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1.C INTRODUCTION

.

The design of a c=ver system tc meet the criteria established by the E:A in
.

~March, 1983 c=nsis.ts of many factcrs which in=fude: -

.

c A radon barrier consisting cf sciis which a:t tc dissipate the seses

before they escame int: the atmos =here.

= A es k layer to a:t as an erosion barrier for wind and water eresic..

o Oesendins en the particle si:e cistributi:n =f the tw m-cte=tien
,

-

iayers filter layer nay be needed to heip o-:te:t the radan barr:e-

fecm e-esive + crees cf water fi:* ins between the rad:n barrier and the

erosien barrier.

~he icns-te-m m:ist.-e ::ntent =f s:!is sed in the : nstructi:n. cf the

cover syster is influenced by es=h =f the levers previ _s y des:ribed and :s c'
_

part!:aia- i ::rter:s in dsterm:-:ns t,e thickness f t'e recen barrier iayer.-

Several models and em-iri=a: s:ictions have seen deveicced :y mane

' estimate t'e scii . ate- retentien chars =teristi=s anc the-csea-=-ers t: -

Gaallib-ium water content et the sciis based en carticle s!:e distribati:n,

d:nsity, cons =lidation properties, inflitraticns evaccrati:n arc

cvapetransp ration.
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'Thie passe desta with the cmpirient colutions that cro 6>ine ussd on ths-

I.rTRA pro.iect to predict the moisture contents and unsaturated hydraulic

conductivity of soils used for the radon barrier. Additionally, the paper
~

di.scusses analysi,s that are olanned to.further define the predictive capability
, -

,

of the long-term moisture content. -

.
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2.0 PETH000LOGIES INVESTIGATED

.

e

2.1 EM:IRICA:. SOLUTIOtS .
,

.

Several different empirical s=iuti:ns have~ been evaluate: t:

determine the m:isture centent of a sail as a fun =t:en cf the nesative

atm:spheri: pressure or sa tien that would be caused by evaparation :-

evanctransparation. Most of the saluticns evaluated were cnly a',e :::

creciet the wiltins p= int =f the s=ils which is ccmmenly referred t: as
t

mthe -15 beee meistu-e content. Hcwever, three solutions, which a|| use

the physica! or:perties of the scil, have the capamility cf p-ecietins the

bst
a wide ranse (O.D( tc -15 +m) cf sci; matri:m:isture content over

setentia:s. These relationships are basec cr the cercent sance silt ciay,

organic matter and buik density an: a set =f resressio- ccefficients wLi:h

!s mait piied times t'e representative physical orcaerty. These s:iutiens

a:! fit the f=llowins ecast!=-:

6)" = a x sanc (%) + b x siit (%) t = x ciav (%) 4 dx
crsa-i: matter (%) A e x balk densi ty + '

wne-e

d3 = p-eci=ted velumetri= water ==ntent
o

as e, => d, ei f = res-ession coefficients

ifs x e
Balk density = x (1 + w)~
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< dry d3n3ityDg
e = void rati -

m3isture c=ntent'

W =

70 c nvert the volumetric water = nte.t t: m isture c ntent on a dry
~

weight basi.s the following-conversion is apslied. '

. .
.

.

O,xe
W =

-

n xe s

where W = meisture content (dry weight basis)
M = porcsity = e/(i + e)

G, = sme:ifi gravity

The results Of these c rrelati nse cat.ca-ed agairst -ea data

indicate the ft:i Winsi

: The Rawllet s| ar.d Erakensiek et E! C rre at i:ns a*e T re sa:ted

t: sandy and silty mate-:a:.

4
: The G.=ta4'Lars:n c rrelat'On is m re suited t Wards c:avey sci |s.

s

: Fc- soils that are we:I graded a. ave-ase :+ the t--ee

::rreistices is best suited.

| 0 The correlation by Rogers et al for icng term m:ist re c:rtent hasa

a ve y lim;ted data base and d:es net a==ly well t: UMTRA sites.
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'h2n d2tarmining th2 lans-term moisture content cf a particular sci:w

Vs black at the water cc .itent w negative ne,.< sucticn data /,attypec'we w j
.

ercsion protecticn layers will be place on tem cf the raden barriers what

the climate of the area is "( i .e. , ar i d, sem i-ar i d, etc. ) the cet iman-
.

moisture' content of the material and the w.cistare content that the ~

material will be pla:ed at.

