


DISCUSSION

Classification Schemes

The classification schemes for both the drill-Iog and particle-size datasets 

introduce uncertainty in lithofacies designations. The drill-log classifications are based 

on the sediment type the driller listed first as the dominant grain size of the sample. 

Further classification into lithofacies groups relied upon the amount of information the 

drill log recorded. If the drill log recorded sand and silt the interval was categorized into 

the silty sand lithofacies without indication of how much silt was present in the sample. 

Other drill logs recorded qualitative indications of silt content such “a trace”, “or lots of 

silt”. More complete sample descriptions decreased the uncertainty associated with the 

lithofacies groupings. The coarse sand facies designation was made only if the drill log 

stated the sand to be coarse, otherwise it was assumed to be fine to medium sand. 

Designations between gravelly sand and sandy gravel were made by which was stated 

first in the log.

Drill-log classifications were also affected by the type of drilling and sampling 

method used. A large number of the boreholes in the study area were drilled using the 

“hard tool” drilling and sampling method. The hard tool tends to decrease the grain size 

of the samples by the pulverizing action of the bit. The addition of water while drilling 

also increases the possibility of mixing of sediments from previous samples. Most of the 

samples collected while drilling were placed into glass sample jars. The circumference of 

the jars was less than cobble-sized sediments. Consequently larger particles were 

excluded from laboratory analysis because they did not fit into the sample jar. The result
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was uncertainty introduced as to whether the sample was representative of the subsurface 

sediment.

Calibration

The results of the calibration between the drill-log and particle-size datasets 

suggest there is better correlation between certain facies than others (Table 6). The silty 

sand facies has an 82% correlation rate. However, this facies was classified from the drill 

logs only by whether silt was mentioned along with sand. There were relatively few 

qualitative descriptions that allowed for more accurate division between silty sand, and 

fine sand or even coarse sand. The result is a high correlation for this facies, but appears 

as poorer correlation with the sand facies (Fig. 36 and 37 a-b). For example, both the fine 

sand and the coarse sand have much lower correlation rates at 35% and 24% respectively 

as a result of the inability to make the distinction from the drill logs. The gravelly sand 

and sandy gravel calibration appears to reflect the restriction of the size of the sample jar 

on the particle size. Field observations at Pit 30 suggest a greater proportion of samples 

are sandy gravel than gravelly sand. The sandy gravel samples correlated only 56% of 

the time and 39% of the samples were classified gravelly sand. The differences in 

classifications shown by calibration results are reflected throughout the variograms, and 

introduced uncertainty into the lithofacies simulations.

Variograms

The vertical semi-variograms support the hypothesis that the flood deposits 

contain non-random sequences. The variograms contain distinct structures with well
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defined spatial correlation which indicates the sediments are not randomly distributed. 

The particle-size dataset vertical variograms for the fine sand, gravelly sand and sandy 

gravel facies display a cyclic pattern (Fig 28 b, d and e). The silty sand, fine sand, gravel 

sand, and sandy gravel drill-logs dataset also display cyclicity (Fig. 30 a, b, d and e). The 

cyclicity represents geologic patterns of deposition. The cyclic nature of the variograms 

confirms the alternating sequences of fine to coarse grained sediments observed in cross 

section. There is only one variogram that could possibly be interpreted as a pure nugget, 

i.e. random, and that is the vertical particle size silty sand lithofacies. The sample 

proportion for this facies in the particle-size dataset is very low at only 8.3%. The true 

nature of the facies is not regarded to be represented by the small proportion of samples.

It is uncertain if this conclusion is accurate due to uncertainty in drill-log classifications 

and field observations. The drill-log variogram for the silty sand facies is based on a 

greater proportion of samples. The uncertainty introduced by facies classification 

generated a larger number of silty sand observations than might be accurate. In that case 

the facies appears to be cyclic, but could actually be a random distribution of lenses 

throughout the study area. Field observations of the sandy silt facies appear as lenses in 

the IDF pit, but are also observed as thin laterally continuous horizontally laminated 

beds.

