
Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

_____i_________i_________i_____`___i'__`___`_i___________________i_________i____i____i_________i____i______________i_________i_________i_______________
i,,,,i,,,_l,,,,i,,,,l,,,,i,,,,i,,,,_,,,,i,,,,i,,,,i,,,, _,,,, i

1 2 3 4 5

Inches tllll i O,I ,_
• ,_111112----8IIIII_

_,'_ImI_IUlI_
°°'_ IIIII_lilil,"Do I,. u

, L_t-

IIIllg

IIIII_lllllglllllg

BY I:IPPLTED THIqGE, TN0,





WHC-SA-2377-FP

The Development of Surface
Barriers at the Hanford Site

N. R. Wing
WestinghouseHanfordCompany ....

G. W. Gee _.
PacificNorthwestLaboratory ' " " _ , .

DatePublished
March 1994

To Be Presentedat
In-SituRemediation:
ScientificBasisforCurrent
andFutureTechnologies
Thirty-ThirdHanfordSymposium
on HealthandtheEnwronment
Richland,Washington
November7-11,1994

Prepared for the U.S. Department of Energy
Office of Environmental Restoration and
Waste Management

(_ Westini[h0use P.O. Box 1970Hanl_rd Colitpalty Richland, Washington 99352

HanfordOperationsand EngineeringContraotorfor the
U.S. Departmentof EnergyunderContractDE-ACO6-87RLi0930

Colpydght License Byaccept==e d this =hid=. the puld;,,hw _ _ _ the U.S. Govwrtmenr= right tore(rananonexdu=tve,royab/-freelicenseinandtoanyoopyrightoov_ thi=I_:_.

Approved for PublicRelease __1_o_
DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED_



LEGALDISCLAIMER

This reportwaspreparedas anaccountofworksponsoredby
an agencyof theUnitedStatesGovernment.Neitherthe
UnitedStatesGovernmentnoranyagencythereof,noranyof
theiremployees,noranyof theircontractors,subcontractors
or theiremployees,makesanywarranty,expressor implied,
orassumesanylegalliabilityorresponsibilityforthe
accuracy,completeness,oranythirdparty'suseor the results
of suchuseof anyinformation,apparatus,product,orprocess
disclosed,or representsthatits usewouldnotinfringe
privatelyownedrights. Referencehereintoanyspecific
commercialproduct,process,orservicebytradename,
trademark,manufacturer,orotherwise,doesnotnecessarily
constituteor implyitsendorsement,recommendation,or _ ._
favoringby the UnitedStatesGovernmentoranyagency
thereofor itscontractorsorsubcontractors.Theviewsand
opinionsof authorsexpressedhereindonotnecessarilystate
orreflectthoseof theUnitedStatesGovernmentor any
agencythereof.

Thisreporthas beenreproducedfromthebestavailablecopy.

Printedin theUnitedStateso| America
f

DISCLM-2.CHP(I.91)



THE DEVELOPMENT OF SURFACE BARRIERS AT THE HANFORD SITE

INTRODUCTION

Engineered barriers are being developed to isolate wastes disposed of near the earth's

surface at the U.S. Department of Energy's (DOE) Hanford Site near Richland, Washington.

Much of the waste that would be disposed of by in-place stabilization currently is located in
#

relatively shallow subsurface structures such as solid waste burial grounds, tanks, vaults, and

cribs. Unless protected in some way, the wastes could be transported to the accessible

environment via the following pathways: plant, animal, and human intrusion; water

infiltration; erosion; and the exhalation of noxious gases.

Permanent isolation surface barriers have been proposed to protect wastes disposed of

"in place" from the transport pathways identified previously (Figure 1). The protective

barrier consists of a variety of different materials (e.g., free soil, sand, gravel, riprap,

asphalt, etc.) placed in layers to form an above-grade mound directly over the waste zone.

Surface markers are being considered for placement around the periphery of the waste sites

to inform future generations of the nature and hazards of the buried wastes. In addition,

throughout the protective barrier, subsurface markers could be placed to warn any

inadvertent human intruders of the dangers of the buried wastes (Figure 2).



The isolation barriers use engineered layers of natural materials to create an integrated

structure with redundant protective features. The natural construction materials (e.g., fine

soil, sand, gravel, riprap, asphalt) have been selected to optimize barrier performance and

longevity.