Based on the above cats we normally cheese a meistare content that is

close te the -2 bar sucticn. However, there are times when tne -15 bar

sucticn m:isture content is chosen if the pia:ement meisture centent is

low.
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1D 00oc0o00o0000o0o00o0000000o000occonoconounconoconoconoucoconnococonco**'

20- * cc00000000000000000000000000n M0lST/ BAS coconcoconcannocococonoconnoon**

3D ' a00o00cc0c0c0o000000o00o00000o0coooooooooooooooooooooooovoncononucoun**
4D '

THIS PROGRAM CALCULATES THE 15 BAR MOISTURE CONTENT50 # -

AND LONG TERM MCISTURE CONTENT USING 5 METHODS:60 '

4 70 ' (1) RAWLS,BRAKENSIEK AND SAXTON METHOD (1982) .

80 ' (2) BRAKENSIEK RAWLS AND SONI METHOD (1982).

(3) GUPTA AND LARSON METHOD (1979)90 '
f 100 '

- (4) BAUMER AND' BRASHER METHOD (1982)
*

110 ' (5) ROGERS ET AL METHOD (1982)*
._

.

120 '
,

IT WAS WRITTEN BY BERG KESHIAN OF ROY F. WESTON, INC.130 ''~

140 '
150 ' CONVERTED FOR TRS-BD BY L.C. PEGUES 9/84

1 160 # REVISION 3.1 11/27/84 BY B. KESHIAN
170 ' s

180 CLS : PRINT
7 190 LPRINT : LPRINT " INPUT INFORMATION:"

200 INPUT" INPUT SITE ID"iS15
210 INPUT" INPUT SAMPLE ID";S25

4 220 INPUT" INDUT % SAND,%SILTe% CLAY,%0RGANICS"iSD ST,CL 0P
SITE ID ="i51523D LPRINT LPRINT "

,

SAMPLE ID ="iS2$240 LPRINT "
I 250 LPRINT

% SAND ="iSD260 LPRINT "

% SILT =";ST270 LPRINT "

I 280 LAPINT % CLAY ="iCL"

290 LPRINT '| % ORGANICS ="iOM
300 PRINT : LPRINT
31D INPUT" 1NPUT DRY DENSITY,SPECICIC GRAVITY"iDDeGS
320 LPRINT * DAY DENSITY'="iDD

SPECIFIC GRAVITY ="iGS330 LPRINT "

340 PRINT : LPRINT
350 IN:UT" INPUT PRECIPITATION (INCHES), LAKE EVA:OPATION(INCHES)"iP,E2

PRECIPITATION ="iPi" INCHES"36D LPRINT "

LAKE EVAPOPATION ="iE2i" INCHES"370 LPRINT "

380 PRINT i LPRINT
390 LPRINT : LARINT " OUTPUT INFORMATION:"

i 400 E=((62.4/DD)*GS)-1
410 N=E/(1+E)
420 REM ******** RAWLS ET AL(1982) METHOD ********

1 430 READ BAR1 A1,91,C1,01 El
44D IF Al=999 GOTO 610
450 W2=.1

i 460 WV=A1+Bl*SD+Cl*ST+Di*CLtE1*0M
470 SAT =(1/N)*WV .

48D W=(SAT *E)/GS
J 490 IF INT (1DD*W)<>1NT(1DD*W2) GOTO 5::ELSE 52:

500 W2=W
510 GOTO 460

4 520 PRINT : LPRINT
53D PRINT" "t: PRINT USING "##."iBARii ,

540 LPRINT" "i:LPRINT USING *##."iBARii
1 550 PRINT" BAR MOISTURE CONTENT BY RAWLS ET AL=";

560 LPRINT" BAR MOISTURE CONTENT BY RAWLS ET AL ="i
570 Wi=W*100
580 PRINT USING " ###.## "iWit: PRINT" %",

590 LPRINT USING " ###.## "iW11 LARINT" %"
600 GOTO 43D

_ _ - _ . ___ _ _ _ _ _ _ _ _ _ _ _ __ __ _ __ _,_
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610 PRINT" ------------------------------------------------ ".

