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EXECUTIVE SUMMARY 

. . . 

Testing and monitoring of the prototype surface""barrier, located at the 200 BP-I Operable Unit 

in the 200 East Area of the Hanford Site, was initiated in October, 1994 and has continued for one 

year. During the year, ·the surface was revegetated and surveyed and root-observation tubes were 

installed to follow root growth and water penetration into the surface covet.· Wind erosion was 

documented, water erosion measured, and detailed measurements of plant establishment and water 

balance collected on the prototype. 

Wind erosion occurred only in the first three months, when the surfaces were nonvegetated. 

After vegetation was established, there was no measurable loss of soil from the surface from wind 

erosion. In March, 1995, the surface on the north half of the prototype barrier was irrigated with 70 

mm of water in 8 hours, an amount in excess of a I 000-year storm event for the Hanford Site. In spite. 
-

of the extreme water application, runoff was found to be only a small fraction of the applied water 

(less than 2 mm out of 70 mm applied). After Mai-ch, water applications via irrigation and 

precipitatioi:i were adjusted to meet yearly target amounts of 480 mm/yr by accounting for the extreme 

March event and adding water in April and May to make up for lower-than-target applications earlier 

in the year. 

Water infiltration, redistribution, and drainage on the surface and side-slopes of the barrier 

were documented for the IO00~year storm event and for other periods throughout the year. During the 

year, no drainage occurred from any of soil covered plots, for either irrigated or ambient (non­

irrigated) treatments. In contrast, drainage was observed on all of the sideslope plots whether irrigated 

or not. Drainage from the side-slopes was attributed to coarse (rock and gravel) surfaces and lack of 

vegetation. The most drainage occurred from the clean-fill (gravel) surfaces. Sideslope water 

infiltration is an issue that will need to be addressed in design of above-grade surface b~iers at the 
. . 

Hanford Site. Extended area of side-slopes could potentially induce excessive water infiltration at the 

edges of waste sites. 

Water content and storage were documented with down-well-type neutron probes using vertical 

iii 



and horizontal arrays of access tubes. The water storage data indicate that after one year, the 

water storage has been depleted throughout the entire 2-m soil profile to a common lower-limit (about 

115 mm) for both irrigated and ambient treatments. Vegetation was able to extract water easily and 

efficiently at all depths. Data from the root observation tubes confirmed the presence of roots at all 

monitoring depths. Water storage changes observed in the 2-m-deep soil cover of the prototype 

barrier are similar to those observed previously in lysimeter tests using L5-m-deep soils. The storage 

data indicate that the 2-m-deep profile is not excessive for Hanford Site conditions and that water can 

be removed effectively from the entire soil volume even under elevated precipitation (e.g., irrigated) 

conditions. 

Vegetation was established quickly on the soiJ:.covered sections of the prototype barrier. The 

transplanted shrubs and seeded grasses were established successfully in November of 1994. 

Subsequently there was a prolific invasion of tumbleweed (Salsola /call), which grew rapidly and 

completely covered the plot by early summer 1995. There appeared to be no measurable difference 

between vegetative growth on ithe irrigated and noriirrigated (~bient) sections of the prototype for. 

~mbleweed. However, for shrub seedlings, the shoot height of sagebrush (Art'emesia tridentata) and· 
I 

rabbitbrush (Chrysothanmus n~useosus) were both greater on the irrigated thani on the ambient plots. 

The sideslopes remained nearly vegetation free during the first year of testing. · Lack of vegetation on 

the sideslopes is likely the res~lt of a poor rooting· environment (low water stotage) in the coarse (rock -
. ' 

and gravel) materials. 

Monitoring of surface subsidence, water balance, wind and water erosion, and vegetation 
• I 

! . . t 

c4anges will continue for the next two years. Drainage from sideslopes. and· movement of materials on 

sideslopes will be carefully documented.' Evaluations will be .made regarding the sideslope issues, 

including excess· drainage and subsidence near or at the edge of the prototype barrier. 
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1.0 INTRODUCTION 

Surface barriers (or covers) have been proposed for use at the Hanford Site as a means to 

isolate certain waste sites that, for reasons of cost or worker safety or both, may not be exhumed. 

Surface barriers are intende to isolated the wastes from the accessible environment and to provide 

long-term protection to future populations that might use the Hanford Site. Currently, no "proven" 

long-term barrier system is available. For this reason, the Hanford Site Permanent Isolation Surface­

Barrier Development Program (BDP) was organized to develop the technology needed to provide long­

term surface barrier capability for the Hanford Site for the U.S . Department of Energy ( DOE) (Wing 

1994). Designs have been proposed to meet the most stringent needs for long-term waste disposal. 

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). While other design criteria (i.e. , wind, water, and biointrusion rates) are 

more qualitative, it is clear that waste isolation for an extended time is the prime objective of the 

design. Constructibility and performance are issues that can be tested and dealt with by evaluating 

prototype designs prior to extensive construction and deployment of covers for waste sites at Hanford. 

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 required to resolve the technical concerns regarding protective barrier 

systems. The document 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 for and integration of all Hanford Site barrier studies. This program 

through a series of sequential steps, has led to the construction of a prototype barrier over an operable 

unit (200-BP-1) at the Hanford Site. Details of the design, construction, and initial testing plan for the 

prototype barrier are available in published barrier documents (see Section 8.0). The prototype 

consists of a 2.5 ha surface barrier, that covers an existing waste site (B-57 Crib). Figure 1.1 is an 

areal view of the completed prototype barrier as seen in September 1995. 

1.1 



Figure 1.1. Co1J1pleted prototype barrier at the 200 BP-1 Operable Unit, 200 East Area Hanford 
Site, Washington. Photo taken in September 1995. 

1.2 



The testing and mollit~ring of the prototype constitutes a sign~ficant commitment by DOE to 
, •"H 

evaluate the performance of surface barriers at the Hanford Site. The full".'scale prototype protective 

barrier has allowed engineers and scientists to gain experience in barrier design, construction, and 

performance that could be. gained in no other way (Wing an_d Gee 1994;. Gee et ·al. 1994, Petersen et 

al. 1995). The essential elements of the testing and monitoring consist of testing the prototype under 

ambient (natural precipitation) and irrigated (elevated precipitation) co_nditions. The irrigation 

treatment includes application of an extreme (1000-year) event in March of each test year and the total 

application (including precipitation) of 480 mm/yr (3 times the annual average precipitation). Detailed 

water balance measurements (including precipitation, irrigation, water storage and drainage) are 

currently being monitored. Water erosion, wind erosion, and biointrusion parameters are also being 
i 

documented on _the prototype barrier. 

It should be noted that several treatments and measurements described in the original test plan 

(Gee et al. 1993a) will not be accomplished. These include tracer tests, noninvasive geophysical 

measurements,· and artificial snow applications. In addition, the detailed data base management task 

has been omitted. Individual task~ (water balance, wind, water erosion, and biointrusion) have 

assumed _the responsibility for archiving task data that can be assembled from electronic and manual 

records and are on file with each manager of individual project tasks .. 

This document summarizes work complete~ in FY 1995 on the prototype barrier. Water 

balance, water erosion, wind erosion, revegetation, and biointrusion testing and monitoring activities 

are described in detail in Sections 2.0 through 5.0, with. the status of each major activity summarized 

at the end each section .. Planned activities for FY 1996 are summarized in Section 6.0. A current list · 

of barrier publications is provided at the end of this document. · 
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: 2.0 WATER.BALANCE EVALUATION 

The primary function of the Water Balance Task is to demonstrate the ability of the prototype 

surface barrier (PSB) to control infiltration of water to the underlying waste. Of particular importance 

is the generation of complete, multi-year, water-balance data sets that can be used to prove 

effectiveness of the barrier for extended times. These data, supported by hydraulic property and plant 

characterization data, are crucial for assessing long-term barrier performance. Such an assessment is 

important to the direction of future barrier development activities. 

Testing and monitoring for the Water Balance Task is 0rganized based on two precipitation 

treatments. Figure 2.1 shows a, schematic of th~ PSB and includes the layout of the precipitation 

treatments and instrumentation. 

Figure 2.1 

3X Precipitation 
Treatments 

Ambient Precipitation 
Treatments 

Clean 
Fill 

' Horizontal NP 
"' Access Tubes 

/ (below Asphalt) 

±--=----'--

' Horizontal NP 
Access Tubes 

/ (above Asphalt) 

i--- Monitoring Station 

I-Rain/Snow Gauge 
I-NP Tube 
1-CPTube 

I· 7 Segment TOR 
6-Thennocouples 
6-HDUs 

Basalt 
Asphalt 

Schematic of the prototype surface barrier showing the layout of precipitation 
treatments arid instrumentation (not to scale). 
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A detailed discussion of the treatments is provided by Gee et al. (1994). Briefly-, the northern half of 

the barrier is irrigated at three times the average annual rainfall (3X) for Hanford. The southern half 

receives only ambient precipitation. 

A total of 14 monitoring stations have been installed on the PSB, seven on the irrigated 

treatment areas and seven on the ambient precipitation treatment areas. On each precipitation 

treatment area, six stations are located on the silt loam surface and one on the clean-fill side slope. 

Each station is equipped with vertical access tubes for the neutron probe (NP) and capacitance probe 

(CP), a seven-segment, shorting-diode Time Domain Reflectometry (TDR) probe, heat dissipation 

units (HDUs), and thermocouples. Complete descriptions of these sensors, their principles of 

operation, and interpretation of their measurements are discussed by Gee et al. (1994). In the 

northeastern corner of the PSB, there are three sets of horizontal NP access tubes for monitoring 

water content changes under the asphalt layer. Both the 3X and ambient treatments are instrumented 

with horizontal NP access tubes for monitoring water content at the 2.0 m depth. 

Data collection for the· Water Balance Task commenced soon after construction was 

completed. On 08/08/94, a series of soil cores were taken from the PSB surface to determine the 

placed water contents and bulk densities. The depths of measurement ranged from 2.0 to 35 cm in the 

silt loam-admix. At the end of construction, the dry bulk density, Pb, was 1.38 ±0.121 g m-3
, while 

the volumetric water content, 8, was 0.107 ± 0.019 m3 m-3
• In early September 1994, a total of 150 

mm of water was applied to the surface to reduce wind erosion and to facilitate the installation of 

instruments and access tubes in the surface of the PSB. On 09/30/94, the first NP measurements of 

vertical profiles of water content were taken. An electromagnetic indµction survey of bulk electrical 

conductivity for predicting water contents was also conducted on that date. This section summarizes 

the results of the Water Balance Task for Fiscal Year (FY) 1995. 

2.1 PRECIPITATION AND IRRIGATION 

For FY 1995, precipitation recorded at the Hanford Meteorological Station (HMS) on the 

200 Area Plateau was assumed to be representative of precipitation at the PSB. These data were used 

for irrigation scheduling and water balance evaluation. The water year (WY) is defined at :the period 
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11/01/94 to 10/31/95 during which irrigation water is applied. Figure 2.2 shows the long-term 
. ••• ; ;. . - .r \_-,__.· 

average (1946-1994) annual precipitation for the Hanford Site distributed over WY 1995, and the 

actual precipitation for 1995 recorded at the HMS. These records show that in all months,' except 

November and August, precipitation exce~ded the long term average. The summer months (June -: 

September) produced a total of 47 mm, compared to the long-terin average of 33.5 mm. In the 

winter of WY 1995, conditions favorable to snow production were limited and no artificial snow was . 

applied to the prototype. However, the winter (November - February) precipitation was 1.5 times the 

long-term average. Overall, there was a total of 279.2 mm of precipitation, which is almost twice as 

much as the long-temi average and normal (calculated for the period 1961-1990) levels of 167.9 and 

159 mm, respectively (Hoitink and Burk 1995). The first year of monitoring was essentially Wetter 

than normal. 
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Figure 2.2 

Month of Water Year 1995 

Long-term (1946-1994) average and WY 1995 precipitation based on the HMS 
records (after Hoitink and Burk 1995). 

2.3 



Precipitation was also monitored at the PSB using 14 precipitation meters and a tipping bucket 

gauge. During FY 1995, these data were collected on an hourly basis. When compared to HMS 

records, these data show that precipitation events can be highly locali.zed. However, they have been 

used only in a qualitative sense while assessing the reliability and accuracy of the meters. It is 

expected that in FY 1996, precipitation records from the PSB will be used in irrigation scheduling 

and water balance evaluation. 

Since soil water movement and storage is sensitive to changes in precipitation, such as those 

caused by. changes iri climate, the testing and monitoring plan called for extreme event testing in the 

forin of elevated precipitation (Gee et al. 1993a). Based on the work of Petersen et al. (1993), it is 

not expected that future climate changes over the next 1000 years will cause precipitation to exceed 

three times the normal level. Thus, irrigation at three times the annual average would provide mo~e 
. . . 

than adequate stress on th~ PSB. To evaluate the effects of such a stress, an irrigation plan was 

developed to bring the totai water applied· on the irrigated treatments to at least 3X the long-term 

annual average precipitation. 

Problems with the water supply and the operation of the irrigation system delayed the start of 

the irrigation until February 1995. Irrigation was generally applied biweekly during WY 1995. The 

amount of water applied in each irrigation event was usually calculated based on the precipitation 
- . 

since the last irrigation cycle and a 10.0-mm margin to allow for natural precipitation events. 

