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Summary 

A full-scale prototype surface barrier has been constructed at the 200 BP-1 Operable Unit in the 
200 East Area of the Hanford Site. The prototype barrier has been built to evaluate design, construc
tion, and performance features of a surface barrier that may be used for in-place disposal of wastes at 
the Hanford Site. The design basis and construction of the prototype have been documented. A testing 
and monitoring plan has been published outlining specific tests planned for the prototype. The current 
report describes initial testing activities conducted in FY 1994 and outlines activities for testing and 
monitoring at the prototype barrier in the future. 

Asphalt permeability was tested during construction of the prototype in April and May 1994. 
Cores taken from the asphalt concrete layer were tested in the laboratory and found to have hydraulic 
conductivities below 1E-09 cm/s. Field measurements of hydraulic conductivity taken on the asphalt 
concrete using a specially-designed falling head permeameter were more than ten times higher than 
those from core tests. The higher values are attributed to transient flow through the permeameter seal. 
In spite of this difficulty, the more rapid field measurements (1-day tests in the field compared to 
3 months in the laboratory) gave values as low as 1E-09 cm/s and averaged about 1E-08 cm/s. 
Samples of fluid-applied asphalt material, used as a sealant on the asphalt concrete layer, were tested in 
the laboratory and found to have hydraulic conductivities below 1E-10 cm/s. Measurements of 
hydraulic conductivity taken on an adjacent asphalt test pad using a sealed double-ring infiltrometer 
(SDRT) were initiated in September 1994 and are expected to be completed in November 1994. 

Construction of the prototype surface barrier was completed in August 1994. The soil surface was 
smoothed to eliminate excessive ridges and furrows left after final soil spreading was completed. Wind 
erosion equipment, including anemometers and saltation samplers were installed, and initial wind 
erosion measurements were taken in late August and early September before the surface was irrigated. 
Initial pea-gravel composition of the surface soil ranged from 12 to 15 wt% and averaged 14% over the 
entire surface. The composition of the surface layer will be monitored over time to assess surface soil 
losses. Soil water contents ranged from near zero at the surface to about 6 wt% at depths below 0.2 m. 
Soil bulk density ranged from 1.2 to 1.6 g/cc. Wind gusts in early September caused small but 
measurable soil losses from very loose, dry surfaces. 

A grid system was placed on the soil surface in September. Marked stakes were placed on 
3-m centers in the soil surface, and the grid system was surveyed allowing for exact placement of 
instrumentation and sampling stations. A water erosion flume and associated monitoring equipment 
were installed on the south end of the prototype barrier in September. Creep gauges were installed 
along the rock side slope and subsequently surveyed to document side slope stability. Periodic surveys 
of these creep gauges are planned. 

In September 1994, the soil surface of the prototype was irrigated. Approximately 120 mm of 
water was applied to the surface, and the soil profile was wetted to a depth of about 1 m. Water 
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storage increased substantially, and there was a general settlement in the soil surface of about 10 cm as 
a result of the irrigation. Water balance monitoring stations were established on the soil surface. 
A survey of the soil surface was made using electromagnetic induction meters, which measure effective 
electrical conductivity of the soil profile and can be calibrated to measure soil water content and water 
storage. 

Water drainage monitoring stations were instrumented with tipping buckets, thermocouples, 
pressure transducers, and electronic float valves, and the instrumentation was connected to data logging 
equipment. These drainage stations allow for precise and continuous measuring of drainage during 
testing. The expected error in drainage measurements is estimated to be <0.05 mm. Waterline and 
power are expected to be installed in October 1994. The surface will be revegetated in early 
November. Extensive testing and monitoring of the prototype is scheduled to begin in November 
1994, and to continue for 3 years. 
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1.0 Introduction 

The exhumation and treatment of wastes may not always be the preferred alternative in the remedi
ation of a waste site. In-place disposal alternatives ultimately may be the most desirable to protect 
human health and the environment. The implementation of an in-place disposal alternative will likely 
require some type of protective covering that will provide long-term isolation of the wastes from the 
accessible environment. (Even if the wastes are exhumed and treated, a long-term barrier may still be 
needed to adequately dispose of the wastes.) Currently, no "proven" long-term barrier system is avail
able. The Hanford Site Permanent Isolation Surface Barrier Development Program (BDP) was organ
ized to develop the technology needed to provide a long-term surface barrier capability for the Hanford 
Site. 

The objective of the current barrier design is to use natural materials to develop a protective barrier 
system that isolates wastes for at least 1000 years by limiting water, plant, animal and human intrusion, 
and minimizing erosion. The design criteria for water drainage has been set at 0.5 mm/yr (Myers and 
Duranceau 1994). Other isolation criteria are less quantitative. 

Extensive work has been done at the Hanford Site to develop surface barrier technology. A BDP 
initiated in 1985 has continued to develop and test barrier concepts designed to meet Hanford Site 
cleanup needs. The Barrier Development Plan (Wing 1994) has been the baseline planning document 
for the development of protective barrier systems on the Hanford Site. The plan identifies, describes, 
and logically relates the tasks that are required to resolve the technical concerns regarding protective 
barrier systems. The plan was intended to provide information regarding technical developments, cost 
estimates, and scheduled completion dates of barrier and marker development tasks. The plan provides 
general direction to, and integration of, all Hanford Site barrier studies. This program has, in 
sequential steps, led to the construction of a prototype barrier over an operable unit (200-BP-l) at the 
Hanford Site (Figure 1.1). 

The results of development and testing efforts conducted so far are not final; however, enough data 
existed to allow the design and construction of a prototype. A design basis document (Myers and 
Duranceau 1994) provides the rationale for the design features of the prototype, and a construction 
report (DOE 1994) details the construction features and costs associated with the prototype barrier. 
The full-scale prototype surface barrier will allow engineers and scientists to gain insights into, and 
experience with, issues regarding barrier design, construction, and performance that have not been 
possible with the individual tests and experiments conducted to date in the program (Wing and Gee 
1994). 

This report provides a status of the testing and monitoring activities for the prototype barrier. 
Section 2.0 of the report reviews the present scope of the testing and monitoring activities. Section 3.0 
documents the initial testing of the asphalt layer; the installation of wind and water erosion equipment, 
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Figure 1.1. Completed Prototype Barrier at the 200-BP-l Operable Unit, 
200 East Area of the Hanford Site, Washington 
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settlement gauges, and surface markers; the installation of water balance equipment; the revegetation 
and biointrusion activities and plans; and the development of a common data base structure for all 
prototype barrier activities. Section 4.Q discusses future plans and recommended activities for the 
prototype barrier and the surface barrier program at the Hanford Site. 
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2.0 Scope 

Testing and monitoring of the prototype surface barrier's performance will be required for at least 
3 years following construction. Approximately 1 year is expected to be required for the prototype 
surface barrier to stabilize after construction is completed, instruments are installed, and experiments 
are initiated. Once the prototype stabilizes, a minimum of 2 years of testing and performance monitor
ing will be required. During that time, measurement of water infiltration and redistribution and drain
age from all components of the barrier, including the side slopes and subsurface asphalt layers, will 
quantify barrier performance in isolating waste from meteoric water sources both under ambient and 
increased precipitation conditions. Effects of wind and water erosion, as well as biointrusion, will also 
be documented carefully. Details of the required testing and monitoring of the prototype are provided 
in the following sections of this report. Continued monitoring of prototype surface barrier performance 
over extended periods of time is desirable but will be subject to the availability of funding as well as to 
the types of monitoring techniques used (i.e., destructive sampling). Additional performance data 
would provide increased confidence in long-term predictions of barrier stability and p'erformance. 

2.1 Construction of the Prototype Barrier 

The prototype barrier was constructed on the 200 Area Plateau at the 200-BP-l Operable Unit. 
This Operable Unit (a designation for major cleanup areas at the Hanford Site) is located in the north
west quadrant of the 200 East Area. A detailed description of this site is provided in a report by Kaiser 
Engineers Hanford (KEH 1993). The prototype barrier is located over the B-57 Crib. A complete 
description of the siting of the barrier is also given by KEH (1993) and the construction of the proto
type has been documented (DOE 1994). 

The prototype was designed to represent a cover that has two distinct side slopes. One side slope is 
a relatively steep (2:1 horizontal to vertical) basalt rip-rap, while the other side slope is "clean fill" 
material (consisting of local gravel/sand backfill) at a shallow (10:1) slope. The plan view of the 
prototype (Figure 1.1) shows an area of approximately 6000 m2 for the test sections. This area is 
underlain by a composite asphalt layer that is divided into a series of lysimeter pads leading to 
collectors, which will be monitored over the course of the testing and monitoring period. Confirmation 
of the low permeability of the asphalt layer was made in three ways. First, cores taken from the north 
end of the prototype were tested in the laboratory for hydraulic conductivity (permeability). Second, a 
test pad of composite asphalt layer was constructed coincident with the construction of the prototype 
asphalt layer (but adjacent to the prototype). The pad is currently being tested for hydraulic 
conductivity, and by inference the asphalt layer conductivity will be determined. Third, a 
geomembrane-type pan lysimeter was constructed on the northeast section of the prototype. This 
lysimeter ensures collection of all water that may seep through the asphalt layer. The pan lysimeter 
was placed under a section of the asphalt that is located below the coarse (basalt rock) side slope where 
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maximum water infiltration is expected. The as-built drawings showing the asphalt layer structure, the 
diversion channels, and the collection system for all of the barrier are provided by DOE (1994). 

