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Asphalt Linings For Seepage Control: 

Evaluation of Effectiveness 


and Durability of Three Types 

of Linings 1 

By C. W. LAURITZEN, soil scientist: and A. R. DEDRICK, (Lgricultural enginee?', 

Soil and Water Conservation Research DiviSIon, Agricultural Research Service 


INTRODUCTION 

Asphalt, because of its waterproofing properties and lo·w cost, 
has been prominent among the materials investigated for seepage 
control. In the 1940's. a lleed arose for mor~ precise evaluation of 
asphalt materials for canal lining; therefore, several types of as­
phalt linings were installed in the seepage channels at the River 
Laboratory at Logan, Utah. The evaluation consisted of periodic 
seepage measurements made over a period of 18 years, from 1948 
through 1966. Periodic observations ,vere made in regard to the 
integrity of the total lining structure, and the physical p:::operties 
of the asphalt were evaluated. 

In this report, the data collected are summarized and analyzed 
for significance to determine lining effectiveness and serviceability. 

FACILITIES FOR MEASURING SEEPAGE 

Tht need for more accurate information on the performance of 
canal and reservoir linings resulted in the construction in 1945 
of an outdoor seepage laboratory on Logan River, Logan, Utah. 
Included were four seepage channels, each divided into eight 20­
foot-long sections (fig. 1). Fourteen of these 32 available test sec­
tions were used for the asphalt lining studies reported in this bul­

. letin. The additional test sections were used to study earth linings 
(not included in this bulletin). The channels ·were constructed of 

The re~" reh was undertaken cooperatively with the U.S. Department of 
Agricultu,'e, the Utah Agricultural Experiment Station, and the U.S. De­
partment of the Interior. 

• Now deceased. 

l 

1 



~ 

"::" " tHA~NEL ~'""'"' ~. 

~II~ ~; . '"'";': . 

~ II _"_" __ "" 
;;rr:CHANNEt ~"""'/ 
'~ '~: 

'"if''' --, ~ ~9 

CONVEYANCE PIPE FROM 
PERFORATED COllECTOR 

--OPEN COLLECTION PIT 
CONCRETE WALL--20' 

~ .:...L " .. ;,.,.- .... 
"', "~" ..;:.,. .... -,."'-.:..

1\ ;;;:r ir 
~... ~ 

{~\"+J~" iI 
"'; 

'~~",ii" .. 

I 
5' , +"" '-"-'-' 
'~' ~"'- 4t­
o -" ,- "-"j: ' r :J=-c- "'*'-c'H'ANHil A 

I _'"_','_'_"_" ~I: II ,_'_ '~"_ 
::t: 

~,' 
, ,,I 

FIGURE 1.-Layout for experimental channels used in seepage control tests. 
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3 ASPHALT LININGS FOR SEEPAGE CONTROL 

reinforced con.:!rete and each section was provided with a perfo­
rated galvanized pipe located longitudinally in tke center of each 
section for collecting the seepage. A galvanized conveyor pipe, at­
tached to the collection pipe, dscharged into :>.n open collection pit 
for measurement of the seepage (fig. 2). 

Galvanized sheet-metal dividers were llsed to separate the test 
sections in each channel. E;' ·;h metal divider, trapezoical in shape, 
was made :in three sections of single thickness. The section8 were 
then riveted together, and the unit was m&.de ·.vatertight by solder­
ing the joints and rivet heads. The dividers were placed in grooves 
provided in the bottom and sides of the channel and ,yere sealed in 
place with 50 to 60 (0.01 cm.) penetration catalytically blown as­
phalt. The sides and bottom of each section 'were painted with 
RC-1 asphalt to insure a waterproof system. A channel with the 
dividers in place and ready for the subgl'ade material is shown in 
figure 3. 

A layer of pea gravel or sand-filled pea gravel, placed over the 
collector pipe and the bottom and sides of each concrete channel, 
provided a porous subgrude for transmitting the seepage from the 
lining to the collector pipe. 

The subgrade material varied with the type of lining installed. 
The base layer used in all sections was pea gravel-an aggregate 
14 to %, inch in diameter. This material was placed around the 
drain pipe and over the sides and bottom of the channels to a depth 
of9 to 12 inches. In the sections where a pea gravel subgrade was 
specified, pea gravel was used entirely; and in the sections where 
a sand-filled pea gravel subgrad,e was specified, the surface layer 
of the subgrade consisted of pea gravel mixed with concrete sand 
at the rate of about three parts gravel t(l one part sand, by volume. 
The elevation of the subgrade in all sections was such that the 
completed linings with the required cover material would be at 
app:roximately the same height. A freeboard of approximately 3 
inches could be maintained with this finished height. 

The subgrade was shaped by a screed or template mounted on 
pneumatic tin:s that traveled on concrete curbs along the channels. 
After the subgrades were in place and shaped, the drains to the 
sections were capped and water was admitted to the channels to 
settle and compact the subgrac1es. The level of the water was raised 
above the height of the subgrac1e and allo\yed to remain for a 24­
hour period, after 'which the drains were uneappec1 and the water 
was allowed to drain from the channels. This procedure was re­
peated several times, and the subgrades were then reshaped and 
allowed to dry. Before the asphaltic membrane was applied, the 
concrete curbs along the sides of the channel and the metal di­
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PN-2314 

FIGURE 3.-Experin1('ntal seepag-e-eontro1 ehannpl before addition of subgrade 
material. Metal dividers art' alrpacly sealed in placf' in the ('onr-rete basin. 

viders were painted with RC-O cutback asphalt, thus facilitating 
the bonding of the sprayed membrane to the curbs and dividers. 

Buried as well as exposecllinings "were tested. The cover material 
placed over the buried linhlgs was either concrete gravel or con­
crete gravel over a 2-inch sand cushion (fir: 2). 

LINING MATERIALS 

The asphalt lining materials studied 'were of three general types 
-(a) sprayed, (b) built-up linings reinforced with either jute Or 

fiber glass, and (c) prefabricated. The prefabricated and sprayed 
liners were buried in some test sections and exposed in others. .All 
of the built-up liners "were exposed. 

The materials installed in the test channels, with the date of 
installation and removal, are shown h table 1. In several instances, 
linings were installed hut did not perform satisfactorily and w€re 
subsecruE'ntly removed and replaced. 
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TABLE 1.-Sprayed, built-up, and prefabricated asphaltic lining 
materials studied in test channels at Logan, Utah 

Test channel and section Nos.,' 
and type of liner Type of lining material Installed Removed 

A-1, buried asphaltic Kerr-McGee asphaltic prefab 1950 1966 
membrane (BAMp-KM) 

A-2, buried asphaltic Sprayed at rate of 1.25 gal. 1950 1966 
membrane per sq. yd. (BAM-1.25) 

A-3, buried asphaltic Sprayed at rate of 1.75 gal. 1950 1966 
membrane per sq. yd. (BAM-1.75) 

A-4, buried asphaltic Fry asphaltic prefab 1950 1966 
membrane (BAMp-F) 

A-5, buried asphaltic Sprayed at rate of 2 gal. per 1950 1951 
membrane sq. yd. (BAM-2) 
buried asphaltic Johns-Manville asphaltic 1951 1966 
membrane 2 prefab (BAMp-JM) 

A-6, buried asphaltic Sprayed at rate of 2 gal. pel' 1950 1951 
membrane sq. yd. (BAM-2) 
exposed asphaltic Johns-Manville asphaltic 1951 1966 
membrane 2 prefab (EAMp-JM) 

A-7, buried asphaltic Kerr-McGee asphaltic prefab 1950 1951 
membrane (BAMp-KM) 

A-8, buried asphaltic Sprayed at rate of 1.35 gal. 1950 1966 
membrane macadam per sq. yd. (AMM:....1.35) 

C-1, exposed asphaltic Gulf-Seal asphaltic prefab 1953 1966 
?::.mbrane (EAMp-GS) 

D-2, exposed asphaltic Sprayed at rate of 1 gal. per 1948 1950 
prime membrane s{!. yd. (EPM-1) 
buried asphaltic Sprayed at Tate of 1.25 gal. 1950 1966 
membrane 3 per sq. yd. (BAM-1.25) 

D-3, buried asphaltic Sprayed at rate of 1 gal. per 1948 1950 
membrane sq. yd. (BAM-I) 
buried asphaltic Sprayed at rate of 1.75 gal. 1950 1966 
membrane 4 per sq. yd. (BAM-1.75) 

D-4, exposed asphaltic Jute reinforced, built-up 1955 1966 
membrane asphalt (EAMb-J) 

D-5, exposed asphaltic Fiber glass reinforced, built­ 1955 1966 
membrane up asp~alt (EAMb-FG) 

D-7, buried asphaltic Fry-Presstite prefab 1950 1966 
membrane (BAMp-FP) 

D-8, buried asphaltic Sprayed at rate of 1.35 gal. 1950 1966 
membrane macadam. per sq. yd. (AMM-l.35) 

1 Each test channel was divided into 20-foot-long sections; capital1etters refer 
to channels j numerals refer to sections. 