Figure 2.3 shows cumulative plots of the 3X target application and the total water application 

(irrigation + precipitation) for WY 1995. The sharp increase at about 150 days after 11/01/95 

represents the l00Q-yr storm application of 71.0 mm. At the end of the first year of testing and 

monito~ing, the total amount of irrigation water applied on the 3X treatments was 200.6 mm. This 

brought the total amount of water applied for the year to 479.7 mm. The year ended with the PSB 

receiving only 0.25 mm less than the.planned 3X target. A similar irrigation schedule will be used 

during the WY 1996, which will commence on 11/01/95. 
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2.2 VERTICAL MEASUREMENTS OF SOIL WATER CONTENT 

Vertical profiles of water content, 8(z), are important for estimating water storage (S) and 

temporal changes in storage. These data are critical·jn evaluating the functionality of the PSB. It is 

expected that by the end of the testing and monitoring program, these data will be' also be of use in 

helping to select a cost-effective .and accurate technique fqr long-term monitoring of engineered 

barriers. 

During FY 1995, a vari~~y of invasive techniques, an~,one noninvasive method, were used to 

measure soil water content, 8, ~s a function of depth and time. The invasive techniques included 

neutron scattering using the probe NP; capacitance or frequency domain measurements using the CP; 

and TOR measurements using remote diode shorting probes. The noninvasive, electromagnetic 

induction (EMI) technique was· used on one occasion. Given the long history of use of the NP at the 
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Hanford Site, this technique is used as a standard. The procedures for NP measurement of 0 at the 

PSB, calibration, and the resulting calibration functions for converting NP count rates to 0 were 

presented by Ward and Gee (1995). Us.e of NP~measured water content data to estimate soil water 

storage will be discussed in Section 2.6. In this report, all data are spatially averaged over the six 

monitoring stations on the silt loam surface to· provide treatment averages. Results obtained from the 

various techniques are compared in the following sections. · 

2.2.1 Yertical Neutron Probe Measurements 

Water contents were measured by NP in the vertical access tubes at least twice per month 

during FY 1995. Measurements were taken at 0.15-m intervals from the surface in each access tube. 

Figure 2.4 show examples of 0(z,t) averaged over the six silt loam access tubes on each of the 3X 

and' ambient (lX) treatments. In early January 1995, both treatments showed almost identical 

distributions of 0(z). All of the profiles show a primary wetting front at a depth of 1.35 m, 

probably a remnant of the 150 mm of water applied just after construction was completed in 

September 1994. The profiles are also characterized by a discontinuity in 0(z) at 0.90 m. This is a 

reflection of the textural discontinuity at the silt loam-admix/silt loam interface, which occurs at 1.0 

m. Twice-monthly measurements allowed close tracking of changes in 0(z) during FY 1995. The soil 

profile experienced significant drying during the summer months, as show~ in Figure 2.5. All of the 

water loss is attributed to evapotranspiration (ET). · 

Between the period 08/22/95 and 10/12/95, a total of 39.4 mm of rain fell. That rainfall was 

responsible for the small increase in water content at the surface observed over the s~e period. 

Because of the high evaporative demand, this water did not penetrate very deeply in the profile and it 

is clear that the water content continued to decrease in the deeper part ofthe profile. Measurement of 

root length densities in April 1995 showed a maximum density at 1.35 m. By the ~nd of FY 1995, the 

profile was significantly drier'than it was during the early post construction period. This rapid 

removal of water exemplifies the expected response of a vegetated capillary barrier and confirms the 

findings of th~ Field Lysmieter Test Facility (FLTF) studies at a much larger scale: The FLTF 

consists of 24 lysimeters, 20 of which were constructed as capillary barriers and 4 to_ simulate -

surfaces that lack isolation barriers (gravel-covered coarse sand) . Over the period ·1988 to 1993, 

2.6 



0.0 
15 
30 
45 

........ 60 . 
E 75 
c.> ..._, 90 

..c: o.. 105 
Q) 120 · 0 

135 
150 
165 
180 

0.0 
15 
30 
45 

........ 60 
E 75 
c.> ..._, 90 

..c: o.. 105 
Q) 120 0 

135 
150 
165 
180 

Figure 2.4 

0 (m 3 m"3) 0(m3 m"3) 
0 .. 1 0.2 0.3 0.4 0.0 0,1 0.2 0:3 0.4 

3X Trt. 
lX Trt . 

(a) (b) 

0(m3 m"3) 0 (m 3 ni"3) 
0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 · 0.4 

(c) (d) 
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measur~d by NP. · 

/ 

these lysimeters wer~ exposed to precipitation treatments ranging from ambient (non-irrigated) 

precipitation, averaging 169 mm yr·.1, to elevated prec_ipitation of 480 mm yr·1
• Data from th~ FLTF 

showed that vegetation plus soil evaporation could return. at least 480 ~ of water per year to the 

atmosphere. 
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Figure 2.5 Temporal changes in wa~er mean content profiles (averaged by treatment) 
over the summer of FY 1995 ()n (a) 3X treatments and (b) lX 
treatments, as m_easured by NP. 

2.2.2 Capacitance ProJ;>e Measurements 

During FY 1995, the CP was also used to measure frequency shifts at tlie 14 locations on the 

PSB. These measurements were taken at 0.15-m increments and converted to O(z) using a calibration 

function developed for the PSB. Figure 2.6 compares averaged O(z) profiles measured with the CP 

and NP in preparation for the 1000-yr storm event in March 1995 and two days after the storm. 

Although the general trend in the· profiles is SOJ?ewhat similar, the CP underestimates O(z) relative to 

the NP. This is inconsistent with published studies, most of which show that the CP generally 

overestimates 0 relative to the NP. Our calibration data show the CP to be relatively insensitive to 
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Comparison of 8(z) measured by CP and NP on two dates in FY 1995, 
(a) 3X plots on 03/23, (b) 3X plots on 03/27, (c) ambient plots on 03/23, 
and (d) ambient plots on 03/27. · 
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change~ in 0 at the wetter end of the moisture range. It is believed that the utility of this technique 

can be improved by a more thorough calibration, one that reflects the variation in texture at the PSB. 

An attempt to cross-calibrate the CP using NP data from adjacent access tubes was initiated in late 

FY 1995. Until a more thorough calibration is completed, use of the CP data to estimate soil water 

storage cannot be recommended. 

2.2.3 Time Domain Reflectometry Measurements 

The TDR system is the only one allowing automated measurements and remote interrogation 

at the PSB. Measurement of 0(z) by TDR at the PSB uses segmented remote-diode shorting probes 

which permit monitoring of 0(z) profiles with a single, vertically installed probe at each monitoring 

station (see Figure 2.1). The system is controlled by a CRlO datalogger (Campbell Sci. Inc.) and 

interrogated remotely by radio telemetry. Measurements for FY 1995 commenced in March and were 

taken daily at 1. 0-hr . intervals~ 

At present, unexplained temporal variations in 0(z), especially at the two end segments, is a 

major concern with the Moisture Point TDR system. Figure 2. 7 show examples of. 0(z) measurements 

taken at 1-hr intervals over a 4_-hr period. During this period, there was no activity that can explain 

the observed variations in 0(z). H9wever, averaging 0(z) profiles over a 4-hr period generally 

reduces the standard deviation to acceptable limits. While the standard deviation on the intermediate 

segments is generally less that 0.01 m3 m-3
, it can be as high as 0.06 i:n3 m-3

, and 0.10 m3 m-3 on the 

top and end segments, respectively. 

· The MP~917 system recorded 0(z) profiles within 15 min. of the cessation of irrigation during 

the 1000-yr storm event. None of the other techniques permitted monitoring of 0(z) during or 

immediately after the storm and therefore no comparisons can be made. _However; comparison of 

TDR and NP 0(z) profiles form 03/27/95, 2 days after the storm, show similarity in the general 

trends (Figure 2.8)., when the difference in spatial resolution is cqnsidered. It should be noted that 

with TDR, 0 is averaged over the length of the segment and reported at the midpoint of the segment. 

A striking feature is the fact that the TDR underestimates 0 relative to the NP. °This is 
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Temporal variation in 0(z) over a 4-hr period on 03/25/95. Measurements were 
taken on the 3X plot at (a) station 1 and (b) station 3 using segmented TDR probes. 

inconsistent with published studies which suggest that the TDR generally overestimates water content 

relative to the NP. However, a comparison ofTDR and NP data in early September 1995, after the 

soil profile had undergone significant drying, shows the opposite. While the trends in 0(z) are still 

similar, the TDR ne>w overestimates 0 (see Figure 2.9). 

Since the TDR and NP have different principles of operation, different volumes of influence, 

and measure different forms of water in the soil, it can be argued that comparison should be done 

only on a qualitative level. However, the differences in 0(z) and the resulting effect on the estimation 

of water storage is a source of major concern thatcannot be overlooked. It is believed that these 

differences can be resolved after conducting a thorough calibration of the MP-917 system. 
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The results of a laboratory experiment suggests that the relationship between water content 
. . . - . . . . 

and the soil .dielectric permittivity (K) that is used by th~ MP-9.l 7 software is inappropriate for the 

Warden silt loam .used to construct .the surface layer of the PSB. The current mod.el assumes a linear 
i 

relationship between e and ✓K. The results of our laboratory study suggest a nonlinear relationship. 

Alth<:mgh these results explain the overestimation of e in the lower ranges, they do not explain the 

discrepancy at higher values of e and will require further study. Because of a lack of funding, there 

are no plans to conduct any further evaluation of the MP-917 TDR system in FY 1996. 

2.2.4 Electromagnetic Induction Measurements 

Under conditions of low solute co11centration, it has. been shown that EMI method can be used 

to determine the spatial variation of 0 by measuring the bulk electrical conductivity, cra. An initial 

EMI survey was conducted at the PSB on September 30, 1994 using the EM38 and EM31 meters. 

The EM38 has a penetration depth of 0.75 m to 1.5 m, arid the EM31 has a penet~ation depth ranging 

from 3.0 to 6.0 m. Despite the extensive network of buried cables, access tubes and sensors, it was 

possible to locate interference-free areas where reliable EMI measurements were possible. The EMI 

data were processed using an inverse method with Tikhonov regularization (Hendrickx 1994). During 
. . 

the EMI survey, the neutron prope was used also to.measijre e across .the two (ambient and 3X) 

treatments. 

Figure 2.10 shows the distribution of cra, as a function of depth, derived from EM38 

measurements. Since dry .soil is a poor conductor, it is assumed that value of cra is a reflection of 0. 

There is some similarity in the general trends of NP-measured 0(z) and the craC:i) distributions. The 

NP located the wetting front at b.etween 0.3 and 0.45 m, while the EM38 located the wetting front, 

assumed to be the zone of highest cra, at between 0.4 and 0.6 m. The EM31, which has a greater 

depth of penetration located the maximum cra at 2.0 m, and showed a rapid decrease in- cra after 2.0 m 

(Hendrickx 1994). The high cra i~ most likely due to the 2.0 m of silt loam at the surface with the 

underlying coarse layers being responsible for the later decrease. 

The results of this survey suggest that with the proper monitoring procedures, appropriate 

calibration, and improved analytical techniques, the EMI method may offer a simple, rapid, low-cost 
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Figure 2, 10 Comparison of bulk electrical conductivity profile, measured by EM38, 
and 0 measured by NP on 09/30/94. 

method for the large-scale monitoring of engineered barriers. However, because of fund_ing 

limitations, there will be no further evaluation of the techni'lue in FY 1996. 

2;3 HORIZONTAL MEASUREMENTS_ OF SOIL WATER CONTENT 

Horizontal NP measurements of water content, 0(x), are essential to the detection of any 

water that infiltrates beyond the depth of the vertical measurements, and permit the monitoring of 

horizontal.variations in the depth of water penetration. Two horizontal neutron access tube~ _are 
. . . 

· installed· at 2. 0 m, near ~e interface between the soil layer and the sand filter, in each of the 

treatments (see Figure 2.1). To monitor the lateral movement of water back under the PSB from the 
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sideslopes. (underflow), three horizontal access tubes were installed, starting at 1.0 m below the 
. ' . . . . , ' ,, ~.-·.-._.:-:,;,,; /., __ ;'.-. . 

asphalt pad and at 1.0 intervals ~elow each other, under the northeastern section of asphalt pad in the 

3X treatmerit(see Figure 2.1). 

During FY 1995, horizontal neutron probe measurements were taken at least once per month . 

.,. The NP is usually inserted into a carrier in th¢ access tube of interest and pulled to the maximum 

possible distance inside the tube (a function of NP cable length and radius of curvature on the access 

tube). For the silt loam_ tubes, this positions the probe 28 m from the edge of the asphalt pad, or 6.0 

m·froin the center line of the barrier on the west side, and to within 4.0 m of the center line on the· 

east side (see Figure 2.1). For the thr~e below,-asphalt access tubes, the maximum distance is ~2 m 

from the edge of the asphalt pad, which is coincident_with the center line of the barrier. All horizontal 

NP measurements are taken from the maximum insertion distance moving outward (towards the edge 

of the barrier) in 1.0-m increments. Data collected during FY 1995 are summarized below for four 

., 

· selected dates. 