2.2 Prototype Testing and Performance Monitoring 

The prototype surface barrier will be tested and monitored to evaluate its performance over a range 
of conditions. A series of tests and experiments will be conducted on the prototype surface barrier to 
assess its performance with respect to water infiltration, biointrusion, erosion, and physical stability. 
Figure 2.1 lists the types of measurements that will be made on the prototype barrier and Figure 2.2 
shows the location of the measurements stations that have been established on the prototype. Because 
there is only a relatively short time to test a prototype barrier that is intended to function for 1000 years 
or more, the testing program will be designed to "stress" the prototype so that barrier performance can 
be determined within a reasonable time (see Wing and Gee 1994 and Figure 1.1). Stress on the barrier 
will be induced by applications of water that will simulate 1000-year storm events and produce a total 
water application of three times the average annual precipitation. 

Following prototype construction, it is expected to take about 1 year for the prototype to stabilize. 
During this year, the soil in the prototype surface barrier may experience a small but measurable 
amount of settlement. (Because the barrier is located over a stable crib with an extremely stable coarse 
sand and gravel subbase, significant differential settlement or subsidence is not expected to occur.) 
The actual amount of settlement will be fully documented. In addition, the moisture contents of the 
soils are expected to adjust from construction levels to more natural field conditions, and vegetation is 
expected to become established on the barrier surface. Once the prototype barrier has stabilized, there 
will be a baseline from which test data on prototype performance can be collected. Performance data 
on water redistribution, drainage, erosion, stability, and intrusion by plants and animals should then be 
collected over a minimum of two complete growing cycles (fall and winter rainfall seasons, and spring 
and summer growing seasons). Thus, a minimum of 3 years of rigorous monitoring and analysis of 
test data is required. 

Other processes that will affect a protective barrier will occur over a longer period of time. These 
processes include (but are not limited to) succession of vegetation types, full development of root 
profiles, and natural colonization of the barrier surface by burrowing animals. Consequently, it is 
desirable to maintain a reduced level of monitoring beyond the 3-year period of rigorous monitoring. 
Funding will be sought to maintain the prototype as a long-term monitoring facility because it should 
prove to be invaluable in hydrologic model validation studies and in the assessment of the long-term 
performance of cover systems at the Hanford Site. 

It is anticipated that the success of the prototype tests will determine the ultimate successful use of 
surface barriers for waste isolation at the Hanford Site. 
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Figure 2.1. Prototype Barrier Measurements 
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3.0 Prototype Barrier Testing and Monitoring Activities 

A number of tests and experiments will be conducted on the prototype barrier to assess the proto
type's performance including physical stability, erosion, biointrusion, and water infiltration. During 
FY 1994, construction delays until the end of August prolonged the installation of equipment through
out the month of September. However, some preliminary testing was initiated and plans for future 
testing were drafted. The following sections describe these efforts. 

3.1 Asphalt Testing 

The asphalt layer within the Hanford Permanent Isolation Barrier (HPEB) is an important compon
ent of the overall design. This layer provides a RCRA equivalent backup to the overlying earthen 
layers in the unlikely event that these layers are not able to reduce the infiltration rate to less than 
0.5 mm/yr. There is only limited information on using asphalt for a moisture infiltration barrier. 
Therefore, a number of activities are under way, as part of the Barrier Development Program (BDP), 
to obtain data on the performance of asphalt as a moisture barrier in a buried environment over a 
1000-year period. These activities include: 1) determining RCRA equivalency, 2) measuring physical 
properties, 3) measuring aging characteristics, and 4) evaluating ancient asphalt analogs. Progress has 
been made on all of these activities. We report here studies that were conducted both in the laboratory 
and on the prototype barrier in April 1994, after the asphalt layer was placed on the backfill materials. 

3.1.1 Hydraulic Conductivity 

Measurements of the hot-mixed asphalt concrete (HMAQ layer of the prototype barrier were made 
in the field and also on cones removed from the prototype and taken to the laboratory. 

3.1.1.1 Field Tests 

Field hydraulic conductivity measurements were made using a specially constructed in-place (field) 
falling head permeameter (FFHP). The permeameter shown in Figure 3.1 measures an area of 
~0.05 m2 and is constructed of a stainless steel confining ring and acrylic top and stand tube. The 
permeameter is sealed into a groove cut 5 to 10 cm deep and sealed with pure bentonite or bentonite 
grout. The water head used in the measurement is controlled by the height of water placed in the stand 
tube. The water head used in these measurements was approximately 2 m, which is more than a factor 
of two above that used in a normal sealed double-ring infiltrometer (SDRI) test. A major advantage 
over SDRI techniques is that the FFHP permeameters can be easily transported and setup by one 
person. The measurements taken with the FFHP device are conservatively high because they are short-
term (1 day) measurements and reflect a transient wetting of the asphalt and the grout seal. 
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Figure 3.1. In-Place Falling Head Permeameter for Asphalt 
Field Hydraulic Conductivity Measurements 

Preliminary tests indicated that the most stable readings occur after the grout seal is allowed to wet for 
at least 24 hours. The FFHP provided a rapid means to check hydraulic conductivity on numerous 
locations (including seams) on the asphalt surface. 

Results of the FFHP measurements made at the north end of the prototype barrier are given in 
Table 3.1. These data show that the hydraulic conductivity at location 2 was greatest. This was 
because the measurement was made directly on a surface seam. Because the confining rings did not 
completely penetrate through the top lift of asphalt, there was a path for water movement under the 
confining ring that resulted in higher hydraulic conductivity. This measurement was most likely 
invalid because hydraulic conductivity was not measured through both layers of the HMAC. These 
results demonstrate the need to ensure that test grooves and the confining ring of the permeameters are 
made deep enough to penetrate completely through the top layer of the HMAC. In spite of this defi
ciency, the seam conductivity was very close to 1.0 E-7 cm/s and all other measurements averaged well 
below 1.0 E-7 cm/s. 
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Table 3.1. Hydraulic Conductivity of the HMAC Layer of the Prototype Barrier (cm/s) 

Location 27 Apr 28 Apr 29 Apr 30 Apr 1 May 

1 ~ — 3.09E-08 3.88E-08 1.91E-09 
2 — — 3.92E-07 2.16E-07 1.08E-07 
3 1.05E-07 3.06E-08 2.09E-08 5.66E-09 1.47E-08 
4 — 9.27E-08 9.69E-08 — 4.33E-08 
5 — 5.44E-08 2.80E-08 1.43E-08 1.51E-08 

3.1.1.2 Laboratory Tests 

For later use in laboratory hydraulic conductivity measurements, twelve core samples were taken at 
six locations (two per location) at the north end of the prototype barrier. Five of these cores were 
selected for testing while the remainder were reserved for later tests. Measurements were made using 
standard laboratory falling head measurement techniques using a 2.5-m head of water. Daily measure
ments were made by noting the height of water in a 5-ml pipette attached to the top of each test setup. 
Tests were carried out for over 3 weeks, and hydraulic conductivity was calculated based on the change 
in volume over the 3-week period (Table 3.2). Overall, the cores averaged 4.69 x 10'10 cm/s. The 
difference between field and core (laboratory) tests is because the field technique uses several conserva
tive assumptions that result in a higher-than-actual hydraulic conductivity. 

Hydraulic conductivity measurements on samples taken from the prototype barrier during installa
tion of the fluid applied asphalt (FAA) were made using the same techniques as described for the proto
type core samples. 

Measurements made on the FAA membrane (polymer-modified asphalt) (Table 3.3) show an 
extremely low permeability of less than 1.0E-10 cm/s. This confirms that the combination of HMAC 
and FAA will likely exceed regulatory criteria by several orders of magnitude, and it will also exceed 
the design objective of 0.5 mm/yr (1.6E-09 cm/s) by nearly two orders of magnitude. Using FAA as a 
surface coating on the HMAC should prevent surface seams in the HMAC from compromising the 
overall performance of the asphalt barrier. 