"Replaced unsatisfactory BAM-2liner. 
3 Replaced unsatisfactory EPM-lliner. 
• Replaced unsatisfactory BAM-1Uner. 
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Sprayed Asphalt Linings 

Buried Asphaltic Membrane (BAM) 

The buried asphaltic membrane linings were composed of cataly­
tically blown asphalt with the following physical properties: 

Penetration grade _________________________________ 50 to 60 (0.01 cm.) 

Flash point (Cleveland Open Cup) not less than _____________-425 (0 F.) 
Softening point (Ring and Ball Method) ..:________ . _______ 175 to 200 (0 F.) 
Penetration at 77~ F., 100 grams, 5 seconds ___________50 to 60 (0.01 em.) 

Penetration at 32 0 F., 200 grams, 60 seconds, not less than __30 (0.01 cm.) 
Penetration at 115 0 F., 50 grams, 5 seconds, not more than __120 (0.01 cm.) 
Ductility at 77° F., 5 centimeters per minute, not less than ______ 3.5 (cm.) 
Loss at 325 0 F., 5 hours, not more than _______________________ 1.0 (pet.) 

Penetration of l'esidue at 77° F., 100 grams, 5 seconds as compared 
to penetration before heating, not less than ________________ 60.0 (pct.) 

Bitumen (soluble in carbon tetrachloride), not less than ______ 97.0 (pct.) 

The asphalt was heated to 400 0 F. and ,vas sprayed on the subgrade. 
The subgrade was sand-filled pea gravel, as pea gravel alone was 
found to be unsatisfactory. 

BAM linings were installed in four sections, two of which are 
shown in :figure 4. Applications of 1.25 gallons per square yard 
(g.s.y.) were applied to sections A-2 and D-2 and 1.75 g.s.y. to 
sections A-3 and D-3. After the linings had cooled, small samples 
were cut from the membranes and the thickness of each was meas­
ured. Thickness measurements :.:.'anged from 3/16 to 1/4 inch for 
the 1.25-g.s.y. application rate and from 114 to 7/16 inch for the 
1.75-g.s.y. rate. 

After sampling, the membranes were repaired and covered with 
2 inches of concrete sand plus 3 inches of gravel topping. 

Asphaltic Membrane Macadam (AMM) 

In two sections, sprayed asphaltic membranes were installed and 
covered with thin layers of gravel penetrated with the same hot, 
catalytically blown asphalt cement as that used lor the BAM lin­
ings. The penetrated covers were investigated as a substitute for 
the 1 foot or more of earth and gravel cover normally used in :field 
construction. This investigation was made for several reasons: 

(a) To eliminate the cost of overexcavation and backfill. 
(b) To stabilize the cover material and thus pI'event sluffing. 
(c) To provide a cover that would be more stable for higher 

water velocities than loose grave] covers. 
(d) To discourage plant growth in the covei' material. 



8 TECHN1CAL BULLETI1\ 1440, U.S. IlEPT. OF AGH.TCl'LTURE 

1'1'(-2315 

F!G1:RE 4.-Buried a~pllalt;e·mt·mbran(' linings in two sections of experimental 
see]lage-controi channel befol'e apllIication of Band and gravel topping. 

The macadam lining:~ consisted of an ,:sphaltic membrane ap­
plied at th(~ rate of 1.:35 g'.s.y. 011 a sand-filled pea gravel subgracle 
(fig. 5) . The thickness of the membrane ranged from 1/j. to ;Va inch 
on the sideslopes and from :3 16 to 5 16 inch in the bottom. The 
sprayed membrane was co\'erecl with a thin layer of pea gravel, and 
another asphalt spraying' "was applied. The gradation of the gravel 
used was as follows: 

Cumulativ(' percentage 
pasBing through sieve 

] itleh 100.0 
:!4 inch 96.9 
1" inch 6'i.O 
:~~ ineh ,%.8 
~().4 1.5 

The best penetration of tl1e grawl cover was obtained by starting 
the applitatLJrJ at the toe of the slope and "working upslope. With 
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this method of application, the asphalt did not tend to lubricate the 
gravel and produce sluffing or displacement. The total thickness of 
the AMM cover, as determined by sampling, ranged from % to % 
inch on the sideslopes and from % to % inch on the bottom. 

Completed linings appeared to be relatively free from surface 
voids and had a smoother surface than that of untTeated gravel 
(fig. 6). However, when one'section (D-8) was examined, it was 
found that the asphalt had penetrated completely through the 
gravel and bonded to the membrane underneath. Low penetration 
of the asphalt and a lack of adhesion between the asphalt and 
gravel resulted in some sluffing in the other test section (A-8). 
The lack of penetration and adhesion in sedion A-8 was attributed 
to excessive dampness of the gravel at the time the asphalt was 
applied. 

PN-2316 

FIGURE 5.-Catalytically blown asphalt is being applied to gravel topping in ex­
perimental seepage-control channel to form asphalt-membrane macadam lining. 
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PN-2317 
FIGrRE fi.-A,;phaltie-11lemhl'anl· macadam lining- Immediately after it has bern 

applied to an (>xpprinwntaJ ,;e('pag-p-eontrol channel. 

Built-Up Asphalt Linings 

EXJlo~cd A~phaltic Membrane, Jute Reinforced (EAMb-J) 

In test section D-4, hnt, catalytically blown asphalt was sprayed 
dil'ectl;\' upon a coarse sand subgl'ade at the rate of 1 g·.S.y. The 
asphalt was topped with H layer of lO-()unce mildewpl'oofed jute 
burlap \\·hilt· the spl'aye(l l1WmbrallP was still hot. A second layer 
of asphalt at the ]'atp of 0.8 g.s.y. was applied on the burlap. This 
application was followed by a second layer of burlap, offset from 
the first so that the joiilb; did not eoincide. and a final eoat of as­
phalt was then applied at a ratl' of 0.6 g.s.y. Total asphalt applica­
tion was approximalL'ly 2.5 g.s.y. 

Since eXJ)os('(l asphaltiC' linings g'Pllerally deteriorated rapidly, 
a third layer of jutp wa;-; placed 0\'(']' one-half of th(' lined seetion, 
and a coating of Alox was appli('d over the pntire seetion. Alox 
is a stabilized asphalt l'Ppolt(l(l to resist deterioration from l'aoia­
tion. 
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Exposed Asphaltic Membrane, Fiber Glass Reinforced (EAMb-FG) 

Hot Alox was sprayed at a rate of 0.5 g.s.y. over a subgTade 
consisting of a thin layer of coarse sand over a gTavel base in 
section D-5. Strips of fiber glass were placed over the sprayed 
area, and a second coating of Alox ,vas applied. A total of 1.0 
g.s.y. of Alox was used. 