The following list provides a summary of the preliminary performance objectives

established for the development of permanent isolation surface barriers.

• Function in a semiarid to subhumid climate.

• Limit the recharge of water through the waste to the water table to near-zero

amounts [0.5 mm of water per year (1.6 X 10-9 cm/sec) was the design

objective selected based on preliminary performance assessments].

• Be maintenance free.

• Minimize the likelihood of plant, animal, and human intrusion. _

• Limit the exhalation of noxious gases.

• Minimize erosion-related problems.

• Meet or exceed Resource Conservation and Recovery Act of 1976 (RCRA)

cover performance requirements.

• Isolate wastes for a minimum of 1,000 yr.

• Be regulatorily and publicly acceptable.



A multiyear Barrier Development Program (BDP) was organized in 1985 to develop,

test, and evaluate the effectiveness of various barrier designs. A team of engineers and

scientists from the Pacific Northwest Laboratory (PNL) and Westinghouse Hartford Company

(WHC) is directing the barrier development effort. Kaiser Engineers Hartford Company

(KEH) has provided design support for barrier-related projects. Most recently, KEH (in

conjunction with WHC and PNL) developed the definitive design drawings and construction

specifications for a prototype barrier (Fort and Fillion, 1993). Construction on the prototype

barrier began in late 1993 and is expected to be completed in 1994. In addition to the work

being performed by Hartford Site contractors, outside contractors, universities, and

consultants are used by the BDP to perform specific tasks and to provide independent

technical peer reviews. The BDP also is maintaining close contact and is collaborating with

scientists and engineers at other DOE field offices as well as with colleagues around the

_vorld.

The following 15 groups of tasks have been identified by BDP engineers and scientists

to resolve the technical concerns and complete the development and design of protective

barriers:

1. Project management

2. Biointrusion control

3. Water infiltration control

4. Erosion/deposition control



5. Physical stability testing

6. Human interference control

7. Barrier construction materials procurement

8. Prototype barrier designs and testing

9. Model applications and validation

10. Natural analog studies

I1. Long-term climate change effects

12. Interface with regulatory agencies

13. RCRA equivalency

14. Technology integration and transfer

15. Final design.

Specific test plans and other detailed documents have been or are being prepared to plan,

schedule, execute, and report on each of the technology development activities within these

task groups. The results of tasks performed are documented and used (1) as input to other

tasks whose activities are dependent upon the results, and (2) to improve computer simulation

models. More than 80 published documents have resulted from the BDP's efforts conducted

to date. A final design(s) of a permanent isolation surface barrier will be possible when all

barrier development tasks are complete.
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METHODS OF VERIFYING BARRIER PERFORMANCE

Three types of activities are being used to acquire the information and experience

necessary to design permanent isolation surface barriers and to assess their performance over

the intended design life. These three types of activities include (1) field tests and

experiments, (2) computer simulation models, and (3) natural analogs.

Field Tests and Experiments. Field tests and experiments enable scientists and engineers to

test various barrier components using actual barrier construction materials. These tests are

designed to be conducted under ambient climatic conditions as well as under conditions

simulating a change in climate over the next 1,000+ yr. In this manner, components of the

surface barrier can be tested under the range of conditions that are expected to be

encountered during the barrier's design life. The results of the field tests and experiments are

used to develop final barrier designs.

Computer Simulation Models. Computer simulation models are being developed for use in

assessing the performance of permanent isolation surface barriers over their intended design

life. The collection of field and laboratory data is necessary to generate the information

required to validate the computer models. Many of the field and laboratory tests and

experiments mentioned previously are designed to quantitatively evaluate the performance of

protective barriers. The field and laboratory data will be compared with the predictions of

the computer simulation models. Modifications and refinements of the models will be made,



I

as needed, so that the natural processes taking place in the barrier are accurately simulated.

Once validated, the computer models become particularly _'ffective tools for predicting

barrier performance (1) during periods of time much longer than can be tested in the field

and (2) under environmental conditions representative of anticipated future climates.

While the models are being developed, they are used to perform sensitivity analyses

to gain insights into the design, testing, and performance of various barrier systems and

components.