3.1.2 Asphalt Test Pad Monitoring 

SDRI tests are currently under way on the asphalt test pad north of the prototype barrier to deter
mine the hydraulic conductivity of a seamed and unseamed area. The SDRI tests will give data on 
hydraulic conductivity of larger areas of the HMAC without the bias of lateral flow of water from the 
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Table 3.2. Summary of Hydraulic Conductivity Data for Prototype HMAC Cores 

Sample Thickness (cm) Hydraulic Conductivity (cm/s) 

1A 15.3 1.32E-09 
2A 14.8 3.45E-10 
3A 16.7 2.42E-10 
4A 17.1 1.24E-10 
5A 14.1 3.16E-10 

Average 15.6 4.69E-10 

Table 3.3. Hydraulic Conductivity of Polymer-Modified Asphalt Membrane Samples 
from the Prototype Barrier 

Sample Thickness (cm) Hydraulic Conductivity 
(cm/s) 

Description 

1 0.160 1.36E-11 FAA applied to geofabric 
2 0.265 1.18E-11 Sample taken on 5/15/94 
3 0.275 2.49E-11 Sample taken from strip z 
4 0.500 2.51E-11 Sample taken from strip AA 

Average 0.300 1.88E-11 

test area. Tests were orininated in September 1994 and should be completed by November 1994. 
TwoFFHP tests will be run near the SDRI tests for direct comparison of the techniques. 

3.1.3 Summary 

Hydraulic conductivity was measured on HMAC and FAA materials used as asphalt layer compon
ents in the prototype barrier. Field measurements were biased by water leakage along the permeameter 
wall but exhibited values that ranged between 1E-09 and 1E-07 cm/s. The highest value was associated 
with a single sample taken from a seam in the asphalt layer. HMAC cores that were tested in labora
tory permeameters were found to have hydraulic conductivity that averaged 1E-10 cm/s. FAA run in 
laboratory permeameters had even lower conductivity values, averaging 2E-11 cm/s. Sealed double 
ring infiltrometer tests have been initiated at the asphalt layer test pad, and results should be available 
in November 1994. 
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3.2 Wind Erosion Monitoring Task 

Monitoring work was initiated to study the influence of eolian stresses on the stability and function 
of the admixture surface of the prototype barrier. As a part of this effort, measurements are being 
performed to validate the selection of test parameters in past wind tunnel tests that provided design-
basis information for the surface layer. The influence of wind on the two types of side slopes is also 
being monitored. Most measurements are being made over the south, nonirrigated half of the proto
type barrier where erosive stresses are maximized and most closely represent the worst-case conditions 
needed for wind erosion monitoring. While normal erosion events are of interest, monitoring systems 
were designed for continuous use to ensure data are obtained in the event of the occurrence of high-
intensity wind storms (> 10-year return period). 

3.2.1 Wind Erosion - Scope and Objectives 

The construction of a full-scale prototype surface barrier at the Hanford Site provides an opportun
ity to monitor actual conditions and effects of wind on the surface and to compare these results with 
assumptions made during wind tunnel tests. The results of wind tunnel tests of simulated surface layer 
admixtures, reported previously by Ligotke and Klopfer (1990) and Ligotke (1993), provided informa
tion with which to develop the design basis of the surface layer of the prototype barrier. The scope and 
objective of several wind erosion monitoring activities were listed and described briefly by Gee et al. 
(1993) and, in modified form, include: 

• Monitor the influence of eolian stresses on the surface layer as it ages under irrigated and natural 
conditions after disturbances caused by construction and subsequent establishment of vegetation 

• Measure actual rates of surface deflation or inflation 

• Obtain micrometeorological information about erosive shear stresses that impact the barrier 

• Obtain information about abrasive sand particle scouring (saltation). 

In addition, two other testing and monitoring objectives were proposed for the period after most other 
monitoring activities have ceased, presuming site restrictions and work priorities permit: 

• Create a sand dune and monitor its impact on surface erosion, plant community viability, and soil 
reservoir water balance 

• Remove established vegetation using fire or other means, and study the erosive impacts under 
conditions simulating post-wildfire or extended drought. 
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3.2.2 Wind Erosion Testing and Monitoring Activities 

Four wind erosion testing and monitoring activities were initiated on the surface of the prototype 
barrier. Descriptions of activities are based on the test plan by Gee et al. (1993) and work performed 
at the prototype barrier through early September 1994. Two additional proposed follow-on tasks 
(Sections 3.2.2.5 and 3.2.2.6) are also described, and if approved, will be performed late in the testing 
and monitoring period. 

3.2.2.1 Surface Layer Composition 

The surface layer (top 1 m of soil) was amended by adding 15 wt% pea gravel. The gravel was 
added to act as an agent to erosion during periods following construction, wildfires, droughts, or other 
periods of susceptibility to eolian stresses. The decision to use 15 wt% pea gravel was based in part on 
the results of wind tunnel tests (Ligotke and Klopfer 1990, Ligotke 1993), and was also a compromise 
with the needs of water storage in the surface layer. The constructability of an admixture on the scale 
of the prototype surface layer was evaluated. Questions resolved during this early period of testing and 
monitoring included 1) were practical difficulties encountered during construction and 2) was it 
possible to maintain a uniform admixture composition? 

The preparation and placement of the 1-m-thick pea gravel admixture did not pose unusual con
struction difficulties. A pug-mill operation was set up at the construction site to mix clean pea gravel 
with silt loam from the same source used to construct the lower soil layer. The material was dumped 
on the surface and then shaped using a tracked caterpillar. The final surface was ripped to provide a 
surface density within specifications. The concentration of pea gravel near the surface appeared to be 
fairly uniform. 

3.2.2.2 Surface Layer Deflation/Inflation Monitoring 

The suitability of a 15 wt% pea gravel admixture placed in the top 1-m soil layer to provide 
resistance to soil erosion by wind will be tested during deflationary periods such as those present 
immediately following construction. The long-term condition of the surface as it ages under both 
deflationary and inflationary influences will be monitored to evaluate performance. Answers to the 
following questions will reveal the ability of the surface to resist eolian stresses. What is the 
distribution of pea gravel at the surface, and does it change compared with its bulk distribution in the 
soil layer? When deflationary conditions prevail, are measured rates of erosion comparable to wind 
tunnel test results? Does a pea gravel armor form and reduce rates of erosion, and do scoured areas 
form near upwind edges or in other areas? When inflationary conditions prevail, do sand deposits 
form? Does the distribution of pea gravel change at the surface? What erosion or deposition occurs on 
the side slopes, and how does orientation and slope influence side-slope erosion or deposition? 

Testing and monitoring activities were initiated in late August 1994, and included the collection of 
24 evenly spaced samples of the surface layer. The samples were obtained immediately after 
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construction (and after the surface was ripped to decrease density) and before redistribution by erosion 
had occurred. The samples were scooped from the surface to a maximum depth of about 7 cm and 
contained bulk masses between 1.5 and 2.0 kg. Pea gravel concentration was determined as the mass 
of pea gravel per the combined mass of dried soil and pea gravel. The average of all samples indicated 
a pea gravel composition of 14 ± 2 wt%. The measurement uncertainty was determined as one stan
dard deviation of all samples. The results indicated that the northern half of the top surface of the 
barrier potentially contains pea gravel concentrations that are 10 to 15% higher. The pea gravel 
concentrations were 14.7 ± 1.7, 14.8 ± 2.6, 13.6 ± 1.3, and 12.5 ± 1.0 wt% in the NW, NE, SE, 
and SW quadrants, respectively. The average from each quadrant was based on six samples. Because 
of the relatively small number of samples and the large surface area, the results provide only an 
indication of pea gravel uniformity. 

Continued sampling will be done annually, or more often if the appearance of the surface changes 
significantly. Subsequent samples of the aging surface will be separated into two depth categories: 0 
to 2 cm and 2 to 10 cm. Additional information on surface deflation or inflation will be developed 
based on the results of periodic surveys. Also related to the survey task, erosion pins will be used to 
document local surface elevation changes. Changes in surface elevations or pea gravel concentrations 
will be documented and compared with conditions existing immediately after construction. It will be 
determined whether or not correlations exist between surface, characteristics and deflation, inflation, 
and surface shear stresses (wind and sand saltation). 

3.2.2.3 Wind Stress Monitoring 

Monitoring was initiated in FY 1994 to provide information on the stresses imparted by wind on 
the surface of the prototype barrier. This was accomplished by installing two of three planned wind 
boundary layer stations. The objective is to answer questions related to the surface shear stresses 
imparted by wind on the top-center, top-edge, and approach (control) surfaces on and near the barrier. 
The following testing and monitoring questions are being addressed. Are peak values of wind stress 
comparable with, but less than, published values and those selected for wind tunnel tests? How much 
larger are wind stresses at the prototype top elevation than at ground level? Is the difference significant 
with respect to the ability of the barrier to resist deflation? 