The Tesulting lining failed to control seepage, and the lining 
was converted to a built-up exposed asphaltic membrane lining by 
spraying the Alox lining with 0.8 g.s.y. of hot catalytically blown 
asphalt, to which a second laye1.' of fiber glass was applied while 
the asphalt was still hot. This was topped with a final sprayed 
application of asphalt at 2, rate of 0.6 g.s.y. The entire surface 
was painted with Alox after the catalytically blown asphalt had 
chilled. 

Prefabricated Asphaltic Membranes (Buried-BAMp; 

Exposed-EAMp) 


The prefabricated asphalt-lining materials were installed in 
strips laid transversely across the test channels. To insure a good 
seal at the end of each test section, a narrow strip of the pre­
fabricated lining (apPToximately 41/2 inches wide) was placed 
transversely across the channel adj acent to the concrete or metal 
divider and was sealed to the concrete with hot catalytically blown 
asphalt. 

In all sections, membranes were laid starting at the downstream 
end of the section so that the joints overlapped in the direction of 
the water flow. The·first regular-width strip was placed over the 
narrow strip sealed to the metal divider and forced against the 
divider while the asphalt used in sealing the nan·ow stTip to the 
metal was still warm; this helped to bond the regular-width strip 
to the metal divider. Additional hot catalytically blown asphalt was 
then poured and painted with a stiff brush along the joint between 
the Tegular strip and the divider to form a watertight seal. Subse­
quent prefabricated strips were next placed so that the adjacent 
strips overlapped each other by 2 inches (fig. 7). The material was 
sealed at the joints by painting the seam with a special cutback 
asphalt that formed a relatively smooth joint, free from gaps and 
wrinkles (fig. 8). 

Kerr-McGee Asphaltic Prefab (BAMp-KM) 

The material used in sections A-I and A-7 was fabTicated by 
coating fiber glass with catalytically blown asphalt cement. The 



12 TECHl\ICAL Bl.'LLETIN 144fl, u.s. DEPT. OF' AGRICULTURE 

PN-231k 

FlceR!:: 7.-Prefabricated a!<l'haltie memhl'alW in plaee and ready to be covered. 

-', .. 
l'N-23lU 

FIGURE 8.-LpngLh of pl'(~fabrjcat('d asphaltie membrane being lJaintcd with 
eutback asphalt to facilitate sealing of joints. 
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FWt'RE !J.-Pr('fabrlcated asphaltic membrane, reinforced with fiber glass, 
partly installN! in (,xIH'rimental seepage-control channel. 

stnps \\'~re eut long el10ttgn so that the;v' eXLenCled up the vertical 
concrete curbs 2 to :1 inches (ii.g-. 9). 

"Yhen the pl'dabricated linings were installed in cool weather, 
a 'watertight joint was difficult to obtain. However, a satisfactory 
seal \\'as obtaim'd after the COWl' material was in place-partly 
because of tlw weight allow tlll' joint. The cover material con­
sisted of 5 inelws of COl1erete gravel ;{'[. to ~ inches in diameter. 

Fry AspnaLtic hefab (rlAMp-F) 

Tlw Fry lmmg mSLalled in secciol1 A-4 \,'as rr,uoe by apJ,Jlying 
a cal.al~'tlcally blo\l:11 aspnalt C~11.1ent at tne rate of 1 g.s.y. to a 
bacKlllg of heavy krait pa~)er. Thp reSUltant unremforced pref ab­
ricated aspnaltie lllPI.1Ol',UH' was tm'pe-S1Xcepntl1S of an inc'h tl1jck. 
The palJer backmg \\ as (\E:'Slgnect to sel ve only as tel:1po.car~,. rcin­
forcmg for nlallUfaClUl'mg, ShljJplllg, a,}(l plaemg. 

Becl:l.1se of d~llllage in shllJffil'llt, the matPrial ('1 aCKed wnen Ull­
rolled ariel maoy of tIw cracks t'xt(;'nded through tht' mewnrane. 
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As the material was placed, the cracks were painted liberally with 
RCS-l, a special asphalt cement. This treatment tended to fill and 
seal the cracks. 

When completed, the membrane was covered with a 2-inch 
layer of sand topped with 3 inches of gravel. 

Johns-Manville Asphaltic Prefab (BAMp-JM and EAMp-JM) 

This commercially produced asphaltic lining material was formed 
from catalytically blown asphalt reinforced with asbestos fiber. 
The resultant sheet was approximately one-eighth of an inch thick. 

The prefab membrane tested in section A-5 (BAMp-JM) was 
initially placed on a subgrade of lA,- to %,-inch pea gravel. The pea 
gravel punctured the lining membrane, however, and the lining 
was subsequently removed. A layer of washed concrete sand ap­
proximately 2 inches deep was added to the pea gravel subgrade to 
reduce its harshness and the section was then relined with new ma­
terial similar to that originally installed. An asphalt mastic was 
used to bond the overlapping joints. Both the original and the new 
membranes were covered with 2-inch layers of concrete sand fol­
lowed by 3-inch layers of gravel. 

The same membrane was also installed as an exposed lining 
(EAMp-JM) in section A-6, as indicated in table 1. 

Fry~Presstite Asphaltic Prefab (BAMp-FP) 

Two types of prefabricated membranes were used in one test sec­
tion (D-7). The first wa~ the Fry asphaltic prefab, previously 
described. This membrane madl! up all but one strip of the lining. 
The other strip was a prefab membrane fabricated by the Presstite 
F.ngineering Company. 

The membrane was covered ·with a 2-inch layer of sand and 
topped with 3 inches of gravel. 

Gulf-Seal Asphaltic Prefab (EAMp-GS) 

A sandwich type of construction one-half of an inch thick was 
used for the exposed liner tested in section C-,l. The lining ma­
terial consisted of an asphalt-saturated felt with outer seal coats 
on both sides. The subgrade was washed pea gravel covered with 
a 4-inch layer of coarse sand. 

Joints were sealecl with an asphaltic mastic and pointed up with 
the same material after all strips were laid. The appearance of the 
.installed lining is shown in figure 10. 
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FIGURf,; lO.-Seepage-control channel with prefabricated lining consisting of all 
asphalt-saturated felt with outer seal coats on both sides. 

DATA COLLECTION 

Seepage records were collected from the time the materials were 
installed until 1966. Measurements were started as early as May 
and ended as late as mid-December in some years; however, meas­
urements were taken from June through September in most years. 
In the early years, measurements were made at intervals averag­
ing 7 days, and in the mid-years, at intervals averaging 4 days; 
during the last 3 years, daily readings were taken. 

The measurement frequency during some of the years was in­
adequate for analysis. In such cases, a value for a particular year 
was approximated from calculations relating seepage rate to years 
of exposure. Some of the early records were quite erratic. This 
inconsistency may be attributed, in part, to unrecorded periods 
when water was removed from the channels, to 'water-depth varia­
tion in the channels, and to recording errors. From 1964 through 
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1966, unusual changes duril1g the measuring period were recorded, 
atmospheric pressure and water temperature "were measured daily, 
water depth was regulated closely, period~ of water removal were 
recorded, duplicate observations were made daily, and algae were 
controlled in the channels. 

SEEPAGE CALCULATION 

Water was maintained at a constant depth in each section 
throughout each season. The water that leaked through the lining 
materials was collected periodically. The volume of water collected 
during a measured time period was recorded. 

The seepage coefficient (Cs) is developed in appendix A, "where 
the equation for converting flow thl'ough test sections measured 
in ml./sec. to seepage loss in ft. :l/ft. 2/day, is illustrated. The val­
ues of depth (d) and Cs are shown in table 2 for each test section. 