2,3 .1 Horizontal Silt-loam Measurements 

The first set of horizontal NP readings taken.in taken in December 1994 showed a relatively 

uniform distribution of water contents over the_ ambient and 3X treatments (Figure 2.lla). These data 

were used to define the initial condition for horizontal measurements. The tubes are numbered 1 and 

2, starting at the northern end of each treatment. Despite weekly irrigations, the silt lo~-sand filter 

interface did not show a significant increase in 0 until May 1995. Figure 2.llb shows the 0(x) 

distribution on 05/06/95, about 42 days after the appli~ation of the 1000-yr storm event. The dotted 

lines represent the treatment boundaries shown in Figure 2.1. It was around this time that the vertical 
. . . ' . . 

NP measurements showed the wetting front had reached the maximum depth of measurement on the 

vertical access tubes (1.85 m). The greatest increases in 0 were observed in the range x= ± 14-18 m, 

which encompasses the transition zones (5W, 2W-, 5E, 2E, Figure 2.1). As the plant cover became 

established and summer progressed, the rate of evapotranspiration increased. Thus, the soil profile 

experienced significant drying, as observed in July 1995 (Figure 2.llc). The last set of readings for 

WY 1995 were taken on 10/12/95. By this time, both the ambient and 3X treatments had been 

depleted to levels below the initial condition (Figure. 2. lla) as showri in Figure 2. lld. 
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Horizontal, silt loam water contents on (a) 12/29/94, and in 1995 on (b) 05/31, 
(c) 07/14, and (d) 10/12, on the 3X and ambient treatments. 

The observed decline in water content levels to less than the initial condition exemplifies the 

expected performance of a vegetated capillary barrier. Thus far, there are not enough data to define 

the complete annual cycling expected for water storage'. However, these data, in combination with 

those obtained from the vertical measurements, may be used to establish a baseline performance for 

the prototype. Water contents in the top 2.0 JJ1 showed a steady decrease over the summer to reach a 

minimum by early October. This occurrence has important implications for water storage capacity, 

• and will be discussed further in Section 2.6. 
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2.3.2 Below-Asphalt Measurements · 

The below-asphalt measurements were taken at least once per QlOnth in the access tubes under 

the asphalt pad. With the asphalt pad being the last line of defense for any water that escapes 

recycling,· these measureme~ts are important in ~onitoring the pad's functionality. Measurements on 

these tubes· are also important for quantifying any underflow that· occurs from· around th~ sideslopes. · 
,. ' " 

Because of the difficulty in performing an in situ· calibration of the NP for below'."asphalt 

measurements, there is presently no reliable calibration relationship to convert NP counts to 

volumetric water content. However, the dynamics of water movement can be deduced from any 

changes in NP counts over time. An increase with time would indicate an increase in water content, 

while a decrease indicates a reduction in water content, provided these changes are greater than the 

· normal deviation in the count rate of the instrument. 

Figure 2.12 plots the temporal changes in NP counts in the vicinity of the· edge of the asphalt 

pad, measured on the two upper access tubes (1.0 m depth) in the northeastern comer of the PSB. In 
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this plot, the spatial coordina~e x=0 represents the edge of the asphalt pad. A negative coordinate 

represents locations to the east.of the asphalt (away from the barrier) and a positive coordinate 

represent locations under the asphalt. As with the horizontal, silt loam NP measurements, readings 

taken on 12/29/94 are treated as the initial condition. The first tube is located at the· northernmost 

edge of the barrier and was installed under an uncurbed section of the asphalt pad. 

Figure 2.12a shows the temporal changes in this region. The most dramatic changes iri water 

content occur at 1.0 m from the asphalt pad (away -from the' barrier). This zone has always been at a 

higher water content than the surrounding areas. This is not surprising since any water that reaches 

the asphalt is not drained to the dosing siphons, ·as in the curbed area~, but runs off the pad in this 

region. Between 12/29/94 and 05/31/94; this region showed an increase in water content. An increase 
I 

was also observed up to 1.0 m under the asphalt pad. This increase is· indicative of a lateral 

movement of water back under the barrier, i.e. -underflow, and is.most likely due to the water that 

was shed after the 1000-yr storm event. 

Following this inc!ease, water contents have decreased almost back to the initial levels at the edge 

(x~0), and under the asphalt. The same has occurred at the point 1.0 m away from the barrier. 

Figure 2.12b shows a similar plot for the second tube, which is 24.3 m to the west of the first tube. 

This tube is located in a curl:>ed area (under 4E treatment, Figure 2.1). Thus, the increase in water 

content around the edge of the pad is less dramatic. 

Since cqnditions beyond the 1.0 m location (under the barrier) were quite similar, data from 
' . 

the two access tubes were averaged to produce a single curve. Figure 2.13 compares the averages 

obtained on 12/29/94 and 10/12/95. The averitge count per 20 s-under the barrier was 69tU ±90 on 

12/29/95_ and 6933 ± 100 on 10/12/95. The difference between the two dates is well within the 

variance in the difference in two NP counts. Thus, after 10 months, the average count under the 

barrier has not changed. 

· The under-asphalt lysimeter has recently been automated for water removal arid 

measurements. The lysimeter is currently undergoing a series of leak tests. 
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Spatial distribution of averaged NP horizontal counts at 1.0 m below 
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SOIL WATER POTENTIAL 

Soil water potential is a measure of the energy status of water in soil and determines how 

much water is available for movement or plant uptake. The direction of flow is largely governed by 

the potential gradients. At the J>SB, matric potential in the soil layer was monitored with heat 

dissipation units (HD_Us). At the soil/sand interface, matric potential was monitored with fiberglass 

blocks (FGBs) .installed adjacent to the horizontal NP access tubes. 

Figure 2.14 shows profiles of inatric potential, \j/, averaged over the 3X treatment at selected 

times during FY 1995. Two days after the 1000-yr storm (03/27/95), \j/ reached a maximum of 

-3.0 x 10·5 MPa at 0.45 m. Over the next few months the observed trends in \j/ demonstrate important 

features of a vegetated capillary. barrier. In the months following ~e storm, water moved deeper into 
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Figure 2.14 Spatially averaged profiles of matric potential for the 3X 
treatments at selected times during FY 1995. . 

the profile and \jl reached values as high as -0.02 MPa at 1.8 m by the end of May. Matric" potential 

had already decreased to less than 3.0 MPa in the top 0.3 m of both the 3X and ambient treatments. 

For water to move in the liquid phase in an unsaturated soil, \jl must be greater than -0.075 MPa 

(020 m3 m·3 in Warden silt loam). Thus, although the criterion for drainage was met, no drainage 

occurred. This demonstrates the effectiveness of the textural discontinuity at 2.0 m in preventing 

drainage while water in the fine soil layer is recycled to the atmosphere. 

Another important feature reflected in the observed t~ends is that of evapotranspiration. 

Matric potential continued to decrease throughout the summer, which is expected since the rate of 
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· evapotranspiration is also highest at thi_s ,time. By early September, matric potentials were as low as . 

-2;5 MPa in the top 1.0 m and around -0.6. MPa at 1.8 min ~he 3:x' treatments. On the amb~ent 

treatment, for the same period, measurements exceeded the range of calibration in the top 1.0 m and 

were -7.8 MPa at the 1.8 m depth. 

Measurements of \j/ adjacent to the horizontal NP tubes at the 2.0-m depth also show a similar 

cycle, only lagged in time. On the northeast comer of the 3X treatment, \j/ showed a rapid decrease in 

April following the application of the 1000-yr stomi. The southeast comer of the 3X treatment 

showed a similar, but less pronounced, response. In both cases, \j/ reached a maximum by the end of 

May and has been decreasing ever since. The decrease in ·potential at 2. 0 m is confirmed by the NP 

(see Figure 2.5) and. HDU (Figure 2.14) measurements, although the rate of decrease in the bottom 

1.0 m appears to have slowed. 

At \j/ less than -0.075 MPa, movement is still possible in the form of either water films or 

vapor, or both: This is probably responsible for continued drying of the profile in the top 1.0 m. The 

higher potentials in the.bottom 1.0 m suggest that evapotranspiration may be limited at the deeper 

depths, probably because of limiti;d root development. 

2.5 DRAINAGE 

The PSB is equipped with a siphon-based monitoring system capable of measuriµg drainage 

with a resolution of between 0.02 and 0.06 mm of water, depending on the treatment size. Each 

siphon is equipped. with a pressure trans~ucer, calibrated to give the equivalent height of water (mm) 

drained from each treatment (see Fi~re 2.1). There is also a tipping bucket rain gage, through which 

. all water entering the vault passes, and_ a thermocouple to measure water temperature (Figure 2.15). 

In the early part of FY 1995, considerable effort was expended trying to correct leaks and 

other problems with the siphons. Problem-free drainage measurements started in March and data were 

recorded ori an hourly basis throughout the year. Figure 2.16 shows. the drainage recorded from the 

sideslopes over the period.03/27/95 to 09/30/95. Each peak represents a dose -of the siphon arid 

corresponds to the discharge of over 550 L ofwater (Ward and Qeel995). During this period, the 
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Figure 2, 15 Schematic of a dosing siphon vault and the associated sensors and 
components (not to scale). 

4W siphon (see Figure 2.1) recorded 12 doses, equivalent to the drainage of 12,117 L of water from 

the 4W treatment (Figure 2.16a). The 4W treatment is located on the 3X side of the clean fill 

sideslope. The vault collecting drainage from lW treatment (ambient treatment) recorded 12 doses, or 

6900 L of water (Figure 2.16c). In comparison, the basalt sideslope treatments recorded considerably 

less drainage. On the 3X treatment, 4E recorded only eight complete doses, while on the ambient 
' 

treatment, only two complete,doses were recorded. 

Another interesting observation is the bimodal nature of the drainage hydrograph on 4E and 

lE and the absence of drainage during the summer months (Figure 2.16d). Sieve analysis' of the 

fractured basalt show that there is a considerable amount of fine textured material included with the 

larger basalt .blocks. This material will have a higher storage capacity than washed basalt, and as such 

will act as a store until· there is enough water for ·breakthrough a:nd drainage. The open structure of 

the basalt sideslope would certainly permit advective air flow between the blocks, which could· 

enhance evaporation from the block surfaces. This phenomenon would most likely be enhanced in the 
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Figure 2.16 Sideslope drainage records for the period 03/29/95 to 09/30/95 on (a) 4W, 
(b) 4E, (c) lW, and lE. 

summer months and could reduce the amount of water available for infiltration. This mechanism is 

worthy of further study to optimize sideslope design. 

Figure 2.17 show drainage records for the silt loam treatments. To date, there has been no 

drainage from _the irrigated or ambient precipitation silt loam treatments. 

Table 2.1 shows the monthly drainage, by treatment, starting on 03/29/95. Throughout FY 

1995, the treatments on the cle_an-fill slope have drained considerably more water than·the 

corresponding treatments on the basalt sideslope. · For example, the 4W treatment generated almost 
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2.5 times the drainage generated by 4E. It is possible. that the 4W and 4E treatments could have· 

received drainage water from the irrigation system. However, there is no doubt that the lW and lE 

treatments both received identical amounts, coming only from natural precipitation. Even then the lW 

treatment generated more than 5 time~ the drainage generated by lE. 

The transition zone on the NW side of the PSB (SW) also generated some 5.5 mm of 

drainage, while the corresponding SE generated ·only 1.0 mm: Two factors may have been responsible 

for this difference. First, it may be related to the clean:--fill sideslope's ability to act as a better 

watershed. Second, during the 1000-yr storm in March, the northwest comer of the 3X treatment was 
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Table 2.1. Drainage (mm of water) by treatment at the PSB during FY 1995. 
' ' :i ); ', ,, . . . 

WEST SIPHONS EAST SIPHONS 

Month 6 5 4 3 2 1 1 ... .2 3 4 5 6 

-

Mar· 0 0.130 1.490 0 0 0.310 0.020 · 0 0 0.960 0 0 

Apr 0 1.4~0 9.430 o· 0 4.070 2.210 0 0 7.040 0 0 
." 

May 0 0.990 6.890 0 0 3.820 0.480 0 0 4.320 0.160 0 

Jun 0 0.810 6.260 0 0 3.670 0.070 0 0 1.690 0.320 ·o 

Jul 0 0.780 4.930 0 0.020 3.060 0 0 0 0.390 0.290 0 

Aug 0 1.090 4.050 0 0.370 2.770 0 0 0 0 0.290 0 

Sep 0 0.995 3.116 0 0.553 2.363 0.050 · 0 o. 0.449 0.015 0 

Total 0 6.225 36.166 0 0.943 20.063 2.840 0 0 14.849 1.065 0 

·(mm) 

ponded. Ponding did not occur on the northeast side. It appears that most of this water has drained 

via the SW and 4W treatments, since no drainage has be~n recorded from the silt loam irrigated (6W) 

treatment. 

