


USING A COMBINATION OF BIOCIDE AND INLET HOLE CONFIGURATION IN DRAIN
TUBING TO MINIMIZE BIOLOGICAL CLOGGING

* % *
H. W, Ford W. E. Altermatt M. L. Cook

Bi"lﬂsical clogging of drains 1s wost frequently associated with iron
U:Wﬂts (ochre). Black manganese, white elemental sulfur slime, and black
m:rifernus iron sulfide also are associated with biologiecal clogging. A
°the detailed descr}ption of ochre and biological clogging can be found in
T publications,
Ei:ggins of corrugated tubing hasg beep most severe in slits of tubing
OUt envelopes installed in muck soils. Clogging has alsgo been severe in

::: Valleys and slits of tubing with synthetic envelopes which have been
talled in ochre-prone or sandy soils.

0

o::‘l::lly the higher the organic carbon content of ochre, the more tenaciously

® will attach itself to the drain wall. Surveys and analyses indicate

l“t ochres from arid regions, such ag the Sputheastern United States, have

"it: Organic matter. Ochres from erid regions have been easier to remove

oche 8cids and jet rinsing. Attempts to use these methods for removing

e ¢ from tubing in humid regions of the Midwest and Eastern United Stetes
¢ been legg successful (Lidster and Ford 1981).

g:it“n bacteria muet be present for ochre to stick to surfaces of tubing.
com;‘l‘ing Stems to be associated with bioslime-forming organisms that contain
*X polysaccharide lipid compounds (Romano and Peloguin 1983).

::i:rt' £0 kill bacteris with pesticides have been comsidered unsatisfactory

aub,:" f potential labeling requirements and pollution herards. Katural

Encmm‘*“ Placed in envelopes to cowplex the iron and inhibit bacteria have

1nf1unt"‘d pollution limitations. Attempts to change the pH of the drain

tntan Ot to limit bacterial growths or prevent ferrous soluble iron from
**ing the drain have mot been economically successful (Ford 1985},

&

mtioslm inhibitor must have stabls resfdual properties with slow release,

Set :mwnt of inhibitor discharged in the drain water must be below limits

Y various environmental Tegulatory agencles.
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SUMMARY

An antimicrobial active compound, known by the chemical name of OBPA, in
combination with a pipe design utilizing a specific hole configuratiom
(Bio-Flow) has shown promlse ag ap eid in the control of iron ochre.
Effectiveness appears limited to a thin layer of bioslime attempting to
stick to the pipe surface. The bioslime inhibition st the tube wall surface
and around the peripheries of the drain holes has been shown to delay ochre
deposition, which 1s sufficient to make it possible for self-flushing of
drains.

Additional research is underway attempting to evaluate improved placement of
the antimicrobial compound in the tube wall,
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-ic';“.‘.'e;zc_ial ‘spray field installation in Florida: Bio-Flow draine were
instalied on a site that was developed to accept surface-applied commercial
Yiste, a 303.5 hectare project. Bio-Flow drains had both holes and an
®“timdcrobial compound. The site was rated moderate to severe for ochre
Potential, based on the ground water ferrous iron content of 3 ppm. The
tite received organic carbon from surface-appllied processing effluent.
Banic carbon in the subsoil can increase ochre potential by increasing
ErTous goluble iron entering the draine. Roles were not clogged after one
Sumter of rainfall and three wonths of effluent application. Some
Precipitation of ochre snd ¢lime formed in the water and settled out on the

Ottom of the drains, but there were po clogged holes found in four
BXcavations,

It Bhould also be moted that a sock envelope wag ueed which did not compress
;gu“t the holes or experience clogging problems. Standard slitted pipe,
B6talled in a similar project with like scil type, encountered clogging

Problens within two years.
DISCUSSION

?" Use of OBPA antimicrobial compound deleyed ochre deposition on the first
378 of bioslime within the pipe. The reaction was best cbserved using
8lase boxes and test coupons resembling slides.” There was no further
bition once the layer becsme costed with additional ochre. The level
t»O tompound, which is within spproved EPA limits, is effective in inhibi-
h:‘{ggochu growths on the tube wall surface and around the peripheries of

gn ficouraging observation was ochre removal through self-flushing of the
Vel 4,0 drain tube following a substantial rainfall event. A one-pass,

moz Pressure, jet rinsing operation would appesr to be a suitable

othy t08TCE procedure because of the reduced sticking properties of the

or %+ Jet ringing will expose holes covered by heavy deposits of smorphous

4 *Yetalline materisl should sufficient, periodic self-flughing not occur.

o JOT problem with long-term ochre, if not removed, is that it gradually

Chl“g“ from a gelatinous, amorphous structure to a crystalline formation.
:y'“lline ochre, which may be detected within two years after ochre
Posiuon, is hard and chunky and can have the consistency of sandstone.

® more difficult to remove if attached to the surface of drains.

‘1';:? anticipated that sufficient antimicrobial compound, in combination
teve ®les rather than standard slits, will delay serious ochre problems for
Sthe. "L Years in short-tern sites until there is no longer a significant
fey . POtential, Severe sites, where drafng would normally last for only a
g, 256, may require wmodifications in drain design and maintemance. The
‘ta“i"e lifs of the sctive compound in Bio-Flow drains is not yet known.
°°11.::S“M“5 residual concentration in the drgip tube wall has besn

¢d; projections are expected to be made.

The uge

Sarygs of standard slits with an antimicrobial compound has not been a
ac

tory solution., Design and placement of the active compound are
Pipem“t for Bio-Flow pips. For evsluation purposes, the next generation
design has been prepared by Hancor and is being field tested.

k

*A k

3 Mrteq Polyegter synthetic envelope
Forq, Altermae 3

4 t, and Hamilton, p. 3.

or
4 Mtemtt, and Eamilton, p. & & 5.
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Michigan muck site: Experimental tubing &t this site had been installed om
0.1% grade. Drains contained standard elite and holes and were installed
without synthetic envelopes. The ferrous soluble iron content of the ground
water was as high as 30 ppm in certain samples. The vegetable farm was
located on & permanent, long-term ochre site where drains have faf{led
quickly from iron ochre clogging.

Within one year, etalactites of ochre were found hanging from standard slits
in the top halves of the pipes with or without an antimicrobisl compound.
Approximately BOZ of the etandard slits were clogged in the treated drains.
100% of the holes in the bottom halves of pipes with level 4.0 were open and

functional. The holes were covered with precipitated non-crystalline ochre.
The installed slope of the drains coupled with moderate drainflow did not
provide sufficient enmergy, derived from flow velocity, to remove the
precipitated ochre, After two years, the draine vere excavated following a
period of sigunificant rainfall. Accumulated ochre had washed fres from the
level 4.0 draine. 100Z of the holes and 50X of the slits were cpen. After
two and a8 half years, amorphous ochre was forming in the drain effluent.
Drain discharge through the winter had been too low for self-flushing to
cccur., Ochre that had forwed in the water was precipitating on the walls
and bottoms of the level 4.0 treated drains. Although 807 of the holes were
open, 321 had ochre growing on the muck in the holes. Upder field
condicvions, it was not determined whether the remzining 20Z of the holes

were actually clogged by ochre deposits or muck conditions in the native
soil.

When pipe segments from level 4.0 were rinsed with a low pressurs, finger-
pumped Jet epray (a common household detergent cleaner bottle), ochre washed
free from the polyethylene surfaces &nd 1002 of the holes. The polyethylene
tube wall wes exposed around the holes. In contrast, ochre could not be
rinsed free from the untrested control pegments of tubing in sufficient
amounts to expose the polyethylene tube wall by using the jet spray.

Michigen (esndy soll) site with synthetie sock etivelopes: This site had 8
muck profile to a depth of 60 cm underleid with fine, sandy soil. Drain

depths were about 115 cm. Dreins were over 600 meters in length, on 0.3%
grades, and spaced 29 meters apart. There were three aqually spaced 19 mm
digmeter holes at 20 em intervals. Standard alits were also cut into the

plpe between the hole spacings. Levels 0.0, 2.0, and 4.0 treated drains
were tested.

The drain installation with antimicrobial compound, holes, and syunthetic
sock* envelope was functioning normally and running full aftar two years.
The sock envelope was not clogged with ochre. There was a moderate ochre
coating in the valleys of the corrugations of the drain between the
drainwell and the sock smvelope. Limited amounts of voluminous ochre
sticking in the level 4.0 drains wvere partielly crystallized - a condition
that cannot be removed essily under normal drain flow. 1002 of the holes iP
the treated drain lines were open, but there was an added differepce. Ochr®
in excavated pieces of drain tube at level 4.0, washed frae using only a lov
pressure, finger-pump jet spray. The perimeter of the holes exposed a cles?
polyethylene surface, indicating that ochre was not sticking. The level 2.0
treated drain lines retained a thin ochre coating on the tubs, Within the

untreated drains, ochre remained in clumps and demonstrated strong adhesiod
properties when sprayed by the hand pump spray.

A vigual inspection of drains with slits and sock was performed outside the

experimental area on the seme site. Reduced ocutflows and high water tables
indicated Iikely clogging probleme. Drain lines were not excavatad.
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‘o orgenic arsenical formulstion known as OBPA (10, 10" osybisphenoxarsine)
PPeared to meet stabllity and envirommental hezard limitations. The .
“Mmpound was first added to high deunsity polyethylene (HDPE) teat coupons,
¥hich Tesembled glides. These test coupons were slitted to simulate
Standard grain inlets. Phase contrast microscopy was used to study the
foupone for bioslime deposits. The work was conductsd uging plexiglass
“Xes installed at drain outlets in Florida inm 1983.