TABLE 2.-Depth of 11)ate1' and seepage GOefjic1:ent f01' asphalt-lined 
channels tested at Logan, Utah 

Test channel 
and 

section Nos. 
Type of lining 

material 1 'Vater depth 
. Seepage 
coefficient 

Ft. '1ft. 'Iday 

A-I BAMp-KM 
Feet 

1.02 
MI./sec. 

0.0201 
A-2 BAM-1.25 .98 .0206 
A-3 BAM-l.75 .95 .0210 
A-4 BAMp-F 1.01 .0203 
A-5 BAMp-Jl\'I 1.06 .0197 
A-6 EAMp-JM .89 .0219 
A-8 AMM-1.35 .82 .0228 
D-2 BAM-l.25 1.10 .0192 
D-3 BAM-1.75 1.03 .0200 
D-4 EAMb-J .71 .0247 
D-5 EAMb-FG .71 .0247 
D-7 BAMp-FP 1.02 .0201 
D-8 AMM-l.8 .79 .0234 
C-l EAMp-GS .84 .0225 

1 See table 1, p. 6, for de'lcriptions of abbreviations. 

DATA ANALYSIS PROCEDURE 

The original seepage records were converted from ml./sec. to ft.~ 
/ft. 2/day, Cs. To study the effect of length of time that each lin­
ing was in operation for each of the years, graphs were prepared 
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that related the converted seepage rate to the time after water 
was introduced into the test section (fig. 11). These plottings 
served as bases or guidelines for several procedures and operations. 
First, any erratic data were eliminated from the analysis if the 
variation -,vas unexplainable. Second, change of seepage wi.th time 
was visually and graphically studied. Third, average seepage rates 
for each of the fOUT 25-day periods that the liners were observed 
dUTing the year were determined graphically, even though only 
a few readings may have been available for a given year. 

The average seepage rate for each 25-day period was plotted 
with respect to years after installation for each lining. Regression 
analyses were conducted 'where seepage (the dependent variable) 
was transformed with the logarithm, as shown in figures 12 through 
25. This relation allo'wed two important operations. First, missing 
data could be estimated, and second, the effectiveness of the lining 
material over the years could De determined for different periods 
of time within each use period. If the regression coefficient was 
positive, the seepage significantly increased and effectiveness di­
minished; if the regression coefficient ...vas negative, the effective­
ness of the lining improved with time. 

Since the coefficient of determination was in excess of 50 per­
cent for nearly all analyses, corrected seepage rates for each 25-day 
period in each year wer~ taken from the regression equation. This 
technique was used to smooth the data and help take out any un­
usual data that appeared to be in error. Years that showed erratic 
data, 'with respect to the overall test, were disregarded in calcu­
lating the regression equation. 

0.4 ,------------------.---------, 

• 

• • 

TIME. days 

FIGURE n.-Representative seepage-rate curve. 
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RESULTS AND DISCUSSION 

Seepage Losses 

The averag'e rate of seepage measured for the linings studied 
rangeel from about 0.002 ft. "/ft. ~/day to 1.889 ft. :!/ft. ~/day, a 
difference of more than 900 times (table 3) .Of the 14 asphaltic 
linings, 6 controlled seepage to rates less than 0.10 ft. :'/ft. !!/elay 
over the period of evaluation. These linings included (a) BAMp­
JM, (b) EAMl:l-J, (c) BAMp-F, (d) AMlVl-1.35, (e) EAMp-GS, 
and ('0 BAM-1.75 g.S.y. Seepage from (a) EAlVlp-Jl\'I, (b) BAlVIp­
FP, and (c) EAMb-FG was in excess of 1.10 n.; ft. "day. 

The seepage rate through the linings increased with years of 
service. Seepage through some linings, although initially high, did 
not change a great deal through the years, whereas seepage through 
others started low anel increased rather rapidly after a number of 
years. These variations an~ illustrated by the relative seepage of a 
lining material with respect to seepage for other linings studied 
for successive years. If the relative position of a material is higher 
for later years, the lining improved with respect to the other lin­
ings (or the rate of deterioration of the other linings "vas higher 
than that of the material being considered). 

TABLE 3.-ReZcdil'e seepage ('ontTol mnintcLined by 1.4 exper'i?nentc£l 
asphaltic lining matel'iub; I t('sted at LOf/CLn, Utah, In)}}z 1 fJ53 
thl'o/l.{Jh 1.966 

Type of lining 
material ~ Seepnge rnl~ 

Helative 
seepage 

Ft. Jlft. ~/cl(!iI 
BAMp-JM 0.002 1 
EAMb-.T .014 7 
BAMp-F .050 25 

A1'IIM-1.:l5 .(J50 25 
EAMp-GS .(l5G 28 
BAM-1.75 .()62 31 

BAM-1.25 .163 81 
BAM-1.75 .210 105 
BAM-1.25 .29S 149 

AMM-1.3 .!~57 178 
BAMp-KM .872 436 
EAMp-JM 1.149 574 

BAMp-FP l.l!JO 595 
EAMb-FG 1.S89 944 

tAli muirriuls aTP rated in comparison with Johns-Manville JJl·pfabricated 
buried asphaltic mClllbl'alH', I lata represent average values for all test years. 

" See table 1, p. 6, for description of ahbrrviations. 

http:BAM-1.75
http:AMlVl-1.35
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The overall effectiveness of nearly all linings diminished with 
time. The relative effectiveness of the linings is indicated by nu­
merals from 1 to 14; the 'LOwest value corresponds to the lowest 
seepage rate (table 4). 

The materials that remained in about the same relative position 
when compared to aU others were BAMp-J,M, BAlVIp-F, BAM-1.75 
(A-3) , EAMp-JM,' AMM-1.35 (A-8) , and BAlVI-1.25 (D-2). 
Those with improved relative position were BAMp-KlVI (at the low 
end of the scale), BAlVI-1.25 (A-2) , and EAlVIb-J (which started 
from near the midpoint of the scale and moved into second place) . 
In comparison to these materials, all of the others became less ef­
fective with time. The most significant relative change in the less 
effective materials occurred with the BAM-1.75, which moved 
from third position in 1953 to eighth in 1966-an indication that 
the material became less effective more rapidly than the other ma­
terials, possibly because of unexplained punctures or holes. 

Change in Seepage Rate Over a Period of Years 

The average seepage rate decreased-in a few instances signiii­
cantly-throughout a season. This same pattern OCCUlTed over the 
years-generally, however, at a higher rate as years progressed. 
The increasing seepage over a period of years is a measure of 
lining durability. 

The relationship between seepage and years in operation was 
studied and the rate of deterioration estimated (figs. 12 through 
25). The seepage rate, representing each successive 25-day period 
for each lining material, ,,'as plotted against years of service. A 
semilog regression of seepage on years fit the measured data quite 
closely. To determine whether or not the seepage increased or 
decreased significantly over the years, a t-test was used to evalu­
ate the hypothesis that the regression coefficient was equal to zero. 
If the slope of the regression line, as shown by the t-test, was sig­
nificantly different from zero, the seepage changed significantly 
over the years. 

The coefficient of determination associated with the regression 
analysis was usually greater than 0.50, indicating a reasonably 
good fit of the points (table 5). Of the lining materials studied, 
the resulting regression coefficients were significant (5-percent 
level) for 11 of the liners. Analysis of one of the 14 materials, 
EAMb-J (D-4) , resulted in a negative regression coefficient, 
which would indicate impl'ovement or no change in the lining 
performance. In nearly alI cases, the asphaltic linings deteriorated 
over the years of service, according to findings based on incl'eased 

http:BAM-1.75
http:BAlVI-1.25
http:BAlVI-1.25
http:AMM-1.35
http:BAM-1.75


~ 
~ 

t-3 
l:tj 

TABLE 4.-Relati1'e effectiveness 0/ 14 e:rpen:men tal li1ting ma,tcl'ials tested at Logan) Utah, /1'om 
Q 

~ 
Z1953 th1'ough 1966 I H 
Q 

Type of lining >t-< 
material: 1053 1054 1055 1056 1057 1058 1050 1060 l!)61 IH62 1063 1964 1965 1966 bj 

q
RAl\1p-Kr.I 14 14 14 14 14 14 13 12 11 11 11 11 11 11 t-< 

t-<BAM-1.25 [) !) 8 8 8 8 8 8 8 7 7 7 7 7 t:tJ 
RAI\1-1.75 5 5 5 4 4 4 5 6 6 6 6 6 6 6 H

t-3 

ZBAl\1p-F 2 2 2 2 2 2 2 2 2 2 2 2 2 3 I-' 
I!>oRAMp-HI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I!>o 

