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~presence of isotopically heavy water in the same regjon as the chloride bulge.
Isotopically heavy water indicates that decp cvaporation is likely because the
largest values occur at depths much greater than the depths at which solar-

driven surface cvaporation takes place.

_ INTRODUCTION
Evaluating representative flux rates for the Mcsita del Buey vadose zone

is crucial for performance assessment of the Arca G Low-Level Radioactive

Waste Facility lJocated at the LANL TA-54. The hydraulic approach {(¢.g.,

Birdsell et al., 1995; Rogers and Gallaher, 1995) is one way that vadose zone
fluxes can be estimated, However, because of the difficulty in measuring

hydraulic properties and accurately detcrmining moisture content, suction,

and hydraulic conductivity rclationships, the hydraulic approach yiclds flux

estimates with large uncertainties. Thus, cven though the hydrsulic approach

provides useful information, additional estimates of the flux that do not rely on
representative flux values are uscd in the performance asscssment process.
The current study was designed to provide cstimates of flux based on the
chloride mass balance method (Allison et al., 1994; Stone, 1984). Becausc this
is a tracer-based, and not a hydraulic-based approach, it provides the
independent estimates of flux that are needed.
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In addition to flux estimates, oonneptua! models of me ydrology can
be refined using natural tracer 1smdics.lé‘!n particular, stable §sotopes.can be
used to cvaluate cvaporation, both at the mesa surface and aty epth. The
isotopic composition of water is aﬂccwd!:y evaporation, whi ‘ﬁrefcmntially
extracts light isotopes into the vapor phue. leaving the remaif}! g liquid
enriched in heavy isotopes. The depth ltwhlch &D and 5'%0 rjiach their
maximum (heavicst) values coincides with the depth of evaporjtion (Barnes
and Allison, 1983; Allison et al., 1983). Dccp evaporation in Mesita del Buey,
in contrast to surface evaporation, has bp suggemdbyn and Gallaher

7; 4 ir)n

(1995); Rogers et al. (1996); and Vaid ctﬂ. (1997) based on dal from moisture
content and matric potential meanumum. The idca of evs jve removal
of water from mid-mesa depths of apprﬁmatcv 15 to 100 ft v;}ntestcd, and
will significantly influence conmnmmm@obmw affecting pe AnNCe

assessment calculations.
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MATERIALS AND NETHODS
. Chloride Sampling an alyses

Chloride profiles were determined from core samples from wells 54-1107,

~ 54-1117, 54-1121, and 54-1123 at Arca G. Samples were collected and

. analyzcd at 5- or 10-ft intervals. Chloride concentrations were determined by

! 'vi;l_g,aching the core samples with DI water and analyzing the leachate using jon
| '-“éiiroﬁzatography.r The leaching and analyses were performed at the Los Alamos
" EES- 1 geochemistry laboratory. For cach sample, approximately 50 g of tuff
Ij’?‘;\;r'as crushed usmg a mortar and pestle. The tuff was then oven dried for at
cast 12 hours at 100°C. The dry sample was weighed and added to an
Erlenmeyer flask along with approximately 75 g of DI wates. The flask was
'agxtatcd for 24 hours on a rotary mixer. Once the mixer was tumed off and the
, sohd material scttled, the supernatant was filtered and malyud usinga
"}ll)ionex Ion Chromatograph. Analytical precision of the ion chromatogroph is
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- were Ris the flux (m/yr); P is the average annual precipitation rate (m/yr}; Cly
s thc average conccntratibn of chloride in bulk precipitation (g/m?); and Cuv is

~ the chloride concentration in vadose-zone water below the root zone (g/m?).

