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SUMMARY

Cilosure caps for low-level radioactive waste
disposai facilities are typically designed as jayered
earthen structures, the composition of which is
intended to prevent the infitration of water and the
intrusion of the pubiic into waste forms. Federal
requiations require that closure caps perform these
functions well enough that minimum exposure
guidelines will be met for at lgast 500 years. Short-
term experimentation cannot mimic the conditions
that wilf affect closure caps on the scale of centu-
ries, and therefore cannot provide data on the
performance of cap designs over long periods of
time. Archaeological mounds hundreds to thou-
sands of years old which are closely analogous to
closure caps in form, construction details, and
intent can be studied to obtain the necessary
understanding of design performance.

Pacitic Northwest Laboratory conducted a
review and analysis of archaeclogical literature on
ancient human-made mounds to determine the
quality and potential applicability of this information
base to assessments of waste facility design
performance. A bibliography of over 200 English-
fanguage references was assembiad on mound
structures from the Americas, Europe, and Asia.
sampie of these texts was read for data on vari-
ables including snvironmentat and geographic
setting, condition, design features, construction,
soil physics, age, and causes of degradation.
Detailed information was obtained on all variables
except those relating to physical and hydrological
characteristics of the mound matrix , which few
texts presented.

A

Comparisons of analysis of data on the design
features of a sample of 44 mounds or mound
groups showed that a mound’s condition was
related to its shape and was positively related to
pre-construction surface preparation, the use of
layered construction, presence of a revetment,
presence of sheathing material on the mound
surtace, and the use of stone in general in the

mound matrix, The most durable mound is conical,
built in successive layers on a prepared surface
during one or more closely spaced construction
phases. It has a revetment around the base,
preferably of stones, and a stone sheathing. The
sheathing need not be continuous, but may be
simply an admixture of stones with the mound
matrix. Rectilinear designs built of homogeneous
materials and lacking revetment or sheathing are
not durable. Factors initially expected to be
inversely related to mound durability, regardless of
construction features, were age and the presence
of a below-ground burial vault. The inverse refa-
tionship was not found; design characteristics
appeared to be the controliing factors.

The factors contributing most severely to
mound degradation are agricultural activity, slope
wash, looting, vandalism, and borrowing for fill
material. The existence of certain design features,
particularly the use of stoneg in construction,
controlled siope wash and the effects of agricultural
activity, but had no etfect on the frequency of
bormowing or vandalism. Borrowing or vandalism
and destruction by agricultural activity result,
respeclively, from the burial of vaiuabie items
beneath mounds and the raised relief of mounds in
often-lgvel areas. Vandalism, or more appropri-
ately, looting, is exacerbated by the obviously man-
made appearance of mounds, which identities
them as a potential source of objects or materials
of value.

It is concluded that an extensive amount of
literature and data are available on structures
closely analogous to closure caps and that this
information is a valuable source of data on the
long-tem pertormance of mounded structures.
Additional study is recommended, including an
expanded analysis of design features reported in

-the Iiterature and field studies of the physical and

hydraulic characteristics of ditferent mound de-
signs.
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CONCLUSIONS AND RECOMMENDATIONS

Ancient mounds are a promising source of
infermation about the long-term performance of
waste-site closure caps, with which they are closely
analogous. The iterature on archaeological
mounds is extensive, and comtains a wide range of
potential data on engineering design characteristics
and processes of degradation. Analysis of a
sample of this intormation base enabled us to
identify the following as importart components of a
durable mound: surface preparation, layering,
single event construction, revetment, sheathing
and the use of rock in construction. We recom-
mend analysis of a larger sampie of this literature,
including foreign-language texts and reports on
sites in wider ranges of environmental settings.
Such an analysis would ailow us to better under-
stand the influence of environment on the pertor-
mance of varicus designs, {0 add detail, and to
determine the statistical robustness of the conclu-
sions drawn here,

What is lacking from the literature base is
information on the physical and hydraulic proper-
ties of construction materials and on the hydraulic
properties of the mounds as whole systems. This
kind of information witl have to be obtained through