EAl\Ip-JI\1 13 13 12 12 12 12 12 13 13 13 12 12 12 12 ? 
q

AMM-1.35 4 4 3 3 3 3 3 a 4 5 5 5 5 5 1:nRAM-L25 10 10 10 10 9 10 10 !) !) [) 9 9 9 8 tJ
BAM-1.75 3 3 4 5 5 5 7 7 7 8 8 8 8 9 l:tj 

f"(j
EAMb-J 8 7 7 7 7 7 4 4 3 :3 3 3 3 2 !"3 
EAMb-FG 12 12 13 13 13 13 14 14 14 14 14 14 14 14 0 
RA1\1p-FP 11 11 11 11 11 11 11 11 12 12 13 13 13 13 I'1j 

>A1\1I\1-1.3 7 8 !) !) 10 9 9 10 10 10 10 10 10 10 !;') 

EAMp-GS 6 6 6 6 6 6 6 5 5 4 4 4 4 4 ~ 
Q 
q

J For each year, the lowest value (1) indicates lowest seepage rate and the highest value (14) illdicates highest seepage rate. t-<
• See table 1, p. 6, for description of abbreviations. t-3 q 

~ 
t:tJ 
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TABLE 5.-Reg1·ession analysis of 1'elat'ion between seepage loss f1'o1n 14 expe1'im,ental asphaltic 
Uners and yea1'S of serv'ice for test channels 

Test channel 
section Nos .• and 

type of lining 
material' 

1st 
year 

of 
sludl' 

Observation 
periods (from
beginning of 

seepage year) 

Coefficienl 
of det.el'" 
minntion 

Seepage rate 
Islycar of 

study 
(0 X 10')• 

Slope of 
semilog 

curve (b)
• 

T-test of hypothesis 
h equals zero 

<1 pet. lto 5 
pet. 

>5 pet. 
l!>­en 

No. of days Fl. 31ft. fldny ~ 
A-1, BAMp-Kl\1: 1950 0 through 25th 0.23 8301 0.0229 X >

t" 
2<lth through 50th .34 3928 .0344 X 1-3 

A-2, BAM-1.25 1950 

51st through 75th 
76th through 100th 

0 through 25th 
26th through 50th 

.32 

.25 

.57 

.5!) 

2650 
2316 

0:14 
508 

.0382 

.0373 

.0466 

.0551 
X 
X 

X 
X ~ 

Z 
Q 
en 

51st through 75th .51 384 .0493 X ~ 
0 

76th through 100th .61 192 .0633 X ~ 
en 

A-3, BAM-1.75 1950 0 through 25th 
2<lth through 50th 
51st through 75th 
76th through 100th 

.44 

.70 

.65 

.74 

323 
15(i 
J18 
59 

.0538 

.062<l 

.0520 

.0666 

X 
X 
X 
X 

t<:l 
t<:l 

~ 
Q 
t<:l 

A-4, BAMp-F 1950 0 through 25th .63 27 .0084 X 
() 
0 

2<lth through 50th 
51st through 75th 
76th through 100th 

.61 

.60 

.61 

12 
6 
5 

.0064 

.0940 

.0924 

X 
X 
X 

Z 
1-3 
~ 
0 
t" 

A-5, BAMp-JM 1951 0 through 25th .37 7 .0824 X 
26th through 50th .36 4 .0764 X 
51st through 75th .22 3 .0595 X 

See footnotes at end of table. 
76th through 100th .21 2 .0665 X 

CI:l 
01 



CI'TABLE 5.-Regression analysis of 1'clation between. seepage loss f1'om 14 experimental asphaltic c:n 
linel's and yeal's of sCi'vice fO], test channels-Continued 

8 

Test channel 
section Nos., nnd 

h'pe of lining 
materinl' 

1st 
~~enl' 

of 
stud~' 

Obsen'ation 
llerio\ls (from
beginning of 

seepnge yenr} 

1\10. of days 

S~epage rate 
Is~ yenr of 

Coefficienl study 
of deler­ (0 X.10 1) 
mination 

Ft. 3/ft. ~/day 

Slojlc of 
semilo!,: 

curve (b)
: 

r-test of hypothesis
b c(junls zero 

<1 pet. lto 5 
pet, 

>5 pet. 

ttl 
0 
~ 
Z 
H 
0 
iJ> 
t" 

A-6, EAMp-Jl\l 1951 0 through 25th 
26th through 50th 
51st through 75th 
76th through 100th 

0.49 
.59 
.71 
.80 

1598 
1117 
1242 
1244 

0.1071 
.0931 
.0844 
.0851 

X 
X 
X 
X 

to 
d 
t" 
t" 
ttl 
8 
H 
Z 

A-8, AMM-1.35 1950 0 through 25th 
26th through 50th 
51st through 75th 
76th through 100th 

.39 

.44 

.33 

.31 

238 
112 

96 
79 

.0562 

.0621 

.0543 

.0529 

X 
Jt 

X 
X 

I-' 
lI>­
lI>­
~o 

d 
tn 

1)-2, BAM-1.25 1950 0 through 
26th through 

25tJl 
50th 

.62 

.76 
845 
515 

.0681 

.0746 
X 
X 

t1 
ttl 
"'tI 

51st through 75th .69 441 .0681 X ~ 
76th through 100th .34 502 .0563 X 0 

>:z:j 

D-3, BAM-1.75 1950 0 through 
26th through 

25th 
50th 

.t 

.65 
88 
68 

.1404 

.1329 
X 
X 

iJ> 
Q 

D-4, EAMb-J 1956 

51st through 75th 
76th through 100th 

0 through 25th 
26th through 50th 
51st through 75th 

.66 

.51 

.10 

.04 

.10 

62 
82 

443 
469 
441 

.1168 

.0928 

.0415 
-.0232 
-.0474 

X 
X 

X 
X 
X 

~ 
0 
d 
t" 
8 
d 
l:d 
trJ 

76th through 100th .16 530 -.0700 X 



D-5, EAMb-FG 1956 0 through 25th .69 7943 .1089 
26th through 50th .63 6622 .1021 
51st through 75th .64 5456 .1060 
76th through lOoth .97 9471 .0702 

D-7, BAMp-FP 1950 0 thi"ough 25th .77 426 .1237 
26th through 50th .77 342 .2093 
51st through 75th .71 543 .1537 
76th through 100th .55 766 .1528 

D-8, AMM-1.3 1950 0 throUgh 25th .58 486 .0928 
26th through 50th .65 300 .0958 
51st through 75th .74 284 .0959 
76th thtough 100th .65 259 . 0918 

C-1, EAMp-GS 1953 0 through 25th .01 831 .0188 
26th through 50th .01 719 -.0090 
51st through 75th .06 240 .0209 
76th through 100th .09 150 .0321 

1 See table 1, p. 6, for description of abbreviations. 

2 Prediction equation is of form S =C (10)bX 


Where: 	S =rate of seepage, ft. 3/ft. ~/day 
X =years canals were in operation 
c =Seepage rate for first year of study, ft. a/ft. 2/day 
b =Slope of semilog relation between seepage and years, log (ft. 3/ft. 2/day) /years 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

>en 
I'd 
~ 
> 
~ 
'"'3 
~ .... 
Z.... 
Z 
c<1 
en 
l±j 
0 
t:d 
en 
trJ 
trJ 

~ 
G) 

trJ 
(') 
0 
Z 
'"'3 
t:d 
0 
~ 

CJ:) 
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seepage rates. However, the physical characteristics of the linings 
(appendix B) did not show a marked change. Holes caused by 
mechanical damage might have caused the increased seepage losses 
in the buried sprayed-type asphalt membrane linings. 

