the unsaturated zone at Yucca Mountain. Water movements will be
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characterized through measurements of the chloride concentrations and the 
chlorlne-36/cbiortn* ratios, both as a function of depth below surface. Results from this 
study will be used in assessing water movement at the site. Information from 
chlodne-36 data may be used for Inferring rates of fracture flow relative to matrix flow.  
The chlorine-36 vertical distribution may permit assessment of the role of convective 
water movement relative to dispersive movement. This study will be performed in 
parallel with USGS hydrochemistry studies (8.3.1.2.2W.) and wil precede USGS In situ 
tests (8.3.1.2.2.4). The groupe working on these tests plan to exchange informat'on as 
they progress. The data will be used to validate conceptual models of hydrologic flow in 
the unsaturated zone by showing, from the chlorlne-31 data, whether flow in the 
unsaturated zone has taken at least 50,000 years. Plans for Integrated modeling of the 
unsaturated zone are described In Sections 8.3.1.2.2.8 and 8.3.1.2.2.9 of the SCP and will 
be detailed In later study plans. The use of rates of chlorine-38 migration as an upper 
bound on technetium-99 migration may also provide valuable confirmatory support to 
results from geochemical studies summarized In Sections 8.3.1.3 and 8.3.5.13 of the SCP.  

4.2 Resolution of Performance Issues 

The application of results In the site Investigation work can be tied directly to resolution 
of key performance assessment issues. The assessment of total system performance 
summarized in Section 8.3.5.13 of the SCP is dependent upon the ranges of potential flux 
passing through and below the repository level An independent confirmation of flux 
estimates by rates of movement derived from chlorine-36 studies would provide valuable 
support to the transport and release predictions. Both containment by the waste package 
(SCP Section 8.3.5.9) and release from the engineered barrier system (SCP Sec
tion 8.3.5.10) are strongly dependent upon the rate of water movement through the 
repository horizon. Therefore, confirmation of low flux values by independent analytical 
studies will reduce uncertainties In meeting the waste package and engineered barrier 
system performance objectives.  

As Indicated in Section 2 of this study plan, confidence in meeting the 1,000-yr 
pro-waste-emplacement travel time requirement will Increase if chlorine-36 samples 
below the repository horizon indicate rates of movement far too slow for a shorter travel 
time.  

5.0 SCHEDULE AND MILESTONES 

Item Date 

Develop water metering s"stem for NaBr tracer Constructed and operational by time 
of exploratory shaft site preparation 

Commence sample coUection Start of exploratory shaft construe
tico 

Conclude sample collection Completion of exploratory shaft to 
depth 

Complete ehlorlne-36/ehlorine ratio analyses 1 yr after completion of exploratory 
shaft to depth 

Complete data Interpretation and final report 21 months after e.-ploratory .,haft 
completed to depth

17
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Table A-i HAts the applicable NQA-1 criteria tor this study and ezplains how 
they will be Mtisfled.  

TABLE A-I 

APPLICABLE NQA- 1 CRITERIA FOR SCP STUDY 8.3.1.2.2 AND HOW THEY WILL BE SATISFIED

NQA-1 Criterion
S. ........ w " ,.__,. ,_.._,_, -,I, U OT I$SUO 

F 1. Organization The organization of the Office of Civilian Radioactive Waste Management (OCRWM) program is desribed 
in Section 8.6 of the SCP. The LANL QA program is 
described in the LANL-YMP-QAPP and includes a 
program description addressing each of the NQA-1 
criteria. The LANL QA program contains quality 
administrative procedures (QP) further defining the 
program requirementsn 

TVS-QAS-QP.0 1. 1 Interface Control 1/31/89 

TWS-QAS-QP-01.2 Stop Work Control 1/31/119 
2. QA Program The LANL QA program is described in the LANL-YMP.  

QAPP and includes a program description addressing 
each of the NQA-1 criteria. An overall description of 
the YMP QA program for site characterization 
activities is described in Section 8.6 of the SCP.  
TWS-QAS-QP-02.1 Personnel Certification 1/31/39 

_TWS-QAS-P--02.2 Personnel Training 1/3 1/8 
_ TWS-QAS-QP-O2.3 Conflict Resolution 1/31/89 
TWS-QAS-QP.02.4 Management Assessment 430/89 

3. Design and Scientific This study is a scientific investigation. The following 
Investigation Control QPS apply: 

_VWS,-QAS,-QP03. 1 Software QA Plan 4/30/89 
.TWS-QAS-QP.O$.2 Technical Review 4r/3039 
_ __ TWS-QAS.QP-03.3 Scientific Investigation Planning 4/30,39 

TWS-QAS-QP-03.4 Quality Assurance Level Assign- 4/30W9 
Smenit 

_TWS-QAS,-QP3.5 R&D Control (Notebooks) 4410/M9 
_TWS-QAS-QP.03.s Design Interface Control 1/31/89 

rTWS-QAS-QP-03.7 pee Rieview 44M 
TWS-QAS-QP-03.s Readiness Review 1 /31/39

Anticipated

I WS-QAS-QP-03.9
Sientific Analysis Controj ld
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APPLICABLE NQA- 1 CRITERIA FOR SCP STUDY 8.3.1.2.2 
AND HOW THEY WILL BE SATISFIED 