Based on the results of numerical simulations, there has been some speculation regarding 

the amount of drainage generated by the various sideslope designs. These data represent the first of 

their kind documenting sideslope performance. It appears as if the clean-fill slope is a :i;nuch better 
I . . , . • 

water shed. At present, the response of the sideslopes to irrigation has not been evaluated since there 

were no· controlled tests in FY 1~95. The·response of the two sideslopes to irrigation will be 

thoroughly investigated in FY 1996. These data will prove to be invaluable to the final design of 

above-grade surface barriers. 
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2.6 SOIL WATER STORAGE 

For FY 1995, soil water storage, S, was computed froni NP measurements of water 

content profiles, 0(z). Storage at a given time was calculated as 

. S= J/aa (z) dz ·[1] . 

where Lis maximum depth of measurement, i.e., 1.8 m. Figure 2.18 shows a plot of S versus day of 

year (DOY) for both treatments during FY 1995. 
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Soil water storage in FY 1995 on the 3X and ambient treatments. Storage .was 
calculated from NP measurements of water content. 

The first NP measurements were taken at the end of September 1994 and, as expected, 

treatment effects were negligible. The mean initial storage was 234 mm on the 3X and 223 mm on the 

ambient treatment. With both treatments exposed to only natural precipitation, S remained essentially 
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the same until 02/22/95, when; irrigation started on the. 3X pl()ts. A sharp increase in S occurred on 

03/27 /95 following the 1006--y~ storm. 'At no time did storage exceed the design limit of 600 mm. · 

Despite the differences in the amount of water received by the two treatments, the trend in 

S over time appears_ to be quite similar. Since DOY=86 (03(27/95); neither of the:two treatments 

have gained ~ny water.· The rapid depletion in storage over the sUIIlIIler months is expected, given the' 

high rate of evapotranspiraticin. By DOY::;;,,285 (10/12/95) , water Storage averaged 120 mm on the 

3X treatment and 110 mm on the ambient treatment. These data show the effectiveness of plants in 

removing water from the soil during the late spring and summer months. These results are 

qualitatively similar to those previously observed in vegeta~ed lysimeters at· Hanford, as reported by 

Link et al. (1995a). Link et al. (1995a) noted that water was removed to essentially the. same lower 

limit of storage for both irrigated and ambient (nonirrigated) surface. barrier treatments. At these 

depleted levels of storage, the silt loam could _accommodate winter precipitation before 

evapotranspiration resumes in the spring. The storage on the· ~bient treatment will likely remain at 

the depleted levels.until late February 1996. 

2.7 WATER BALANCE 

A water for the PSB is an account of all quantities of water added to, removed from and 

stored in the upper 2.0 m of soil. In the simplest sense, the water balance may be written in terms of 

the change in soil water ·storage,· 

where 

fl. S= (P+ I) - (R+ D+ ET) 

· ~S ~ change in. water storage 

- P = natural precipitation 

I = irrigation/snow 

R = surface runoff 

D = drainage from the soil profile 

ET ~ evapotranspfration 

2.'P 

[2] 



The change in storage, ..iS, between two times, t1 and t2, was calculated as 

[3] 

The variety of ~truments and measurement systems provided data that were sufficient to evaluate the 

water balance over FY 1995. All of the components, except ET, were measured during the year. 

Estimates of ET for the two treatments· were obtained by difference. Water _balance calculations for 

the two treatments are shown irt Tables 2.2 and 2.3. 

These calculations show a general decrease in storage, with the rate of decrease increasing 

in the summer months. Estimates of ET showed a general increase over the year reaching a maximum 

of about 6 mm on the 3X and 4.0 mm on the ambient treatment in late June and early July. These 

rates quite similar to the mean potential ~vapotranspiration for the same period as reported by Gee et 

al. (1989). In general, ET _was higher on the irrigated treatments. The total amount of water loss by 
, , 

ET on the 3X treatments was about 1.5 times greater than on the ambient treatment. By the end of 

September, ET had decreased to similar rates on both treatments. In response to the 22 mm of 

precipitation between 09/26 and 10/1~/95; ET again iilcrea_sed on both treatments. 

These data reflect the importance of documenting the influence of plants on the water 

balance at the PSB. This task will require continued availability of high-quality input data, such as 
, , 

those collected during the past year. Based on these results, it is apparent that ET can return to the 

atmosphere in excess of the 480 mm yr-1 that is received by the ambient-treatments. Vegetation on 

the PSB was able to use all available water. 

2.8 SUMMARY 

After completing only the first year of testing and _monitoring, the following observations 

can be made. 

• Despite having an unusually wet year that produced more than twice the long-term annual 

average precipitation, and an application of 70 mm over 8 hours for the 1000-yr storm 
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Table 2,2. Water balance for the silt loam 3X treatments at. the PSB in _FY 1995 
1. • • • •• ~ ,t ·, • '' ' 

t1 t2 LlS ·P I R D ET 
(mm) (mm) - (mm) (min) (mm) (mm d"1

) 

" 

09/30/94 01/01/94 25.41 . 75.44 0 0 0 0.64 

01/04/94 02/22/95 69.89 71.88 .16.96 0 0 0.53 

03/21/95 03/23/95 -2.51 0 0 0 0 1.26 

03/23/95 03/27/95 60.43 0.25 71.00 1.78 0 2.20 

03/27/95 04/03/95 -8.20 0 - 13.18 0 0 3.06 

04/03/95 04/10/95 -10.66 . 2.29 26.48 0 0 5.63 

04/10/95 04/17/95 -2.55 12.7 13.38 0 0 3.36 

04/17/95 04/24/95 -8.14 3.57 8.82 0 0 2.93 

04/24/95 05/04/95 3.64 20.57 13.55 0 0 3.05 
,. 

05/04/95 05/16/95 -14.54 19.81 22.68 0 0 4.75 

05/16/95 05/31/95 -45.48 0.254 · 0 0 0 3.05 

05/31/95 06/23/95 -46.18 -- 19.56 0 0 0 2.86 
" 

06/23/95 07/14/95 -100.0 7.62 0 0 o. 5.13 

07/14/95 08/01/95 -52.47 1.02 0 0 0 2.97 

08/01/95 08/22/95 -25.16 _ 1.78 0 0 0 1.28 

08/22/95 09/09/95 -10.60 17.02 0 0 0 1.53 

09/09/95 09/26/95 -65.10 17.02 0 0 0 0:38 

09/26/95 10/12/95 . 3.0 17.02 0 0 0 1.20 

FY 1995 Totals -113.99 298.45 204.00 1.78 0 614.66 
.. -
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Table 2.3. -Water balance for the silt loam lX treatments at the PSB in FY 1995 · 

' 
ti 

·, 

t2 dS p I R D ET 
(mm) (mm) (mm) (mm) (mm) (mm d·1) 

09/30/94 01/04/95 21.23 75.44 0 0 0 0.68 

01/04/95 02/22/95 
.. 

76.88 78.74 0.04 

02/22/95 03/21/95 .:1.18 24.13 0 0 0 1.16 

· 03/21/95 03/23/95 -1.45 0 0 0 0 0.73 

03/23/95 03/27/95 -6.98 0 0 0 O- -1.75 

03/27/95 04/03/95 -7.32 0 0 0 0 1.05 

04/03/95 04/10/95 -5.97 2.29- 0 0 0 1.18 

04/10/95 04/17/95 0.87 12.7 0 0 0 L69 

04/17/95 04/24/95 -8.02 3.56 0- 0 0 1.65 

04/24/95 05/04/95 -5.21 20.57 0 0 0 2.58 

05/04/95 05/16/95 -12.27 19.81 0 0 0 2.67 
.. 

05/16/95 05/31/95 -57.10 0.254 0 0 0 3.82 

05/31/95 06/23/95 -10.91 19.56 0 0 0 1.32 

06/23/95 07/14/95 -73.25 7.62 0 0 0 3.85 

07/14/95· 08/01/95 ~18.38 1.02 0 0 0 1.08 

08/01/95 08/22/95 -6.31 1.78 - 0 0 0 0.39 

08/22/95 09/09/95 -2.52 17.02 0 0 0 "1.09 

09/09/95 09/26/95 -3.26 0 0 0 0 0.19 

09/26/95 10/12/95 3.57 22.35 0 0 0 1.17 

, FY 1995 Totals -117.84 298A5 0 0 0 416.29 
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event, the design storage capacity of the barrier was never exceeded. Measured storage 
. ' . . ' J._;,:, •.• ·i\" ' ~. 

showed no increases beyond late March. 

• Soil water potential and horizontal NP measurements at the 2.0-m depth in the 3X 

treatments indicate conditions were such that drainage could have occurred after the 

1000-yr storm. However, the fact that there was no drainage from the 3X treatments 

demonstrates the effectiveness· of the hydraulic barrier in preventing drainage while the 

water is recycled to the atmosphere. 

• No water has penetrated the asphalt pad, as demonstrated by the under-asphalt NP 

measurements. However, there is evidence of underflow on the northeastern corner of the 

asphalt pad. 

• Plants obviously play a very important role in removing water from the soil during the 

late spring and summer. Our observations that plants will remove water to the same 

storage limit independent of irrigation treatment are qualitatively similar to those reported 

by Link et ·al. (1995a) for vegetated Hanford lysimeters. 

• Observations of sideslope drainage show that the clean-fill slope rapidly drains most of the 

. water intercepted. Drainage from the clean fill slope was between 3 and 5 times more 

than from the .basalt slope. Clean fill drainage was also as much as 32 % of natural 

precipitation. These observations are opposite to those anticipated by Gee et al. (1993b) 

based on FLTF data, and emphasize the importance of scale effects. 

• Evaluation of the water balance using NP-measured water contents shows a peak rate of 

evapotranpiration of 6.0 mm d-1 in the June-July period, falling off to 2.0 mm d·1 in early 

September. Thus, plants will play .a significant role in increasing the 'Storage capacity of 

the silt loam for winter precipitation. 
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• For the long-term monitoring of engineered barriers, a variety o_f invasive and noninvasive 

techniques have been identified. Technologies such as TDR and EMI show considerable 

promise for quick, safe, low-cost measurements. However, these techniques will require 

further study before they can be adopted. 
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;3.0 WATER EROSION MONITORING -

The purpose of monitoring the barrier soil surface is to collect clata and information on the 

erosional behavior of the soil under natural rainfall_ and snowmelt conditions (Gee et al. 1993a). 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 was established by hydroseeding the 

surface after construction. 

Another factor contributing to erosion is runoff volume. For a given rainfall event, as the· 

slope iength and surface area increases, the volume of runoff increases. The prototype provides an 

opportunity· 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 IS~m-long flume installed on the soil surface (controlled 

area monitoring), and 2) observation .and documentation of the effects of precipitation over the larger 

remaining . surface area (barrier-surface monitoring). · 

3.1 CONTROLLED AREA TESTING 

A permanent test plot for water erosion measurements was established on the south. end. of the 

pro~otype. The study plot was designed to me_asure runoff and sediment yield: 

3 .1.1 Objective 

Because of the .large area of the prototype barrier top surface, a program to monitor total 

runoff and sediment yield from the barrier surface was not recommended or implemented (Gee et al. 

1993a). ·construction of a controlled area (6.1-m-wide x 15.24-m-long) on the barrier surface for 

monitoring erosion and runoff was. used to quantify the amount of soil foss and runoff. This 

controlled area of the ·bap"ier surface was used to provide baseline information under natural climatic 
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conditions. Monitoring of an extreme rainfall event was also done using a similar temporary test strip 

on the irrigated portion (north half) of the barrier. Soil properties were monitored and recorded 

throughout the year as part of the effort to document the changes to the barrier surface. 

3.1.2 Methods 

The construction and instrumentation of the test plot was described in Gee et al. (1994 ). 

Information from the dataloggers and sampling equipment was collected on a monthly basis and after 

every rainstorm event. 

3 .1.3 Results 

There was no measurable runoff from the permanent test plot. This is not unexpected, given 

. the conditions of the southern half of the barrier surface. These conditions--vegetation coverage of 85 

to 95%, low (>5.0%) moisture content, and no significant rainfall--were found during testing of the 
I 

McGee Ranch erosion test plots to indicate that little if any rpnoff would occur (Gilmore and Walters 

1993) . The previous testing ·on the large-scale test plots with gravel admix arid untreated soils, both 

with vegetation and an antecedent moisture content of 1.6 and 5.6% respectively had runoff of 

approximately 1 % for a I-hour-long rainstorm with an intensity of 64 mm/hr. The rainstorms that 

occurred at tJ}e barrier location throughout the year accumulated less than IO mm/day. Table 1 

summarizes the rainstorms that occurred at the b_arrier from November 1994 through July 1995. 



Table 3.1. Daily rainfall amounts at barrier-controlled area test plot (mm). 

1994 1995 
Day Nov Dec Jan Feb Mar Apr May Jun Jul 

1 0.254 2.286 

2 0.508 0.254 

3 
-· 

4 2.54 

5 

6 5.08 . 

7 7366 0.254 1.524 0.508 

8 1.778 3.048 1~524 0.762 

9 2.54 8.1_28 0,254 7.874 3.048 0.762 

10 2.286 4.572 3.81 1.016 0.762 

11 .0.254 3.556 4.826 0.508 

12 5.588 0.254 · 0.254 8.382 

13 2.286 1.016 0.508 

14 5.08 2.794 0.762 .. 1.27 

15 3.81 0.254 0.254 

16 1.016 7.366 0.508 

17 1.016 0.254 0.762 

i8 0.254 0.762 0.508 0.254 
.. 