Flelq trials were initiated in four locations following successful comple-
lon of Plexiglass box tests. Field trial locations included two gites in
chigan and one in Ohfc. The fourth location, a large commercisl Bpray

fielq ingtallation in Florida, wae installed using Bio-Flow®* in 1985-1086,

303,5 hectare project. Commercisl Bio-Fiow, containing OBPA, was intro-

Suced to g marketplace in 1985. Bio~Flow tubing utilizes an active

'”timicrobial compound and holes rather than standard slits,

METHODS AND RESULTS

Msearch vag conducted in Florida iu sandy soils. Tubing lives with 7 mm
Tits ang synthetic envelopes were installed and compared to tubing lines
‘;h:h ttandard slite. Ochre accumulated in the valleys of the corrugations
SVeen the fnlecs and synthetic envelopes. The lines with holes were
“Cessfully cleaned with low preesure jet rinsing. Ochre residue remained
cg the valleys of the corrugations of the standard slit tubing after

faning with low pressure jet rinsing. FKuntze (1982) also found that

1&1-3". Openings did not clog as quickly as smaller iniets.

i:g‘ Perforation design for the Ohio and Michigan field trial locatioms

ho ®lved both standard slits and holes in the same foot of test pipe. The
leg VYere 13 mm and 19 mm in diameter. The objective was to determine the

!::rf‘,mﬂu of slits vs. holes in relarion to rate and degree of clogging in
tee iy severe, long~term ochre potential when a surface-acting anti-

Merobie) compound was used,

::! two ingtallations in muck scils, one in Ohioc and one in Michigan, did
pot Tequire gynthetic envelopes. Both sites hsd severe, long-term ochre

e tential ag meagured from ground water by a test kit (Ford 1982). Two
Centrations of OBPA were tested, levels** 2,0 and 4.0. Imn addition, an
‘Teated, concrol érain line (level 0.0) was installed.

D0 mucy site: Within six months, ochre had clogged about 70X of the

::;nd‘rd 8lite while 100% of the holes vere open. Approximately 351 of the
Perq. °f level 4.0 had a visible polyethylene (PE) surface around the

h and

ter of the holes, indicating good ishibition to bacterial growt

;e;"‘;unﬂ in poor ochr;—sticking properties. Holes of level 0.0 and level
. ad

Ochre adhering to the surface around the perimeter of the holes.
Moy one ha -

and one-half years, there was visible evidence thatr non
::ystuline ochre hed quhed'out of drains containing level 4,0, presumably
up!n the sump pump vas activated in the spring. 100% of the holes were
y.!n‘ The drains with level 2.0 and holes were alsc functional after two
u:r" Previously installed drains with standard slitted pipe had failed

hin one year.

3

B
ord, Altermart, and Hamiltom, p. 3.
*3
q::‘ Flow 45 5 regiatered trademark of Hancor, Inc. Hancor sponsored the
lated drain tests and field trials.

‘*Prbp
Tietary Code






ORGANIC MATERIALS FOR ENVELOPES FOR DRAIN LINES -

-

Peder Hovew €

An 1nvestigation into the reason for faulty drainage systems re-
;ealed that about 50 & of the cases could be traced to fault in
ilter/envelope. '

Reason far malfunction of drain systems in
Norway &s investigated by {HT.

Plough pan Mine ral Peat
sail L

Y %
I .
OW Defn.« high draindist
!‘ ' ' 13 30 N
1
High tntram‘_rtsiszancl

L ' 6 &

Blocked drain

T

30 16
Organg b used
ag oot Materials such as moss. peat and saw-dust have been
0: SNvelope materials for drains in Norway for at least a century.

dnised experiments with drainage materials were firet carried
w?fhafter 19?5, and this paper refers to an examination of drains
“h vy,

irious filters installed in 1955-57.

Py
Bty filters {envelopes) may lead to

Qg . .

E, p..-39ing of filter and reduced drain runoff or
E'ﬁcﬁsgivemigration of materials into drain-pipes, leading to
gacquing of drain lines and excessive pollution of water cour

8.

In th )
3 ‘ + iner
thay © Past envelopes have been designed to let particles £
pa?: Medium 541t tgiough. A substantial part ¢f the nutrients, in
s thcular phosphorus, is attached to parcicles of thac size, and
‘*®reby depleted from the scil.

L

n H L .
tepy o vE, Ressarch officer en édreinzce at
“inge 2w

Departmant ¢f Hydro-
“SS, Agricultural University of

t
Norwey, 1432 As-ilH.
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The pollution that consequently occurs has been looked upon as
unavoidable. In a numberof cases this transport of matter makes
up the major part of the total loss of nutrients,

It has been claimed that an organic filter or envelope material
will trap more of the finer particles without becoming clpgged

due to the desintegration of the organic materials. Laboratory
tests over a short period of time show that a great part of the
actual particles are trapped in the filter. Investigations of

organic filters after 30 years service show, however, that the
practical importance of this process is limited to the amount

of matter stored in the space left by the desintegrated filter-
Under Norwegian conditions that space can be approximately eva”
luated to 50 % of the filter volume after 10 - 20 years. Where

the filter is exposed to oxygen (not submerged) no sign of clod”
ging has keen observed. :

Experimental sites.

Jarlsberg, Te¢nsberg 59.2%. Elevation ©0.5.L. 1 m.
So0il: Silty clay. Drained 1957, investigated 1987.
13¢-150 m long laterals. Slope approx. 0,5 %.

The following materials where tried:

1. Gravel )
2. Glaswool

3. Rockwool

4, Barley straw

5. Moss peat

€. Saw-dust

7. Wood shavings

8. Paper

Each with 2 replications. -
Organic material approx. 75 % desintegrated.

Haucrem. 60.1°N. Elevation O0.8.L. 120 m,

Soil: 0.6 m layer of silt over clay. Drained 1955, investi-
gated 1987.

60 m long laterals. Slope approx. 0,5 %.

The following materials where tried:

1. Turf

2. Gravel around pipe
3. Gravel over pipe
4. Peat

5. Moss peat

6. Wool shavings

7. Saw=-dust

8. Chopped straw

9. Straw

10. Paper

11. Rockweool

12. Glasswool

Each with 2 replications,
Organic materials approx. 60 % desintegrated.
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SamPiés from the drainage drainflow showed the following content
°f solids: -

———
Solids, p.p.m.

Eii&ff_ Average High Low
Grave) 32 75 14
Saw-gugt 7 20 4
Moss peat 22 45 17
Papey

per 52 86 31

?ntakerasistanceS'were measured by means of pizometers placed
Exm to the side of drain. In none of the measured places were
Cessive values measured.

Laborato investigations.

CONSTANT WATER LEVEL

|_ soIL
li%;~ FILTER MATERIAL
DRAIN PIPE '

SLUDGE TRAP

4
«ib°xr 1.0by 0.2 m, 0.6 m deep was used as a 1.0 m drain sec-

;532 {flow to drain from above trough trench only) various fil=-
274 soils vsed (Table 1).

———
801y ~ Filter Solids in drain water
E;I:~_,*__§5}ter thickness, m Water averade 2 days, pP.p.m.
St1e Saw-dust 0.02 Trace

511 Saw-dust 0.2 Trace

511; Moss peat 0.02 350

-H‘____J§Oss peat 0.2 .30




Conclusions.

Organic filter (envelcpe) materials are extensively used in
Norway. In areas with logging and sawmill industry saw-dust is 2
cheap and practical material. In soils with high to medium ten”
dency to siltation, an approximately 20 cm layer of saw-dust OVeF
and around the drain-pipe has kept the drains working for 30
years. The transport of solids in drain water are reduced to 1/2
of the value in drains covered with moss peat, to 1/5 of drains
covered with gravel and to 1/7 of the value in drains without
cover. The functioning of drains with no cover are severely re”
duced due to siltation.

At the start of a drainage -system, the differences are greater:
A number of cases with excessive entrance resistance are repor”
ted where organic filters are used under submerged conditions
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THE IMPROVEMENT OF THE DECOMPOSITION RESISTANCE

OF COCONUT-FIEBRE-FILTER
H. Kuntze*

P <
ilters are used to protect and improve the functions of tile
: Bs. Therefore, in FRG 40% of drain pipes produced are totally
PPed, since 1970 mainly with coconut-fibre-filter.

gggsequently totally wrapped plastic pipes with coconut~fibres
dra; as important as formerly the fibrous peat for the clay
ueln tiles. Both fibrous materials have a wide pores spectrum
the to the diversity of natural fibres. Natural fibre filters
Tefore are better suited for the different pores systems of
e?ly all soils, contrary to the artificial fibre filters with
attlr uniform porosity (Burghardt, 1976). The most important
{COIibutes of three most common filter materials {coconut-fibres
Bum;O)' peat fibres(Piltan)and polypropylen fibres (Vliynt) are
&rized in table 1:

Nea

T
a:iif 1. Attributes of some Filter Materials

S‘_‘&t:s CocoR FiltanR ViyntR
B
Dgnl:_density (g/1) 107 66 118
Pore Y, (g/em?) 1.52 1.56 0.91
wigy ‘Olume (vol.$) 93 94 87
h >§ T 7 15 17
~1 mm 18 22 3
0 2'°'5 mm 39 22 s;
+6~0.2 mm 17 26
P  <0.2 mm 12 9 2
Lg;;!abllity {m/a) 129.6 0.6 n.i.
nedlin (weight ) 35 42 -
Natura

ri 1 filter materials are preferred where a temporally limited
ga;éix_silting is expected due to the digging. New pores are
t?ed instead of blocked ones by the fast biochemical decompo-
lign? Of the cellulose and hemicellulose. Only fibres rich in
giv:in (vascular bundles) remain, hardly to be decomposed which
lay, 900d continuocus protection against gecondary silting (Kuntze,
s ). But the decomposition if favoured by intensive land use
loge - +iquid manure!) {Burghardt et al. 1978). An average annual

o Ofll mm filter thickness must be expected. Supposing a filter
ve m thick, totally wrapped pipes will only be ?rotected for 10
Queg; This is sometimes a too short filter period. Therefore the
a 1st1°n arises: How to preserve the worthy filter attributes for
Onger time?