::g}iowcvcr. chloride concentrations in decp profiles are sometimes not constant

‘below the root zone. In this case, plots of cumulative chloride as a function of

. cumulative water in the profile can be used to determine changes in recharge
| _j rates over time. Approximatcly lincar scgments on the cumulative-cumulative
plots indicate mﬁes of constant flux. The flux for a scgment is given by

R = (CL,P)/Cl,, @

where Cl,, is the average chloride content of the samples represented by the

* segment {g/m9).  Chloride-based vadose water ages can also be estimated by
 first calculating the amount of chloride in cach sample interval down to the

_ depth of interest using the relationship
: Wherc Clis the amount of chloride in the interval (g/m7), 0 is the volumctric

 moisture content in the interval, Ca is the mass of chloride in the interval per
volume of rock (/m, and 2 s the length of the sample interval (m). By

" calculating the 'c‘;xmulative sum of the Ck valucs down to the depth of interest,
| the age can be calculated using




5* A = CL/(CLP), | (4)

; where A is age in ycars, and Cl. is thtacumulanve sum of values (g/m?)

i at a given depth. A valuc of 0.36 mlyf;ﬁas ns?ed for the ave: annual
precipitation (P) based on mcasmcmcuio at T»\-54 (Bowen, 1§90), and a value

of 0.29 g/m3 was uscd for the avcm@wnocnh'atxon of chloride in bulk
precipitation (Cl) based on Andcrhohn 1994)

Stable Isotope Analyscs
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8D ord"0 =[R“'"""R"‘°' ]x 1000, (5)

where R is the D/H or 180/1%0 ratio. The value of %0 was measured from
extractions made using the carbon dioxide cquilibration technique of Socki et
al. (1992). For the §D analyses, hydrogen was extracted using the hot uranium
method of Bigeleisen et al. (1952), and the analyscs were corrected by means of
a lincar equation (§Dactuat ® 1.0085Dmeasures + 7.378) based on regression
analysis of V-SMOW and GISP standards. The analytical precision for the 520
and 5D analyscs by mass spectroscopy is better than 0.2 %e and 16 %,
respectively. Two of the distillates (the 16.6 and 25.6 R samples) did not yicld
reasonable §D values. It is likely that some hydrogen was produced from

organic material, possibly from dccayed roots, invalidating the water 8D values.

RESULTS
Chloride profiles for the four wells ure shown in Figure i. The chioride
concentrations are not constant with depth, and each profile shows a distinct
bulge of high concentration between the 15 to 80 ft depths. The changes in
chloride concentrations generally corrcspond to changes in volumetric moisture

content where the chloride bulges occur in the zone of low moisture content

(Figure 2).
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reach the 125 ft depth. Ages for the other wells suggest that it takes

approximately six thousand ycars or more to rcach the same depth.

The stable isotope profiles for well 1117 are shown in Figure 4. The
trend is for the pore watcrs to become lighter in both 8'%0 and 8D with depth.
Because there were no moisture-protected samples available for depths less
than 16 Q, generalized curves for shallow isotope profiles at TA-51 (Newman et
al., 1996) are also shown in Figurc 4. TA-51 ison the same mesa as Arca Q,
approximately 3 km upslope, and is probably a good proxy for undisturbed
conditions at Arca G. The TA-51 curves show that solar-induced surface
evaporation is limited to shallow depths. By a depth of 1-2 meters, isotopic
values become lighter (-9 to -10 5120 and -80 to0 -95 8D). At the depth that the
well 1117 data start, isotopic values are substantially heavier than the 1-2
meter samples from TA-51. This difference is important for evaluating decp

evaporative processes and will be explained further below.

DISCUSSION
Significance of the Chloride Bulges

The chloride bulges (Figure 1) are important fcatures of the vertical
profiles because the origin of these chloride accumulations will affect the
development of conceptual and quantitative models of the mcsa hydrologic
system. One explanation is that the bulges represent a past period of low

percolation rates and high evapotranspiration which was followed by a period
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though variable, has tended to be wetter. than

Stute ct al., 1992). This is in direct

bulges indicate drier past conditions.

cause chioride to accumulate. The post
discussed in the Deep Evaporation sect ' poration e mstobea
plausible explanation given that other pested ]

presence of decp zones of vapor d
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features. The bulge in well 1107 occurs mainly within the lower part of unit 2b
(surge beds), while the bulges in wells 1117, 1121 and 1123 occur within the
stratigraphically lower units, 2a and 1b. These units may act as permeable
zones that have a direct connection to the atmosphere. For cxample, the surge
beds at the base of unit 2b have been suggested as a potential evaporative zone
(Rogers and Gallaher, 1995; Rogers ct al., 1996) which is consistent with the
chloride bulge in well 1107. The bulges in wells 1117, 1121, and 1123 overlap
the surge beds in some cases, but also the lithologic contacts between unite
1v(c), 1v(ul), and 1v(u2) (following the suggested nomenclature of Broxton and
Rencau, 1995). These units are fractured and contain pumice beds, cither of
which may have a connection to the atmosphere permitting deep evaporation.