Natural Analog Study Tasks. Insights into permanent isolation surface barrier performance

can be obtained by studying analogous natural or human-made objects. For example, many of

the borrow pits at the Hanford Site have relatively fine soils overlying coarser-textured

materials. This layering sequence, which closely resembles the permanent isolation surface

barrier, was primarily caused by the deposition of waterborne materials during catastrophic
-

floods that occurred about 13,000 yr ago. Because these materials have remained relatively

unchanged through such long periods, the materials can serve as functional models for the

performance of and changes expected to occur to permanent isolation surface barriers during

extended periods of time.

Similarly, constructed mounds used to protect tombs or for temple platforms are

known to have existed for hundreds to thousands of years. Many of these ancient mounds

have survived extremely well and are still intact. The BDP has studied these anciently



engineered mounds to gain insights that will enable current design efforts to produce a

similarly durable and functional structure. The ability to study anciently constructed mounds

and other analogs is particularly effective for predicting barrier performance with regard to

physical stability and maintenance requirements.

Studies of other barrier analogs have been conducted, planned, or considered to

provide insights into how the barrier can best be designed to accomplish the design

objectives. For example, studies of asphalt durability are being performed on asphalt

specimens from museum collections that range in age from 150 to 5,000 yr. Desert

pavements and other naturally occurring rock-armored surfaces have been studied to develop

erosion-resistant surfaces and to determine the effects of these armored surfaces on water

balance. The ability of plants to re-establish themselves following perturbations such as range

fires can be predicted from studies of plant community dynamics on the soils that will be

used for barrier construction. The potential for biointrusion of various layers of surface

barriers can be assessed by observing the burrowing activities of animals and rooting

behavior of plants living in analogous layered soils. Furthermore, the potential effects on

barrier performance caused by future shifts in climate can be deduced by comparing the

parameters of interest at locations that exhibit the predicted climatic variability.

Input to the Final Design of the Barrier. The information and experience gained from

conducting field tests and experiments, performing computer simulations, and studying



natural analogs will be used as input for the final design of permanent isolation surface

barriers. These activities are also necessary to assess the barrier's ability to meet design

objectives.

FUNCTIONAL PERFORMANCE OF SURFACE BARRIERS

The protective barrier design consists of a fine-soil layer overlying other layers of

coarser materials such as sands, gravels, and basalt riprap (Figure 3). Each of these layers

serves a distinct purpose. The fine-soil layer acts as a medium in which moisture is stored

until the processes of evaporation and transpiration recycle any excess water back to the

atmosphere. The fine-soil layer also provides the medium for establishing plants that are

necessary for transpiration to take place. The coarser materials placed directly below the

fine-soil layer create a capillary break that inhibits the downward percolation of watero

through the barrier. The placement of the silt loam directly over the underlying coarser

materials also creates an environment that encourages plants and animalsto limit their natural

biological activities to the upper, fine-scS portion of the barrier, thereby reducing

biointrusion into the lower layers. The coarser materials also will help to deter inadvertent

human intruders from digging deeper into the barrier profile. Low-permeability asphalt

layers, placed in the barrier profile below the capillary break, also will be used in the

protective barriers. The purpose of the low-permeability asphalt layers is (I) to divert away

from the waste zone any percolating water that gets through the capillary break and (2) to



limit the upward movement of noxious gases from the waste zone. The coarse materials

located above the low-permeability asphalt layers also serve as a drainage medium to channel

any percolating water to the edges of the barrier.

Two side-slope configurations are being considered in permanent isolation surface

barrier designs: (1) a relatively flat apron of clean-fill materials (commonly called a clean-

fill dike) and (2) a relatively steep embankment of fractured basalt riprap. The clean-fill dike

concept uses readily available borrow materials (such as pitrun gravels) to create a relatively

flat apron around the periphery of the barrier. This relatively flat apron provides a more

gentle transition from the shoulder of the barrier to the surrounding environment than does

the steep side slope. The steep side-slope design uses fractured basalt riprap, which consists

of relatively large angular rocks. The angularity of the ripmp provides many interlocking

surfaces between adjacent rocks, which allows the creation of a relatively steep, yet stable,

side slope.