M__ N
Xuntze; Prof.Dr., Head of Soil Technology Institute Bremen, FRG
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E.g. it is observed that timber piles decay preeminently in the
upper humic soil layer. This is the biological most active part
of the soil profile. Therefore timber is impregnated with liquids
containing bactericides and fungicides when used for soil
engeneering. Formerly tar products were used for thie purpose.
Modern impregnatien products for wood take advantage of the
pbactericide/fungicide effect of certain heavy metals, e.g. Cu*t
and Cr3+, Antheunisse (1979%) noticed an internal fungus decay
of the coco fibres and an external micrebiclogical decay by con”
tact with the scil. A biochemical inhibiting effect of the
cellulose-lignin decay by basidiomyzetae fungi (white root decay!
by Cu++ and Zn++ was found out later (Antheunisse et al. 1983).

TEST PROGRAM

Laboratory experiments

Therefore in a laboratory test coco filter were impregnated with
a timber conservation agent by wet treatment for 15 minutes in 2
2 and 5% solution of Baselit CCBR and then dried in the air.

According to the producer, Desowag-Bayer Holzschutz GmbH, plissel”
dorf, FRG, Baselit is a high scluble and highly fixing timber
conservation salt/agent, The active ingredients are chromium,
copper and boron. Table 2 shows more details.

Table 2. Description of Baselit CCB (partially according to the

producer Desowag-Bayer Timber Conservation Ltd.,
Dlisseldorf, FRG)

-

-~ High soluble and highly fixing timber conservation salt
-~ Active ingredients: chromium (13.8%), copper (5.7%), boron
{(form) (potassiumbichromate) (copper sulphate} (sodium sulph‘te
- Water solubility (20°C) 1B% of total agent
2B% of copper

35% of chromium
pH of Baselit-CCB solutions: 3 - ¢

- Irritates eyes, respiratory organs and skin

Fixation period: 30 days (kept away from rain)
Not to be declared according to the German decree on commerce
with poisons

- No distinguishing marks according to the German decree con-
cerning dangerous agents

- When stored and treated salts and solutions may not come in
contact with soil and surface water

- Treated timber is acutely non-toxic

g

The following quantities of heavy metale were fixed by the coc®
fibres when treated with Baselit:

Coco fibres, untreated 44 ppm Cu - ppm &
Coco fibres + 2% Baselit solution 323¢ ppm Cu 5500 ppm &
Coco fibres + 5% Baselit solution 4109 ppm Cu 13514 ppn ©

: ) $
5 g of these differently treated coco fibres were socaked 16 nou¥
with 50 ccm of the extraction agents shown below, then3 hours ¢
shaked and filtered. 5 hours after the filtration this procedu®

was repeated. altogether 15 of such intermittant extractions
followed. The extraction agents were:
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* Aqua dest, pH 5,7 ;.
* 0.01 mol/l HCL1, pH 2

* 0.1 mol/l CE3COOH, pH 3

* 0.1 mol/1 acetate buffer, pH 5

3Y 2 second continucus extraction 10 g of the three coco fibre
Ariants were percolated with 100 ccm of the extraction agent 1.,
A% and 4. during 7 hours in a percolation cylinder (£14,5 com/h).

ter 17 hours 100 cem were percolated again for 7 hours. Alto-
9ether 16 times 100 ccm were percolated.

fleld trials

;: Butumn 1984, near Bad Zwischenahn (TK 2613), a very humic till
drﬁty gley-soil based on glacial sand above glacial loam was
eaﬁined with the following 4 variants with three replications

ch (150 m strings of tiles, distance 12 m, average depth 0,6 m):

Cory

Cor Ygated pvc-pipe without filter, 65 mm diameter

Orr“gated pve-pipe with coco filter, €5 mm diameter

Tugated pvc-pipe with super coco filter, 65 mm diameter
Trugated pvc-pipe with super coco filter + 0.3 g/m copper wire,
nm diameter

z?kr cocoR is the commercial name of the coco filter material
ingregnated with Baselit CCB (3%). Super coco with copper wire
ese.14 shall support persistently the bactericide/fungicide
SUIE§§ ©of the impregnated copper salt which remaine easily

P €. This filter type is protected by the German patent no.
3230323,

.gg:ing winter discharge periods water samples were taken re-
Apr‘Edly for analysing on heavy metal locad. After 3 years, in
fi1c. 1987 out of each plot pieces of 1 m plastic pipe including

ter'were digged up in the same distance (30 m} from the out~
0&1' Silting degree, state of filter and pipes as well as chemi-
in alterations of the soil round about the pipes were analysed
the laboratory.

?
3ble 3a, cCu(®) extracted (15 x intermittently) from impregnated
" coco fibres

Impregnated with
Baselit CCB

Ex
~,E:if§£?n agent Control 2% 5%
dqua

dest 3.7 2,1 ¢.9
it v
o 33.¢ 100,0 100.0
Chy
acey s O0H 28.0 97.0 98.0
~etite buffer 4.3 51,0 53.0




Table 3b. Cri%) extracted (15 x intermittently) from impregnated
“coceo fibres

Impregnated with
Baselit CCB

Extraction agent Control‘ 2% 5%

agua dest 0.5 0.4 1.4

HCl 1.6 8.1 7.5

CH3 COOH 0.4 12,2 13,1

acetate buffer 2,0 4.4 6.1 .
RESULTS

Laboratory experiments (Lambers, 1984):

Based on the increases of heavy metal contents cbtained by the
impregnation with Baselit acc. Test Program {lab. experiments):
different guantities of Cu++ and Cr3+ were leached by inter-
mittent extraction with the 4 solvents (see Table 3a. + 3b.). .
Copper was extremely more leached than chromium. The more acidif
the extraction agent the more copper was leached. Acidic acid
leached more Cr than hydrochloric acid. These results show that
preferably an adsorption of heavy metal ions is caused by im-
pregnation. The heavy metals remain exchangeable, depending on
pH but Cr3+ much less than Cul+,

Compared with the intermittent extractions equilibrium condition®
of the continuous extraction corresponded somewhat more to the
leaching with discharges from the soil round about the pipes. But
the leached parts of heavy metals obtained in this experiment aré
nearly the same when extracted intermittently.

Table 4a. Cu(t) extracted (16 x continuously) from impregnated
coco fibres

"t
Impregnated with
Extract . control Baselit CCB
xtraction agen ontro
g 2% 5% ——
agqua dest 1.8 0.7 0.6
CH3 COOH 1.5 100.,0 100.0
acetate buffer 0.0 71.9 76.3 -

Table 4b. Cr(%) extracted (16 x continuocusly) from impregnated
coco fibres .

—
Impregnated with
Extraction agent Control ghoetir ccs
ontro 2% 5%
e
agua dest 0.4 0.2 0.9
CH3 COOH 0.3 13.1 16.7
acetate buffer 0.2 4.7 6.6 -
et

Field trials

The relative small amounts of leached heavy metals except CU



lf)i' the hgavy acid extraction agents gave encouragement for a
e(:eld trial started in 1984, Lasting filter resistance and
Di°1°91cal side effects may be find out only by this procedure.
oo ¥ings-up in 1987 confirmed first the good filter effect of
€0 (Table 5.). When coco filters are used the average silting
But“nts to 38 g/m = 20% compared with the non-wrapped pipes.
2 to 3 times higher C-contents were found in the siltings

gﬁ gigeg wrapped with coco. This drain sludge was enriched with
rl

T
;:i'i 5. Quantity and composition of drain sludge

Filter ppm

t

;.;____EP@- g/m &%C N C/N Cr Cu

sy out 185 4,8 0,4 13 24 24

ST coco 31 7.8 0.5 1S 255 163

conS Coco+ Cuwire 46 7,9 0,5 16 384 341

— 38 13.0 0.8 17 3g 34
ot _t T

After 3

asp years in the soil the impregmated coco filters have an

m_Jntconten'l: approximately 50% less compared with the non-treated

ignx'.ol (see Table 6.). The increases of the r-value (= relative

8 gnl"n enrichment) are proportionally reduced. Both observations

vi 13 a? inhibition of decomposition due to the impregnation
selit,

4

lﬁ;ﬁ; 3 winter discharge periods higher Cu- und Cr-amounts are

expe ed from the impregnated filters analogous to the laboratory

dig Timents: 92-94% Cu and 50-70% Cr of the original enrichment
iPpeared (see Table 6.).