The vapor-phase notch (Figure 3) is another stratigraphic feature that
appears to control or at least corrclate with changes in chloride concentrations
and flux rates. Chloride concentrations at and below the vapor-phase notch
are dilute and the decrease in concentration corresponds to a substantial
increase in moisture content at the vapor phase notch. In wells 1121 and
1123 a large change in slope occurs between the middie segment and the
deepest segment of the cﬁmutaﬁvc'cumula[ﬁvc plots (Figures 3c and 3d), that
corresponds to the vapor-phase notch. The influence of the vapor phase notch
in well 1107 is more subtle (Figure 3a). The cumulative-cumulative plot for

well 1107 shows a small change in slope in the deepcst segment close to the

vapor phase notch. If there were samples deeper in the profile, a fourth
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scgment below the vapor phase notch )
one sample from below the vapor phase
| no assessment of its influence can be

Uncertainty |
With the various assumptions u . lance method
there are some related uncertainties. afes to the 1-D

vertical flow assumption. If deep * Jhen potentially

large but unquantifiable crrors in the fu e pal . Firdm'a qualitative
point of view, however, a large chloride
evaporative sone is consistent with & low Bux. Lateral ﬂowal aiviolates the 1-D

vertical flow assumption. If there is la 78 nov}iﬁﬂacdég;cr |

of the mcsa (described in the Stable Isc

cither and because of its possible ;
units, fracture flow adds additional
Another factor that contributes to |

value of 0.29 g/m? was uscd in the flux s

chloride mass balance study by Anderh
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value may be higher than the Pgjarito Platcau average value, and is probably a
conservative value in that it may overestimate flux ratcs and undercstimate the
ages. Evaluation of chloride concentrations in precipitation from the National
Atmospheric Deposition Program station at Bandclier National Monument
(NADP, 1994) and various sampling stations on the Pajarito Plateau monitored
by Adams et al. (1995) suggest that chloride concentrations in rainfall might be
as low as 0.1 g/m3, If this value is more representative of the Pajarito Platcau,
then the fluxes in Table 1 would be about one third lcss than those shown and
the ages would be about three times greater. The different chloride input
values do not make order of magnitude changes in the flux rates, and thus do
not result in much additional uncertainty, cspecially when compared to
uncertaintics from other factors such as deep cvaporation. The cffects of
different chloride concentrations are important considcrations for corrclating
ages and changes in flux with past periods of climate change because some

paleoclimate changes have occurred over relatively short time periods.

Birdscll et al. (1995) used a modeling approsach to cstimate flux valucs in
the vadose zone bencath Arca G. They used generalized hydraulic paramcters
for the different stratigraphic units and varicd the infiltration rate in order to
match existing in-situ saturation data. They found that the saturation profile

could not be simulated using a single flux value. Instead, they used three
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;I different flux valucs to match three satg;'ation zones in the pi . Their result “‘*g
9 is consistent with the chloride results § in, ,that three main fl nes were also :
identified. Unfortunatcly, the nmgmm:;;s of the chloride-baskd flux rates do

‘ not agree with the simulations in some gsc& For cxamplc, firdscll et al.

found that a low flux of 0 to 0.1 mm/yriit thg_sgturation data from unit 2b
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used by Birdsell et al. were based on valt arto unit where
values range from 1 to 4% volumctric, M ufperpaxtqfﬂle it is much

used in the chioride-based estimates.
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Another comparison can be made using the flux cstimatcs for the upper
part of unit 2b. Newman ct al. (1996) cstimated chloride-based flux rates

through various soil profiles and into the first 10-50 cm of unit 2b for an
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undisturbed site at TA-51. For soils without clay-rich Bt horizons, which is
representative of conditions at Arca G, flux ratcs ranged from 0.5 to 10 mm/yr.
Though these estimates are dominated by soil hydraulic propertics, the
majority of the estimates arc consistent with the 3-6 mm/yr estimatcs for the
upper part of unit 2b at Arca G. Ncwman ct al. also noted substantial lateral
variability in flux ratcs, consistent with the results from this study.