The two wind stations located on the top-center and top-edge of the barrier were installed in late 
August 1994. The third station, to be located to the soutfrwest of the barrier, will be installed after 
construction equipment has been demobilized. Wind speed sensors were installed at each station at 
elevations of 0.25, 0.50, 1.0, and 2.0 m above the surface. Wind direction and air temperature sensors 
were installed at each station. A solar radiometer was installed at the top-center station. The stations 
were connected to a dedicated datalogger. The calibration of anemometers was checked in a wind 
tunnel, the direction sensors were aligned to read 0° when directed true north (assuming a declination 
of 18°), and the connection and output of each sensor to the datalogger was checked and validated. 
Measurements are recorded hourly and on 10-min intervals. A threshold wind speed, initially set at 
5 m/s (11 mi/hr) and then increased to 7.5 m/s (17 mi/hr), caused data to be stored on the shorter 
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interval to provide detailed information during windy periods. In addition to recording average wind 
speed data, the hourly output included the magnitude, direction, and time of the peak gust, and the 
10-min output included similar information (for each anemometer) on the shorter cycle. A procedure 
for converting data files to data records was developed, and methods for selecting wind speed records 
for surface shear stress calculations will be developed in FY 1995. Also planned is use of a surface 
moisture probe at each wind station to provide information on the potential for soil erosion by wind. 
Data will be obtained continuously, and success of the monitoring will depend on obtaining data during 
the most significant wind events during the 3-year monitoring period. 

Relative to their return period, peak wind shear stresses are expected to be comparable to those 
applied to physical models in a wind tunnel. The maximum stresses should range between roughly 2 
and 4 N/m2. Stresses near the center of the barrier are expected to be greater than those at grade level 
and less than those near the edges. The relatively strong edge region shear stress is expected to be 
greatest near the steep basalt side slope and least near the graded side slope. Although the surface layer 
should be able to resist wind stresses, the stresses present during the failure of any component of the 
barrier (surface layer, vegetation, side slope, etc.) during any extreme wind events will be 
characterized. 

3.2.2.4 Monitoring Saltation Stresses and Sand Drift Potentials 

The movement of wind-driven sand over the surface of the barrier is expected to be the mechanism 
by which loss of surface soil occurs. Measurement of the stresses and drift rates of soil and sand over 
the surface of the barrier will provide an important measure of the magnitude of eolian stresses resisted 
by the pea gravel admixture. A series of questions are being addressed. Are peak values comparable 
with, but less than the published values selected for wind tunnel tests? Are sand particle saltation 
stresses and sand drift potentials at the top surface of the monitored barrier greater or less than those at 
ground level? Is the difference significant with respect to the capacity of the barrier to resist deflation? 

Testing and monitoring work was initiated in FY 1994 by installing three multisensory saltation 
stations near the eastern side of the southeast quadrant of the barrier surface. Earlier in the year, 
automated saltation sensors and dust traps were obtained and validated in a wind tunnel. The sensors, 
with cylindrical cross sections to eliminate dependence on wind direction, provide a count record of 
sand grain impacts and a time record of the total kinetic energy of each erosion event. The dust traps, 
each with an attached wind vane, remain directed into the wind and collect physical samples of silt 
particles and sand grains. 

Two of the saltation stations consist of collocated sensors and traps, each set 2 m above the surface. 
The third station includes multiple collocated sensors at 0.25, 0.50, and 1.0 m elevations and dust traps 
at 0.125, 0.25, 0.50, and 1.0 m elevations. The third station was included to provide information on 
the vertical distribution of wind-driven sand and soil particles, which will be used in evaluating total 
soil and sand mass flow rates over the surface. A dedicated datalogger is used to record data from the 
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sensors and to initiate data acquisition only during wind storms, based on feedback from a wind speed 
sensor with a threshold setting currently at 7.5 m/s (17 mi/hr). Dust traps are sampled manually after 
significant wind storm events. 

The results of saltation measurements will be compared with wind boundary layer and surface 
shear stress information (Section 3.2.3) to identify stresses and evaluate the resistance of the surface to 
eolian erosion. Saltation stresses are anticipated to be greater on the surface of the prototype barrier 
than on the surrounding desert. This is because prevailing winds are likely to drive saltating sand 
along the graded side slope and to the top of the barrier surface. If present, saltating sand could 
provide the dominant erosive force on the surface of the barrier. Monitoring data will be used to 
quantify and evaluate the presence and influence of saltating sand grain shear stresses on the barrier 
surface. These stresses are expected to be equal to or less than the sand flux rates applied to physical 
models in a wind tunnel. Measured rates of sand transport will be correlated with meteorological and 
surface conditions and compared with published estimates. 

3.2.2.5 Monitoring an Artificial Sand Dune 

No work was performed on this task in FY 1994. A detailed description of the task was provided 
by Gee et al. 1993. Work to monitor a sand dune placed on the surface of the prototype barrier is 
planned to be initiated in FY 1997 or FY 1998, with final planning and preparations made early in the 
year, placement in June, and monitoring performed between June and December of the year work was 
initiated. 

3.2.2.6 Monitoring a Post-Wildfire Surface 

No work was performed on this task in FY 1994. A detailed description of the task was provided 
by Gee et al. 1993. Work to monitor the surface after an actual or simulated wildfire removes surface 
vegetation is under consideration for FY 1998; however, final authority to perform such a test depends 
on resolving site use issues. 

3.2.3 Wind Erosion - Conclusions and Recommendations 

Testing and monitoring activities to document, measure, and evaluate the influences of wind-and 
sand-caused eolian erosion stresses were initiated following the test plan described by Gee et al. 1993. 
In FY 1994, final planning was performed, instruments were procured, sampling systems were 
assembled, and data acquisition was initiated. Baseline information regarding the condition and 
composition of the surface was obtained. Data files were generated that included wind boundary 
layers, saltating sand drift potentials, and dust/sand surface mass fluxes. Data acquisition, analysis, 
and interpretation is planned to continue as the barrier ages over a 3-year period. 
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3.3 Water Erosion Monitoring 

The plan for monitoring the barrier's soil surface proposes to collect data and information on the 
erosional behavior of the soil under natural rainfall and snowmelt conditions (Gee et al. 1993). The 
dominant erosional processes are rainsplash coupled with overland runoff in which rainsplash loosens 
soil particles and makes them available for transport by runoff. To reduce soil erosion, the prototype 
barrier uses both a pea-gravel admix and vegetation to reduce rainsplash erosion. The gravel admix 
was blended with the soil during construction and vegetation will be added after construction. 

Another factor contributing to erosion is runoff volume. For a given rainfall event, as the slope 
length and surface area increases, the volume of runoff increases. The prototype provides an oppor
tunity to monitor a representative length of barrier and surface area under local climatic conditions. 
The monitoring plan consists of two separate data collection efforts: 1) measurement of runoff and 
sediment yield from a 6-m-wide x 15-m-long flume installed on the soil surface (controlled-area moni
toring), and 2) observation and documentation of the effects of precipitation over the larger remaining 
surface area (barrier-surface monitoring). 

As part of the barrier-surface monitoring, the interface of the soil surface and rock riprap side 
slope will be included in the observations. The rock side slope will not be subject to erosion, but soil 
erosion may develop at the interface caused by the loss of soil and filter material through the larger 
interstitial areas of the mounded rock. 

3.3.1 Objective 

The changes occurring on the soil surface due to erosion and "soil-surface aging" under natural 
climatic conditions will be documented. The collected data will include measurements of changes in 
engineering soil properties at the surface, documentation of erosional patterns, the effects of vegetation 
on erosion, and disturbance by animals. The results will also provide supporting data and information 
to other tasks. 

As part of the surface monitoring program, rock creep gauges have been installed in the rock 
riprap side slope to detect any movement (potential failure) of the rock mass (see Figure 3.2). 
Ensuring structural stability of the rock slope is necessary in order to maintain the integrity of the 
barrier. 

3.3.2 Monitoring Approach 

A 3-m x 3-m grid system was established on the soil surface to provide a ready field reference 
system to map surface changes. The system was established by setting four corner markers composed 
of steel rebar enclosed in 7.6-cm (3-in.) PVC that define a 36-m x 75-m rectangle composed of steel 
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Figure 3.2. Rock Creep Gauge for Basalt Side Slope Stability Test 

rebar enclosed in 7.6-cm (3-in.) PVC that define a 36-m x 75-m rectangle visually centered within the 
perimeter of the compacted gravel roadway (see Figure 2.2). Interior grid points were established 
using painted wood surveying stakes. These were placed to define the 3-m x 3-m grid and numbered to 
identify grid coordinates. 

The rock creep gauges were installed at 11 locations along the rock slope. At each location, the 
gauges were placed at the slope midpoint except for one location near the northeast corner where two 
gauges were installed on the upper and lower slope elevations. Figure 2.2 shows the grid system and 
rock creep gauge layouts. Figure 3.2 shows the gauge design. 

Profile leveling survey methods were used to determine the elevations at each grid point and gauge. 
The gauge plan positions were surveyed with EDM surveying equipment. All elevations and positions 
will be checked either seasonally or annually. Soil properties, such as density and moisture content, 
will be measured monthly or seasonally. Soil surface changes, such as cracking and rill development, 
will be monitored with photography and located with respect to the grid layout. 
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To begin the monitoring, four data collection trips are planned on a seasonal basis during the first 
year. As experience is acquired with the prototype, monitoring may be conducted as needed and 
modified based on precipitation and snowmelt events. 