19 0.508 3.302 

20 1.016 2.032 

21 
22 .. 
23 0.254 

24 0.254 

25 1.524 

26 11.68 . 0.508 

27 0.762 7.112 

28 3.302 9.398 

29 0.508 1.27 

30 4.318 

31 0.762 
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3.2 TEMPORARY TEST PLOT 

In conjunction with the 1000-year stonn test conducted in March, 1995, a water erosion plot 

was established on the irrigated (north) side of the prototype barrier. 

3 .2. I Objective 

A temporary test plot was coristructed in the northwest quadrant of the barrier to quantify the 

amounts of overland runoff, infiltration, and sediment yield from the top surface during the application 

of a total rainfall amount equivalent to the proJected 1000-year stonn. Although this test did not 

simulate a natural rainfall event, it was .thought it could provide some significant insight into the 

expected performance. of the barrier by comparing to the results of previous erosion tests (Gilmore and 

Walters 1993). 

3.2.2 Methods 

A 3 .05-m by I 5.2,5-m (I 0-ft by 50-ft) test plot running the length of one side of the top 

surface from the crown to the sideslope was constructed in the northwest quadrant in the testing and 

monitoring area located on the barrier. The plot was constructed with plastic lawn edging around the 

perimeter of the plot. Using plastic lawn edging allowed for minimal disturbance of the surface and 

aided in the removal of the test plot after testing. The collection flume was made of 12.:.in. pvc with a 

slot cut into it and a reducer at one end to allow collection of the runoff samples in 1,-L sample 

bottles. Sample collection ~f runoff and sediment yield data was done manually during the test from a 

pit dug at the south end of the collection flume. · Rain gauges were placed every 3 m along the north 

side of the test plot and read after every series of passes of the rainfall applicator. One additional 

gauge was placed outside of, and at, the longitudinal center of the plot. This rain gauge was used to 

. collect the total amount of rainfall for 'the test. 
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Rainfall·was applied with the mobile irrigation sprinkler system used to apply the additional 
' ' y 

water amounts for the 3x precipitation area on the barrier: This applicator does not simulate the 

conditions of natural rainfall and is used only to apply specific volumes of water to the 

· barrier surface. The differences between· the sprinkler system and a natural rainfall include drop size, 

drop distribution,. and total amount of energy. imparted to the surface. The irrigation system also 

travels up and down the length the test area, with the sprinklers covering an area approximately 3-4 m 

wide. ·, Each trip of the irrigation system was· considered :to be the full travel along the test area and the 

return to the starting position. Therefore, each trip included two passes of the sprinklers over the test 

plot with the return pass immediately following the first pass. The time between. complete trips varied 

between 15 to 17 minutes. This means that there was a sig11ificant amount of time during the test 

when no rainfall was applied to the test plot. This uneven application of water allowed infiltration of . 

greater amounts of water stored on the surface in localized ponds ( depression storage) then would 

normally occur during a natural rainstorm. 

3 .2.3 Results 

Figure 3.1 is a time series plot of the runoff hydrograph, rainfall application, and sediment 
~ . . . . 

concentration amounts for the test. This figure shows that the first three series of trips of the 
' ' ' 

irri~ation syste"in over the test plot did not produce any runoff. Each additional trip of the irtigati<;>n 

system produced runoff with the amount, for each pass staying relatively the same until tht:: fifth hour 

o'r the test. After the fifth hour of testing the runoff amounts were increasing until problems with the 

power supply to the irrigation system caused a 35-minute delay between the 13th and .14th trips. 

When the water application was resumed, the runoff amounts again increased with. each successive trip 

until the completion of the test, During the.tenth trip of the test, a small amount of water was 

observed running along the ,side of the collection flume, forming a small gully ,and bypassing the 

collector .. Sample collection was halted and the gully filled so all of the runoff could flciw into the 

collector for sampling and measurement. 

The total volume of runoff was estimated as 1.79 +/- 0.1 I mm .. This amount was determined 

by estimating the amount of runoff for each pass from the runoff hydrograph and summing the results .. 

The amount of runoff for the tenth pass was estimated as an average of the ninth and eleventh passes. 
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Figure 3 .1. Runoff hydro graph, rainfall application, and sediment concentration amounts for 1000-

year water application tests. 

The rest of the water that was applied was assumed to infiltrate into the barrier. These runoff results 

agree within in 5% of the runoff estimated iq the water balance task (Section 2). 

Initial sediment concentrations collected during the test were approximately 7 g/L. This 

amount fell to approximately 1 g/L at the end of the test. This pattern of sediment yeild, high initial 

concentrations falling to approximately 1 g/L, is consistent with the erosion test plot work done at 
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McGee ranch for· surfaces with- little. or no vegetation. This pattern indicates that future sediment yield 
• • 0 0 :; ! : ; t.; :•,i ! L • 

will be very low (<1 g/L} for the barrier suface'as it ages. . 

3.3 -SOIL SURF ACE MONITORING 

Surveying for topographic surface changes was initiated on the prototype barrier in 1994 and 

· . continued through FY 1995. 

3.3.1 Objectives 

Soil surface monitoring is being done to document seasonal or annual changes in the 

elevations and soil properties of the prototype barrier surface .. Detailed measurements of surface 

elevations and soil properties are collected throughout the year. The individual measurements are 

compiled and used to generate topographic maps and isopleths of the various soil properties. This 

mapping identifies and documents the degree of nonuniformity of near-surface moisture (localized 

accumulations) together with the other .soil properties and any changes in those values over the barrier 

life. Vegetation and biointrusion information (Task 02.6) is also used to identify any correlates with 

soil properties and erosional features. 

3 .3 .2 Methods 

The monitoring was conducted on a monthly and seasonal basis as needed. The_3-m x 3-m 

grid system (Gee et al. 1994) was established following construction and initi~I surface elevations, and 

soil property data were taken at that time. An additional surface elevation survey "was conducted in 

late July 1995. Soil properties were collected in early May, with another collection date pl~ed for· 

late September. Vegetation surveys were obtained from biointrusion task activities (see Section 5.0). 

Survey data were collected at the lo~ation of each stake of the grid system using of Electronic 

Distance Measuring (EDM) survey equipment. Vertical control was provided by the use of the four 

permanent survey monuments einplaced at the outside comers of the site location of the prototype 

barrier during the construction phase. The survey data were used to make the contour maps with the 
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aid of 3-D gridding software. The differences in elevation between the initial survey and the second 

survey were also plotted with the same software. 

The soil. property data were collected at the approximate center of each grid cell using a 

Troxler. nuclear density gauge. The Troxler provides moisture content and wet and dry densities. This 

data an indicative of near- surface conditions (>20 cm) only, and do not provide information for the 

fuiI soil column of the barrie~. Alternate data collection techniqt,1es with the Troxler could be 

performed to provide soil property information for depths up to I m if necessary. The soil property 

data were used to generate maps with isopleths of equal values for the moisture contents and dry 

. densities of the barrier surface. 

The vegetation data were also used to generate a map with isopleths of equal values for plant 

density per grid cell. 

3.4 ELEVATION 

Elevation· changes were measured on the prototype barrier using standard surveying EPM 
. . 

techniques as described previously. Elevations were monitored on the soil surfaces and on the rip-rap 

sideslop_e using the creep gage monitoring points .. 

3.4.1 Results 

Figure 3 .2 is topographic contour maps of the barrier surface for December 1994 and August 

1995. The December map was generated with the elevation data of any plants on the barrier surface. 

The August map was generated with data collected after significant plant growth on the barrier 

surface. Both maps show the same general contours of the surface with no major changes in the slope 

of the surface.. However, a small but overall gain irt -elevation is apparent over the ·full surface from 

December to August. 

Figure 33 is a contour map of the elevation changes of the barrier surface between December 

1994 and August 1995 and a surface map of the same elevation changes. There are five areas where 
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changes in this area are most likely the result of the excavation and backfill. The two northern 

corners, of the barrier surface sho\\'. local gains in elevation .of 5 cm and 7 cm in the northwest and 

northeast corners respectively.' These are areas where accumulations of runoff have concentrated 

· during the. application of additional water by the irrigation system. This concentration of runoff 

deposited s~il eroded arid transported during the wat~r application. The two other areas with 

significant changes are at the southeast corner arid the area centered at 24-m north and 26-m east. The 

southeast corner shows a decrease in elevation of approximately I cm. This change appears to be 

related to an increase in density and the lowest moisture content of any area on the barrier surface. 

. The area at 24-m north ~d 26-m east is located around the wind erosion monitoring equipment. This 

area shows a localized decrease in density that may account for the change in elevation. There· are no . . . . . . . . . 

other significant changes in moisture content or plant density to explain the increase in elevation. 

3.5 CREEP AND SETTLEMENT GAUGES . 

Results of the creep gauge monitoring (Table 3.2) show that only gauge number. 2 showed any 

significant movement. The other gauges experienced small changes in location and elevations. This 

· ·movement is most likely the result of settling of the sidesloJ>e into a more stable and compact 

arrangement. The directions of gauge movement (bearing) indicate the changes are random and not in 

any preferred odentation.- The movement of gauge number 2 may also be the result of settling as 

visual inspection of the area around the gauge did not indicate any mass movement of the sideslope. 

Additional monitoring of this area will be closely scrutinized. 

The settlement gagues that were em.placed on the top. of the asphalt pad were also surveyed. 

The results of the survey show that there have been no settlement changes within the survey 

· measurement error (2-4 mm). Future surveying of these gagues will be consistent with the second 

survey. and will identify any changes. 
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3.6 SOIL PROPERTIES 

Soil water, density, and plant cover were documented during the survey of the prototype 

· surface. 

3.6.1 Soil Water Content 

Figure 3.5 is maps of the moisture contents in the winter and spring (December and May). As 

Figure 3.5 shows, the moisture content of the barrier surface in December was very uniform. The 

singular high moisture content located at 44-m north and 20-m east is the result of large amounts of 

water applied to the area during calibration of the water infiltration task equipment. The uniformity of 

the mpisture content is the result of recent snowfalls with melting prior to taking the soil properties 

data. Figure 3 .5 shows the effects of the application of additional water on the north half of the 

barrier. The south half of the barrier has not received any additional water application and the 

moisture contents reflect the differences between the two halves. Also, the northeast corner has the 

highest water contents on the barrier surface. This area of high moisture content is consistent with 

observations of water ponding in the area during the application of the additional water and the 

localized elevation increase from December to August. The southeast corner has the lowest water 

content on the barrier, consistent with the increase in density and decrease of elevation in this area. 

3.6.2 Density 

Figure 3.6 is maps of the dry densities in the winter and spring (December and May). The 

density of the barrier surface in December was fairly uniform, .with an average value :Of 1857 kg/m3
• 

· Figure 3.6 shows that the south portion of the surface had a lower average density than the rest of the 

barrier. The change in densities from December to May is quite dramatic. The average density for 

the barrier surface in May was 1722 kg/m3, a decrease ~f 135 kg/rri . The north half of the barrier, the 

irrigated portion, shows the effects of the additional water application as a lower dry density ·and is 

consistent with the moisture contents shown in Figure 3.5. However, there is an unexpected area.of 

lower densities across the width of the surface from 18-m north to 32-m north. These densities are 

approximately equal to the irrigated portion, but there is not an associated increase in moisture 
' 
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contents or elevation changes that would explain these lower densities. The plant density map (Figure 

3.8) does indicate that there is generally a greater amount of plants in this area then the rest of the 

surface. Figure 3.7 is a map of the density changes of the barrier surface from December to May. 

This map also shows the same strip of lower densities across the area of 18-m north to 32-m north as 

larger changes from initial conditions. The southeastportion of the barrier surface was the only area 

that had an increase of density between measurement periods. This is consistent with minimal change 

in elevation observed for this same area. 

3.7 PLANTS 

A qualitative assessment of plant· density was made in August 1995 during the field survey of 

the prototype barrier. Figure 3.8 is a map of number of plants for each grid cell, or plant density. 

This map also shows that the southeast portion of the surface had a lower amount of plants per area, 

and a somewhat greater plant density in the strip 18-m north to 32-m -north. The northwest portion of 

the barrier was observed on field inspection trips to have an extensive growth of grasses, as is also 

indicated on the map by the highest plant densities on the barrier surface. The analysis of the number 

of plants to moisture content did not indicate any correlations. This was somewhat unexpected but is 

probably the result. of the hydroseeding of the surface and the higher-than-normal precipitation over 

the past year. 

3.8 SUMMARY 

The temporary erosion test plot indicated that the performance of the barrier was similar to the 

field erosion tests that were done as preliminary work prior to construction of the. prototype. This 

result would support the conclusion that the surface will experience little erosion during. extreme 
I i 0 

rainfall events. There was no settlement of the asphalt layer, as indicated by changes in elevation of 

settlement gauges attached directly to the asphalt layer underlying the prototype barrier. Nor was there 

any consistent movement (change of elevation) of the creep \gauges on the rock si4eslope; suggesting 

that the rock slope is stable and should not exhibit failure (slippage) under present or elevated 

precipitation conditions currendy being tested on the prototype. However, there is only one year of 



monitoring data and these observations will need to be validated with further monitoring over the life 

of the prototype. 
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4.0 WIND EROSION MONITORING TASK 

The first of three planned years of monitoring work ·was performed in FY 1995 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 erosion on the two types of sideslopes is also being monitored. Most wind erosion 
' 

monitoring work is being performed over the south, nonirrigated half of the prototype barrier where 

erosive: stresses are maximized and most closely represent the worst-case conditions needed for wind 

erosion monitoring. While normal erosion evepts are of interest, monitoring systems in use were 

designed and selected for continuous use to ensure data are obtained in the event of the occurrence of 

high-intensity wind storms (e.g., wind storms with> 10-year return period). 