A final comparison can be made with the results of Vold ct al. (1997) who
calculated the magnitude of liquid and vapor fluxes in the mesa. Overall, the
Vold et al. results are in rcasonable agreement with the chloride-bascd flux
estimates. Vapor-flux ratcs dominate in the middle of the mesa, which
corresponds to the zone of low chloride-bascd flux rates, and supports the
hypothesis of deep cvaporation. Liquid flux rates are dominant in the region
near and below the vapor phase notch, which is consistent with the increase in

chloride-based flux rates in the dceper parts of the mesa.

Stable Isotopes
Stable isotope data from well 1117 (Figurc 4) provide additional cvidence

for deep evaporation. The TA-51 data show that surface cvaporation cffects

disappear at depths less than 6 ft whercupon valucs r~ach rclatively light §'80
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and §D values of -9 to -10 %o and -80 m -95 %o respectively. saturated
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The existence of light isotope valucs at the vapor phase notch at the 85 ft i
depth in well 1117 leads to two explanations. The first is that water infiltrated ?_
during a higher precipitation period during the Pleistocene or carly 10 mid i

)

Holocene, and was not subject to cxtensive ecvaporation. Studics by Phillips et
al. (1986) and Stute ct al. (1992) indicate that such periods occurred in the
past 20,090 years, so this cxplanation appcars to be reasonable for the light
water at the bottom of the profile. The sccond cxplanation is that water may
have been introduced by lateral flow along pathways that were not subject to
evaporation of the same intensity that occurred in the middle of the mcsa. It {s
possible that recharge in the adjacent canyons flows underneath Mcsita del
Buey, and Pajarito Canyon in particular contains saturated alluvial zones
which could generate lateral flow. Unfortunately, we do not have enough
information about the link between mesa and canyon hydrology to adequatcely
evaluate if lateral flow really occurs. The stable isotope data however, can
provide valuable clues regarding the validity of the lateral flow hypothesis. A
meteoric water plot (Figure 5) shows a well-defined evaporation trend line

extending from the local meteoric water line to the right. 8'80 and 8D valucs of

precipitation from the Pajarito Platcau plot along the local meteoric water line,
and if evaporation occurs the isotopic valucs will become progressively heavier
following a trend such as that shown for well 1117, The cvaporative trend line
suggests that all of the waters in the 1117 profile have the same source,

including the light water at the vapor phase notch. Thus, if lateral flow occurs,
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it would have to have the same criginal {sotopic composition u; the water that
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was cvaporated from the middle of the mesa. In other words, the source of the

lateral flow would need to plot on the same evaporation trend] ine as the 1117
waters. Measurements of the isotopic composition of potenti :";:l‘fateral flow
sources, such as the alluvial groundwater from Pajarito Can

aid in resolving this question.

reasonable similarity in overall behavior wherc flux rates we 4 est in the

shallow and deeper parts of Mesita del Bucy and lowest in th dle of the
mesa. Flux cstimates for the shallow mﬂ decp zonces are on rder of a few

mm/yr. For the middle region of the mm. flux estimates r. d from 0.03

mm/yr for well 1123 to 0.8 mm/yr Iorwa! 1107. The low mid th fluxes in

the wells are rclated to large conocntmdoa: of chloride. It ap 3 s that these
concentrations are related to deep mmuﬁve Pprocesses, and it,able isotope
profile from well 1117 supports this conglusion. One detail in I b at the bulge in
well 1117 has a very high maximum chluﬂde conccntmﬁon (4 ,_ mg/L), while
the bulge for well 1107 has a much lowconccmration (232 BE L) The large
differcnoes in chloride concentrations mumt that there is su jantial lateral

variability in vertical flux and in the amount of evaporation 5 occurs In

acterized by

summary, it appcars that the Mcsita del Bucy vadose zone is cp ,




substantial lateral and vertical heterogencitics that control the rates of water
movement in the mesa. In addition, water movement in ;hc middle of the mcsa
is likely influenced by decp evaporation. Future work will involve mcasuring
additional isotope profilcs to verify the behavior scen in well 1117, and will also

include analyses of shallow isotope data from Arca G so that site specific values

can be us'ed instead of those from TA-S1.
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Table 1. Flux Estimatcs and Soil Water
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Appendix 1a. Data for Area G Core 54-1107
Cl.
leachate Pore intervalj Cum.