3.3.3 Expected Results 

Contour maps of the soil surface elevations and post construction soil properties will be developed. 
Seasonal or annual changes in the elevations and properties will be documented over the life of the 
prototype barrier. Maps showing changes in vegetation cover and animal burrowing will be developed 
to relate those changes to erosional trends. The mapping will document the degree of nonuniformity of 
near-surface moisture (localized accumulations) together with the other soil properties and changes in 
those properties over the monitoring time frame. Their relationship to erosion and infiltration will be 
investigated in cooperation with other tasks. 

3.3.4 Controlled Area Monitoring 

The objective of this effort will be to monitor the water and sediment yield of the 6-m x 
15-m flume with an automated flow measurement and sampling system operating on the occurrence of 
rainfall and snowmelt events. 

The flume was constructed of timber with an opening at the downslope end. A galvanized collector 
system receives the water-sediment runoff for conveying the mixture to the automated monitoring 
system. The flume location is shown in Figure 2.2. The automatic sediment sampling system was 
installed on the west side of the gravel road and connected to the flume by a buried plastic pipe. 

The automated system consists of a sediment collector to accumulate runoff and sediment. Flow 
meters measure the flow at the collector. Soil moisture probes, thermocouple temperature indicators, 
and a snow gauge will record snowmelt events. A rain gauge will be used as a backup system to 
validate rainfall at specific locations. 

The flume monitoring will run concurrently with the barrier surface monitoring. The onsite 
servicing of the collector system will depend on the extent of precipitation and snowmelt events. 

3.3.5 Expected Results 

Time-varying measurements of overland runoff from rainfall and snowmelt events and corres
ponding sediment yield will be obtained. The data will be used to analyze soil erosion from precipi
tation falling on the barrier surface arid the corresponding changes in erosivity as the surface ages. 
These results will provide information that will enable evaluation of the barrier soil's capacity to resist 
water erosion. 
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3.4 Water Balance Tests 

The prototype barrier provides a full-scale facility needed to quantify the performance of surface 
barriers in limiting water infiltration into underlying wastes at the Hanford Site. The prototype will be 
tested under normal and extreme (precipitation) conditions and water balance data will be collected for 
a minimum of three years. Test equipment installed in the prototype barrier in September 1994 will 
allow detailed measurements of individual components of the water balance (precipitation, water 
storage, and drainage) over space and time. These data, coupled with hydraulic property and plant 
characterization data, can be used to assess long-term performance of surface barriers by providing 
verification checks for hydrologic models used to predict barrier performance for up to 1000 years or 
more. 

3.4.1 Water Balance Scope and Objectives 

The scope of the water balance task is to make detailed measurements of water balance parameters 
on the prototype barrier for a minimum of three years and to prepare high quality data sets that can be 
used to test predictive models needed to evaluate barrier performance for up to 1000 years or more. 
The objectives of this task are to quantify drainage rates from soil surfaces subjected to normal and 
extreme (1000-yr-return) precipitation events, to measure drainage from coarse side slopes of the 
prototype barrier, to develop a cost-effective method to measure water storage changes in surface 
barriers, and to provide sets of complete, multi-year, water balance data mat can be used to prove 
effectiveness of barrier design for extended times. These objectives are designed to support Hanford 
Site Operable Unit needs for on-site barrier performance data. They are also designed to assist in site-
wide feasibility studies in which surface barrier alternatives may be considered. 

3.4.2 Water Application and Measurement 

Water was applied to the prototype barrier in early September 1994 using impact sprinklers. 
•Approximately 150 mm of water was applied over the entire soil surface. This water was applied 
before installing monitoring equipment and was necessary because dry surface conditions were present 
when the barrier was completed. After water application, surface setdement of about 10 cm was 
observed on the northwest end of the barrier. The water content increased from about 5 wt% to more 
than 10 wt% in the top meter. 

Scheduled water applications will begin in November 1994. Water will be applied to the north half 
of the barrier via irrigation and snow. Application rates will be similar to those used in testing 
Hanford covers at the Field Lysimeter Test Facility (FLTF). Water will be applied at the rate of 
480 mm/yr for the next 3 years on two test plots of the prototype barrier. The application will include 
biweekly irrigation except in winter. In winter, snow applications by means of a snow machine (see 
Appendix) will be made at rates three times the normal snowfall (130 mm/yr). Thus, there will be 
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three applications in the winter that will deliver 130 mm of water with each application. The times for 
application will be weather dependent but will occur between November and March each year. In late 
March, there will be an irrigation at a rate equivalent to a 1000-yr storm. Over a 24-hr period, 68 mm 
of irrigation will be applied to the north half of the barrier. 

Precipitation will be measured with 12 mini-lysimeters that were installed on the barrier surface in 
September. The mini-lysimeters were constructed by placing 20-L plastic containers on electronic load 
cells and lowering them into the ground inside a slightly larger in diameter, heavy-walled plastic tube. 
The tube acts as the outer wall of the lysimeter. A round-bottomed, plastic flowerpot sits inside each 
20-L container and is positioned so that it rides freely in the 20-L container and is recessed below the 
top of the outer wall. The pot has been filled with white marbles that have low water storage, allowing 
rapid drainage of water during and after precipitation events. The top of the lysimeter is covered witti 
a grill that has about 5-cm horizontal spacings allowing water and snow to readily enter the lysimeter. 
The open-surface cover was designed to allow the mini-lysimeter to capture and weigh snow directly. 
This allows the measurement of rainfall, irrigation, and snow with one instrument. Six units have been 
placed in an east-west line on the north (irrigated) end of the prototype, and six units have been placed 
similarly on the south end of the prototype. Snow depth will also be measured with gauging instru
ments both electronically and manually. 

3.4.3 Water Content and Water Storage Measurement 

A series of instruments will be used to measure soil water content and soil water storage. These 
instruments include neutron-neutron (downwell- probe) devices, electrical capacitance, and time 
domain reflectometry. In addition, noninvasive methods to periodically measure water content and 
storage are planned using electromagnetic induction and ground penetrating radar surveys. 

3.4.3.1 Neutron Probe 

Neutron probes (neutron-neutron logs) will be used to measure volumetric water content of the soil 
profile. The neutron probe monitoring at the prototype will include monitoring of the surface soil 
profile through vertical access tubes (50-mm-dia. x 2-m-deep) and also monitoring water contents of 
underlying layers through long, horizontal access tubes (65-mm-dia. and up to 32-m-long). 

Two series of six vertical access tubes each were installed 2 m deep in the surface soil in 
September 1994, after completion of the prototype. Water content data from these access tubes will be 
measured biweekly and entered into the data base. The water content data will be integrated and con
verted to water storage. Horizontal profiles of soil water will also be taken routinely. Water contents 
at the bottom of the soil layer (just above the soil/sand interface) and underneath the barrier (below the 
asphalt layer) will be measured through access tubes installed during the construction of the prototype 
(DOE 1994). The horizontal logs will be used to determine the spatial variations in depth of water 
penetration within and at the edge of the barrier. 
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The neutron probe requires field calibration. Cores taken adjacent to selected vertical access tubes 
will be sampled for gravimetric water content and bulk density. These data will then be used to deter
mine the volumetric water content of the soil. Neutron probe counts will be compared to the water 
contents, and subsequently a calibration will be established for the vertical access tubes. A similar 
calibration procedure will be used for the horizontal access tubes except that soil water contents will be 
taken only from locations surrounding the lowermost access tubes, in areas where soil samples can be 
readily taken. 

3.4.3.2 Electrical Capacitance 

Electrical capacitance will also be used to measure volumetric water content. A commercially 
available capacitance probe will be used to log 2-m-deep soil profiles by lowering a cylindrical probe 
down small (50-mm-dia.) plastic access tubes. The electrical capacitance of a soil is dependent upon 
both salt and water content of the soil. If the salt content remains constant, the changes in capacitance 
can be calibrated in terms of the soil water content alone. The access tubes are located 45 cm from the 
neutron probe access tubes. The capacitance probe calibration will be accomplished by measuring the 
water content and bulk density of the soil during coring and placement of the access tubes in the center 
of the buffer zone. Some additional water content and bulk density samples may be taken following 
irrigation if the range of water contents obtained in the initial coring is not sufficient to cover the 
expected range of water contents. 