4.1 SCOPE AND OBJECTIVES 

The construction of a full-:scale PSB at Hanford provides an opportunity to monitor actual 

conditions and effects of wind on the surface iµid. 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 information with 

which the design basis of the surface layer of the prototype barrier was developed. The scope and 

objective of several wind erosion monitoring activities were listed and described briefly by Gee· et al. 

(1993a), and, in modified form, include: 

• Monitor the influence of eolian stresses on the surfa1;;e layer under irrigated and natural 

conditions after disturbances caused by construction· and then vegetation-establishment 

· • Measure actual rates of surface deflation or inflation 

• Obtain micrometeorological information about erosive stresses that impact the barrier 
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• Obtain information about abrasive sand particle scouring (saltation). 

In addition, two other testing and monitoring objectives have been 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 reservoi; water balance 

• Remove established vegetation by fire or other means and study the erosive impacts under 

conditions. simulating a post-wildfire draught. 

4.2 WIND EROSION TESTING AND MONITORING ACTIVITIES 

Four wind erosion testing and monitoring activities were performed on the surface of the prototype 

barrier that was constructed in 1994 over and to the north of the B57 waste crib at the 200-;BP-1 

operable unit at the 200 East Area of Hanford. Work performed was based on the test plan by Gee et 

al. (1993a). Changes to the scope of the wind erosion monitoring task occurred during the year as the 
r • , • 

growth of vegetation reduced the need for using salt:ition sensors and dust traps. 

4.2.1 Prototype Barrier Surface.Layer 

During construction in 1994, the top 1-m fine-soil surface layer was amended to add of 15 wt%, 

pea gravel. The gravel was added to act as an agent to resist erosion of the soil by windduring 

periods following construction, wildfires, droughts, or other periods of increased Sl;l~ceptibility_ of the 

surface to eolian stresses. The decision to use 15 wt% pea gravel was based fo part on the results of 

wind tunnel tests (Ligotk~ and Klopfer 1990; Ligotke 1993) and in part as a compromise with needs 

of water storage in the surface layer which is decreases was gravel concentration.increases. The 

constructability of an admixture on the scale of the prototype surface layer was evaluated. Issues 

resolved during the early stages of the testing and monitoring project included: 1) unforeseen practical 

difficulties were not encountered during construction, and 2) it was possible to-maintain a relatively 

uniform admixture composition (also see Section 4.2.2). 
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The preparation and placement of tµe 1-m-thick pea gravel admixture ·did not pose unusual 

construction 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 was 

found to be fairly uniform (Section 4.2.2). 

To allow comparison with previous studies, two gravel samples were obtained from the pile used 

when constructing the prototype barrier; The size distribution of gravel in the samples was measured. 

· using Method D422-63 (ASTM 1984). Average results, the mass percentage passing selected sieves, 

included: 97.4 ± 0.2% less than 0.80 cm, 69.4 ± 0.9% less than 0.63 cm, 14.6 ± 1.8% less than 0.475 

cm, and 0.4 ± 0.1% less than 0.33 cm, and 0% less than 0.24 cm. Both samples indicated an average 

gravel particle size of 0.5. cm, with 90% of the mass of the samples consisting of graver sized between 

0.3 and 0.8 cm. The gravel was similar to the bulk pea gravel used previously in wind tunnel tests 

(Ligotke 1993). . l 

4.2.2 Surface Layer Composition and Deflation/Inflation 

Testing and monitoring was initiated to study the suitability of a· 15 wt% pea gravel admixture in 

the top 1-m soil layer to provide resistance to wind erosion. . Knowledge of the long-term condition of 

the surface as it ages under both deflationary and inflationary influences will· assist this evaluation. 

During deflationary periods, the concentration of pea gravel at and near the surface is expected to 

increase and fonrt an armor as soil particles are removed by wind. During inflatiol)ary periods, a layer 

· of soil that is largely free of pea gravel is expected to form on the surface. Questions to be answered 

during the three-:year study 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 rate$ 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 sideslopes, and how does orientation and slope influence sideslope erosion or deposition? Visual 
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surveys during the early stages of the project rev~aled that pea gravel did concentrate at the surface; 

however, wind conditions were such that no significant soil removal o~curred and no obvious armor 

was formed. 

Grab samples were obtained twice during the first year of the study and were analyzed to 

determine surface composition. In both cases, the samples were obtained from 24 locations evenly 

spaced within the rectangul~ · surface of the barrier'. The first set of samples was obtained on 8/24/94, 

immediately following construction (after the surface was ripped to decrease density and before . 

redistribution of the surface by wind). The samples were scooped from the surface to a maximµm 

depth of about 7 cm, and contained bulk masses between 1.5 and 2.0 kg. The second set of samples 
• I 

was obtained 4/11/95 after the surface had consolidated during the first winter and after vegetation 

was initially established by hydroseeding. These samples ~ere obtained by coring the s~il column to a 

depth of 10 cm. Each sample was collected as two sections, representing the soil column at O - 2 cm 

(surface) and 2., 10 cm (bulk) depths. As the surface grid had been established by the second sample 

date, the grid locations of each sample were also recorded. Both sample sets provided six samples 

from each quadrant of the surface. Additional surface samples are scheduled to be obtained annually 

as surface conditions permit, or more often if the appearance of the surface changes significantly. 

· · Sample analyses provided baseline information op pea gravel concentrations and distributions i~ 

the soil column. Also obtained from the samples was information on soil moisture and density 

(below). Pea gravel concentrations, wt%, were determin~d as the mass of pea gravel per the combined 

mass of dried soil and pea gravel. Based on the results of pea gravel size distribution (Section 4.2.1), 

the gravel was separated from the soil using a 0.33-cm sieve. The average bulk pea gravel 

concentration was 14.4 ± 2.0% (August 1994) and 14.1 ± 1.5% (April 1995). (Separating gravel 

larger than 1.3 cm from the second set of samples, the bulk pea gravel concentration was slightly 

smaller, at 13.2 ± 1.4%.) These results indicated that the actual pea gravel concentration in the 

surface admixture, including a small quantity of gravel larger than 1.3 cm, was 95% of the target level 
. . 

for construction,; Average pea gravel concentrations were similar for both north (irrigated) and south 

(nonirrigated) regions of the barrier surface. In August 1994, before irrigation had ·been ~pplied, the 

bulk pea gravel concentration averaged 15.3 ± 2.2% in the north half and 13.5 ±L2% in the south 
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half. Iri April 1995, after irrigation and hydrqseeding, th~ bulk pea gravel concentration averaged 13.9 

:I: 1.4% in the north half and 14.3 :I: l.6% iri the south half. 

The comparison of pea gravel concentrations iri the. top 2 cm of the soil column with bulk 

concentrations provided an indication _that no significant soil loss had occurred by the April 1995 

sample date. Although the average concentration of pea gravel in the top 2 cm of the soil ·column was 

found to exceed the bulk concentration by 5 to 7%, the uncertainty in the measurement (based on one 

standard deviation of the averages) was estimated to be roughly twice the difference. · Neglecting 

uncertainty, the measurements indicated roughly a 33% increase· in the. conce~tration of pea gravel in .. 

the top 0.3 cm of the surface. That ·an incr~ase act,ually occurred was evidenced by visual 

observations that the pea gravel did indeed concentrate on the surface ·early in the study period. 

Incidental information was also generated on moisture content (soil and admixture) from the two 

sets of surface samples. Similarly, information was also generated on density (wet and dry, soil and 

admixture) from the April 1995 data set. These data were tabulated and made available as general 

infonnation for the overall testing and monitoring project. Average soil moisture content of the 

August 1994 samples was 3.4 :1:. 1.4% (6 of24 samples were dried). Average soil moisture content of 

the April 1995 samples was 17.1 :I: 0.3% from the bulk samples and 8.9 :I: 0.7% from the surface 
I 

samples (all 48 samples were dried). Separated into north (irrigated) and south (non-irrigated) regions, ,. 

the dry admixture densities were: 1.54 :I: 0.11 g/cm3 (north, bulk), 1.43 :I: 0.10 g/crrl (south, bulk), 

· 1.7 :I: 0.2 g/cm3 (north, surface), ,and 1.9 :I: 0.3 g/cnl (south, surface). Again separated into north 

(irrigated) and_ sm~th (non-irrigated) regions, the dry soil densities were: · 1.32 :I: 0.09 g/~ni.3 (north, 

bulk), 1.23 :I: 0.08 g/cm3 (south, bulk), 1.5 :I: 0.2 g/cm3 (north, surface), and 1.6 :I: 0.3 g/cni .(south, 

surface). 

4.2.3 Wind Stress Monitoring 

The first full·year of monitoring wind boundary layers was completed on 9/6/95. The objective of 

this work is to provide information on the eolian stresses on the surface of the prototype barrier during 

wind storms. This information provide·validation of the choices of wind shear stresses applied during 

~he wind tunnel tests of the erosion-resistant layer of the barrier's fine soil reservoir. Measurements 
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are being made near the center of the top surface and near one edge; measurements are also being 

made over a typical nearby surface for comparison; The following testing and monitoring questions 

are being addressed. Are peak values ofwind stress comparable, but less than, published values and 

those !ielected for wind tunnel tests? How much larger are wind ·stresses at the prototype fop elevation 

than at ground level? . Is the diffi,rence significant with respect to the ability. of the barrier to resist 

deflation? 

Three wind boundary layer stations are being used to monitor wind stresses. The data record from 

the two stations on the surface of the prototype barrier was initiated on 9/6/94, the data record from 

· the third station located off the elevated surface of the barrier was initiated on June 4, 1995. Wind 
' . ' 

Station 01 is located south of the center of the top surface of the prototype barrier. Station 02 is 

located in the southeast quadrant, nearer to the steep riprap sideslope. Station 03 is located west-· .. 

southwest of the prototype barrier. The configuration of each wind: stations includes a wind direction 

sensor and four wind speed sensors, at elevations of.0.25, 0.50, 1.0, and 2,0 m above the surfaces. 

Air temperature· is also measured at Stations 01 and 02, and solar radiation is measured at Station 01. 

A single solar-powered datalogger is used to record data from Stations 01 and 02~ a second datalogger 

is used for Station 03. Anemometer calibrations were confirmed in: a wind tunnel, the direction 

sensors were ·aligned to read. 0 degree when directed true north (18 degree declination), and the 

connection of each sensor to the dataloggers was checked and validated. Not included in the present 

system is a near-surface moisture probe; before the use of such a probe was achieved, the wet 

weather and establishment of vegetation reduced the need for such measurements (Section 4.2.4). 

Data from the wind stations are being recorded continuously, and success of the activity depends 

on obtaining data from most of the significant wind events that occur during the tpree-year monitoring 

period. All wind station measurements are. recorded hourly and_ on 10-min intervals. A threshold 

wind speed of 7 .5 m/s was selected to initiate the shorter interval acquisition rate during windy 

periods. In addition to recording average and peak-gust wind speed data, the hourly output includes 

the magnitude, direction, and. time of peak gusts, and the 10-min output includes similar' information 

(for each anemometer) on the shorter cycle. A procedure for converting data files to data records was 

developed. Currently, data are tracked using three types of files. One file is used-to track summary 

information on daily averages. A second file is_ used to track hourly averages. The third file contains 
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the detailed boundary layer data generated during windy periods when the 10-min average wind speed 
I; , 

exceeds the threshold value. A method for ~~lecting wi~d sp~~d records for surface shear stress . ' . . 

calculations is being developed. 

The first year of the study was generally characterized by normal or less-than-normal winds, and 

only one peak wind gust was recorded that exceeded 18 mis (measured at the 2 m level). Such a wind 

gust would be expected to have a 1 or 2 year return period. (For comparison, the maximum 15-m 

peak gust reported by the Hanford Meteorological Station during the same period was a 24 m/s gust in 

May, yielding a return period ·of 1 to 1.5 year.) The peak wind gusts at the prototype barrier between 

September 1994 and August 1995 were recorded on 10/26/94. With the datalogger operating at the 

rapid acquisition rate, the boundary layer profiles of wind over the prototype surface were recorded. 

These are shown, as an example, in Figure 4.1. _ Froin the boundary layers, the friction velocity, u*, 

was estimated to have been 0.9 to 1.0 mis. The wind tunnel tests of the surface were performed at u* 

values between 0.4 and 2.2 mis (Ligotke 1993). The set of wind boundary layer information being 

generated during this study can be used to track mean and peak-gust wind speed information during 

selected or continuous intervals (also see Section 4.2.4). For evaluating the potential for sand drift and 

eolian erosion, the wind speed records can also be used with wind direction records to prepare wind _ 

and peak-gust roses. 

In addilion to wind speed and direction data, the wind stations are used to provide air temperature 

and solar radiation records. These data provide information useful to the evaluation of water balance 

by measurement and modeling. Daily and hourly air temperature records are available. Daily total 

and hourly averiige solar radiation records are available. As an example of the data set, daily total 

solar radiation levels are shown September' 1994 through August 1995 in Figure 4.2; the daily levels 

ranged from 12 mW/m2 on 2/7/95 to 883 mW/rd oil 6/26/95. 