Sampled| Midpoint{ conc. [DI added Tuft Dry pb | H20| Cisw | Clswi interval| Ciswi | Clswi |Intervali Cum éd
Deph | _(m | (moy | (@) [Ck(mg)l w.(g) | ev R |grem3) ) (mo)|@m3)l (m) |@im2)|@/ma)ed(m. (M)
8.7 3.0 0.22 75.17 | 0.017 | 48.75 | 9.01 1,37 [0.003] 54 54 4.0 1.9 2 0.4 0.4
3158 | 038 | 7508 | 0027 | 5240 | 6:32 | 1.37 10002 112 312 30 | 21 | 4 | 02 | 06
305 | 9.1 795 | 7831 ] 0103 | 49.51 | 807 | 137 0.003[ 353 | 353 | 3.0 86 | 13 | 0.2 | 08
308152 | 744 | 7529 | 0560 |49.63 | 675 | 1.37 10.002]229.1 2204] 25 | 987 | 51 | 02 | 1.0
i34 932 | 7503 | 0649 | 5030 | 821 | 1.37 10.0031232.0 5350] 15 | 288 | 80 | 01 | 1.1
04 | 152 | 807 | 7521 | 0457 | 5048 | 14.5 | 1.37 0.005| 855 | 855 | 20 | 248 | 105 | 03 | 14
w7474 341 | 7491 | 0255 | 5535 | © | 128 [0.004) 648 @46 | 20 | 116 | 116 | 02 | 16
663 | 202 | 041 | 774S | 0.032 63 |17 | 726 [0.001| 416 | 416 | 15 [ 11 | 117 | 00 1.6
70.5 21.3 0.48 75.08 | 0.038 | 54.41 32 1.26 [0.001} 26.1 | 28.1 2.0 1.7 118 0.1 1.6
76 552 ] 032 | 7507 | 0024 | 5308 | 365 | 128 [0002; 154 154 ] 15 | 08 | 120 | 01 | 1.7
305 | 244 | 094 | 7572 | 0011 | 4758 | 622 | 1.26 [0.002 %S | 45 | 15 | 04 | 120 ] 01 | 18
855 | 262 | 022 | 7499 | 0018 | S0.04 | 831 726 10003] 66 | 68 | 1.0 | 04 | 121 | 01 | 19
969 | 277 | 024 | 75.00 | 0.018 [ 4908 | 113 | 12 |0.005 39 | 39 | 10 | 04 [ 121 ] 01 | 20
S 287 | 030 | 7502 | 0023 | 4901 | 103 | 12 10.004] 5.4 54 | 15 | 08 [ 12 ] 02 | 21
oA 305 | 089 | 7499 | 00652 |S160 | 188 | 1.2 [0.008 8S | 65 | 20 | 24 | 124 | 04 | 25
3058 | 323 | 0.72 | 7514 | 0.054 808 | 794 | 1.4 [0.003 176 | 1761 15 | 19 | 128 01 | 28
6335 162 | 7514 | 0122 | 3313 | 546 [ 1.14 ]0.003 8| 478 ] 10 | 28 | 129 | 04 | 27
5348 | 201 | 7594 | 0.153 | 49.05 ['5.07 | 1.14 |0.002 700 | 700 | 20 | 74 L 136 | 01 | 28
77851 360 | 088 | 7510 | 0.088 588 | 1.14_[0.003] 257 2871 15 | 23 | 138 ] 01 | 28
35378 | 088 | 78.50_| 0.067 | 5048 [8.0534] 1.14 ]0.003 2691 254 ] 18 | 23 | 140 | 01 | 29