3.4.3.3 Time Domain Reflectometry 

Time domain reflectometry (TDR) (Topp et al. 1980, Hook et al. 1992) will also be used to 
measure volumetric water content in the soil profile. TDR is based on measurement of the velocity of 
propagation of a high frequency electromagnetic wave in metallic waveguides (probes) inserted into the 
soil. The velocity of propagation varies inversely with the square root of the dielectric constant of the 
soil. The dielectric constant of the soil is highly dependent upon the soil water content. The dielectric 
constant for water is about 80 and ranges from 2 to 7 for mineral soils. Thus, the TDR propagation 
velocity is uniquely related to the effective soil dielectric, which in turn is a measure of water content. 
The advantage of TDR over conventional neutron probe logging is that TDR can be automatically 
logged on virtually a continuous basis and the data collected remotely through electronic means. The 
relationship between volumetric water content and the dielectric constant is essentially independent of 
texture, porosity, and salt content. Thus, there is no need for field calibration to account for these 
factors. Further, there is no radioactivity or associated radiation safety concerns. Recent advances in 
TDR probe technology make it possible to obtain water content profiles with a single segmented probe. 
This probe, which employs a variation of TDR known as remote sensing diode shorting (Hook et al. 
1992), will also be used to measure volumetric water content in the soil profile. The Appendix 
provides vendor information on these probes. 

A series of 12 segmented TDR probes were installed in the surface of the prototype during 
September 1994. Two additional probes were installed in the clean-fill side slope in October 1994. 
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These units are specially constructed probes configured with eight-remote shorting diodes. This design 
allows the measurement of water content across seven segments of a 185-cm-long probe, buried verti
cally in the ground. The probes are connected, via two eight channel multiplexers, to a TDR controller 
and readout unit. This will allow the automatic logging of water contents of the prototype barrier 
surface at preset time intervals. From these data, profiles of water content across the irrigated and 
nonirrigated sections of the prototype will be displayed and documented. Both profiles and water 
storage (integrated profile data) will be stored in the data base. Weekly summaries of these data will 
be provided for review and analysis. 

3.4.3.4 Noninvasive Techniques 

Techniques such as TDR and neutron attenuation are limited to near-surface measurements and are 
impractical for large-scale surveys. These techniques are also difficult to use in the presence of hard 
surfaces (e.g., concrete, asphalt, etc.) unless probes and access tubes are inserted during construction. 
Noninvasive methods, such as electromagnetic (EM) induction and ground-penetrating radar (GPR), 
may overcome these limitations. The EM technique has been applied to the measurement of spatial and 
temporal changes in soil water content (Kachanoski et al. 1988). The response of GPR, as with TDR, 
is governed by dielectric properties of the medium. A recent study by Du and Rummel (1994) demon
strated that GPR can be used successfully to measure water content. Both methods are currently avail
able and have been used for detecting buried objects. However, the use of these techniques for 
profiling water content in the vadose zone has not been evaluated. Because of the noninvasive features 
of these devices, they could be useful for routine monitoring of water content of surface barriers at the 
Hanford Site. 

During September 1994, Dr. Jan Hendrickx of New Mexico Tech, Socorro, New Mexico, 
collaborated with PNL to measure the prototype barrier surface using EM meters (Geonics, 
type EM-31 and EM-38 meters). Surveys were taken on the soil surface of the barrier. The data will 
be used in connection with the water content data, measured by neutron probe, to develop an 
appropriate calibration for EM meters to monitor the surface of the prototype for water content. 
Additional surveys will be made over the course of the next year at times when neutron, capaci-tance, 
and TDR probe data are being collected. When this work is completed, it should be possible to 
correlate the water content profiles obtained from neutron probes, capacitance probes, and TDR with 
signal characteristics from both the EM meters and using GPR units. The dielectric measurements 
obtained from TDR and capacitance probes will provide excellent reference data for GPR 
measurements for soil water content. Because of its well-defined features, the prototype barrier 
provides an excellent facility for calibration of noninvasive devices for monitoring water content 
profiles and evaluating water storage of surface barriers. 

3.4.4 Drainage Measurements 

Drainage from the prototype is measured in a collection system that has been specially made for the 
prototype barrier. During construction, a series of curbs and gutters were placed on the asphalt 
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concrete such that the asphaltic concrete is divided into 12 distinct plots or areas (DOE 1994). Gutters 
connect to drain pipes that slope off the asphalt layer to the north of the prototype where they connect 
to water-tight concrete vaults (see Figure 1.2). The vaults contain dosing siphons (Orenco Systems, 
Inc., Roseburg, Oregon) that automatically dose (drain) fixed volumes of water (about 650 L) 
repeatedly. The siphons are made of corrosion resistant plastic and have no moving parts. 

During installation of the drainage system in May and June 1994, electronic counters (siphon 
sitters) were connected to the siphons. Leak tests and drainage tests were conducted in May. Lines 
were initially pressurized checked to ensure they were sealed, then water was added at the gutter end of 
the drainage pipe, and water flow into the dosing vault was measured. Data from the drainage tests 
indicated that there was essentially 100% recovery for all dosing siphons, when evaporation and line 
storage were accounted for. 

In September 1994, tipping buckets, pressure transducers, and thermocouples were installed in all 
of the concrete vaults. The tipping buckets and pressure transducers will be used to detect low flow 
rates (less than 2 mm/yr) and the siphon sitters will be used to detect higher flow rates. Based on the 
area of the plots (which range from 92 to 322 m2), effective area of the dosing vault (1.1 m2), and the 
sensitivity of the pressure transducer (about 0.5 mm elevation, equivalent to less than 0.005 mm H 20), 
we estimate that the resolution of drainage as calculated by change in water elevation in the dosing 
vault will range from 0.02 to 0.06 mm of water. This is about an order of magnitude below the barrier 
drainage design objective (i.e., 0.5 mm/yr water drainage). 

The vaults are closed, and evaporation is expected to be small. Small evaporation meters (water-
filled, plastic tubes) have been attached to the inlet pipe of each dosing siphon, and monthly evapora
tion rates will be recorded for each drainage vault. Errors in drainage measurement due to evaporation 
are estimated to be no more that 0.04 mm of water per year. 

3.4.5 Other Measurements 

Thermal profiles and water suction (negative of matric water potential) data will also be collected at 
the prototype barrier. Temperatures will be measured using copper-constantant thermocouples. The . 
temperature profiles will be part of the environmental data used to determine frozen soil conditions (for 
estimating water or snow application rates) in winter and to profile soil heat loading in spring and 
summer for estimating water losses from barrier surfaces. Soil water suction data were obtained from 
heat dissipation units (Campbell Scientific Co., Logan, Utah). The soil water suction data will be 
measured concurrently with TDR-measured water storage. These data will provide a means to obtain 
in-place hydraulic property data for the prototype soil surface. The temperature will be monitored 
hourly, and the soil water suction will be monitored daily. Strings of thermocouples and heat dissipa
tion units were installed at 12 water monitoring stations in the soil surface in September 1994. 

Fiberglass blocks, thermocouples, and pressure tubes were installed to monitor horizontal profiles 
at the 2-m soil depth and also below the asphalt layer. Fiberglass blocks will be used to provide a 
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qualitative measure of soil suction. There were 18 fiberglass sensors in all: six are located in an array 
under the northeast section of the asphalt pad, six are located at the 2-m depth beside a horizontal 
access tube in the NE section of the soil cover, and six are at 2-m depth in the SE section of the soil 
cover. 

3.4.6 Summary 

Water balance instrumentation has been installed on the prototype barrier, and testing is scheduled 
to begin in November 1994. Irrigation and measurements of precipitation, water storage, and drainage 
will be initiated at that time. Precipitation will be monitored by means of electronic load cells. Water 
storage will be monitored periodically by neutron and capacitance probes. Water balance will be 
measured by using TDR probes that are logged electronically. Water suction and temperature also will 
be logged electronically and data will be stored in the prototype data base. Drainage data will be 
collected electronically from dosing counters, tipping buckets, and pressure transducers. Estimated 
resolution of drainage from the dosing siphons range from 0.02 to 0.06 mm of water, about an order of 
magnitude below the barrier design objective of 0.5 mm drainage per year. 

3.5 Biointrusion 

Plants and animals will play a significant role in the hydrologic, water, and wind erosion character
istics of the prototype barrier (Link et al. 1994). Studies conducted on the biological component of the 
prototype barrier in FY 1994 included the initiation of the revegetation task for the surface plus the 
planning and acquisition of equipment needed to monitor plant transpiration, root characteristics, and 
the effects of burrowing animals on surface characteristics. These efforts will begin in FY 1995 and 
will be conducted in concert will other monitoring efforts. 

3.5.1 Vegetation Establishment and Monitoring 

Plants will play a central role in the prototype barrier. Plants will extract, by transpiration, at least 
two times as much water from fine silt-loam soils as will be lost by soil evaporation alone. Plants will 
also minimize wind and water erosion (Link et al. 1994). It is critical that a sustainable plant commun
ity be established on barrier surfaces. During the construction of the prototype barrier, revegetation 
efforts centered around preparation for the planting of shrub seedlings. Planting will occur during the 
fall of 1994 after seasonal rains begin. 