4.7 



2
·
5 

Wind Boundary Layers: 10/26/94 
· Station 01: 1340 hrs, 212° 

2.0 Station 02: 1350 hrs, 189° 

8 1.5 

1.0 

0.5 

0.0 ..... ---------------------" 
12 13 14 15 16 17 18 19 

Wind Sp~ed, mis 

El Station 01 

• Station 02 

Figure 4.1 Peak gust wind profiles measured over the elevated surface of the prototype 
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42.4 Monitoring Saltation Stresses and Sand Drift Rat~ · 

The movement of wind-driven sand over the surface of the barrier is expected to be a significant 

natural mechanism by which eolian stresses are applied to the surface of the barrier. Measuring the 
. ·• 

stresses and drift rates of soil and sand over the surface of the barrier will provide an important 

indication of the magnitude of these stresses. A series of questions are being addressed by this study. 

Are peak values comparable to, 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? _The results of saltation measurements wi].J be compared with wind 

boundary. layer and surface shear stress information 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 , 

monitored barrier than on the surrounding desert. This is because prevailing winds are likely to drive 

saltating sand along_ the graded sideslope and to the top of the barrier surface. 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 ar~ 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. 

By the end of August, 1994, two. types of measurement devices had been deployed on the top. 

surface of the ban:ier, located near the east edge of the southeast quadrant of the surface. Simple 

physical traps were co-located wit~ piezoelectric saltation sensors. Both type~ of devices had been 

selected for this study because they provided the opportunity to collect the mass of material blowing 

across the surface· of the barrier and the opportunity to characterize the kinetic energy of sand grains 

impacting the surface. The devices were tested comparatively in a wind tunnel in 1994 to gain insight 

into operational requirements and limitations. Both types of devices performed well in -the field; 

especially during the initial several months after 
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. establishment of dense vegetation, the usefulness of the devises decre~ed, and they were removed in 

September 1995. The systems have.been retained, and will be used to augment the testing and 

monitoring effort· should vegetation become significantly reduced, or~ the systems may be used to 

augment arid-site surface barrier technology development studies at related sites. It is also possible 

that funding levels will permit limited seasonal use of the systems at the site to characterize the rate 

and energy levels of saltating sand that blows onto the barrier during wind storms. Given adequate 

conditions ~uring the study, this data would allow the evaluation of long-term sand drift rates and 

erosion potential at the site . 

. The piezoelectric saltation sensors were connected to a datalogger that energized the sensors when 

the 10-min mean wind speed exceeded 7.5 m/s. The sensors, with cylindrical cross-sections to 

eliminate dependence on wind direction, provided a count record of sand grain impacts and a time 

record of the total kinetic energy of each erosion event. The. sensors were arrayed in the same 

iocations as the dust traps, and at elevations of 0.25 m (three sensors), 0.50, and 1.0 m above the · 

surface-of the barrier. As with the dust traps, the single station with multiple sensors was used to 

provide information on the vertical profile of sand grain impact intensities above the surface of the 

barrier. The sensors were Model H7. (Sensit Company, Portland, North Dakota). Data files were 

generated during the limited and not excessively windy period after construction and before the surface 

became stabilized by rainfall and hydroseeding. · These data will be compared with the wind records 

and dust trap results. 

The dust traps were arrayed at elevations of 0.125, 0.25, 0.50, and 1.0 m above the surface; one· 

station c~titai~ed three traps at 0.25, 0.50, and 1.0 m, one station contained a single trap at 0.125 m, 

and two stations contained single traps at 0.25 m. The station with multiple traps was used to measure 

the vertical distribution of soil and sand above the surface .of the barrier. The traps were of the type 

described by Fryrear (1986), and each had a an integral wind vane that served to orient the collection 

plane of the trap into the wind. The traps were positioned singly or grouped on poles ~d allowed to 

orient into the wind freely. Dust and sand blowing over the surface was collected in the traps through 
' '• . . 

a 1 0 cm2 opening. · Material collected i~ the traps was removed frequently and ~sported from the 

field in .tin sample containers. The cleaned traps were left in the field to continue the collection 

process. Collected material was transported to a labor~tory and weighed to determine dry mass. 
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When sufficient material was obtained, sieves were used to separate the medium sand {> 500 · µm), the 
. . 

fine sand (100 - 500 µm), and the very fine sand and silt(< 100 µm). Material collected in the 

middle range was that expected to consist of sand grains most susceptible to be transported in 

saltation. This sand is expected to cause the greatest enhancement of soil particle loss from a surface 

exposed to wind. 

Monitoring data from the dust traps provided information on the rate, vertical distribution, 

quantity, and composition of material blowing over the surface of the barrier. The traps were sampled 

nine times between 8/29/94 and. 11/1/94. At an elevation of 0.25 m, average quantities of material 

collected from the three traps ranged from 0.07 to 2.9 g. In eight of the pine samples, the vertical 

profile of suspended material over the surface appeared similar, regardless of the intensity of the dust 

storms, as shown in Figure 43. The single case which varied from the norqi was collected on 10/1/94 

and showed a roughly uniform concentration profile, however, the total mass collected during that 

period was very small and subject to the greatest relative uncertainty. Excluding that sample, the. 

normalized shape of the vertical distribution .of blowing soil and sand over the surface was very 
1 uniform, as ~hown in Figure 4.4. These results indicate the vertical distribution of material blowing 

. acmss the surface was 62 ± 4% at 0.125 m, 24 ± 4% at 0.25 m, 10 ± 2ro at 0.50 m, and 4 ± 2% at 

1.~ m. Using this information, the total quantity of material blowing by the stations during the nine 

measurement periods was determined to have· yaried from 25 to 2500 g per meter of width. A 

comparative evaluation of these results with the wind speed and soil moisture data during these periods 

is planned. It is expected that the results will show a decrease in soil loss as the surface aged. 

Unfortunately, wind records indicate no unusual {>2 year return period) winds occurred during the 

measurement periods; had such a wind storm occurred, the value of these results would have been 

enhanced. 

The composition of the material collected in dust traps was dominated by very fine sand and silt 

particles smaller than 106 µm (Figure 4.5). Because of their small sizes, such particles have the 

greatest tendency to remain suspended once they are removed from the surface by wind. In add~tion, 

as much as 20% of the particulate mass collected in the dust traps consisted of fine sand grains 

between 106 and 500 µm in size, with the greatest quantities found within 0.5 m of the surface. 

These s.and grains are those most likely to be transported by wind in saltation, short-distance vertical 
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hopping with low-angle tenninal impacts that cause the much smaller silt-sized particles to be ejected 

from the surface. Because of this, grains in this size range have the greatest potential for causing or 

increasing the erosion of soil surfaces by wind. Only very small quantities, less than 1 %, of sand 

grains >500 µm were found in the traps. Such particles are generally transported by wind in creep, 

sliding and rolling along or near the surface. Taken in bulk, regardless of position, the size 

distribution of all material collected was 89 ± 4% less than 106 µm, 10 ± 4% between 106 and 500 

µm, and <l % greater than 500 µm. 

4.3 CONCLUSIONS AND RECOMMENDATIONS 

A testing and monitoring activity was perfonned to document, measure, and evaluate the 

influences of eolian stresses on the surface of a full-scale prototype surface barrier. In August through 

October 1994, soil loss by wind was sufficient to intitiate the fonnation of a pea-gravel armor on the 

surface. After the surface Was stabilized by rainfall and vegetation, no further significant loss of the 

fine soil was ·observed during the remainder of 1995. Wind boum;lary layer profiles and peak gusts 

were monitored throughout the first of three planned years of the project. Representative physical 

samples of soil and sand blowing over the surface of the barrier were obtained during the three 

months following constructi_on, the time period most closely representing possible worst case surface 
' . ' 

conditions. After vegetation ,was established on the surface, the rate of soil loss was largely 

eliminated, consequently, the study was re-directed to focus on necessary wind measurements and the 

physical traps and sensors were removed from the site. Also decreased was the frequen':y . of surface 

composition sampling to evaluate concentrations of tlie pea gravel armor. Use of these methods 

during the remaining years of the study will be opportunistic; the devices will only ,be used to evaluate . 

the rate of sand. drift on to the barrier or to monitor conditions in the case that vegetation is removed 

or lost. -
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5.0 REVEGETATION AND BIOINTRUSION 

Plants and animals will significantly influence the hydrologic, water and wind erosion 

characteristics of the prototype barrier (Link et al. 1995b ). Studies on the biological component of the 

prototype barrier in·Fiscal Year 1995 ind1,1ded work oh the revegetation of the surface and the 

subsequent monitoring of Motic ·characteristics. 

5.1 REVEGETATION 

The initial work concerning seed collection and germination of the shrubs, Artemisia tridentata 

and Chrysothamnus nauseosus, used in revegetation was described in Link (I 995). The surface was 

revegetated with seedlings of the shrubs and seeded with native perennial grasses in November, 1994. 

On November 7 shrub planting was initiated and completed the next day. Twenty-seven hundred 

·holes-were drilled at a density of 1 hole m·2 on the prototype surface.· Two seedlings were placed in 

each hole. There were 1350 C. nauseosus and 4050 A. tridentata seedlings planted. The seedlings 

were approximately 20 cm tall .. 

Perennial grasses were established by hydroseeding the barrier surface and surrounding slopes. 

The hydroseeding mix inclu~ed seeds, fertilizer, mulch and a tacking agent. The native perennial 

grass seed mixture included Poa sandbergii (34 kg ha·1
), Agropyron dasystacyum (5.6 kg ha1 

), 

Oryzopsis hymenoides (22 kg ha-1
), Poa ampla (11 kg ha:1 

), Stipa comata (5.6 kg hii ), 

Pseudoroegneria spicata (14 kg ha·1), and Sitanion hystrix (3 .4 kg ha1 
). Seed of S. hystrix was 

collected in June, 1994 on the Fitzner-Eberhardt Arid Lands Ecology Reserve (ALE). The other 

perennial grasses originated from sources in the semi-.arid West. The fertilizer was appfied as 67 kg 

ha"1 of total nitrogen, 67 kg ha1 of available phosphoric acid (P 20 5), and 67 kg lia of soluble potash 

(K.20) in solution. The mulch was applied as 2,240 kg ha·1 of Eco-Fibre 100% virgin wood fiber. A 

degradable glue was added to the mulch as a tackifier at 67 kg ha·1
•. The hydroseeding was applied on·· 

November 10 with the above material in a slurry form. The material was mixed with water using 

power augers in a large tank on a truck, then dispersed under pressure from large hoses onto the 

ground. 
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Plant establishment on the surface was successful with very little l_oss of perennial shrubs_. The 

· status of the seedlings was assessed on December 2: Artemisia tridentata (sagebrush) seedlings all 

appeared to· be viable with new vegetative growth on some individuals. Chrysothamnus nauseosus 

seedlings were hydrated, but most had lost green foliage. About 20% had some green foliage 

remaining. Chrysothamnus nauseosus (rabbitbrush) naturally is winter deciduous. Observations on 

December 21 indicated no change. Grasses had not_ germinated yet. 

5.2 BIOINTRUSION 

' .. ' . 

The biotic characteristics' documented included the developing plant community ( composition and 

distribution), gas exchange rates, rooting depth and dispersion, soil water content in relation to the 

plants, plant size, and animal observations. 

5.2.1 Vegetative Composition 

The vegetative composition of the surface besides the previously mentioned 2 shrubs and 7 

perennial grasses used in revegetation included several invasive alien and native species. The invasive 

aliens include_d Bromus tectorum, Chorispora tenella, Draba verna, Erodium cicutarium, Lactuca . 

serriola, Poa bulbosa, Salsola kali, Sisymbrium altissimum, and Triticum aestivum. Native species 

included Achillaea millifolium, Ambrosia acanthicarpa, Amsinckia tessellata, Chenopodium 

leptophyllum, Descurainia pinnata, and Phacelia linearis. This species list is subject to change as 

new species appear on the surface. It should be noted that all these species arrived on the surtace, -· 

possibly from wind blown or animal (including humans) transport qnto the surface. It is possible that 

.some species were incorporated onto the surface by virtue of being in the transported soil seed bank, 

but we feel this to be a minor contribution because (he soils for t4e surface were subsoils (at least 1 m 

below the surface) and are not likely to contain many seeds. Most seeds in the soil bank in the shrub­

steppe are ·within 2 cm of the surface (Kemp 1989). . 
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5.2.2 Plant Distribution 

Plant distribution on the p~ototype barrier surface was quantified and used to relate vegetative 

· characteristics to soil water characteristics. Perennial grasses were mapped by counting shoots within 

a 0.1 m2 in each ·of 300 9-m2 quadrats. Th~se samples were physically located in the southwest corner 
• I 

of each quadrat. · Forb species (natives and invasive aliens) were counted in each quadrat. .The 

number of dead of each shrub species were counted in each quadrat. These observations were taken 

between April 7and April 13, 1995. The effect of irrigation was tested using a meant-test where 

quadrats are considered experimental units. The middle row of quadrats was deleted from analysis 

because it forms a border between the treatments. Each half then has 144 quadrats used in the 

analyses. Analyses were done using JMP version 2.0.2 software (Sall et al. 1991). Data are presented 

as means± one standard error. · 

Grasses exhibited significant spatial patterns across the surface (Figure 3.8). Grass num~ers were 

highly variable ranging from <2000 up to 12000 shoots 9-m·2 quadrat. There was no effect of 

irrigation on grass numbers per 9-m2 quadrat (ambient precipitation: 6745 ± 263; irrigated: 6780 ± 

235). Surface soil water .was measured with a Troxler probe in the center of each quadrat within two 

weeks of the period when the grasses were quantified (Figure 3.5). These data allowed us to test the 

hypothesis that surface soil water content will be negatively correlated with ·grass density across the 

surface. One would expect that areas with large numbers of grasses will be dryer than areas with few 

grasses. This hypothesis was tested in the ambient precipitation and irrigated portions of the surface. 