Of further interest is the degree of seepage increase. The equa­
tion described by tho data is in the form S = c (10) bX where Sand 
X are seepage rate and years respectively, c is seepage rate at the 
beginning of the first year of study, and b is slope of seepage (log) 
-time curve. The degree of change is best illustrated by the value 
of b. The larger the value of b, the greater the increase in the 
seepage rate 'with time. 

The mean value of b for 12 lining materials (D-4 and C-1 ex­
cluded) was 0.0832, with a standard deviation of 0.0356. Hence, ap­
proximately 68 percent of the b values were between 0.0476 and 
0.1188. The asphaltic linings for which the seepage rates increased 
the most (b greater than 0.1188) were BAMp-1.75 g.s.y. (D-3) and 
BAMp-FP (D-7). The asphaltic lining for which the seepage rates 
increased the least (b less than 0.0476) was the BAMp-KG (A-1). 

The BAM-1.75 g.s.y. in section A-3 had an average b value of 
0.0587, as opposed to the 0.1207 value found for the same material 
in D-3. Since the treatments were not replicated, the difference 
noted in the b values is not considered to be excessive inasmuch as 
it is nearly within one standard deviation of the mean. 

These analyses show that deterioration of the asphaltic linings 
proceeded at a relatively constant rate for about 7 or 8 years then 
increased rapidly (characteristic of function S = c (10) bX). A sig­
nificant finding is that the seepage rate over the years did not in­
crease more rapidly for the 0- through 25-day period (early season) 
than for the 76- through 100-day period (late season). 

Seepage Change During One Season and Effect ·of 

Intermittent Water Delivery 


Seepage rates decreased throughout the season for all linings 
studied; however, the decl'ease is slight in most instances. The in­
fluence of a wetting period on the seepage is illustrated in figure 26. 
The equation for these curves is of the form S = a(10)bT where S 
is the seepage rate in ft. 3/ft. 2jday, T is time from initial seasonal 
water input into the channel, a is the initial seepage rate, and b is 
the slope of the curve when seepage is expressed as the logarithm 
and time is expressed linearly. The average value of b is -0.0070 
with a standard deviation of 0.0031 (table 6). This means that 68 
percent of the regression coefficients were between -0.0039 and 
-0.0101. 

http:BAM-1.75
http:BAMp-1.75


39 

1 

ASPHALT LININGS FOR SEEPAGE CONTROL 


TABLE 6.-Constants for use in the equation describing the change 

in seepage with time th'l'oughout 1 yea'.,., figure 26 

Test channel, section Nos., Initial seepage Slope of semilog 
and type of lining rate for year curve 

material 1 (a X 103) ~ (b)2 

P~..1/ft. 2/day 

A-1, BAMp-KM 1650 -0.0058 
A-2, BAM-1.25 340 -.0072 
A-3, BAM-1.75 142 -.0085' 

A-4, BAMp-F 42 -.0121 
A-5, BAMp-JM 5 -.0107 
A-6, EAMp-JM 2200 -.0072 

A-8, AMM-1.35 110 -.0073 
D-2, BAM-1.25 500 -.0045 
D-3, BAM-1.75 460 -.0081 

D-4, EAMb-J 90 -.0079 
D-5, EAMb-FG 2000 -.0012 
D-7, BAMp-FP 1650 -.0027 

D-8, AMM-1.3 540 -.0038 
C-1,EAMp-GS 150 -.0100 

See table 1, p. 6, for description of abbreviations. 

2 Prediction equation is of the form S = a (10) bT 


Where: S =Seepage, ft.3/ft. 2/day 

T =Time, days 

a =Initial yearly seepage rate, ft. 3/ft. 2/day 

b = Slope of semilog curve, log (ft. 3/ft. 2/day) /day 


The initial seepage rate varied considerably for the various liners, 
as shown by a in table 6. Also, seepage decreased considerably dur­
ing the test season for BAMp-KM, EAMp-JM, EAMb-FG, and 
BAMp-FP, as can l::e seen in figure 26. These were the linings having 
the highest seepage rate, and the dieoff during the season was prob­
ably caused by plugging of holes responsible for the seepage. Seep­
age decreases for these liners were statistically significant at the 
5-percent probability level. Seepage did not significantly decrease 
throughout the year for the other liners, although the trend was 
downward. 

The seepage rate tended to decrease sharply during the first part 
of the test season when the initial seepage rate was relatively high 
and the dieoff average was (b = -0.0070). Such a relatio'nship 
would result in higher average seepage rates over a season in in­
termittently used canals, since the seepage rate is high after a period 
of drying, and the seepage rate-time curve takes the form of the 
initial dieoff curve (fig. 27). 

http:BAM-1.75
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(HANNEl A·I A·2 A·3 A·4 

BAM·1.25 BAM·I.75 BAMp·F 

- - - I ­I~-r 
.. 1o ,--_,--1_,--1--,11---' 


2 .--------, 

A·5 A-S 

BAMp·JM AMM·1.35 EAMp-GS\A~:MP.JM 
(.) 

I- ­~ 
1 1 1 1 .. I 

w 2.--------, r------~ .--------,
!;;c 0·2 0-3 0·4 

eo:: 

w BAM·1.25 BAM·1.75 EAMb·J 

(!)
..: 
Q.. I - ­w - -
W 

V'> 
 --....o I-I-II-- .....j .. 

2 -­ ---___. 0-7 o·s 
AMM·1.35 

--~ ­

--.........--. 

O~_~I--'I'--~I-~ L--,_-,-~I--, '---L_I,--_,--I.... 

o 25 50 75 100 a 25 50 75 100 0 25 50 75 )00 

TIME, days 

FIGURE 26.-Changes in seepage rates of experimental liners tested from 1953 
through 1966. Data represent average rates for the first 100 days of each test 
year that the liners were in opemtion. 

Buried and Exposed Asphaltic Liners 

Buried asphaltic membranes, as might be suspected, generally 
perfOrlT, 'j'etter than exposed asphaltic membranes (table 3). As 
mentioned earlier, two of the four exposed asphaltic membranes 
tested were less effective in controlling seepage than any of the 
other linings studied. 

A direct comparison between the Johns-Manville prefab liner­
buried and exposed-sho'ws that seepage rates f{)!· the exposed liner 
(1.149 ft. 3/ft. 2/day) were nearly 600 times greater than rates for 
the buried liner (0.002 ft. :!/ft. "/day). It must be kept in mind, 
however, that these lining tests were not replicated; hence, the 

http:AMM�1.35
http:BAM�1.75
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FIGURE 27.-Effect of intermittent water delivery on seepage rates of experJ­
mentallinel's. Chart shows seepage time curve from section A-1 during 1964. 

difference may not actually be as large as the comparison indicates. 
This difference was significant at the I-percent level when years 
were taken as replications. Such an analysis would not, however, 
eliminate construction differences that could influence performance. 

Buried Prefabricated Asphaltic Membranes 

Foul' prefabricated membranes were used as buried liners. Of 
the foul', only two performed satisfactorily. The average seepage 
rates were 0.002 and 0.050 ft. :l/ft. ~/day. The other two buried 
prefabs had seepage rates of 0.872 and 1.190 ft. 31ft. ~/day. 

Catalytically Blown Asphaltic Membranes 

Catalytically blown asphalt was applied at two rates-l.25 and 
1.75 g.s.y.-ancl both applications were replicated. The measured 
seepage rate of these linings was quite similar for both the initial 
seepage rate for 1 year (table 6) and the average seepage for all 
years (table 3). The initial seepage rate (ft. a/ft. :!/day) was less 
for the 1.75 g.S.y. than for the 1.25 g.S.y. for both replications­
0.142 to 0.340 for channels A-3 and A-2 and 0.460 to 0.500 for D-3 
and D-2, respectively. The 1.75 g.s.y. application rate decreased 
seepage by about 40 percent (in comparison 'with the 1.25 g.s.y. 
rate for A-2 and A-3) and by 70 percent for D-2 and D-3. The 
average seepage for the two replicated application 'rates was 0.136 

http:rates-l.25
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ft. 3/ft. 2/day for the 1.75 g.s.y. and 0.230 ft. 3/ft. 2/day for the 
1.25 g.S.y. (a decrease of 60 percent when comparing the higher 
rate with the lower). 