Seeds of the shrubs, Artemisia tridentata and Chrysothamnus nauseosus were collected from 
McGee Ranch on the Hanford Site on December 23, 1993. The entire inflorescence of A. tridentata 
and the fruits of C. nauseosus were harvested and stored in plastic bags in the field. The material was 
transported to the Arid Lands Ecology (ALE) laboratory facility, taken out of the plastic bags, and 
placed on table tops to dry. The material was stored this way in the dark and at room temperature until 
it was shipped to a nursery. The uncleaned, dry material was shipped to Plants of the Wild (Tekoa, 
Washington) on March 11, 1994. The seed was cleaned for germination by April 12. All the seed was 
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sown on May 4. Germination was complete by about June 10, with a germination success of 40% for 
C. nauseosus and 60% for A. tridentata. There are approximately 2500 seedlings of C. nauseosus and 
7500 seedlings of A. tridentata. Seedlings (tublings) were grown in 164 cm3 (10 in3) tubes. 

The seedlings will be shipped for planting in October or November, depending on the weather. 
The surface of the prototype will be modified by hydroseeding a mix of native grass and forb seed, 
nitrogen, organics and a tacking agent. This material will be watered into the surface to drive nitrogen 
into the soil. The shrub seedlings will then be planted onto the surface. The surrounding slopes and 
toe of the prototype barrier will also be revegetated and treated with the hydroseeding mix in October 
or November. A successful revegetation effort will result in the development of a perennial deep-
rooted native plant community on the surface. 

The developing plant community will be assessed to determine shrub establishment success, grass 
establishment from seed, and the incursion of alien species such as Salsola kali during FY 1995. The 
occurrence, growth, leaf area, and soil water extraction ability of plants (transpiration) will be moni
tored on the prototype surface and along the toe of the barrier. 

3.5.2 Root Intrusion/Root Distribution 

Root intrusion and distribution with depth will be monitored with minirhizotrons. Twelve clear 
tubes will be drilled into the soil to the bottom of the silt-loam soil layer to document rooting depth, 
root growth, and rooting density with depth. These tubes will be placed near neutron access ports so 
that root characteristics can be associated with soil water dynamics. Root characteristics .will be 
observed witii a down-well camera inserted into the clear tubes. These data are necessary to document 
the rate of growth and depth of roots on the surface and for the simulation soil water dynamics on the 
surface. 

3.5.3 Animal Intrusion Subtask 

Animals will colonize the barrier and burrow into the surface. Animals are instrumental in 
pedoturbation, surface hydrology, plant community dynamics, water erosion, wind erosion, and the 
potential compromise of barrier layers by deep burrowing (Link et al. 1994). 

The occurrence and effect of animal burrows on the prototype will be documented over the course 
of the observation period. Data will be collected quarterly and will include the date, burrow hole ID 
number, coordinate location, map location, animal species (if identifiable), hole diameter to nearest 
0.5 cm, photograph with 3 x 5 card showing hole ID number, and a description of cast soil at the 
surface (admix composition). 
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3.6 Data Base Subtask 

The prototype barrier is a multi-disciplinary project that will generate large amounts of data from 
diverse sources. The goal of the data base subtask is to create a data repository for the collected data. 
The information resource dictionary (IRDS) is an ancillary data base that will contain descriptions of 
the data. This ancillary data is commonly called meta-data. This meta-data will allow researchers to 
understand the collected data in the detail required for their own interpretation. With the data and 
meta-data, the researchers can create data sets that combine data from other subtasks. As scientists 
interpret the data sets, the new interpreted data that they create will also go into the data repository. 
When the prototype testing and monitoring activities are complete, the data will be published and 
distributed on a CD-ROM. 

3.6.1 Data Base Strategy 

All of the subtasks will generate data for the data repository. The data from the subtasks will be 
validated data that has passed the subtask quality assurance guidelines (and may include calibrated raw 
data). Besides this validated data, some derived data (averaged or aggregated validated data) is also 
expected. The mean daily air temperature would be an example of averaged data that is routinely 
derived from hourly measurements. Data input is expected monthly from each subtask with the data 
described fully so that it can be defined in the IRDS. As the data arrives, it will be incorporated into 
the data repository. 

3.6.2 Repository for Data Base 

The data repository will consist of a central data base and one or more replica data bases. The 
central data base will be the master copy and will reside on a local machine with controlled access. 
The replica data bases will be on networked file servers or on personal computers for access by project 
staff. The data base administrator will be responsible for incorporating the donated data into the 
central data base and replicating it on the file servers. The data base administrator will also be 
responsible for backup, documentation, and maintenance of the data repository. 

3.6.3 Selection of Data Base 

Paradox was chosen as the relational data base management system (RDBMS) for the central data 
base. Paradox™ can access data base tables on a network file server or on local drives. Considering 
the rapidly changing data base field, the logical design of the data base will allow for a future port to 
another file server RDBMS or a client server RDBMS. The physical design is based on the current 
version of Paradox for Windows. A Paradox-run time front-end interface will be created for accessing 
the data base using the development tools available with Paradox. 

The primary function of the central data base interface is to ease the creation of data sets. These 
data sets will be exported as ASCII files that the researcher can then analyze using any analysis tool. 
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The interface should provide the following features: 1) a browse feature for the viewing of data in the 
tables, 2) a search feature to allow the researcher to find data points of interest, 3) a help feature for 
access to the meta-data where the data is defined, and 4) the ability to perform custom queries and to 
save them for future reuse. Any owner of Paradox will have native access to the data base. 

The meta-data in the IRDS should answer the following question about the data in the data base: 
1) what kind of instrument collected the data? 2) what assumptions are made when creating the inter
preted data? 3) what manipulations were done to the data? 4) what is the intended use or purpose of 
the data? 5) what techniques did the scientist use in the collection of the data? 6) what is the accuracy 
or quality of the data? 7) what is the source of the data, i.e., where was it collected? 8) what are the 
format and structure of the data? If answers to these questions are not in the IRDS, they should be in 
the data tables that describe the instruments and their calibrations. 

3.6.4 Data Base 

The data tables that the subtasks donate to the data repository are first normalized. Normalization 
is the process of simplifying the table structure. The chief advantage in normalization is the flexibility 
of a simpler structure. Normalized tables can adapt to changes in the data collected without changing 
the structure. This means that if the scientists on the project decide they need to take additional 
measurements; the structure doesn't need to change. Figure 3.3 shows data structures from the wind 
erosion subtask that were normalized using the IDEF1X information modeling technique. The wind 
erosion data tables were then defined in the IRDS. An initial draft report from the IRDS minimally 
describing preliminary wind erosion data tables is shown in the Appendix. 

The-sheer magnitude of the data from the prototype requires that a partitioned data base be used. 
Partitioning the data base is desirable because the speed and efficiency of microcomputer RDBMS de
grade as the tables get larger. The data table sizes may be limited to 25,000 records or less. To 
achieve this, data base partitioning will be based on subtask and month. Larger data tables that store 
similar data will also be partitioned based on instrument location. This layout will create a family-tree 
structure for the physical layout of the files. To create data sets that span 2 months, the user will make 
addition links with the tables. 

3.6.5 Relational Scheme 

Although its primary use is for business applications, a relational system was chosen for managing 
this scientific data because of its availability, flexibility, programming ease, power, and cost. Unlike 
typical business applications, few changes to the actual data are expected because quantitative physical 
phenomena are typically collected at a point in time. There will probably be corrections due to errors 
of calibration or interpretation caught after data is donated. On the other hand, the meta-data is often 
qualitative and will change as necessary to provide a clearer definition of the data and collection prac-
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tices. Once the monitoring of the prototype barrier is completed and the basic interpretation of the data 
is finished, the data base will be published on CD-ROM for continuing analysis and use by interested 
parties. 
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4.0 Future Plans and Activities 

The prototype barrier will provide a unique test facility for the measurement of water balance 
parameters of surface barriers at the Hanford Site. The facility will allow comparison of both intrusive 
and nonintrusive measures of soil water content and water storage, which are both important and 
necessary parameters in evaluating surface barrier performance. Further, the barrier will be unique in 
allowing us to quantify the drainage (recharge) that will come from the soil and the side slope surfaces 
under ambient and elevated precipitation (extreme event) conditions. Such tests are necessary to 
evaluate long-term performance of surface barriers. Measures of recharge to levels of less than 
0.05 mm/yr are easily achievable with our large lysimeter system. In addition to water balance, plant 
intrusion, wind erosion, and water erosion features will also be quantified during the 3-year test period. 

Comparisons will be made of water storage methods. Spatial variations of precipitation, soil water 
content, temperature, and soil suction will be evaluated at the water balance monitoring stations on the 
soils surface. Variations in drainage will be evaluated as a function-of water application rates and 
surface condition. Side slopes will be evaluated for drainage and surface stability. In addition, plant 
growth and survival will be documented, sediment yield will be measured, and wind erosion will be 
evaluated during the 3-year study. 