I
n:Ef 6. Parameter of the coco filters

a)
Dew and b) after 3 years in the soil

vpe . ash r-value PLm
:;\cifilter weight$ weightt cr Cu
co a) 3.1 35.8 n.i. 44.0

Supe b} 12.8 40.1 1.5 9.2

¥ coco a) 3.6 35.6 3038(100) 1890(100)
Supe b) 7.1 37.0 1535(50) 157 1(8)

T coco + Cuwire a) 3.9 35.9 5500{100) 2190 (100)
S b 6,2 38.5 1606 (29) 216 (6)

¥he .
fie;:g did these heavy metals go? Only at the beginning of this

dis’:h EXperiment higher amounts of heavy metals were leached with
arge water of pH 5.5~6.7 from the treated variants compared

the cthe non-treated coco filters. In the third discharge period

"al‘iau- and Cr-contentz of the drainage waters of the three

Cuugont8 are very similar. Only the first year (1984/85) the

line Rtent of the discharge water was above the EC-guide

The © {1980) for surface water, fish toxidity and drinking water.

to R':Iuality demand for the Cu content of irrigation water acc,

“ag EMA, 1981, respectively German Chemists Society, 1971,

Y. only infringed in the first year of the trial (see Fig. 1 angd

1og Y98t after the beginning of discharge Cr-contents about

(5¢ PBb 1je distinctly above the EC-guide line for drinking water

to ,°PP}. But after 2 months already these contents dropped down

east 10-20 ppb.
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In.the firse year approximately 0.35 g Cu and 0.2 g Cr are

e?Ched.per ha supposing an annual discharge of 200 mm. In the

0nird,chscharge period these rates dropped down to an average of
Y 0.04 g/ha and 0.006 g/ha Cr.

i:ﬁﬂ bulk density of the coco filter of 107 g/l (see Table 1.)
nag A filter thickness of 1 cm is given, 4.4 1 or 469 g coco
or5r§al was needed per running meter drain pipe 65 mm diameter.
oul Single subscil drain pipes 12 m distance the following cal~
mmztlon is made: 8§30 m running m/ha x 0.469 kg/m = 370.7 kg/ha
for Mmaterial with 1126.2 g Cr for super cococ and 2038.9 g Cr
P Super coco plus copper wire, respectively 690.6 g Cu for
Per coco and 811 g Cu/ha for super coco plus copper wire.
iﬁ:“glng the same smzll degree of silting (38 g/m) all over
255_3raln pipes wrapped with coco filters a Cr-content of
Cor 84 ppm and a Cu-content of 163-341 ppm of the drain sludge
Yespond per ha 8.1-15.1 g Cr and 5.1-10.8 g Cu respectively.

gné°§s of approximately 0.5 g copper with the discharge water
ive ‘1} g Cu accumulated in the drain sludge is not enough to
(640 €vidence for the higher loss of copper from the filter

ai Tespectively 760 g). The same applies to 0.2 g Cr in the
highnﬂge water and B-15 g in the drain sludge considering the

loss cf Cr (550 g/ha respectively 1400 g/hal.

E?;Efore, the surrounding soil (till a 2 cm &istance from the
More Was anglysed. Table 7. shows that‘considering the control
in ththan twice of Cr and nearly four time of Cu was accumulated
the ¢ hearest soil environment of the pipes. In comparison to
drai“ndlsturbed, natural socil poor in C, 25 cm close to the
the g. the heavy metal contents of the backfill soi} 2 cm to
xtpa 2iD are remarkably higher, especially the easily

tactable copper.

Ty

‘*:i:“7' Ct and heavy metal contents (ppm) in the soil )
25 cm besides the drain

Ty At the drain 2 cm (undisturbed soil}

Pe of £ ppm ppm

;:-*___fflter Cr(%) Cr Cu Celt) Cr Cu

Copr Out 1.7 9.5 4.1 0.2 8.4 1.3

Bupe 1.3 14.9 7.8 0.3 11.5 6.0

Supey SOCO 0.6  14.6 11.0 0.3 12.4 1.8

Saper COCO + Cuwire 1.1 21.7 18.6 0.4 16.0 5.8

In
aoi§h§ back£ill soil at a distance of 2 cm around the pipe and a
Pipeg ork deneity of 1.5 g/cemfor a length of 833 m/ha drain
Voln 25.3 tons are calculated. An increase of only 1 ppm in this
h&avy or weight correspond already to 25.3 g. The increase of
Cr, g Metals around the pipe amounts to 7-15 ppm Cu and 5-12 ppm
metal°n5equently the soil around the pipe is a sink for the heavy
8 leached from the impregnated filter.
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FINAL REMARKS

thin 3 years the biochemical decay of the coco filter in- _
ztalled iz a very humic/peaty gley-soil was limited by impreq
nation of the coco fibres with the timber conservation salt sve
Baselit CCB, that means by adding bactericide/fungicide effect

heavy metals. The lasting filter stabilizing effect is to be
waited for.

This advantage aspired includes disadvantages for the waters.
Only the chromium loads of the drain waters beca@e remarkably
below the legal guide lines for surface water, fish wvater,
drinking and irrigation water, 2 months after the drain pipes
were installed. The Cu-contents remained above the correspondlng
limits during the first two years, The Cu=enrichment of the coc
filter material with the timber conservation agent Baselit has‘
already been recognized as Blightly leachable in laboratory e?g
periments. After three discharging periods, in field trials 9
Cu and 50-70% Cr have disappeared from the impregnated coco
filter and have been adsorbed predominantly by the soil around
the pipe. Therefore, in addition a thin Cu-wire {0.3 g/m] was
put in the filter wrap. This is an additional slowly leachable
Cu-source. The relative low Cr-leaching expects a lasting Cr- .
effect after impregnation. The increase of the soil Cu- and Crf
content near the drain pipes must be investigated for their
filter stabilizing and iron clogging continucus effects too.
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SILTATION OF PIPE DRAINAGE SYSTEMS
IN NEW ZEALAND SOILS

EK.W. McAULIFFE

Department of Soil Science, Massey University,
Palmerston North, New Zealand

i°i13 lacking structural stability may make it necessary for a filter to be
8¢d if subsurface drainage is attempted.

u:f°’tunate1y the likelihood of pipe eedimentation problems is not always easy
uougredxct. Although no survey has been carried out in New Zealand, feedback
ﬂeaid 8uggest that many past installations are functioning far below their

&0 capability, as a result of blockage through sedimentation.

1

a;d'°uld undoubtedly be of advantage to our drainage designere if guidelines

ex field tests were available to aid in agsessment, instead of local
Perience being the politary guide,

i:;:icle 8ize analyeis of the soil is often considered to be the best
: Cator of the need for riltration (Dierdickr 1982). Soils with a high
troﬁ:rtion of fine sand-sized particles are of greatest concern, with the most
1976_1380me Boil fraction being the 0,05 - 0.10 sm range (Broughton et al.
preu- Irwin and Hore 1979; Stuyt 1981; Trafford 1972). Soils with a
eCaEﬂinance of particles lesg than 0.05 mm are unlikely to need a filter
8¢ of stable ped formation (Nelson 1960).

:O'l‘i:e Variety of materials has been used a8 drain pipe filters, ranging from
org inoug materials such as peat, straw, flax, and coconut fibre, to numerous
Cumea of thin synthetic materials. A variety of new products have recently
ﬂuua:n the market, as a result of the rapid expansion of the geotextile
TY. Evaluating the relative performance of different filter materials
197MP380 the basis of much research (Ovérnolt 195%; McKyes and Eroughton
have Rapp and Riaz 1975; Willardson 1979; Stuyt 1581;). Although resulte
runctOften Provided contrasting opinions, & clearer understanding of filter
loning has emerged.

B

::r::E in mind the 1limited information available on New Zesland scils, and
initia:d to understand how a filter functions, a research project was

. ed at Massey University to inveetigate the pipe sedimentation problem.

Project had the following objectives:-

(
Vo1 aacertain which soll types would need a filter if subsurface
draineq.

(2y
To determine what soil properties would offer the beat guide to
Predicting pipe sedimentation.

(3
To derive a gimple practical test for assessing pipe siltation riek.
(4y
To Examine the effectiveness and mode of operation of commerclalliy-
a¥ailable drain pipe filter materials.



EXPERIMENTAL PROCEDURE

Lxsimeters

Twelve drainage lysimeters, each 1.2 m long, 0.5 m wide and 0.6 m deep, were
used (Pig. 1). Subgoile from stlected sites were repacked to a depth of
approximately 0.4 m, following the placement of a drainage treatment near the
base of the lysimeter bin.

The drainage treatmente included: standard 100 mm dlameter perforated
corrugated plastic tubing (with slote 2 mm in width), a pipe plus eynthetic
woven filter stocking material (Fillitereck) aB an envelope, and a non-woven
geotextile drain material (Stripdrain). Three replicates were used per
treatment.

Testing involved sprinkler irrigating the equivalent of a 10 =mm rainfall event
onto each bin twice weekly. Then every 10 daye the bins were ponded to a
depth of 100 mm, and the pipe flow rate recorded by measuring the :l.nfi:ltration
rate once steady state conditions had been reached. The amount of sediment
washed through the pipe after each water application was collected, oven-
dried, and weighed.

Fig. 1. The drainage lyeimeters

Laboratory Coiumne

A laboratory column study waa carried out in the hope of deriving a pimpl®
test for predicting pipe drain filter needs. The technique involved Pﬂcking,
moistened 8cil samplea into 75 np diameter by 150 mm length tubing. The pa?
of the tubing waa sealed except for several slots, 2 mm wide x 10 wm iB
length, which were designed to simulate the aperture of the standard drai?
pipe. Water waz ponded on the surface of the column to a depth of
approximately 100 mm and the flow rate and eediment discharge recorded.

S50ils used in both the lyeimeter and column study were poil types a:onsi‘”"ed
of high sedimentation riek. All samples were weakly-structured, sandy- d-
textured scils from sites where a riging water table problem was anticipat®
Particle size analysis of each sample was determined by air-drying and 4
gieving. Particle density and predominant particle shape were also asueso®
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Held rials
::eld experiments were set up at 3 separate sites. At each site trial lines
Btandard 100 mm corrugated drain plpe, drain pipe plue filtersck and strip
anzin were installed. The long term perflormance of these treatments hae been,
end ¥ill continue to be, evaluated through a combination of flow measurement,
re P8cope obpervation of any sediment or iron ochre accumulation, and by
tording permeabllity of the drain material and soil surround.