We tested the hypothesis by determining if the slope of the linear regression (8 = b0 + b1 grass 

density) where 8 is percentage volumetric soil water content, is different from zero. There was no 

relationship in either treatment (irrigated: b1 = 0, t = -1.32, p = 0.1883; aµibient preqipitatiori: 1> = 0, 

t = -_L24, p = 0.216). We suspect a negative correlation-will develop between surface soil water 

content and vegetation later· in the summer when most of the water wiH have been removed by 

transpiration. We have observed a negative correlation between soil water content and plant density in 

a native deep-rooted perennial community at McGee Ranch (Link et al. 1994). We conclude. that the 

spatial pattern in grass numbers is, likely, a result of the hydroseeding technique used to apply the 

seeds. Seeds were sprayed from a hose onto, the surface and it was not possible to distribute the seeds 

evenly. 
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Native and invasive alien forbs also exhibited significant variation across the surface (Figure 5.1). 

The number of native and invasive alien forbs ranged from 0 to 10 per 9-m2 quadrat. There was no 

effect of irrigation on average forb numbers per 9-m2 quadrat (ambient precipitation: 3.62 ± 0.22; 

irrigated: 4.15 ± 0.22). Invasive alien species were not common in .the spring, but Salsola kali 

(tumbleweed) became the dominant species by July. Salsola kali became the dominant species 

because of its relatively large size and almost complete coverage of all surfaces by late July. This 

species is an early invader on disturbed soils in the West and will become only a minor component on 

the surface after the perennial species have become ·established (Allen 1988). 

The number of dead C. nauseosus ranged from Oto 3 per 9-m2 quadrat (Figure 5.2). There was 

no effect of irrigation on the average number of dead C. nauseosus per 9-m2 quadrat (ambient 

precipitation: 0.326 ± 0.049; irrigated: 0.375 ± 0.054). There was a total of 109 dead C. nauseosus on 

the surface that represents a survival percentage of 92% [(1350-109)/1350]. 

The number of dead A. tridentata ranged from Oto 2 per 9-m2 quadrat (Figure 5.3). Comparisons 

on the number of dead A. tridentata between ambient and irrigated plots were tested using the non­

parametric Wilcoxsin/KruskaI:-Wallis Test (p=0.05) because of the large number of zero values. There 

were more dead A. tridentata per 9-m2 quadrat in the irrigated treatment (0.09) t)lan in the ambient 

precipitation treatment (0.014) [X2 = 4.6873, df = 1, p = 0.0304]. There was a total of 18 dead A. 

tridentata on the surface that represents a survival percentage of 99.6% [(4050-18)/4050]. The 

greater number of dead A. tridentata in the irrigated plot sug~ests that the additional water created a 

stress in this species. 

5.2.3 Plant Gas Exchange 

Plant gas exchange data were collected to document the transpiration rates of the shrub species on 

the .surface. Plant condition was assessed by measuring net photosynthetic rates. This was done with 

a Li-Cor 6200 gas exchange system. Observations were made twice in February and once in late 

March. 9bservations. were made in the ambient precipitation treatment on all date while observations 

in the irrigated treatment were made only in March. Gas exchange data are collected by placing a 
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chamber over stem tips (10 cm long) and allowing water vapor and CO2 to change over a few minutes 

that yielcJs rate information. Data were collected non-destructively and repeatedly on the same 

individuals over the observation period. To determine leaf area without clipping the plants we counted 

the number of leaves observed and then es.timated the dimensions of an average leaf to compute a: total 

stem tip leaf area. The first observations on C. nauseosus were on. only green stems because the 

leaves had not elongated yet. These data are expressed on a stem area basis. All observations were 

taken at mid-day and in full sun. 

Storriatal copductance increased from near 0.08 mol m·2s·1 in February to approximately 0.13 mol 

m·2s·1 in March (Figure 5.4). There were no differences betwee~ species or between treatments within 

species on any of the 3 days (p > 0.05). Transpiration rates increased from near 0. 75 mol m·2s·1
. to 2.2 

m·2s·1 at the end of the observation period (Figure 5.5). There were no ·differences between species or 

between treatments within species on any of the 3 days (p > 0.05). The threefold increase in rates is . 

much greater than the increase in stomatal conductance over the same period implying that the vapor 

pressure gradient is the stronger driver of water loss than is stomata! conductance. 

Net photosynthetic rates increased from near 1 µmol m·2s·1 to 7 µmol ni2 s1 over the period for C. 

nauseosus and from 3 µmol m·2s·1 to 7 µmol ni2 s1 for A. tridentata (Figure 5'.6). There were no' 

differences between species or between treatll)ents within species on any of the 3 days (p > 0.05) .. 

There is evidence for a reduction in net photosynthesis in the irrigated treatment compared with the 

ambient precipitation treatment for A. tridentata given that p = 0.0519. If this effect is trµe we would 

conclude that a reduction in net photosynthesis is associated _with the irrigated treatment. It is possible 

that A. tridentata is experiencing physiological stress in association with too much water. This 

observation helps explain the significantly higher mortality rate for A. tridentata in the irrigated 

treatment discussed above. 

5.2.4 Root and Soil Water· Observations 

Root observations are important to make because of their strong association with the water 

extraction function of plants. Rooting depth and root length density data are required by soil-plant­

atmosphere models to predict sojl water dynamics. Root observations were taken using a Circon 

;5.8 



Agricultural Camera in clear m.inirhizotron tubes inclined at a 45 degree angle. Six root observation 

tubes (minirhizotrons) were pl~ced in each of the irrigated and non-irrigated halves of the surface for a . 

total of 12 observation tubes. Observations were taken from July 13 to July 21. The videos of each 

root tube were examined to compute root length density. This was done by counting each root that 

intersected with the tube surface and each intersecting branching root from a root already in contact 

with the tube. Counts were taken in an area the width of the viewing area (1.55 cm) and 10 cm long. 

The count· data are then divided by the observation area to yield a root length density value (Upchurch 

and Ritchie 1983). Volumetric water content with depth was collected using a neutron probe in 6 

holes in ea9h half of the surface near the minirhizotrons. 

Root length density increased with depth down to 150 cm and decreased below that (Figure 5.7). 

There was no difference between the ambient precipitation and'irrigated treatments for root length 

density with depth (p > 0.05), so the data were combined (Figure 5.8). Roots were observed at the 

bottom ( ~ 180 cm deep) of some of the minirhizotrons. · Soil water content was less in the ambient 

precipitation area than in the irrigated area and increased with depth (see Figure 2.5). Root length 

density patterns were similar to that of soil water contents with depth except for the higher water 

content and lower root length density at the greatest depths. The rooting pattern suggests that these 

plants are actively minin~ water. We suspect root length density will increase at the lowest depths as 

the surface layers dry through the summer. 

5.2.5 Plant Size 

The size of plants in water limited ecosystems is positively correlated with available water (Link et 

al. 1990). We measured shoot height as a measure of size to see if plants were taller .in the irrigated 

treatment compared with the ambient precipitation treatment. Shrubs were significantly (C. nauseosus: 

p = 0.033; A. tridentata: p = 0.008) taller in the irrigated area than in the ambient precipitation area 

while the water treatment had no (p = 0.197) effect on the shoot height of S. kali (Figure 5.9). 
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5.3 ANIMAL OBSERVATIONS 

Animals can influence the surface by turning over the soil that can, potentially, change erosional 

characteristics. In addition, animals can modify plai:it communities, again by turning over the soil and 

· through the effects of urine and fecal deposition on the surface (Link et al. 1995b ). Observations on 

animals on the surface were taken during the year. Birds were observed frequently on the surface 

consuming seeds. We did not observe any mammals or the evidence of mammals on the surface. 

Some of the most interesting insect observations were made while examining roots. We observed a 

colony of what appeared to be termites at a depth of about 80 cm along the root tube. We anticipate 

that animal activity will increase with time on the surface. 

5.4 CONCLUSIONS 

The establishment of a viable and highly diverse plant community on the surface has already had a 

significant effect on the function of the surface. The complete coverage by deep rooted perennial and 

annuals has completely dried out the soil cap even with high initial water application and irrigation. 

In addition, the plants have virtually eliminated evidence of wind and water erosion. Continued 

monitoring of the plant community and its ability to maximize evapotranspiration and minimize 

erosion is needed beyond the initial conditions to make sure that its abilities will continue under drjer 

conditions. 
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6.0 FUTURE TESTING AND MONITORING PLANS 

FY 1996 plans call for continued testing and monitoring of the prototype barrier in the following 
. . 

four areas: water balance, water erosio_n; wind erosion, and biointrusion. Specific concerns that will 

be addressed include: water infiltration and drainage from sideslopes under irrigated and ambient 

conditions; performance of the pan lysimeter under the asphalt layer on the prototype; water balance 

.monitoring network p~rformance; sideslope movement and stability, settlement of all areas on the 

prototype; vegetation succession and animal invasion of sideslopes anci soil surfaces. 

6.1 WATER BALANCE MONITORING AND TESTS 

Activities will include continued testing of instrumentation to measure complete water balance on 

the soil surface and the side slope plots under irrigated and ambient conditions. Irrigation ·will be 

continued in FY 1996, but no artificial snow will be applied. Irrigation will continue as planned 

through winter but will not be applied under freezing conditions. During the last week _of March 1996 

there will be a water applicatio~ (irrigation) of 70 mm of water during an 8 hour period. A total of 

480 mm will be applied during the year ·via irrigation and precipitation, an amount equal to 3 times 

the annual average precipitation. 

Water balance parameters, precipitation, water storage and drainage will all be monitored nearly 

continuously for the duration of the testing. Neutron probes will be used as the primary monitoring 

instrument to assess water accumulation in the soil and in the sideslope and under the sideslopes ~t the 

edge of the barrier. Drainage will continue to be monitored on a continuous basis to pocument water 

drainage from both soil and sideslope plots under irrigated and ambient conditions. Profiles of water 

contents at and below the edge of the barrier will be constructed to document the lateral flow of water 

from the sideslopes. The pan lysimeter underneath the asphalt will be monitored over the next year­

for drainage. -Seepage rates will be correlated with ~ater applications to the sid~slope. An 

investigation will be conducted to determine the reason for more water draining from the clean-fill 

(gravel) sideslope than from the rock sideslopes. 
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6.2 WATER EROSION AND SURF ACE STABILITY MEASUREMENTS 

Surface stability (elevation changes) and sides.lope creep ~ill cominue to be documented. Water -

erosion (runoff and sediment yield) will be documented throughout the year. The runoff plot, 

originally on the south (ambient) side of the barrier has been relocated on the north (irrigated) side. 

This plot will be maintained throughout the year and will be used to document snowmelt events and 

all responses to irrigation and elevated precipitation-. This plot will be automated and will be used 

during the 1000-year-storm test in March to document surface response to intense storm events. If 

winter runoff (e.g., snowmelt) conditions warrent, the south plot will be retrofitted and used in a 

manual mode to do.cument ruoff under ambient (non-irrigated) conditions. 

6.3 WIND EROSION 

Wind erosion will be documented using established stations to monitor peak gust winds and wind 

boundary layers during wind storms. This da~ set will be used to determine the levels of eolian 

stresses on the top surface versus those occurring at normal ground level. Saltation sensors and dust 

traps, used to document soil losses during 1995 until vegetation became well established, will not be 

used on the surface of the . barrier unless vegetation is removed or lost. Dust -traps will be used 

periodically, as weather conditions permit, near the top of the graded sideslope to document sand 

transport rates from the surrounding area onto the surface of the"barrier. It is necessary to compare 

sand movement to surface conditions and wind -patterns in order to define the potential for soil 

removal by wind. Surface accumulations or armor formation will be documented by annual surface 

composition measurements. Data from the wind and dust trap stations will continµe to be analyzed 

and documented. 
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6.4 . BIOINTRUSION 

, ·./ 

Both animal and plant intrusion will be documented. Plant community dynamics will be 

documented. We anticipate over the next two years that there will be a reduction of early successional 

species, such as tumbleweed. Plant count and estimates of total biomass will be taken at least twice 

during the year. Plant phenology will be recorded and the key physiological responses of plant to 

irrigation and water stress will be doc~mented. ·This effort will be ·scaled according to ·the available 

funding. Root tube scans to document root growth and density will be taken in the fall and spring. 

Animal invasion will be documented. Animal burrow density Will be plotted and compared with 

typical animal populations typical of other waste sites at Hanford. 
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