,

The control of water infiltration at the periphery of the barrier is a significant design

feature that must be considered for both clean-fill dike and fractured basalt side slopes.

Protective barriers are designed with sloped fine-soft surfaces and low-permeability

subsurface components. Consequently, water will be channeled to the side slopes and toe of

the barrier. As a result of this channeling, a significant amount of water is expected to

accumulate at the periphery of the barrier. This accumulation of water poses two major

10



design considerations: (1) What effect does the additional water have on side slope stability

and erosion? and (2) How can the additional water be kept from contacting buried wastes?

Many different approaches exist for controlling potential water infiltration problems at

the side slope and toe of a surface barrier. Three key options include: (1) allowing an

adequate amount of barrier' overhang, (2) using vertical asphalt or grout curtains, and (3)

designing the toe of the barrier to remove water.passively via evapotranspiration.

"Barrier overhang" is the terminology used to describe the projection of the functional

barrier surface (outer edge of the fine-soil layer) beyond the perimeter of the waste zone.

Barrier designs use overhang to control the lateral flow of water from the toe of the barrier

(where water accumulates) to the waste zone. If the barrier overhang is great enough, the

amount of water (if any) that gains access to the waste zone via lateral flow would be

sufficiently minimized to reduce the potential for contaminant leaching and subsequent

transport.

The asphalt or grout curtains would consist of a vertical ring or band of low-

permeability materials that completely encircles a waste site. The curtain would be

constructed such that runoff water from the barrier would be diverted onto the side of the

curtain opposite the waste zone.
_
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The barrier toe could be designed to intercept and retain runoff water from the barrier

until it can be passively recycled back to the atmosphere via evapotranspiration. One concept

being evaluated is the construction of a retention pond type of structure. This feature is

constructed by extending the subsurface asphalt layer in the barrier into a shallow trench dug

along the periphery of the toe of the barrier. The asphalt layer serves as a liner in the trench.

Gravel and silt loam fine soil are bacldilled over the asphalt liner. The silt loam fine soils are

vegetated to take advantage of the transpiration capabilities of plants. Runoff water from the

barrier is allowed to flow into the soils in the retention pond system. Based on lysimeter

studies at the Field Lysimeter Test Facility (FLTF), the fine soils probably will store

moisture during the fall and winter months. This stored water subsequently will be removed

from the soils by evapotranspirational processes during the warmer spring and summer

months, reducing the amount of water available for recharge.

STATUS OF THE BARRIER DEVELOPMENT EFFORT

The BDP, as it is currently structured, has been in existence since 1985. During this

time, the emphasis of the program's efforts has been on the development and testing of

various barrier components that are based on preliminary barrier conceptual designs.

Mostly, these development and testing efforts have been performed either in the laboratory or

on relatively small-scale field plots. Although not completely resolved, issues pertaining to

protective barrier performance with respect to water infiltration; biointrusion; erosion and

12



deposition; physical stability; and climate change are being addressed. Natural analog studies

of various barrier components also have been conducted and computer simulation models

have been used to predict the performance of preliminary barrier conceptual designs.

The data and insights gained from conducting barrier development tasks have enabled

the BDP to progress to the point where the design, construction, and testing of a fuU-seale

prototype is vital to continued barrier development. Although the results of development and

testing efforts conducted heretofore are not final and additional work needs to be performed,

enough information and data exist to allow the design, construction, and testing of a

prototype barrier. A full-scale prototype permanent isolation surface barrier is enabling

engineers and scientists to 5ain insights and experience with issues regarding barrier design,

construction, and performance that have not been possible with the individual tests and

experiments that have been conducted to date inthe program.

The design of the prototype barrier was completed in 1993. Following the completion

of the design effort, a bid package was prepared and a construction contract let. The

contractor began construction activities in late 1993 and is expected to be completed

constructing the prototype barrier by the end of summer 1994.

Once constructed, the prototype barrier will be tested and monitored for a minimum

of 3 yr to evaluate its performance within the range of conditions representative of those

expected to be experienced during the design life of a permanent isolation surface barrier.

13



Many tests and experiments are planned to be conducted on the prototype barrier to assess its

performance vis-a-vis water infiltration, biointrusion, erosion, and physical stability.