The decrease in seepage throughout a test year was of the same 
magnitude fol' each application rate and both replications, as can be 
seen from the values of b in table 6. The b values for application 
rates of 1.25 g.S.y. were -0.0072 and -0.0045, and those for 1.75 
g.s.y. rates were -0.0085 and -0.0081. These values indicate that 
the linings perform similarly, with the seepage decrease more pro­
nounced for the 1.75 g.s.y. application rate than for the 1.25 g.s.y.; 
however, this difference may not be significant. 

Asphaltic Membrane Macadam 

Asphaltic membrane macadam was used as a substitute for the 
earth and gravel cover material normally used in installing buried 
canal liners. In addition to the advantages enumerated in the "Lin­
ing Materials" section, the linings studied contI'o]]ed seepage vel'Y 
effectivel:,-' in one instance (A-8) and moderately in another CD-8), 
as indicated in table 3. The long-term effectiveness, 'when compared 
'with the other lining materials, was excellent for section A-8, which 
started in fourth position in 1953 and ended in ftfth position in 1966 
(table 4). Section D-8 deteriorated some'what during this same 
period and was less effective, as discussed earlier. 

Other 

A number of linings other than those discussed were installed in 
the test channels but removed shortly thereafter, because they 
failed to control seepage. Some of the reasons for failure and 'ways 
to eliminate similar failures are: 

1. Open, coarse subgrac1es afforded by pea gravel were respons­
ible for poor-quality spl'ayeclmembranes. Heavier application rates 
of asphalt did not compensate for the open subgrade materials. Two 
membranes of sprayed-on asphalt used at the rate of 2 g.s.y. leaked 
badly. Examination of the lining upon removal showed many areas 
which, because of bridging or internal drainage of the hot asphalt, 
\yere imperfectly sealed. 

2. Pundm'ing of prefabricateclliners by subgrade materials was 
also obsen'ecl, as indieatecl in ftgUl'(' 28. Test results and field experi­
('nce inclicatt' that anne-textured subgrade is a necessity if asphaltic 
membrane liners-::;prayed or prefabricated-are to be durable. 
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3. Open joints ("fishmouths") were also a pmblem when pre­
fabricated membranes were used (fig. 29). Watertight joints can 
be made, however, and the problem they present is bala!:lced by the 
fact that the prefabricated liner is superior to the sprayed liners 
because of the prefab's greater uniformity in membrane thickness. 

4. Sizable holes were observed in one sprayed membrane that had 
been topped with gravel. The holes were apparently caused by the 
gravel topping, which penetrated the membrane. In view of these 
observations, it is recommended that a cushion of fine-textured ma­
terial be used before the gravel topping is applied. 

5. Extensive cracking developed in exposed asphalt membranes 
after they had been in service for a short period (fig. 30). The 
cracking was accompanied by curling of the segmented membTane. 
Prefabricated exposed membranes 'were subject to considerable 
shrinkage, which had a tendency to pull the seams apart. Buried 
linings, on the other hand, were free of cracking, curling, and 
shTinkage. 

I'N-2322 
FiGURE 28.-Buried asphaltic-membrane liner 'with cover material removed to 

show damage caused b~r sharp stones in subgrade. 
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Asphalt Durability Measured in Laboratory Tests 

Laboratory analyses of the various lining materials at the be­
ginning and end of the tests ,,,ere made by the Bureau of Reclama­
tion. (See appendix B for the Bureau of Reclamation's report.) 
Three samples were taken from each lining material at the termina­
tion of the tests for analyses. For the prefabricated materials, the 
tensile strength in pounds per inch of sample width and percent 
elongation were determined. 

Pl'Operties determined for the buried asphalt membrane liners 
that were applied hot included softening point, penetration at 32' 
F., 77° F., and 115c F., and ductility at 39.2' F. and 77' F. These 
measurements were made on samples of the original material and 
on samples taken after completion of the seepage tests, both "as 
received" and after remelting. 

In addition to the physical properties mentioned, the nominal 
thickness of the liners ,,-as determined and their physical appear­
ance was described. 

SUMMARY AND CONCLUSIONS 

Buried asphaltic membranes proved to be durable, effective s,eep­
age barriers when properly installed and protected. Test findings 
indicate that the single factor most likely to result in a faulty or 
damaged membrane IS a rough, open subgrade. This finding incli­
cates the need for a firm. smooth, fine-te:x.-tured supporting base 
for both sprayed and prefabricated membrane linings. Also, a coarse 
gravel cover is not recommended, unless a fine-textured material is 
used as a cushion over the membrane. 

Buried asphaltic membranes installed on subgrades meeting these 
requirements retained much of their effectiveness for as long as 18 
years. 

Buried prefabricated membrpnes were somewhat more effective 
in this investigation than sprayed membranes. Although little 
change in the physical properties of either the sprayed or pre­
fabricated liners was detected over this period, a progressive, sig­
nificant increase in seepage occurred over the years. However, this 
increase was very slight for the prefabricated liners, measuring in 
one case less than 0.005 ft. '1ft. ~ day after a 16-year service period. 

The seepage rate for the asphaltic liners decreased throughout a 
season. This decrease, in the case of buried liners, probably reflects 
a change in permeability of the cover material over time when wet­
ting is continuous. Fine soil particles settling out of the water dur­
ing the test season may have attributed to this seepage decrease 
for exposed asphaltic membranes. 
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Exposed asphaltic membranes proved to be unserviceable, except 
for the asphalt-jute laminate and the coated, asphalt-saturated felt. 
Even the sealed felt was subject to considerable shrinkage, a factor 
that would have resulted in rupture if the lining were in a canal 
or reservoir where the lining could not function as a unit. 

APPENDIX 

A. Seepage Coefficient Development-Conversion of 
Flow Through Test Channel Section Measured 
in Ml./Sec. to Seepage Measured in Ft. 31Ft. 21Day 

1. A cross-sectional drawing of the test channel section used in 
the development of the seepage coefficient is shown in figure 31. 

2. The seepage coefficient was developed as follows: 
Rate of flow measured through lining material in m1./sec.: 

Q = ml./sec. 
A = area of lining exposed to water 
L = length of lining section (20 feet) 
e = 26 degrees 34 minutes (sideslope 2 :1) 

Relationship between depth of water (d) and wetted perimeter (P) : 

P = 3 + 2d';sin e 
P = 3 + 2d/sin 26 degrees 34 minutes 
P = 3 + 2d/.446 
P = 3 + 4.48 d. 
A=LXP=20 (3 + 4.48d) 
A (ft.2) = 60 + 89.6d 

CONSTANT WATER LEVEl 

I 
. .. .... . . . . . ..:.:.:.:.:.:.:.:.:.:.:.:.:.:., :.:.:.:.:.:.:.:.:.:.:.:.:.:.:.... ...~................... d..........................<1
. . ....... . . ........... . 
.... . . .. . . ........... . 

••••••••••••••••••• ,-.-.- •••••••••••••••

-.::;:::::::::::T-::::::::::::::.. . 
...L::::t.... 