The horizontal semi-variograms confirm the hypothesis that the lateral continuity 

of the fine-grained facies tends to be greater than the coarse-grained facies (Fig. 29 and 

31). The silty sand facies has a horizontal range of approximately 25 meters and the fine 

sand around 30 meters. The coarse sand and gravelly sand facies show substantially 

shorter horizontal continuity of 8 and 7 meters respectively. The sandy gravel facies
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range is somewhat unexpected in that it is slightly less than the silty sand facies at 

approximately 20 meters. This could be the effect of a larger proportion of samples for 

the sandy gravel than gravelly sand in the drill-logs dataset. The horizontal range 

observed in Pit 30 for the gravelly facies was approximately 50 meters. The difference 

noticed between the observed and the modeled range is influenced heavily by data points 

honored near the origin of the variogram. By excluding the somewhat outlying data 

points in both the gravelly sand and sandy gravel facies the horizontal range would be 

closer to that of the observed of approximately 40-45 meters. If the horizontal range for 

the sandy gravel were 40-45 meters, then the hypothesis that the fine-grained facies are 

more laterally continuous would be rejected.

Variogram Reproduction

The reproduction of variograms from simulated values emphasizes the differences 

between the hard and soft datasets (Fig. 36 and 37). The silty sand facies was simulated 

as more laterally continuous than the input model suggests. This was most likely the 

result of the small proportion of hard data points to constrain the simulations. The larger 

proportion of samples for the soft data silty sand facies greatly influenced the 

simulations. The drill log semi-variogram for silty sand depicts the facies as more 

laterally continuous. The simulations reproduce the spatial structure of the silty sand 

facies classified fi*om drill logs more accurately than the particle-size dataset. The coarse 

sand facies is similar to that of the silty sand facies in that the input model was 

constrained by a small proportion of samples and heavily influenced by the soft dataset.
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The differences in the model inputs and the simulations are a direct result of the 

soft data influence. Comparing the proportions of hard data with the simulated 

proportions reveals the relationship of the soft data to the simulation results. For 

example, the proportion of silty sand facies are low and fine sand facies is high for the 

hard dataset. The soft dataset proportions are higher for the silty sand and lower for the 

fine sand, thus reflected in the simulations as a higher proportion of samples as silty and 

lower proportion for the fine sand facies. The coarse sand and gravelly sand facies are 

similarly represented in the simulations. The qualitative grouping of the drill-logs 

classification scheme tends to dictate the distribution of facies in the simulations.

3D Model

Individual Simulations

The facies distributions within individual simulations appear to have a random 

distribution at first look. The distributions of facies are not random as identified by semi- 

variogram analysis of the data. Closer examination of the borehole data, cross sections 

and field observations also reveal the heterogeneity within large packages of sediments. 

The individual simulations represent the variability seen in the geologic data. The facies 

inter-finger with one another or grade to another. Re-examining the photographs taken at 

Pit 30 reveals a similar complex and erratic distribution of facies. Most geologists tend to 

smooth out differences in facies distributions without even realizing they are doing so. 

Geostatistical methods rely on the data to draw the picture, which is sometimes different 

than what is perceived. The end result is much different than ‘layer cake’ stratigraphy, 

but provides a better representation of how the sediments are distributed spatially.
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Multiple realizations allow for consideration of many different possible facies 

distributions. The visualization for many different realizations enables the geologist to 

see how the facies distributions change spatially. For example, the minimum and 

maximum realizations for silty sand display similar distributions in specific areas where 

they were constrained by nearby borehole data. The distribution of silty sand in the 

maximum realization is somewhat evenly dispersed throughout the study area. The 

distribution of the silty sand in the minimum realization is more concentrated spatially. 

The generation of multiple realizations provides a quantitative estimate of the spatial 

uncertainty in the lithofacies distributions produced by geologic heterogeneity given the 

available data.

Modal Simulation and Stratigraphie Cross Section

The stratigraphie cross section was correlated in large packages of similar lithofacies. 

The need for geostatistical analysis was apparent when comparing the layers to the 

heterogeneity within the layers. The facies within the layers are notably different, but 

capturing the heterogeneities within the cross section was difficult. The modal simulation 

also captures the heterogeneity that the traditional ‘layer cake’ cross section does not.