One of the major contributions of water balance testing will be in providing quality data (e.g., 
precipitation, water storage, drainage, runoff, etc.) used in testing hydrologic models of surface water 
balance. Such modeling is critical to DOE in providing estimates of long-term performance of surface 
barriers at the Hanford Site. Barrier performance will be judged by estimated drainage rates and 
projections of long-term recharge. These projections will require computer models that are calibrated 
for Hanford Site conditions. The prototype barrier data set will be the only data set of its kind in the 
country available for model validation. The uniqueness of such a data set cannot be overemphasized. 
As the data is collected and carefully analyzed, it will be made available for site-wide use. The data set 
could likely become a standard set by which surface water balance models for other arid sites are 
compared and tested. 

Additional work is needed to extend the usefulness of the prototype beyond the three-year test 
period and to capture the full value of this new facility on testing surface barrier concepts at the 
Hanford Site. To accomplish this, the following activities are recommended: 

• Maintenance of the Field Lysimeter Test Facility (FLTF). The FLTF has been renovated and 
includes six large lysimeters that contain prototype barrier materials. Tests conducted at the FLTF 
over the next 3 years will complement and extend the prototype barrier tests by allowing controlled 
measurements of drainage from side slope and surface materials that are subjected to normal and 
extreme precipitation events. 
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• Comparison of the Hanford Barrier to other barrier systems. Work to test a prototype Hanford 
barrier analog under elevated natural precipitation was initiated at the Hill Air Force Base (HAFB) 
in'Ogden, Utah, in 1994 (Kirkham and Gee 1994). Prototype barrier materials from the Hanford 
Site are being tested in a large (5 x 10 x 2.5 m) lysimeter in a side-by-side comparison with four 
other cover systems, including a RCRA cover containing a buried clay layer. The climate at 
HAFB represents a three-fold increase in precipitation over normal climate at the Hanford Site. 
The response of the prototype analog to increased precipitation stress will be monitored with time 
over the next several years valuable performance data for HAFB will be obtained to provide 
support for the Hanford Site barrier designs. Testing and monitoring funds are needed to continue 
this work. 

• Model verification work. Acceptance of long-term performance of barriers rely heavily on 
computer simulations. Selected surface barrier designs are compared and their expected perform
ance evaluated using appropriate computer models. However, computer models require verifica
tion and steps must be taken to ensure predictions are close to reality and within acceptable limits. 
While simulations of lysimeter (one-dimensional) water balance has been successful, no simulation 
model of a full-scale barrier system has been verified for the Hanford Site. Plans to complete 
model verification work are currently delayed because of funding limitations. This delay may 
compromise completing final designs for surface barriers proposed for the Hanford Site. Modeling 
efforts coupled with prototype data should provide necessary verification tests to support accept
ance of waste disposal alternatives that include surface covers. 

• Asphalt technology support. Work on asphalt testing, including tests for permeability, physical 
stability, longevity, and durability should continue. Such information is needed to provide support 
for use of asphalt as an acceptable barrier component. 

• Technology transfer activities. The interchange and transfer of barrier technology information 
from the Hanford Barrier Development Team to end-users onsite and throughout the DOE complex 
should continue. Workshops and symposia to facilitate this exchange should be funded. 
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Appendix A 

Water Balance Equipment at the Prototype Site 

A.1 Water Balance Equipment and Vendors 
Item Vendor 

1. 

3. 

5. 

7. 

Lockwood Irrigation Machine 

Snow Machine 

Neutron Probe 
Model 503 DR 
Hydroprobe 

Capacitance Probe 
Sentry 200-AP 

TOR Probe System 
MP-917 DM Meter, 
Custom-built SD Probes 
(M/N 1/15:2/15:3/15:4/15 
4/40:5/50:6/35:7:14) 

TOR System Multiplexers 

Soil Suction Sensors 
Model 229L 
Heat Dissipation Units 

Petty Irrigation 
Toppenish, WA 99352 

Ratnic Industries 
670 Phillips Rd 
Victor, NY 14564 

CPN Corporation 
2830 Howe Road 
Martinez, CA 94553 

Inc. Troxler Electronic Lab. 
P.O. Box 12057 
Research Triangle Park, NC 
26609 

Environmental Sensors 
100-4234 Glanford Ave. 
Victoria, BC V8Z 4B9 
Canada 

Campbell Scientific, Inc. 
815 W. 1800 N. 
P.O. Box 551 
Logan, UT 84321 

Campbell Scientific, Inc. 
815 W. 1800 N. 
P.O. Box 551 
Logan, UT 84321 
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8. Soil Suction Sensors ELE International, Inc. 
MC-314 Soil Moisture Cells Soil Test Products Division 
(Fiberglass Blocks) 86 Albrecht Dr. 

Lake Bluff, IL 6004 

9. Mini-Lysimeters Revere Transducers 
Model 6762 Load Cells 14020 Balboa Lane 

Cerrittos, CA 90701 

A.2 Irrigation and Snow Machine Descriptions 

The irrigation and snow machines were custom designed for the prototype barrier testing. Details 
on the specifications and features of these units are provided in the following sections. 

A.2.1 General Information 

Water and power will be available at the prototype barrier in early FY 1995. The water supply is 
from a 7.6 cm (3 in.) high density polyethylene (HDPE) supply line at 125 psi with 75 psi. The 
electric power is 480V, three phase, supplying up to 67 horsepower, with a 220V, single phase, 50-
amp panel and a 110V, 30 amp panel for instrumentation. 

A.2.2 Irrigation System Requirements 

The irrigation system will apply water uniformly to the north half of the prototype plot as shown in 
Figure 2.2. The irrigation system is designed to move back and forth on the north slope roadway and 
does not touch the test area except on the roadway. The linear move sprinkler system spans 43.6 m 
(143 ft) and delivers water only to areas within the road perimenter. The irrigation system also 
provides 10.4 m (34 ft) extension booms beyond the wheels to irrigate the edges of the plot when 
desired. The main drive wheels travel north and south along the west roadway. 

The irrigation system travel speed is a maximum of 1.8 m (6 ft) per minute. Between roadways, 
the irrigation system is designed to deliver water to outlets spaced 0.76 m (2.5 ft) apart along the 
distribution pipe. Each outlet is equipped with a 1.9 cm (0.75 in.) ball valve, a rocker arm lever and 
drop cords, a pressure regulator, a metal U-tube, a drop tube that reaches within 0.91 m (3 ft) of the 
soil surface, to which a Wobbler nozzle is attached. The irrigation system is capable of gravity 
drainage at the roadways at both ends. 

A.2.3 Irrigation System Component 

The Lockwood linear move irrigation system comprises the following items: 

1. Two A-frames, each with two wheels equipped with traction rubber tires. 

2. The A-frames are set are set 43.6 m (143 ft) apart and are connected by a 16.8 cm (6 and 
5/8 in.) water supply pipe suspended on a bow-truss rigging. 

3. Two end booms, each extending 10.7 m (35 ft) outboard from the A-frames. 
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4. Eighty-five drop tubes at 0.76 m (2.5 ft) intervals that descend from the water supply pipe to 
Wobbler nozzles mounted about 0.9 m (3 ft) above the soil surface. 

5. Each nozzle is fitted with a 90-degree ball valve and a 74 kPa (20 psi) regulator to control 
water flow. 

A.2.4 Snow Machine Requirements 

Snow will be applied over the course of the winter. A total of three winter applications will be 
made from December through January. The first two applications rates will be equivalent to 
approximately 11.2 mm of water. The third application will be similar in amount if needed and will be 
used to ensure that a total of 33.5 mm of water is applied in the form of snow. Snow applications 
should be in 4-hour intervals. Average temperature during the application should be below -4°C 
(26 °F). The average relative humidity range should be from 75 to 84%. Average nonsnow wind 
conditions expected would be from the northwest at 3.5 m/s (7 mph) and should not exceed 5 m/s 
(10 mph) during snow application. A minimum of two people will be needed to operate the equipment 
during snow applications. 

A.2.5 Snow Machine Equipment 

The snow machine consists of the following equipment: 

1. One Sulair rotary compressor driven by a 60 hp, 480V, three phase motor. 
2. Two custom made snow guns on towers. 
3. Eight 3.8 cm (1.5 in) dia. by 30.4 m (100 ft) hoses, for snow delivery. 
4. One low-pressure emergency shut-down valve. 
5. Two reverse-flow restriction valves. 
6. One water flow meter. 
7. Two ball valves and two gate valves for flow control. 
8. Air and water piping. 
9. One twin-axle trailer, with ball hitch and light system. 

A.2.6 Snow Machine Water Disposal 

Emergency low-pressure water shut-off near the water hydrant and remote drainage of the system 
are provided to avoid water damage to the equipment or the test plot area by gravity flow and in a non-
erosive manner. 

A.2.7 Snow Application Constraints 

A single snow application should contain not- more than 25 mm of water. Snow should be applied 
when the ground is frozen or when there is natural snow cover and when the air temperature is below 
0°C (32° F). Snowmaking equipment should operate only from the west roadway. Water delivery and 
time should be recorded for each application. Equipment mobilization requires the use of the twin-axle 
trailer. 
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