~ 

,. b-I 
i BASE WIDTH, FT. 
i WATER DEPTH IN TEST SECTION, FT. 
• ANGLE OF SIDE SLOPE, DEGREES 

FIGURE 31.-Channel cross section used in development of seepage coefficient. 
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Conversion of Q inml./sec. to seepage (8) in ft. 3/ft.:?-jday: 

S -.5L_ mt 3,600 sec. 24 hr. liter gal. 
- A - sec. X hour X day X 1,000 ml. X 3.78541iter 

ft.a 1 
X 7.48 gal. X (60 + 89.6d) ft.2 

8 = 	 60 ~~~.6d = GsQ (ft. 3/ft. 2/day) 

Where Gs, the seepage coefficient, is: 

3.05
G s= 60 + 89.6d 

3. From the preceding equation, it can be seen that Gs is a func­
tion of depth (d) and is a constant for each section. 

B. 	Results of Laboratory Analyses by the Bureau of 
Reclamation on Sample Asphaltic Linings Tested 
at Logan, Utah 

1. 	Sample B-5047 (Section A-1) : Buried Asphaltic Prefab, Roll­
type, Kerr-McGee 

Membrane appeared to be in fau: condition, fall 1966. Several 
small holes caused by indentation of subgrade material were noted. 
Nominal thickness of membrane was 0.13 inch. LaboratOl'Y findings 
for samples taken in fall of 1966 were: 

Test results 
Test sample 1 Tensile strength Elongation 

Lbs./in. of width Pet. 
1 27.5 1.2 
2 17.4 2.5 
3 .22.7 <1 

l Location of test samples shown in figure 32. 

2. 	Sample B-5048 (Section A-2) : Buried Asphaltic Membrane Ap­
plied at Rate of 1.25 g.s.y. 

Membrane appeared in fair-to-poor condition, fall 1966. Sample 
B-5048 was the thinnest of the four BAM samples obtained for eval­
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uation. A footprint or crack and several holes ·were noted in thin 
areas (fig. 33). Membrane cracked near toe of slope during removal. 
Approximate thickness of membrane was 0.20 inch. Laboratory 
findings ·were : 

Laboratory test Soft Pcr;tcll'ntion nt- Ductilitya(.,- Thick­
samples point 32" F. 77" F. 1150 F. 39.2>0 F. 77~ F. ness 

D F. 0.01 em. 0.01 em. O.OJ em. Cm. Cnt. em. 

Taken before 
seepage tests' __204 50 3.0 1.0 

Taken after 
seepage tests: 

"As received" 
material' ____220 24 54 82 0 1.5 0.5 

Remelted 
material' ____ 224 9 16 :37 0 4.0 1.0 

'Newly applied materials. 
" Specimen taken from test channel; fall 1966. 

3. Sample B-5049 (Section A-3) : Buried Asphaltic Membrane Ap­
plied .at Rate of 1.75 g.S.y. 

Sample appeared to be in good condition, fall 1966. Surface crust 
formation noted. Center of membrane had a brownish-reemulsified 
appearance (fig. 34) , indicating ,,"ater entrapment within the mem­
brane. Thickness was uniform, varying from 0040 to 0045 inches. 
Laboratory findings ·were : 

Laboratory test Soft. Penetrution nt- Ductility a(.,- Thick­
samples point. 32'· F. 77' F. 115·· F. 39.2° F. 71' F. ness 

('! F~ 0.01 em. 0.01 em. 0.01 em. el1!'. Cm. Cm. 

Taken before 
seepage tests 1 __204 50 3.0 1.0 

Taken after 
seepage tests; 

"As received" 
material" ____ 211 25 45 85 0 2.5 1.1 

Remelted 
material ".____205 l7 31 63 0.5 4.3 1.0 

1 Newly applied materials. 
~ Specimen taken fl'om test channel; fall 1966. 

4. 	 Sample B-5050 (Section A-4) : Buried Asphaltic Prefab, Roll­
type, Fry Roofing Company. 

Membrane appeared to be in good condition, fall 1966. Center of 
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membrane had a dull black colo!'. Nominal thickness of the sample 
was 0.25 inch. Laboratory findings for samples taken in fall 1966 
were: 

Test results 
Test sample 1 Tensile strength Elongation 

Lbs./in. of width Pet. 
1 10.0 22.5 
2 8.0 25.0 
3 9.3 20.0 

~ Location of test samples shown in figure 35. 

5. Sample B-5051 (Section A-5) : Buried Asphaltic Prefab, Roll­
type, Johns-Manville. 

Membrane appeared to be in excellent condition, fall 1966. N om­
inal thickness of sample was 0.11 inch. Laboratory findings for 
samples taken in fall 1966 were: 

Test results 
Test sample' Tensile strength Elongation 

Lbs./in. of width Pet. 
1 84.4 2.5 
2 74.4 2.5 
3 83.9 2.5 

1 Location of test samples shown in figure 36. 

6. 	 Sample B-5052 (Section A-6) : Exposed Asphaltic Prefab, Roll­
type, Johns-Manville. 

Membrane appeared to be in good condition, fall 1966. Area above 
waterline had an alligatored appearance. Nominal thickness of sam­
ple was 0.1 inch. Laboratory findings for samples taken in fall 1966 
were: 

Sideslope of .canal 

Test results 
Test sample 1 Tensile strength Elongation 

Lbs./in. of width Pet. 
1 62.5 2.5 
2 80.0 1.5 
3 52.1 <1 
4 72.8 2.5 

1 Location of test samples shown in figure 37. 
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FIGURE :~5.-A, Top view of sample B-5050, test channel A-4, shows condition 
of sample and location of tensile test specimens. 13, Bottom view of sample. 
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.Bottom of canal 

Test results 

Test sample 1 Tensile strength Elongation 


Lbs./in. of width Pet. 
1 36.1 2.5 
2 39.2 3.0 
3 40.4 2.5 

1 Location of test samples shown in figure 38. 

7. Sample B-5053 (Section D-2) : Buried Asphaltic Membrane Ap­
plied at a Rate of 1.25 g.s.y. 

Sample appeared to be in good condition, fall 1966. Some surface 
crust ..vas evident (fig. 39) . Membrane fairly flexible at I'oom tem­
perature (80 0 F.). There 'were, however, several small holes. Thick­
ness was uniform, varying from 0.25 to 0.28 inches. Laboratory 
findings were: 

Lahoratory test Soft Penetration at- Ductility nt- Thick. 
samples point :12 F. 77·~ F~ 115" F. a9.2° F. 77 0 F. ness 

F. lUll Cm. (1.111 Cm. (1.01 C7It. em.. Cm. Om. 

Taken before 
seepage tests' __204 50 3.0 1.00 

Taken after 
seepage tests: 

"As received" 
material' ____ 213 20 42 70 0 3.5 0.65 

Remelted 
material" ____210 15 24 50 0 4.0 1.00 

1 Newly applied materials. 
, Specimen taken from tesL channel; fall 1966. 

8. 	 SampleB-5054 (Section D-3) : Buried Asphaltic MembraneAp­
plied at a Rate of 1.75 g.s.y. 

Sample appeared to be in good condition, fall 1966. Small amount 
of surface crust noted (fig. 40). Membrane was flexible at room 
temperature (80 0 F.). Thickness 'was uniform, varying from 0.38 
to 0.45 inch. Laboratory findings were: 

(Text continues on p. 60.) 
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FIGUR1.' d!S,-A, Top view of sample B-5052, taken from bottom of test channel 
A-5, shows condition of sample and location of tensile test specimens. B, 
Bottom view of sample. 
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Laboratory test Soft Penetration ut- Ductility at-- Thick­
samples point 32' F. 77' F. 115° F. 39.2° F. 77° F. ness 

of. 0.01. Cm. 0.01 em. 0.01 em. Cm. G1ft. Om. 

Taken before 
seepage tests 1 __204 50 3.0 1.00 

Taken after 
seepage tests: 

"As received" 

material: ____ 207 ') ­22 41 73 0 _.0 1.12 

Remelted 
material" ____ 209 15 26 56 0 4.3 1.00 

1 Newly applied materials. 
: Specimen taken from test channel; fail 1966. 

9. Sample B-5055 (Section D-7) : Buried Asphaltic Prefab, Roll­
type, Fry and Presstite. 

Membrane appeared to be in good condition, fall 1966. The ma­
terial had a wrinkled appearance. Sample was somewhat soft at 
mom temperature (80 0 F.). Nominal thickness of samples was 0.22 
inch. 

Test results 

Test sample! Tensile strength Elongation 


Lbs.'in. of wiclth Pet. 
1 4.7 48.0 
2 4.4 47.0 
3 5.5 52.0 

1 Location of test samples shown in figure 41. 
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