RESULTS

%041 Descraption

A
:;Valuation of the acils used in the lysimeter and ceolumn study is presented
able 1. The field trial sitee include the Puke Puke black sand and
anuka peat goil.

Tante y Particle size analysis (X), particie density {kg l'3l,|n€ particle shape of semples tested,
::‘“ 5011 from where Particle size (a) Particle  Predominant particle shape
" were coliecten ! senstry [Sapherd & Young 1961)
»2m 2-1 0.5 0.5- 0.15- 0,125 .075¢
~—— 0.1 0.325 0.075
:“'::‘::h black sand O T S TR 5 1 2700 minly sub-rounded
9} sang I Y 1 - 2 80 Sub-rounded
3 mitied sand 2 T R IR I - w270 sainly rounded
::' fine sundy toam 2 8 3w 1B 0B w200 sub-anguter
Coarse sang - 1 1 ] 4 8 3 2 50 sub-sngutar
Te h:“ fine sandy lom - 3 5 @ 0B 0w N 2700 misly erouded
UFa fine sandy Josm 15 3 5 7 [ 4 - 2 700 aainly sub-angulsr
:::.““ lom 7 o2 B w4 1 Y varisble
,,""m"" n 7 o u 0x 1 1 2 500 b= pagular
Eithan 4 Pumicey sama <1 - 8B B W N iy amquier
DRy tand 4 2 & 3B B % 18 2600 angular/sube sngylar
4 beay R N T T R ] - 300 PoUNGRLL/ Sub-rounded

1
::nes for the stugy ware collected abowt drain position depth, hemce their textwral
¥S3Tication 15 Likely to ¢iffer from that isdiceted by the soil type.

Dra
2inage 1ysimeter study

FiEB. 2 to
from t
Sraphy

€ iliustrate the changes in pipe flow rate and sediment discharge
he drainage lysimeters over time for 5 of the svoils investigated.
8how the data points for each replicate and the replicate mean.
Re
oratitg &how variation in behaviour between the goil types. The permeability
loy 1n1tthe Kumenga mottled sand and Meeanee fine sandy loam was relatively
the yyp 1ally, and declined further over the period of study. In compariaon,
the stu:tangi gand and Owaiti coarse sand remained highly permeable throughout
Valy, b Y. Por all soile the flow rate had reached a relatively constant
nre61Ctioth¢ end of the experiment, s8¢ it was assumed that long-term

N8 ¢ould be made from these data.
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010

z:‘ the Himatangi sand, the Meeanee

an:° sandy loam, Owaiti coarse sand,

ind.Puke Puke black sand there was no

eclcation that the drain filter

thgame clogged during the course of

onr't?dY- .The flow rate decline

sang time with the Kumengs mottled

Ucht‘nd the Mesanes fine sandy loam

ﬁppearad with both treatments, and

at thred to be the result of sealing

Yaime Surface of the drainage

impec:t!:i:aused :I micicjetidropi:td ] L

. . ce readings from installe !
z:::::ﬂ:er tubes showed that the wT' 20 (” o 30
hyas ® few cms provided the greatest ime {(days)
2ulic resistance. Fig.4 Change in lysimeter infiltration

rate over time with (o - -} and without
Filtersok { A -} for a Meeaneet fine sandy
loam. Alsc shown is the sediment discharge
per unit length of pipe with Filtersok
{O***) par drainage event.
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The

mafkeq1ntity of sediment passing through into the unfiltered pipe varied

en Y with s0i2 type. Whereas only 4 g of sand passed through the 1l m
gnbgth of pipe during the first flooding on a Kumengs mottled sand, more than
9 waAs memsured when a Kimatangi sand was used (Fig. 2 and 6). .

In a3
fir

Con

stlfinsu_mces the greatest quantity of sediment was measzured fellowing the
iy looding. The sediment discharge rate appeared to taper off te a
8Nt level during subsequent flood events.

P

uoi :11 !0§ln in which a filteg was used the sediment discharge from the pipe
ghuuezgliglbla. Excavation of the pipes upon completion of the experiment
Pipeg vthﬂt pipes using & filter remained clean. In contrast, unfiltered

Te partially blocked.

La
EEEE&&E! column_study

T!hl
fa) * ? 3hows the amount of sediment moving through the column drain slot

OVing application of 45 mm of water to different soil types.
Tap;

® 2. The quantity of sediment collected from laboratory columns following
Rl application of 45 mm water

sOil .-----..--l..---"-‘ﬂ-.‘-'ﬂ---'---I-.--I.I..---.--..---..----'.--------'
Mean quantity of sediment
{g per 100 cm? of pipe surface area)}

Himg Puke black sand

[
.

.
Heeanga mottled gand
0‘&1 ?e fine sandy loam
nayy, SO2TSe sand
Te ::" fine mandy loam
May,, "9T8 fine sandy loam
Kapy Y 8ilt )oam
Way, 0% ash

Ak
Elth&kh Pumicey sand
Ot ™ loamy sang
o2 peat : 13.9

w
bl T
-
_--..--l----.--.-.-.-.-’.-.--....---’..-'-’--‘..-----...--.------8--'
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:i: :renda apparent from the laboratory column study matched the findinges from

lysimrainage lysimeters, with sclls producing high sediment discharge in the

ahoreters alpo yielding the highest discharges in the columns. A simple

at leatOPy column experiment may therefere provide the drainage designer with
28 mpome indication of the siltation risk for a particular soil.

Bleld triay Study

A
: 1nvest1gation of the 3 field trial eites was carried out approximately 2
T8 after installation.

At
erfeach of the gites all trial drain lines were found to be functioning
€Ctively with respect to flow rate.

Ex

:avation and inspection at two of the sgites revealed iron ochre build up on
N Pipe filter material and adjacent soil surround. This build up was found
Ve cauged a significant decline in permeability at one site (the Omanuka

Pe

(T:;]_ute]' and it could be expected that the problem will worsen with time
€ 3.

At

ﬂediil 3 sites the unfiltered drain linece were found to be relatively free of
ent ,

Puke b1 Thie was a pomewhat surprising observation with respect to the Puke

Sedine ack gand and Omanuka peat sites, since they were deemed to be high

$ang Ptation risk soile from the lysimeter studies. It would appear that

Ceme Particies immediately adjacent to the pipe drain had become partially
Nted ang gtabilised by iron and manganese precipitation.

Tap
1¢ 3. Meapurement of permeability at the Omanuka peat site
A NS T EEECEESEE NS TSRS RN = Ll
Permeability (mm hr=1}
subsoil sand 250-400
Dipe~-backf{ill interface 20~ 90
c¢lean stripdrain® 3600
iron ochre-coated strip drain® 7060
O LT O O O N o T O O T S A R
¥Meapured using 1 KPa hydraulie head,
DISCUSSION
Prom
beariour 8tudies it ie apparent that numercus parameters are llikely to have a

uiatng On the pipe sedimentation risk, including: particle size
. hution. soil structure, particie shape, particle density, flow velocity
©11 mineralogy.

8o
Dai1:c§°““d to have uniform particle gize distribution with a predominance of
Blacy !98 in the 0.1-0.5 mmw range, such as the Owaiti coaree sand, Puke Puke
1te:nd' Omanuka peat, and Himatangi sand, appear to be in greatest need of
the Man © Samples containing e gignificant si1lt or clay component, such as
Propy AWatu fine gandy loam and Eltham loamy eand, appear unlikely to cause
tig, be:' becauge s0il ped formation promotes stability {provided sufficient
ween backfill peturn and drain flow). Any evidence of stable soil ped
Nay °% in the subscil could indicate that sediment entry which does occur

st of a temporary nature only, until the backfill material consclidates
Abilizeg,



A comparieon of the Owaiti coarse sand and Himatangi eand indicates that
particle shape may have an important bearing on soill etability. Rounded gand
particles, 2s found in the wind-deposited Himatangi eand (Table 1), appear ®°
be legs etable than angular sand particles, such as those in the Owaiti soll.
T™he soil mineralogy may also influence pipe eiltation risk. Himatangi sand
and Omanuka peat samples have a similar particle size digtribution, but
markedly different sedimentation behaviour. This difference 1s likely to P¢
due to the high magnetite level (as indicated by the high particle density) ¥
the Omanuka peat eample. In addition, the high iron content in the Omanuka
peat sample would appear to help cement together soil particles, provided
sufficient time was allowed between backfill return and subsequent drain flov:

The particie denpity is also likely to influence the flushing potential onct
particles have entered the pipe, For example, drainsg ingtalled in pumice
s0ils of low particle density (e.g. the Kaharoa ash) are seldom blocked by
sediment, even though particle size analysie may puggest otherwise.

Hydraullec conductivity and hydraulic gradient both have a bearing on plpe
sedimentation, since they determine the velocity and thue energy of the
flowing water (the erosive force). A s80il with high hydraulic conductivitys
guch as the uniformly graded Himatangi sand, may pose a greater sedimentatiol
rigk than a less permeable soil.

Where 3 filter was ueed in the drainage lyeimeters it proved effective ab
preventing entry of poil into the pipe. There was no indication that the
filter became significantly clogged over time.

The traditlional viewpoint of pipe envelope functioning ie that it must 6
selectively filter drainage water, allowing fine silt and clay-sized particle
to pase into the pipe yet retaining the potentially harmful fine sand. But "
pernaps a more apt way of describing now a filter worke ie to consider it 2%
80il stabiliser, physically eupporting the soil immediately around the pipe’
and preventing collapee of soll particles into the drain slote. MicroacoP®
studies show that sand particles appear to bridge filter pores, rather than
logge within the poree. The 80il particles retained may in fact be much
smallier than the effective pore size of the filter.