()




kS 4
prpondum.mmorAchm&-ﬂﬁ ‘
Ck
leachate interval] Cum,
Sampled |Midpoint| conc. |DlAdded Tuft Ory ob |Pore H20| Clsw | Ciswi Clswi | Ciswi |Interval| Cum od
Depth () | (M) (mg) | _(9) Cl W (Q) |6V (%)) (g/cm3) L) (mg/L) | (g/m3) |Interval (g/m2) | (g/m2) | 6d () (m)
9.9 3.0 0.15] 7483 ] 001 [51.329 | 3.074| 137 | 0001 | 10 | 10 20 | 06 1 | 006 | 0.1
15.5 4.7 5797732 | 078 | 52.500 | 2.838] 1.37 | 0.001 | 696 | 696 | 20 | 39.5 | 41 0.06 | 01
20 6.1 77| 7557 | 134 | $0.386 | 2.955] 1.37 | 0001 | 1231] 1231 | 10 | 384 77 | 003 | 0.1
25.35 7.7 20.7] 7454 | 154 |51.255]3.134] 1.37 0.001 | 1316 | 1316 | 1.0 | 41.2 | 118 [ 0.03 | 0.2
30 X 578 7433 2.05 |55.853 | 3.149] 1.37 | 0001 | 1568 | 1508 | 1.0 503 | 169 | 0.03 | 0.2
a5 10.7 342 7881 | 263 |51627| 201] 126 | 0001 | 2203 | 2203 20 | 1282 297 | 0.06 | 03
40 122 | 311 7443 2.78_ | S1.745 | 2493| 126 | 0.001 | 2697 2697 | 10 | 67.2 | 364 | 002 | 03
a5 13.7 2637838 378 |63.972 | 2418 1286 | 0.001 | 3061 [ 3081 | 20 |148.0 512 | 0.05 | 03
50 152 368 7699 2.62 |50.114 | 1.837] 1.26 | 0001 | 3856 | 3856 | 2.0 1417 ] 654 | 0.04 | 04
55 188 416 7777 324 | 49893 | 1.718] 1.28 | 0001 | 4755 47551 20 | 1634 817 | 0.03 | 04
60 183 260 7680 200 |51.54811.485] 1.28 0001 | 3270 | 3270 | 1.0 | 489 | 868 | 0.01 | 0.4
70 213 3757488 | 131 |49.020 1 2791] 12 | 0001 | 1148 | 1148 | 2.0 640 | 930 | 006 | 0.5
751 | 229 i 7833 | 087 | 47438 | 5.369] 12 | 0002 | 410 | 410 | 20 [ 440 ] 974 | 011} 08
&0 244 737808 133 [50.834 | 887] 12 | 0004 | 354 | 354 | 1.0 | 314 3005 | 0.09 | 0.7
85 259 300 | J048 | 0.3 | 53.021 | 2.149] 1.4 | 0001 | 157 | 157 10 | 49 | 100 003 | 07
1
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Appendix 1c. Data for Area G Core 54-1121

Cl
Sampled jeachate Interval] Cum.
Depth | Midpoint} conc. D1 Added Tuff Ory pb |Pore H20 Cisw | Ciswi |interval} Clswi Clswi |intervall Cum 6d

P mon | @ ek ma) Wi lev ool @ema)l Q) [mo) (93) m)_|@m2)| @m2){ed m)| (m)
9.7 3.0 0.15 75.65 0.01 $5.02 | 14.39] 1.37 0.006 2 2 4.0 1.1 1 0.6 0.8
21.4 6.4 1.14 74.82 009 | 50.77 [8281] 1 .37 0.003 28 28 3.0 6.9 8 0.2 0.8
21.9 8.5 1.84 78.24 0.14 ! 5333 7.157] 1.28 0.003 48 48 3.0 9.9 18 0.2 1.0
415 128 2.80 7413 0.21 | 49.73 | 6.3 1.28 0.002 83 83 3.0 15.8 M 0.2 1.2
51.2 15.5 92.3 7417 885 | 5057 |7.396] 1.28 0.003 | 2306 | 2306 | 3.0 61181 545 | 0.2 1.4