23

field research on a small sample of mound sites.
Based on our findings, we recommend the investi-
gation of mounds from two well-preserved groups
in the Eastem United States and from one or more
groups in the Gila and Salt river basins of Arizona.
Groups in the eastern United States are Seip in
Ohio (Shetrone and Greenman 1931} and Pinson
in Tennesses (Mainfort 1985}, descriptions of the
designs of which are already available. Seip
mounds were built in what proved to be the opti-
mum design for durability; the Pinson Mounds are
protected in a state park and have been the subject
of minimally destructive archaeological studies.
Researchers currently conducting archagological
projects should be approached to collaborate with
the DOE on collection of data from mounds in their
study areas. Research shouid include obtaining
solid cores for measurament of soil physicai and
hydraulic properties and collecting data on water
distribution in the mound by destructive analysis of
soil samples. Use of neutron probes for measuring
soil water might be possibie, but constraints on the
transportation and use of equipment with radiation
sources may make this impractical.
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APPENDIX B

EXAMPLE OF THE FORM USED TO COLLECT DATA ON ARCHAEOLOGICAL MOUNDS FOR THE
LOW-LEVEL WASTE NATURAL ANALOGS PROJECT



Mounds Analog: Form #20

Mound Name or Number: Mound #2 or the Seip Mound of the Seip Mound Group.
Location: Paxton Township, Ross County, Ohio.

Envirepmental Sefting: Within the Paint Creek Vailoey. The site is situated on the third terrace
above the creek. The valley is bordered by low hiils, 500 ft. elevation, which are part of the
Appalachian foothills.

Current Size: The mound was last measured in 1909. Composed of three lobes, the largest is
toward the west end, and measured 120ft. in diameter and 20ft. high. The centrai lobe was 70f.
in diameter and 12ft. high, and the southem and smallest lobe measured 401, in diameter and
was 6ft. high.

Qriginal Size: The mound appears very close to its original size and configuration.
Current Shape: Three conjoined conical mounds.

Qriginal shape: Same as above.

Age: Hopeweli.

Manner of Determination: Relative dates based upon artifact typology. The mound was
investigated prior to the advent of radiocarbon dating.

Estimated Extent of Erosion: Erosion appears to have been minimal, which seems to be
aftributable to a gravel edge and covering which served to bufttress the mound skopes and redirect
water off the mound.

Erosion Type: Not applicable, see above.

Construction History: This mound was built in a single construction event, i.e. a single mound of
filk covering an activity surface. The soil used for the mound was locally derived loam and humus.
This was capped by an outer covering of large limestone gravels and clay. The gravel and clay
covering apparently became cemented over time making its removal quite difficult. This covering
was supported by a rough dry masonry foundation which completely encircled the the mound and
consisted of 6 to 100 pound limestone and sandstone blocks. This foundation ranged from 2 to
2.51t. deep and varied in width from 5 to 71t

The mound site was prapared by removing the humus and surface soil in the vicinity of the
construction site down to gravel. The surface was then leveled using gravel, clay, logs, and brush
as fill material. This surface was subsequently covered with a layer of fine sand between .5 and
2in. thick. Charmnel structures were then erected on this surface evidenced by post hole outlines.
The chame! house was bumed prior the the construction of the primary mound. Puddled clay was
employed in the construction of raised funerary platfiorms which were covered by the charnei
structures. These platiorms (24 in number) averaged 6 x 8tt and 8in. high. Used as crematory
surfaces the puddled clay became baked and extremely hard, discoloring the earth for several
inches in depth. These surfaces were eventually covered by fill and capped by the gravel layer.

MORPHOLOGY/PHYSICAL PROPERTIES
Stratification: Detail not provided.
Texture: N/A

B.1



Bulk Density: N/A

% Compaction: N/A

Water Conductivity: N/A

Substrate Charactedstics:. Unknown

Planand Profile Drawings:. See attached

Notes/comments: Shetrone and Greenman (1531), based upon their excavations of adjacent
mound #1, believe this mound may actually be a unfinished core or primary mound which never
received its its outer soii and gravel covering.

Reterences:

Mills, William C.
1909. Exploration of the Seip Mound. Ohio State Archaeological and Historical Quarterfy
18(3): 269-321

Shetrone, Henry C. and Emerson F, Greenman

1931. BExplorations of the Seip group of prehistoric earthworks. Ohio Archaeological and
Historical Quarterly 40: 343-509
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APPENDIX C

DATA ON THE CONDITION AND DESIGN AND SOIL PHYSICAL
CHARACTERISTICS OF A SAMPLE OF
ARCHAEOLOGICAL MOUNDS



(0]

[ablg C1. Data on Condition, Design Features, and Environment Obtained from a Sample of Archaeological Mounds.