The lyeimeter trial illustrated that the rate of any sediment entry into a
pipe is likely to be moet rapid during the firet flow events and taper off
over time as the soil immediately around the pipe stabilises.

That minimal sediment build up had occurred within the unfiltered arain 1306
at field trial sites contrasts with the results obtained from the lyeimete’
study. The trial drainage lines were installed geveral montha in advance °©
the drainage season, thus providing sufficient time and opportunity for sou®
degree of Boil backfill stabllisation. This etabilisation period was net
allowed for in the lysimeter study. Purther, the hydrauiic head used iP £he
lyeimeter experiment, a saturated profile with 100 mm of ponding, was puch
greater than that experienced to date at any of the trial sites. This
disparity illustrates the difficulties in extrapolating laboratory or
lysimetry results to the field situation.

SUMMARY

Many soils throughout the world require a pipe filter to be used when
subsurface drainage is attempted. In New Zealand 1ittle information is
available to help predict when a pipe drain filter is required, and 1°°‘1t1m
experience ig the solitary guide. To gain more information on pipe silt?



a0 experiment wag carried out using drainage lysimeters, laboratory columns
and field trials to study the behaviour of pipe drainage materials in a range
°f "suspect” soil types.

The 3

N Yeimeter and laboratory column test resulte suggegts that several soil

Ybes wil) require a filter to be used if subeurface-drained. Soill typee of
Treatear rigk appear to be cohesionlese, fine sandy soils with & rising
watertahle. Not only should particle size analysie be uped to indicate
POBEible giltation rigk, but also scil structure, particle shape, particle
density | goi1 mineralogy, hydraulic gradient and hydraulic conductivity.

The two synthetic filter materials tested proved to be effective at preventing

:iltation without becoming significantly clogged. It would appear the filter
"MCtions by pnysically supporting and stabilising the soil surrounding the
3n apertyre.

Reauits frop the field trials suggest that even seemingly cohesionless,
:nStable 80ilg may naturally etabiliee through chemical cementation or ped
Ormation iy given the opportunity.
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EXPERIMENTS TO IMPROVE THE EFFICIENCY OF DRAINAGE

J. Saavalainen, Man, [ir, S. Virtanen, M. Sc. Eng.
Assoc. Member ASAE

M°d?rﬂ mechanized agriculture places ever greater demands on subsurface

u;:;"?@a in regard to the drying of fields. Big and heavy machines are now
of f.‘" agriculture and drainage must be efficient so that the trafficability
Summ1e]ds is sufficient to allow the machines to work, Finland's short
T sets demands of its own. It is important to get into fields as early
eFP°ss1b}e in spring so that the best possible use of the short growing
of n?ds of plants can be made. The heavy machinery and the one-sided choice
“orkiants and modern farming causes deterforation in the drainage of fields.
Most g with heavy machines on wet fields compresses the land and reduces
of the amount of great porosity in the soil and thus causes the formation
dyers with bad hydraulic conductivity above the subsurface drains.
2"* to the above mentioned facts particularly clay and peat soils suffer
In ¢ ? lack of hydraulic conductivity and drainage becomes less effective.
hydre, C1Vation wet clay soil loses its porosity and becomes compact with bad
Stan:u11c conductivity. Because of cultivation carried out in wet circum-
]iyeres 8 subsoil of bad hydraulic conductivity is formed under the plow
is of and also the cultivation layer might become compact. Modern agriculture
thap ten 2lso specfalized. For example one-sided grassless cultivation is
to asteristic of southern clay fields. As a result of this the field has
Qras: Cultivated every year and the porosity created by the'roots of the
ik 'S lacking. Nowadays in addition it is aimed to cultivate varities
Teason’ (0¥ 1de a good yield which demand a Yong growing period, for which
Thig " Spring crop work has to be started earlier than before in the spring.
Modg Mght be 1ead to a vicious circle in which the cultivation of land in
Vatie tonditions weakens the drainage of the field and because of this culti-
. 02 the fo)lowing year has to be done in even damper circumstances. On
tion her hand in peat land the deterioration of the structure and the compac-
of the soil takes place almost entirely in the cultivation layer.

Uay S0

HESter i1s sensitive to compaction are found in Finland particularly in

“thep N and Southern Finland. The share of peat soil of arable land on the
depicy nd increases rapidly mowing from south to north. The maps in Fig. 1
Taye, the proportional share of clay and peat land both in cultivation

S and in groundsoil of arable land in Finland.

8N
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fig. 1. The proportion of so0il types in the cultivation layers and
groundsoil by regions in fFinland.

The drainage of fields in Finland has been carried out by either surface
drainage or subsurface drainage. Modern farming demands subsurface drainagé:
Through subsurface drainage the jevel of ground water can be lowered s0 tha
the marginal drainage effact required by agriculture is reached. In the
fields in which the 50l types become poorly permeable due to cultivation
and hydraulic conductivity becomes low, however, it might be that a new
ground water surface is formed on the surface or close to the surface and
thus the desired drainage effect is not reached.

In unpermeable clay scil also a subsurface drainage trench which, after the
subsurface drainage, is of its structure loose and well permeable soil, "
becomes compact with time and resembles the surrounding so0il. The compacti?
of the subsurface drain trench, tt has been verified, becomes harmful to
drainage already 4-5 years after carrying out subsurface drainage. In this
kind of soil the draining reached by subsurface drainage has to be made moré
efficient in order to attain adequate drainage sffect.

Methods to improve subsurface drainage depend on the quality and Jocation of
the impermeablie layer which in turn depends on the type of soil. In the
compaction of peat soil the problem is the accumulation of surface water O"
fields, while in clay soil the consequence of compaction causes “double ”
ground water” fenomen. In both clay soil and peat soil it has been aimed
improve drainage by increasing the number of subsurface drains, the piind
inlets or by changing the backfill material in the trench to material whi¢
conducts water well. In peat sail where the surface water causes probtiems g-
there have been attempts to make drainage mora effective by cambered peddi®
Under testing there is also the mixing of a thin peat layer on the mineral
soi) below it. These tests aim at increasing the hydraulic conductivity 2 s
the surface seil. In addition to the changing of existing subsurface df"ve
structure and as well as measures aimed at the soil, experimental areas h?
been created in compact clay soil in which the improvement of drainage 15
tested by methods supplementing subsurface drainage.



nd by fi114ng the ditch with either gravel or woodchips. The impact of
"oodchips and grave) on the improvement of drainage is being compared, because
“0odehips is 1ignt and thus drainage comstruction causes no dangers to the
Compaction of tand. An advantage of woodchips is also its price if it is

ide of farm's own raw materials. An advantage of gravel is its good
hyarayt i conductivity and its preservation in the soil. ‘In the test fields
€ of the factors to be followed up is the decomposition of woodchips and

® age of shallow drains.
The installation of shallow drains can be dome with different machines. By
deve1oping new methods to improve drainage, one of the aims was that it can
 carried oyt by the farm itself. To attain this goal a digger which could
€ pul)eq by the farm's own tractor was sought for. A comparison has been
Made between two sucn diggers. One of the machines is a small c@ain digger
nd the other is a cutting digger. The advantage of a smal) chain digger is
that the depth of the trench can be regulated from the surface to the depth
of the Subsurface drain, but it produces & wider trench than that made by a
Ctting digger, which is 10 cm. In cutting digger the variation of the
“6Pth of the trench is only 15 tm of the maximum depth of trench.
I?e Finnish Field Drainage Centre has established test areas in tuo_clay .

®lds in southern Finland in order to investigate shallow drains filled with
thips of wood. The first test areas were established in the summer of 1986.
Shallgy drains were made in the test areas which were dug to a depth of 60-
1 in such a way that the trenches reached down to almost the gravel .
aayer on the subsurface drains. The ditches were dug by a dr§1nage machine
tad the width of the trench was 19 cm. They were dug perpendicularly towards
suneSUbsurface drains and the ditch was filled with woodchips up to the
orf2Ce.  The woodchips drains were made by using grain spacing of 15 and 30
1SS+ In the autumn of 1987 experimental areas were created in the test
fi?]ds using a smal) chain-type drainage machine and a cutting digger and by
s 1ing the trenches with woodchips and gravel. A pipe was installied in
wit® of the shallow drains and some of them were filled with gravel and some

th Woodchips,

ere are as There are, however, preli-
et few results from the test areas, ere are, ,
?;hary Pesult! from the test fields established in 1886 on woodchips ?rains.
u;e Unctioning and efficiency of the woodchips ditches have been followed
th y i"'te!‘ﬁew'lng the farmers about the drainage of the fields and about
condition of growing units and by measuring the moisture in areas where
ﬁ:$Ch‘PS drains had been made as wel) as observing the differencesdin the ;-
tig ds trafficability from the wheel tracks of tractors. Also the ecom??:

9T the woodchips is being followed as well as the impact on the quality
Qug €r coming out ot the drains. While establishing the testing a;ga:
In $tions relating to expenditures and working methods have been studie ;
waterehtest areas cultivation has started at the normal time and the surface

8% not accumulated as in previous years.