Sre 789 [ 133 | 7736 | 1020 | 5230 [5216] 126 | 0.002 ATaA | 474k | 30 | 7424|1288 02 | 18
71 o5 | 757 | 7574|573 | 5121 |s216] 126 | 0.002 705 | 2705 | 1.0 | 1411|1429 01 | 1.7
res—213 [ ea« | 7a2a_| 508 | avss [T418] 1.2 | 0.003 j658 | 1658 | 1.5 | 1844|1613 ] 01 [ 18
71528 638 | 7587 | 483 | 4934 (03241 12 | 00 3256 | 9259 | 1.5 | 1760 | 1789 | 0.1 | 1.9
e 3e7 170 | 7474 | 127 | 5812 [aeds] 114 ] 0.9 943 | 642 | 1.5 | 374 | 1827) 00 | 1.9
3 | 258 | 757 | 7418 | 0ss | sS78 [2633] 174 5001 | 425 | 425 | 1.5 | 168 1844 ] 00 | 20
sog 1271 | 058 [ 7650 | 004 5478 [4058] 1.14 | 0.002 23 | 23 | 20 | 1.8 [1845] 01 | 21
S+ 1293 [ 068 | 7428 | 005|602 [3848] 1.14 | 0.002 55125 | 15 | 14 |8ar] 01 | 21
a7+ 302 053 [ 7664 | 004 [ 5758 [3.78] 1.14 } 0.002 51 22 | 15 | 12 [1848] 01 | 22
o538 [ 082 | 7543 | 006 4900 [4081] 1.14 1 9.002 3535 | 30 | 43 [18s2 01 23
07T 589 | 133 | 7537 | 040 | 5074 [1038] 1.12 6065 121 1 21 | 30 | 66 [18s0] 03 [ 28
373 %05 047 | 7524_| o 4833 [6.037] 1.12 6063 S | 5 | 30 |09 |se0] 02 | 28
S0 T 09 | 7420 | 007 829 [5197] 1.12 | 0003 727 | 30 | 43 | 1864 ] 02 | 29
S5 @S | 026 | 7ar | 002 [4a7e [S197] 12 oo 9 | 9 | 15 [ 07 |1ees] 0 | 30




i s TR Sl

interval] Cum.
Tuft Dry »mmmmmwmmm Cum 6d
wi(g) |ev on3)| )| (m) ed(m) | (m)
476408 | 7.97 !9..(0/1_37 0.003 @gy‘m‘_‘_ 10 | 0.29 '@g? 0.1 0.1
538158 700 ] 137 | ooos | s3 | S3 | 1.0 37 | 4 | 0 0.1
sS4 552 | 137 | 0002 | s2 | s2 [ 19 28 | 7 0.1 0.2
555577 392 | 137 | 0001 | 178 | 178 | 1.0 58 | 12 | 00 0.2
545005 | 411 | 137 | 0002 | 488 | 488 | 20 #0.1 | 82 0.1 0.3
—Saiasi] 250 | 128 | 0001 | 790 | 799 | 1.0 201 | 713 0.0 0.3
SAg700 | 198 | 126 | 0001 | 041 | 841} 1D 1668 | 8 | 00 04
S3.0021] 170 | 128 | opo1 | 1048 30481 10 | 178 | 107 | 00 04
e 873 [ 22 | 128 | 0001 | 1043 ] 1043 ] 20 %63 | 153 | 00 0.4
et an e85 | 202 | 126 | 0001 |22 1272] 1.0 372 190 | 0.0 0.5
~5353 1 S4.9038 | 640 | 12 | 0004 | 583 598 | 20 | 909 | 290 | 02 0.6
T S51 0048 798 | 12 | 0003 1371113711 1.0 7004 | 400 | O.1 07 |
8881 | 937 | 12 | 0.005 | 1881 [ 1881 ] 1.0 175.2 0.4 0.8
~3.970 “93 |12 | 0002 | 643 | 6a2 | 10 | 284 81 | 00 0.8
5085 | S0.7087 | 3.1 | 114 | 0002 ] 54 s4 ] 10 | 20 | 603 | 00 X
5057 ] S0.7ess | 489 | 194 | oo | 14 ] 14 | 12 07 | &4 ' 00 6.9
s Sis |1 | ope | 0 | 40 | 10 | 21|08, 1.0
~6.018 | 8123 | 314 | 0003 | 6 8 | 10 ] 03 | 608 | O.1 1.0
—57e8 T a3 | 757 | 112 | oood | 85 {85 | 19 a2 [ 611 | 01 1.1
0019 | 557523 | 8.00 | 1. o006 |8 | 5 | 10 | 04 | 611 | 0OF 12
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