Because only a finite amount of time exists to test a prototype barrier that is intended to

function for a minimum of 1,000 yr, the testing program has been designed to "stress" tim

prototype so that barrier performance can be determined within a reasonable time frame.

The 3-yr testing period following prototype barrier construction is considered to be

the minimum amount of time necessary. Approximately 1 yr is expected to be required for

the prototype barrier to stabilize following construction. During this first year after

construction, the soils in the prototype barrier probably will experience minor amounts of

uniform settlement. Moisture contents in the soils also will equilibrate from construction

levels to natural field conditions. Even though the prototype'ssurfacewill be revegetated,the

vegetation will need some time to become established. Efforts will be made to expedite the

establishment of vegetation on the prototype's surface by using transplants and by fertilizing

and watering the seed bed. Once the prototype barrier has stabilized, a baseline will exist

from which test data on prototype ban'ier performance can be collected. The prototype's

performance will then be tested and monitored for a minimum of two complete growing

cycles. As alluded to previously, data collected at the FLTF indicates that water is stored in

soil profiles during fall and winter months when precipitation is greatest and

evapotranspiration rates are smallest. This stored water is subsequently removed from the

14



soils during the hot, dry spring and summer months when vegetation is productive and

evaporation rates are high. Thus, 3 yr appears to be the minimum amount of time required to

evaluate the prototype barrier's performance.

Other natural processes that will act on the prototype barrier may take longer than the

3 yr allocated for testing and monitoring activities. These longer-term natural processes

include (but are not limited to) the maturing of vegetation and the full development of root

profiles; the succession of natural vegetation _eeies onto the barrier; and the colonization

and burrowing activities of animals. Consequently, continuing to monitor the prototype

barrier at a reduced level beyond the rigorous 3-yr testing and monitoring period is desirable.

The long-term monitoring of the prototype barrier would be valuable in validating hydrologic

computer simulation models and in assessing long-term barrier performance at the Hartford

Site.

The completion of all barrier development tasks, including the testing and monitoring

of the prototype barrier, will enable a final design(s) of a ,permanent isolation surface barrier

to be made. Issues pertaining to barrier performance with respect to biointrusion, water

infiltration, erosion, and physical stability will have been resolved. The studies of natural

analogs of barrier components and structures will have beerJ,completed, and applicable input

will have been made available for the final design step. Pretotype barriers also will have

been constructed and tested, and insights into the design and construction of permanent

15



isolation surface barriers will have been gained. The final barrier design(s) will be

documented and drawings will be prepared.

At this point in the development of permanent isolati_ surface barriers, simulation

models to predict water infiltration will have been extensively tested and compared to field

data. These models then can be used with confidence to perform the conf'u'matorytesting 0_"

the final design of the barrier and to make a definitive statement about its performance.

Also, supporting documentationin the form of published reports, videotapes, models,

presentations, graphics, engineered drawings, barrier design standards, design guides,

specifications, files, bibliographies, etc., will have been prepared for transfer to end users of

permanent isolation surface barrier technology. The development effort is expected to be

completed in FY 1998.

CONCLUSIONS

The study of surface barriers at the Hanford Site is progressing well. For the past

8 yr, field tests, experiments, and lysimeter studies have generated data that provide a

defensible foundation upon which barrier designs are based. The results of lysimeter studies

indicate that both vegetated and unvegetated barrier systems are able to store and

evapotranspire at least three times the Hartford Site's annual average precipitation

16



(-480 ram), simulating the upper bound of projected climate changes at the Hartford Site

during the next 1,000+ yr. Vegetated barrier systems are able to accommodate even greater

amounts of precipitation because of the water extraction capabilities of plants, thereby

providing even increased storage capacity. For those infrequent occasions when the moisture

retention capabilities of the fine-soil layer are exceeded, the low-permeability asphalt layers

located lower in the barrier profile will provide another barrier to water infiltration. The data

collected from BDP tests and experiments are building confidence that the barrier will be

able to meet its performance objectives during the 1,000+ yr design life. A prototype

barrier, planned for construction in 1994, will add to the understanding of barrier

performance.
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Figure l. Functional Performance of Barriers.

Figure 2. The Placement of Surface and Subsurface Markers.

Figure 3. Typical Permanent Isolation Surface Barrier.
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