Casae # Shapa Condltion Camage (1) Conal. Saq. Malaraiy Age yerad? Foundalion® (2} Reveunenm Swiadng Basal Tomb  Sating
#f1 Platiom, Ter, Pyd Good SWG Swmped, (6)  Clays & Sandy gita A 800 0 1150 Y UK UNK N N Floodpialn
0 Platform, Rec Falr Poor G Staged, (4) Clay & Slity loam B 50 to A 200 Y CF N N UNK Upland

£ Plattarm, Pyd Falr Unkwn Staged Sandy Loam, Sand, & Clay A 20 1o 80 Y 5F N N N Upland

) Conical, rmd Fede PLW Stpged, [5) Clay & Loam A 360 N 55 N N Y Upland

f -1 Caonleal, Canj. Goad v Phasad Sand, Clay, Sandsiona AS0m 100 Y 83, GF, AB N ¥, RK Y Upland

] Praifarm, Tes, Pyd GoodaPoar ML FRL Phasad, {3} Clay, Cane, & Sand A 8O0 o 1300 Y N N N N Floadpialny
87 Conical, Trun, Fair Poor SW.PLW.Y Stagad (2) Clay & Sandy Clay 8300w A 700 N N N N N Floodpiala
-] Canical, Trun., Ukown Unkown Unknawn Cray 8100 N UNK N N Y Termace

f ] Ptatorm, Rec. Good Nong Sagaed, (4} Gravelly Clay A 850 TO 1250 Y N N Y, GP N Upland
#10  Conical, And Good Unlawrn Phased Gruvel & Clay A GBS0 TO 1250 Y N N N N Upland
i Calm, Rock Falr v Gingle gvent Rock Calm & Earth B 1000 N N ] Y, RK Y Upland
M2 Conlcal. Rnd Falr SWENPLN Single ovent  Sand & Sheil B 300 TO A 700 Y N N N N Floodpialn
3  Caonical. Rnd Fair Linkwm Unkrown Uningwn A1100 UK N N UNK UNK Upland
4 Conical, Trun, Falr-Poor PLW/ARIV Stagad Sandy Loam, Sandy Clay A 1450 TO 1850 Y N ] N Y Fioodptaln
3 Conical. Rad unk FILL Swmged (2), Sanda, Alluvial Sil1 & Clay B 1000 TO B 300 N N N N Y Fioodpialn
a8 Conical, Trun., Eiip. Good ¥ Linkown Logs & Brush Inaxporaled B 1000 TO B X0 N UNK N N Y Floodpialn
#17  Conleal, Tun, Eip.  FalivPoor SWSLVFILL Staged (3) . Loamy Clay A 1000 TO B 300 Y 85, CF ] H N Temace
f8  Plararm, Pyd, Rec. Fair/Poor Uniewn Varable Variable Unhnown Y UNK LINK UNK N unk

M9  Pladom, Panlagonai  Good FLL Pheaed {8), Shell, Sand, & Clay A1200 TO 1700 Y SH Y, 5H N N Floodpialn
0 Conical, conj Excalant Hone Single avant Loam, Gravels, & Clay B 300 TO A 700 Y 55, S5F Y, RK Y, GvL,CY Y Temace

[ 4] Plsliom Excabant None Smgad {2) Loant, Gravels, & Clay 8 304 TO A G Y S5, GF ¥. RK Y, GVL Y Temace
?m Puiom Goad HNone Siagaed {2) Loass B so N N N N N Floodplaln
21  Conlecal and platform Poor PLWFILL/G Variahle St Loams & Masalve Clays A 500 TO 800 Y VAR UNK N UNK Floadpialn
24 Pladorm, Trun Pooit PLW. V.IAVISW Unknawn Sandy Loam & Heavy Clay A TG TO 1200 N UNHK N N N Floodphaln
25 Pratform, Trun FalrPoor RIV/PLW Loaded Sandy Lopam & Heavy Clay A1200 TO 1700 Y N N N M unk

¥ Conical, Elip, Poor PLW Uninowa Sandy SJit Unknown N UNK N N N Temace
27 Canical Poor FLLPLW Staged Clay, Talus B3 TOA O Y 53 Y, CY ¥, FG Y Upland
wE Conical Poor PLWN Unknown Unknawn A 00 TO 12007 N N N N 2] Floadpialn
¥ Conical Unlown Unibon Slaged (2) Sand & Shall A 1000 TO 1300 Y SF N H Y Floodpialn
£30  Conicad, run Poor PLwW Phasad {4) Unhagwn A 1100 TO 1400 N N N N N UNK