Metho
9 to i11 be further developed and new
t 0 improve subsurface drainage wi
M:?t Tields w1 be established. The methods developed until now have been
Nﬂ? i designed to improve drainage in clay soil, In the future, attempts

® made to develope new methods for peat soil too.
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In Finland while making subsurface drains blind inlets are made in plates
where open surface drainage has heen filled. If drainage, for example due

to the compaction of soil proves to be inadequate more blind inlets have

peen put in the wettest places to improve drainage. 8lind inlets made by
big excavators improve drainage more than small drilled blind inlets. Exper’”
mental fields have been estabiished to study the effect of distances between
blind inlets. Research has also been directed at the way of filling subsur~
face trenches and at alternative envelope materials. In clay soi) research
js directed among other things at how well subsurface drainage trenches remall
nydraulic conductive when the dug clay land is left to dry before putting it
back into the trench. There have been tests both in peat and clay soils te
111 entirely the subsurface drainape trenches for exampie with gravel or
sawdust which allow good permeability. In the experiment subsurface drainage
has been complemented by making new subsurface drains between every lateral
drain. By dense drain spacing and by gravelling ditches right to the surfacé
drainage has been improved, but due to the great consumption of gravel and
the number of ditches, expenditures have become great. In the experimentgl
areas the placing of supplementary drains into every second absorbing drain
has been investigated but the results have been that the drainage of the
field has been uneven.

In clay soils, into which a unpermeable subsoil is formed due to the compac”
tion of the soil and which prevents the rapid flow of water into subsuyrface
drain pipes, experiments have been carried out to improve drainage with
methods complementing subsurface drainage. With these methods a shallow
drainage is made in the field which leads the surface water accumulated on
the subsail either into the field boundary ditches or to subsurface drains.
In Finland mole ditching was experimented with in the 1950's. Mole ditchingd
did not succeed, however, in Finland in the improvement of draining clay
land because the length of its 1ifetime, 3-5 years, was considered too short-
Subsequently other methods have been developed to improve subsurface drainagé
The draining of poorly permeable clay land has beer improved by digging nar’
trenches which are filled with sawdust or woodchips on the subsurface drai”
nage. This originally Estonian method has been further improved in Finland:

In Finland a goal was set in regard to improved methods of drainage, that
they should drain surface water away quickly, be economic, to be carried °"td
by the farmer itself, as well as to have long lifetime. The principle beni®
these methods s to drain both the surface water and the water accumulated
in subsoil along a shallow drainage system away from fields elither to sub”
surface drains (Fig. 2) or to field boundary ditches, or to both. In thes®
methods the shallow drains are made in a way that they are perpendicular 10
the subsurface drainage thus crossing the subsurface drains as often as
possibie. In the field the low ditches and the subsurface drains form 2 “‘tc,
of squares (Fig. 3) and at the point where the low ditches meet the subsurid
drains the water flows inte the subsurface drains, 1In the fields in which
the soil has poor hydraulic conductivity all the way to the subsurface dré "
the shallow drains always reach down to the gravel layer on the subsurface
dra@n. Prerequisite to this is, however, that maps of the old subsurface
drain system exist as is the case most often in Finland. 1f the ground
below the subsoil is not unpermeable and allows easy water percolation, @ 1
method with which the water can easily penetrate through the subsoil to sol
which drains more readily is enough for the improvement of drainage.

third alternative is to make shallow drains 1in such a way that they end 3%
the edge of the field.
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Fig, 2. The functioning of a shallow drain.

— subdrain o
-~ drain with woodchips backfilling

b e et o e s e s S . =

Fig. 3. Shallow drains are made perpendicular to the subsurface
drains when they cross the subsurface drain as often as
possible.

Shy
ﬁfl]:" drains are made by digging narrow trenches which can be filled with
of 5 sﬁht materials of high hydraulic conductivity. In Finland the fi11ing
insta11?17°w drain in test areas either with chips of wood, gravel or by

Ng at the bottom of the ditch a small pipe with a diameter of 32 mn
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- Asphalt and Polyacrylamide Stabﬂ]zation
of Seil for Drain Envelopes

by
L.S. Willardson and C.A. Milanol .

INTRODUCT 10N

gl::i of the important sofl physical properties related to agricultural

ang Nige is soil structure (4). Soil structure is related to permeability
vl therefore, plays an important role in drainage efficiency. A strong

aggregated soil is also unlikely to cause drain sedimentation
Problems_ .

};’c‘}he recent years, the application of chemical soil conditioners has
he f2sed in an attempt to improve soil aggregation. In 1952, the Monsanto
m"“CaT Company marketed a patented chemical compound named *Krilium® that
Krmsm to be effective in fncreasing the structural stability of soil.
(5) Um was considered to be too expensive to use in general agriculture
two" Polyacrylamide (PAM) and hydrophobic asphalt emulsion are currently
"e'latef the more promising soil structure stabilizers because of their
stm}"ﬂ.‘l low cost, effectiveness, and long 1ife (3). Use of a soil

izer on backfill material may be an effective way to reduce the cost

P"DViding artificial envelopes used in subsurface drainage.

5

df.:?”ﬂg soil, excavated from the trench for installation of a subsurface
emm"ige System, with a polyacrylamide solution or an hydrophobic asphgit
the stioﬂ can potentially increase the stability of the soil aggregates of
*hve) rench backfill material. The treated soil might ever be used as an
Stabigpe material, having higher hydraulic conductivity and higher
Sragi ity than the surrounding natural soil.  The hydraulic failure
hbore"t of the original soil and treated soil can be tested in the
15 grotOry and the results used as a guide for use of the stabilized sofl

tin envelope material.
N
,ﬁ?’;;ﬂic fatlure gradient, according to Walker (6), is the gradient at

ch“‘ictehe structure of a soil-envelope interface begins to fail. The

Soilg . ristic hydraulic failure gradient can be determined for different

i“terf nd the information can be used to design an adequate soil-envelope

loway aCe. Hydraulic exit gradients can be regulated to values equal to or

Order LhaN the hydraulic failure gradient of the soil being drained in
0 prevent sediment inflow to drains.

Soy

hyd,.ausﬁr‘ucture strength 1s the {mportant defining factor affecting the
the,-efwc failure gradient of a given soil. Hydraulic failure gradient can
Pipeg ® be used to determine the need for envelope material around drain
1ncpe33e Combining these concepts with the use of a soil conditioner to
°°hd1t1° soil stability, it was concluded that using a suitable soil
Substituzﬂ' to stabilize the soil around 2 drain pipe has promise as a

Sirg & for other envel
tablg gravel material. e materfals, especlally fin areas Tacking

¥

|
Cay,  Pr
”"mbusf”ggl?g for the Third Internationa) Drainage Workshop, December 1987,

|
Eﬂg1 Prﬂfe
Neg $sor and Graduate Student, Department of Agri
"ing, Utah state University, Lugaﬁ, trent of Agricultural and Irrigation
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One question that arises is, how long will the effect last? It {s knowh
that the degradation of soil stabilizer products ts a function of the
micro- biological activity in the soil. Since at drainage depth microbio-
logical activity is limited, chemically stabilized soil should continue to
be effective for a long period of time.

At Utah State University, a laboratory study (1) was conducted 10
determine the influence of asphalt emulsion and polyacrylamide (PAM) on the
hydraulic failure gradient of treated soil used as drain envelope material.
The cost of applying the sofl stabilizers to the soil from a subsurface
drainage trench was aiso calculated.

METHOD AND PROCEDURE

The soil stabilizatton study was conducted using soil samples obtatned
from the subsoil close to drain depth (50-100 cm from the soil surface).
Layton (loamy sand), Collet (silt ltoam), and Cardon (clay) soils found in
the Cache Valley of Utah were used for the tests. The particie size
distribution curves of the soils used in the tests are shown in Figure l

The soil conditioners used were a polyacrylamide granulate (PAW) with 3
molecular weight of 5-6 million Daltons produced by Polisciences, InC.s
Warrington, Pennsylvania, and an asphalt emuision produced by American Tar
Company, Seattle, Washingion.

” -
-—wm

L s CoT10L
:é ” — Cardon
fo

]
!
i L

W
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10

%001 Y

&t
Greth et2e {mm

FIG. 1--Sofl Particle Size Distributions for the Soils Used
Two solutions of polyacrylamide (0.01% and 0.1% by weight) were prepared

:g:g:gfl sample treatment as was a solution of asphalt emulsion (12.5% B

Soil Sample Preparation

The soil samples were dried and passed through a 4-mm sieve. Water W3
added with a spray bottle to bring the water content of the soil close t0
field capacity and then the moist soil was again passed through a &

sieve. The wetted untreated soil was covered and allowed to equilibrate in

the laboratory at least 3 days before packing in the test permeameter.



Ireated So1) Preparation

Four different concentrations of polyacrylamide were applied to subsamples
sameaCh s0il. The polyacrylamide was sprayed on different treatment sofl
0 Ples as a 0.01% dilution in water at a rate of 0.0001%, 0.0004%, and

0’00 LE% by 5011 dry weight, and as a 0.1% dilution in water at a rate of
-016% by weight.

I;“'-‘e different concentrations of asphalt emulsion were used on each soil
The asphalt emulsion was sprayed on the soil sample as a 12.5%

ﬁ}‘gﬁ:og In water at a rate of 0.625%, 1.25%, and 2.50% by the dry weight
0 . .

:2‘:htond1tioners were applied as fine stream spray and carefully mixed
age ‘the soi1 using a rubber spatula. The treated soils were allowed to
in thn the laboratory with a plastic cover at least 3 days before packing
"imite permeameter, Most of the samples were kept continuously moist. A

ed number of samples treated with 2.5% asphalt emulsion and 0.016% PAM

N
®re tested after drying following application of the chemical treatment.