(Continued) 

NQA-I CiteiionAnticipated NPdQ-. I Criterion Documents Addressing These Requirements Date of Issue 

TWSQAS-QP-03. 10 Software Documentation and 4/30139 
Review 

TWS-QAS-QP-03.11 Software Configuration Man. 4/30/39 
_________ gement 

TWS-QA P-03.12 Scientific and Engineering Soft. 4/30/89 
ware 

T"WS-QAS-QP-03.13 Auxiliary. Commercial and 4/30139 
Utility Software 

4. Procurement Document TWS-QAS-QP-04.1 Procurement 12/14/38 
Control 

_TWS-QAS-QP-04.2 Acceptance of Procured Services 1/3149 

TWS-QAS-QP-04.3 Quaification of Suppliers 1/31/89 

S. Instructions, Procedures, TWS-QASQP.0S.1 preplaration of Qfs 12/14188 
and Drawings 

_TWS-QAS-QP-0S.2 Preparaticm of OPt 12/14/86 

6. Document Control TWS-QAS-QP-06.1 Controlled Document Distribu- 1/31/89 tion 
7. Control of Purchased Applicable Parts of this criterion are covered in Item 4 

Material, Equipment. (see above).  
and Services 

a. Identification and TWS S-QP-0 1 Control of Sanples 4/03 
Control of Materials, 
Pas and Samples 

_ TWS..QA-ýQP 2 Control of Data 4/3(m 
9. Control of Special This criterion has been determined to be inapplicable 

Processes to the scope of work of the LANL YMP.  

10. Inepection this crterion has been determined to be inapplicable 
tothe scope of work of the LANL YIP.  

11. Test Control This criterion has been determined to be inapplicable 
to the scope of work of the LANL YMP.  

12. Control of Measuring The control of instrument calibration and data 
and Test Equipment collection is described in the technical procedures 

referenced In Sections 3.1 trough 3.3 of this plan.  
The following Qfs also apply:

A-3
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APPLICABLE NQA- I CRITERIA FOR SCP STUOY 8.3.1.2.2 
AND HOW THEY WILL IE SATISFIED 

(enrel uh~Ell1
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A-4

Anticipated 
NQA- 1 Criterion Documents Addressing These Requirements Date of issue 

TWS-QAS-QP-12.1 Measuring and Test Equipment 4/310/9 

TWS-QAS-QP-12.2 Control of User Calibrated 4/31"9 
Equipment 

13. Handling, Storage and TWS-QAS-QP-13.1 Handling, Shipping, and 4130/89 
Shipping Storage 

14. Inspection, Test and This criterion has been determined to be inapplicable 
Operating Status to the scope of work of the LANL YMP.  

1S. Nonconforming Matew- TWS-QAS-QP. 1S. 1 Nonconformances 12/14/86 

als, Parts or Components 

16. Corrective Action TWS-QAS-QP.16.1 Corrective Action Control 1/31/89 

TWS-QAS-QP- 16.2 Trending Vim 

17. Quality Assurance TWS-QAS-QP-17.1 Resident File 12/1446 
Records 

_,, TWS-QAS-QP. 17.2 Records Processing Center 12/14/66 

18. Audits TWS-QAS-- IP .1 Audits 1/31/69 
TWS-QAS-QP- 16.2 Surveys 430419 
TWS-OAS-QP-18.3 Auditor/Lead Audit or Cert. 1/31/69
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QUALITY ASSURANCE LEVEL ASSIGNMENTS 
FOR STUDY PLAN 8.3.1.2.2.2

NNWSZ QUALZTY ASSURANCE LEVEL ASSIGNMENT 

QA QA 
Itase/Act:.v tes Laval Requir.eents Technical 3J1stificat.on 

Chloride and "C1 1,2,3,4.5,6,7,8, NNJSI SPO-02-02: par& 5.2.1.b. I 
Measuremmnts of 1 10,11,12,13,15, d. (activity will provide site 

Infiltration at 16,17,18. See characterization and license 
Yucca "Ountain attached ILACS application data) and Step 2 of 

QA Level Assignment Checklist 

i ______________________________ __________________________ ________________________________________________

APPROVALS (Sign~ature arA Date) 
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QUALITY LEVEL ASSIGNMENT CRITERIA SHEET (QLACS) 

SIP No. 86/1.2.3.4.1.2.

Ray. a

Actii UNrctal mstaap, Chalmcrr

ehlartds and 3 6Cl NeaaureseneA-t Znfilcration at Yucca mountain

A. I. Iorrits

Does not 
QA Criterion Applie Apply Comments

1. QA Organization 

2. QA Progam

3. Design and Scientific 
Invetigation Control 
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