6'2 D LPRINT " -------------------------------------------------- '-
63'O PRINT LPRINT
640 REM ******* BRAKENSIEK ET AL (1982) METHOD **************
650 READ A2 B2 C2 D2,E3,BAR2
660 IF A2=999 GOTO 83D
670 W3=.1
680 WV15=A2tB2*5D+C2*CL+D2*0M+E3*(DD/62.4)*(1+W3)
690 SAT =(1/N)*WV15 ,

.

700 W= SAT *E/GS -

710 IF INT (1DC*W) <> INT (100*W3) GOTO 720ELSE 740
"

-

720 W3=W
e 730 GOTO 680

74D PRINT LPRIN'
750 Wi=W*100
760 PRINT" "i: PRINT USING "##.";BAR2;i

770 LPRINT " "i:LPRINT USING "## ";BAR2;
78D PRINT" BAR MOISTURE CONTENT BY BRAKENSIEK ET AL. =";

! 790 LPRINT " BAA MOISTURE CONTENT BY BRAKENSIEK ET A_. =^i
800 PRINT USING " ###.## "iW1i: ARINT " 7. "

810 LDRINT USING " ###.8# "iWii LC:!N' 7. ''"

i. 820 GOTO 65C
830 PRINT" --------------------------------------------------------- - '

840 LPPIN' '' ----------------------------------------------------------
; 850 PEM ******** GUPTA AND LARSON (1979) METHOD **********

860 PPIN' LcRIN'
870 READ A,B,C,D,E1,BAR

i 880 IF A=999 GOTO 107C
890 W2=.1
930 WV15=(A*5D+B*ST+C*CL+D*0M+(E1*(DD/62.4)*(1+W2)))/1CCO~' 910 SAT =(1/N)*WV15
92D W=(SAT *E)/GS
930 IF INT (1CD*W)<> INT (1CD*W2) GOTO 940ELSE 960

# 940 W2=W
95: GOTO 900
960 PRINT : LPRIN' >

970 PRINT" "is::!NT a'EING "##."iBARi
980 LPRINT * "i:LPRINT USING "##.";BA;i
99D PRINT" BAR MOISTURE CONTENT SY GCCTA &aa:ECN =";
1000 LPRINT " BAR MOISTURE CONTENT BY GUOTA & LARSON =";
1C10 Wi=W*100

.

1020 PRINT USING " ###.## ";W'.-

1030 LPRINT USING " ###.## "iW1;
1040 PRINT " 7''

1050 LPRINT " 7. "
1060 GOTO 870*

1C70 PRINT" ----------------------------------------------------- "
1080 LPRINT " ----------------------------------------------------- '
1090 REM ******** BAUMER AND SRASHER (1952) METHOC ***********
1100 PRINT LPRINT
1110 PRINT : LPRINT
1120 IF CL<=10 GOTO 131D
1130 REM **** KAOLIN COMINATED ****** .

1140 A=-3.28
1150 B=.31
1160 0=.13
117C :V=(1-(((DC*(1+W))/62.4)/GS))*100
1180 WK=A+B*CL+D*PV
1190 IF INT (WK)<> INT (10D*W) GOTO 120 E_EE 122-
1200 W=WK/100

_ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - - _ _ _ _ - _ _ _ _ _ _ _ _ _ _
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1210 GOTO 1170
1220 REM ***** MONTMOR DOMINATED *******
1230 A=-4.19
1243 B=.38 -

1250 D=.13
1260 PV=(1-(((DD*(1+W))/62.4)/GS))*100

,

g 1270 WM=A+B*CL+D*PV , ,

1280 IF INT (WM)<>lNT(100*W) GOTO 1290ELSE 1410 _

-

1290 W=UM/100
.) 1300 GOTO 1260

' 1310 REM ********* CLAY CONTENT LESS THAN 10% **************
1320 A=-1.48

} 1330 B=0.9
1340 C=-0.03
1350 D=0.08

5 1360 PV=(1-(((DO*(1+W))/62.4)/GS))*100
'

1370 WC=A+B*CL+C*SD+D*?V
1380 IF INT (WC)<> INT (100*W) GOTO 139 ELSE 1410

(^ 1390 W=WC/10C
1400 GOTO 1360
1410 P71NT" 15 BAR MOISTURE CONTENT BY EAUMER & SRA5HER "