The overall distribution of sediments is somewhat similar to that in the traditional cross 

section. The differences are within the spatial structure of the lithofacies. The traditional 

method defines layers that have significant heterogeneities, but does not portray the 

heterogeneity within the layer. The modal simulation allows for the facies to be spatially 

independent of one another with no pre-defined layering, thus creating a more realistic 

representation of the heterogeneity of the sediments and their spatial distribution.
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Compare with Previous Models

The individual realizations are considerably different than previous models of the 

study area. The detailed geologic cross sections constructed by Price et al (1979) provide 

a stratigraphically simple layered characterization of the sediments. However, the modal 

simulation is similar to the cross sections created by Price et al (1979). Comparable to 

the cross sections created for this study, the Price cross sections smooth out 

heterogeneities within the layers. Price attempts to capture some of the heterogeneities 

within the layers by including lenses in the cross section where sediments are notably 

different from the stratigraphie layer.

The flow and transport model constructed by Piepho (1996), for an area near the 

216-Z-l A crib, was based on hydrogeolgic properties derived from a geologic ‘layer 

cake’ representation of the subsurface. The model is similar in nature to that of the Price 

et al. (1979) geologic model. As a result the heterogeneities with in the stratigraphie 

layers were not captured for flow and transport modeling.

Hydraulic Conductivity Simulations

The geostatistical simulations were used as the basis for generation of hydraulic 

conductivity simulations by assigning a distribution for each lithofacies. The result is a 

hydrofacies distribution that to some extent mimics the distribution of extreme lithofacies 

(e.g., silty sand or sandy gravel). The overall distribution of hydraulic conductivity is 

somewhat similar, but areas of extreme conductivity values will dictate flow models. 

These simulations reflect the heterogeneity within the sediments which will enable a 

more accurate flow and transport model. For example, the minimum silty sand
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hydrofacies simulation captures both high and low areas of hydraulic conductivity in a 

relatively small area. Traditional flow and transport modeling would combine this area 

into one or the other hydraulic conductivity value. Although the areas with different 

hydraulic conductivity values seem to be relatively small, they are positioned in the 

center of the crib. This is significant in that the majority of the waste was distributed 

through a pipe in the center of the crib. The hydrofacies simulations are believed to 

provide a more accurate model to determine the distribution of those wastes through the 

sediments.

The gravelly sand and sandy gravel horizontal variogram range models were 

strongly influenced by often questionable data points near the origin. This greatly 

reduced the horizontal range of the variogram models. The study would benefit from 

testing alternative models for the horizontal variograms for the gravelly sand and sandy 

gravel facies and generation of new simulations with the new model parameters. This 

would allow for comparison of the two simulation groups and would allow testing of the 

effect of a longer horizontal range for coarse sediments on flow and transport modeling.

CONCLUSIONS

The calibration results demonstrated the usefulness of the drill-log classifications 

as soft data. The calibration of lithofacies classes from different sources was used to 

derive estimates of the probability distributions relating “soft” drill-log data to the “hard” 

particle-size data. This enabled the use of drill-log data as soft indicator data in the 

indicator simulation process with a measurable degree of confidence. The uncertainty 

associated with the soft data classifications were influenced by the drill and sample
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method used during the drilling operation as well as the qualitative nature of the sediment 

descriptions by the driller’s.

The study would benefit from particle-size analysis of archived borehole samples 

to decrease the uncertainty eissociated with the qualitative classification of drill logs for 

the silty sand, fine sand and coarse sand facies. Then re-calculate semivariograms with 

the new data to determine if the range and structure is consistent with the initial 

qualitative classifications. If new semi-variograms are substantially different from the 

original drill log semi-variograms re-run the simulations utilizing the new data.

Traditional ‘layer cake’ stratigraphy often used in flow and transport modeling 

does not capture the heterogeneity within the Hanford formation sediments. Individual 

geostatistical simulations express the spatial heterogeneity of the lithofacies identified by 

semi-variogram analysis. The spatial variability identified in the lithofacies data is 

conveyed through multiple realizations. The most probable lithofacies simulation, based 

on the mode of all one hundred simulations, is comparable to the interpretive 

stratigraphie cross section of the study area. The generation of multiple realizations 

provides a quantitative estimate of the spatial uncertainty in the lithofacies distributions.

The realizations will provide an improved geologic model for contaminant flow 

and transport modeling of the study area. The use of multiple realizations will provide an 

estimate of the uncertainty caused by geologic heterogeneity in flow and transport 

predictions.
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