#31  Conical Unlbown FRLLE/PLWY Unknawn Loam, Clay, Loess A 1400 TO 1800 N N UNK N N Tarace
2  Conical Unhwn FlLL Swged (2) Clay BE0TO B 250 N N N N Y UNK

£33  Unkwn Good MNone Saged (2) Sand & Shoi A 80O TO 1200 N N YT SH N Y Floodplain -
4  Conkcal Good Hona Single evem  Humus & Sand ABDQTO 1200 N N N N -Y Flood plain
¥5  Conical Goaod Hona Staged (2) Sliy 8 500 N 55 N N N Tarraca
=] Ukmwn Poor PLWAFILL Variahla Unknown B 300 TO A 400 UMK UNK UMK N N Fhaad plain
7  Conical, Ellp Uniown Unkown Staged {2) Uinknown A 100 TO 200 UNK N N N Y Tamace
£ Circular Riss Gaood Unkwin Gingle avanl  Aock 81000 TO B X0 N N N Y, R N Upland
F38  Clrcuiar Rise Unkwm Unkwn Singie eveni Soil & Rock B8 1000 TO B 300 Y N M Y, AK N Upland
M40  Lbong Barrows Varlabie VAR Varable Varable 8 4000 TO B 2000 UK VAR Y, RK UNK VAR, VAR

~ Conical, Elip Good Mora Acaelanary Shaill B 5000 TO B 2000 MNiA N N N N Fhood plalry
a2 Pladorm, pyd, 5q. Falt/Poar PLW/SW Lin rvwrs Sand A 1200 TO 1700 N SF N N N UNK

843 Circulwr Rlsa Unkown Unkwa Linkiown Clay B 1000 TO A 700 M UNK Uk | UNK Temame



¢

Tahie C.1. {continued)

Case # Shape Condition Damage *(1) Const. Gaq. Malerials Age layered?  Foundation * (2} Ravetmant  Surfadng Basa! Tomb  Sefting
#4  Platform,ovale.or rec  Poar SL Suwged {3} Clay & SHt B 3000 TO A 200 Y N N N N UNK

#45  Piatiorm, pyd, 5q. Poor PLW/FILL Staged (2} Unknown A 1800 TO 170 N N N N N Flood plain
M8  Conical Good FULL Staged Clay, Rock, Graved 8 300 TO A 300 ] &5, AR ¥, AKM UNK N Upland
M7  Silong & Eanh Carnn Good Hone/V Single aveni Eanh & Rock B 1000 TO B 300 ] ] N ¥, AK N Updand
M8 Conlcal, Conj Fair 5w Lnknown Logss A 1400 TO 1600 N N Y, AK N Y Updand
8 Conlcal Good VIFULL Phasad (3) Clay & Fogk B 1000 TO A 700 Y ] N N N Upland
;50  Conical, elip Poor PLW/G Single event  Sandy Clay B 1000 TO A 300 N N N N Y Terrace
#51  Conical Gone EWIGN Siaged (3) Clay ASand B 300 TO A 700 Y N N ] Y Tomace
#52  Platdomm, pyd, rec. Poor Swaly Phased (4) Clay & Sand A 16800 TO 1700 Y EL N N N Temracs
#53  Conical, trun Poor PLWMAIY Staged (2} Sand B 1003 TO B 300 N N N N N Flood plain
54 Conical Variabla PLWY Siaged (2} Clay & Loam AQTO 200 ¥ S8, CF N N N Terrace
#55  Piartorm, pyd. 8q. Poor PLW Staged (3) Clay A 1400 TO 1800 Y N N ¥, GYL N Upland
Footnola

1. SWa Sheet Wash, G= Gulying, V= Vandallsm, PLW= Cuttvation/Grazing, k= Military, Fill=toq &5 bamow matarial, Rtve« Rivar oroslon, and SL« Slump
2. CF=Clay Floor, SF= Sand Figor, 5= Humus Cleansd, SH= Shell, AB= Rock Base, EL= Earth Lodge, CP= Clay Plasier, FC= Fired Clay, GVL= Gravel, A= Rock, CY= Clay, N= None
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