15 BAR MOISTURE CONTENT BY BAUMER & BRASHE: "1420 LPRINT "
3

1430 PRINT : LPRINT
1440 IF CL<=10 GOTO 158C
1450 PRINT" 207 KAO:IN DOMINATED =";

FOR KAOLIN DOMINATED =";1460 LPRINT "

1470 PRINT USING " ###.## ";WK;
1480 LPRINT USING " ###.## ";WKi,

1490 PRINT" %"
1500 LPRINT "%"
1510 PRINT" FOR MONTMORILONITE DOMINATED ="i

FOR MONTMORILONITE DOMINATED ="i1520 LPRINT "

1530 PRINT USING " ###.## "iWM;
1540 LPRINT USING " ###.## "iUMi
1550 PRINT" %"
1560 LPRINT "%"
1570 IF CL>10 GOTO 1640
1580 PRINT" FOR CLAY CONTENT LEE 5 THAN 10 %="i

,,,Q 10 %="i
WT"bkhkG " ##4.$ (',l'$v , CONTENT LESS THAN

*
Ej%Q6

QTN ibdi
y

[k6 5 ##
g GT " y, u'

------------ ao n n
_g G-|u -Shlk,-----------------------------

y ----------------------------------------- >.v

N j ~g +/

***4*w*fNT
' "

- * T : A
I 90 REM * *** ROGERS ET AL. (1982) METHOD *************

1700 Wi=3.1*P^.5 .03*E2+(3.9*((CL+5T)/100))-1
.# 171D PRINT" LONG TERM MOISTURE CON'ENT Sv ROGE;5 =";

LONG TERM MOISTURE CONTENT EV ROGEME ='.1720 LPRINT "

1730 PRINT USING " ###.## "iWii
.( 1740 LPRINT USING " ###.## ";Wii

1750 PRINT "%" -

1760 LPRINT " %"
1770 PRINT" ----------------------------------------------- "'

1780 LPRINT" ------------------------------------------------ ''
1790 DATA 15. 0260 0 0,.005 0158
1803 DATA 10s.0205,Cs.0005 0049 0154



". 1890 DA76 2,.0281,0 0011,.0054,.0200
-

1840 DATA 1,.0349,0. 0014 0055 0251'

1850 DATA 0,999,0,0,0,0
1860 DATA .0854, .0004 0044,.0122 .0102,15
1870 DATA .1005, .0004 0044,.0133, .0218,10
1880 DATA .1155, .0005,.0045,.0143 .0253,7

'' 1890 DATA .1426 .0007 0045>.016. .0315,4
'700 DATA .1837 .0009,.0044,.0181 .0407 2 ,

1910 DATA .2352, .0012,.00433.0202, .0517,1'I 1920 DATA.999,0,0,0,00,0
.

,

1930 DATA .d59,1,142,5.766 2.228 26.71 15 -

1940 DATA .076 1.334 5.802 2.653,21.45,10 ' i*

( 1950 DATA .214',1.538,5.908 2.855,15.3,07
-

{
'

1960 DATA .483,1.943,6.128,2.925,-2.04 04
1970 DATA .932,2.643,6.636,2.717.-22.14 02

1 1980 DATA 1.563,3.620,7.154,2.388,-57.59,01
1990 DATA 999,0,0,0,0,0
2000 SYSTEM "T
2010 SYSTEM "T

: END )2020 SYSTEM"T"
|
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15 BAR MOISTURE CONTENT BY BAUMER & BRASHEF
-

.

FOR KAOLIN DOMINATED = 7.32 %
FOR MONTMORILONITE DOMINATED = 7.81 %

__________________________________________ .

.s. .

.
.

LONG TERM MOISTURE CONTENT BY ROGERS = 9 . 4'1 % -
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15 BAR MOISTURE CONTENT BY BAUMER E 65#$,

.

FOR KAOLIN DOMINATED = 15.68 %-

FOR MONTMORILONITE DOMINATED = 17.72 %
__________________________________________, ,

-- . .

.

*

LONG TERM MOISTURE CONTENT BY ROGERS = 10.67 %.

,
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15 BAR MOISTURE CONTENT BY BAUMER & BRASHER
,

FOR CLAY CONTENT LEES THAN 10 7.= 3.52 7.
__________________________________________

.

: LONG , TERM MOISTURE CONT.ENT BY ROGERS = 9.11 7.
_________________________________________________ -
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