“00le Placenent tn the Perneaneter

T

.,:?cht"eated soi1 was placed in a 10 cm diameter inverted permeameter,

Wpr. %as filled up to half of its capacity with treated soil in layers
OXimately 3 cms thick. Each layer was compacted with a load of

L] »
a,&ﬁ%'ﬂto simulate the magnitude of the loading that might be expected
Permg 3 newly installed subsurface drainpipe. The other half of the
Useq i‘l:meter was filled with the untreated soil following the same procedure
1 sp Or the treated soil. The cross section of the permeameter and sofl
OWn in Figure 2.
A
¢u,.°#""t1nuous flow of carbon dioxide was directed into the permeameter
bbtug Packing to displace the air within the soil samples and help to
N complete saturation of the sampies when they were wetted.

A tregted soil

b ponLresled soll

— 2l
rl—-!-poﬁurmd disk

compressed spring
L water Inflow

FIG, 2--Cross Section of the Permeameter and Soil Sample
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Conducting the Tests _

. i1 sample was saturated from the bottom with deaerated water and was
;:gdsgnr appgoximately 18 hours with a small water flow passing through it
(the gradient in the sample was much less than 1.0). The schematic of the

apparatus is shown in Figure 3. The test was started by slightly
::z:ea;?;g the flow rate at equal intervals of time (every 15 minutes).

The fiow, the gradient, and hydraulic conductivity were measured at short
time intervals. The point in time at which failure occurred was recorded
along with the hydraulic data.

FIG. 3--Schematic of the Test Apparatus .

RESULTS AND DISCUSSION

During the experimenta) tests, the head (hydraulic potential) was measured
at three levels within both the treated and untreated soil. These datd
were used to calculate the gradients in the non-treated soil, near both
sides of the interface and in the treated soi).

Using Miller's conclusion (2}, to calculate the hydraulic conductivitys
and to eliminate the effect of excess energy loss for water entering an

leaving the soil, only the internal gradients in the non-treated or treated
soil were used to evaluate the treatments.

The Cardon clay did not show any apparent effect of sofl stabilize’
treatments. For this clay soil only the tests with the highest application

of the chemicals combined with drying before packing showed an increase if
the hydraulic conductivity {less than 0.002 cn/min. ).

raulic f

The observed soil sample hydraulic failure gradients are shown in Figures 4
and 5 for the different treatments. Three modes of hydraulic failure wer
observed. The first, called piping, began when soil appeared in the

of water at the top of the permeameter. This failure occurs because the 1
drag force for high gradients exceeds the cohesive forces of the individud

soil aggregates. This mode of failure was observed especially in 10
sand.
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Layton Soll
Collet Solt
4@ e (Uried sample

@ Colist

®Layton

Hydraulic Fallurs Gradient
m

2 4 6 B 10 12 14 16 18
10-3 & PAM/S0oil

Flg. 4--The Effect of Different Concentrations of Polyacrylamide on
the Hydraulic Failure Gradient of the Treated Soil.

«— Layton Soil 4
— Collet Sofl
41 @ dried sample

Hydreutic Fallure Gradient

0625 125 230
X Asphalt/Sotl

Flg
* 5--The Effect of Different Concentrations of Asphalt Emulsion

on the Hydraulic Failure Gradient in the Treated Soil
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The second mode of hydraulic failure is called consolidation. Consoli-
dation occurs when the drag forces reduce the internal pore sizes of the
aggregates with a reduction in permeability and an increased gradient for
the same flow rate. This model failure was observed in silt Joam (cchesive
soil).

The third mode of hydraulic failure is internal erosion, which occurs al
the interface between non-treated soil and treated soi). It occurs when @
change in the expected pattern of the gradients (higher in the non-treate
soil than the treated soil) indicated movement of soil particles from the

non-treated soil to the treated soil. Movement of soil particles at the
interface causes formation of some channels in the non-treated soi}
reducing the gradient (increased hydraulic cenductivity), and clogging ©
the pores in the treated soil, increasing the gradient (decreased hydraulic

conductivity). This mode of failure was observed in both loamy sand an
silt loam.

The results of the hydraulic failure gradient tests (see Figures 4 and 5)
do not show a very good relation to the chemical concentrations. [f the
treated soil is left to dry after applying the chemical, to allow unifor®
and stable aggregation to occur, the effect of the treatments versus the
hydraulic failure gradient becomes a function of soil type.

Head Losses in the Soil

During the tests, the head (hydraulic potential) was measured at thr:;
Jevels within the non-treated soil and at three levels within the treat
sail, and at the top and bottom of the permeameter in free water.

The highest flow discharge rate (104.4 cc/min.) that did not cause
hydraulic fzilure in the tests was used to evaluate how the treatmen
concentrations influenced the head loss in the sofl. It can be seen fro® ¢
Figure & that in the Layton soil there was little effect of using differed

concentrations of polyacrylamide even including drying the sofl afte’
chemical application.

e v, —

Layton Sall * e+ NONTREATED

------- 0.0001% PAM/Solt
0.0004% PAM/Sofl
0.0016X PAM/Soll
0.0160% PAM/Sal)
0.0160% PAM/Soil &rying

HEAD (cm)
3

«
P

12¢  nontreated sofl i treated soll

1 2 3 4 5 6 7 8 9 1w 11 12
Piezometer Distance (cm)
from the permesmeler botiom

FIG. 6--The Effect of Different Concentrations of Polyacrylamide on
the Head of the Layton Sof) with a Flow Rate of 104.4 cc/min.
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In Figure 7, there is a tendency to increase the head loss in the collet
013 (the same as the effect of the asphalt in the Layton seil) as the
Oncentration of PAM 1is increased. Drying the soil after chemical
30lication was much more effective. PAM works better with drying the soil
7ter application.

ColletSolt ... - m‘amw
o 00004 PAM/SoN
— 00016 PAM/SH]
— OVEOR PAM/ SO
— 00160 PAM/30N drying

120 nontreated sofl i trested soll
H

' 2 3 4 5 6 7 8 § 10112 .
Plezometer Distance {om)
from tw perwesrseter botiom

Fig. 7--The Effect of Different Concentrations of Polyacrylamide on
the Head of the Collet Soi1 with a Flow Rate of 104.4 cc/min,

Thz"e s a tendency (Figure B) for increased head loss in the soil with
teF.tim:rea:r.e of asphalt emulsion concentration in the Layton soil. The
heag for drying after application of asphalt decreases considerably the
the s“;SS and can be explained by the aggregation effect of the asphalt in

oy This materfal also works better if there is drying of the sofl
" application.

F

tﬁ; the asphalt emulsion on the Collet soil, the tendency was to decrease

the head Toss in the treated soil. Drying the soil after application of
sphalt improves the soil.

i

Th .
to:';e::its of a cubic yard of treated soil wmaterial for different

apmicatations of the chemicals (the costs do not include cost of

the ¢o3010n, which can be done with a common garden sprayer) are shown in
°Howing table:
Ireatment s/gd
Gravel 1.0
D.625% Asphalt 3.1
1.25% Asphalt 6.1
2.50% Asphalt 12.3
0.001% PAM 0.07
0.004% PAM 0.029
0.0016% PAM 1.18
0.016% PAM 11.79



It can be seen that the highest concentration of asphalt emulsion that can
be applied to the soil with a cost less than gravel is 1.25%. In the case
of polyacrylamide the highest concentration that can be applied with 3
cost less than gravel 1s between 0.0016% and 0.016% PAM (about 0.008% PAM) .
The data in the table also indicate that the polyacrylamide (PAM) is 3
potentially economic means of stabilizing soil for use as drain enveiope
materials.

RECOMMENDATIONS

The results of this research have shown that the two types of soil
conditioners work better when the soil 4s dried at least one time after
chemical application and before packing in the permeameter. To more fully
evaluate these seil conditiomers (asphalt emulsion and polyacrylamide)
using hydraulic failure gradient criteria, the following procedure is
recommended for use in sample preparation to pack in the permeameter:

1. Wet the soil sample close to the field capacity and equilibrate
at least 12 hours,

2. Spray the chemical conditioners on the wet sofl.

3. Leave the soil sampie to air dry.

4. Sieve the dry sample in a 4-4.75 mm sieve to make the size of the
aggregates more uniform,

5. Wet soil again close to field capacity before packing in the
permeameter.

More tests should be done, especially with the loamy sand, because this
was the socil which did not respond satisfactorily to these chemicals.

In the clay sofl that was used in this study (Cardon clay), the effect of
the sofl treatment, without drying, was negiigible. In future studies 1

would be better to evaluate soils with less clay. High clay soils
generally do not have problems of sedimentation in drains, It should :
possible to increase hydraulic conductivity as well as the soil structurd

stability in a1l soils by use of these chemicals.

Comparing observed results for the highest flow discharge (approximately

104.4 cc/min.) that did not cause hydraulic failure gradient, the following
observations can be made:

1. The clay soil did not show any improvement {n soil physicd!
characteristics due to application of the chemicals.

2. In the loamy sand sofl, the polyacrylamide treatment had 14tt1e
effect even after drying the soil.

3.

For loamy sand sofl, the asphalt emulsion showed a slight tendenty
to decrease head loss in the treated soil.



4. For silt loam soil, the polyacrylamide and the asphalt emulsion
both showed a strong tendency to decrease head loss and increase
hydraulic conductivity of the treated soil especially in the
samples subjected to drying after application of the
chemical, The asphalt emulsion showed a better effect than the
polyacrylamide.

T:: €ost of soil treated with different concentrations of asphalt emulsion
1.2 Polyacrylamide, was lower than for gravel for concentrations lower than
léw percent of asphalt emulsion by weight in dry soil, and concentrations
ap S;-'Y‘ than 0.008 percent of polyacrylamide by weight of dry soil. This
PHcation concentration is satisfactory only in the silt loam soil.

SUMMARY AnD CONCLUSIONS

mmary

T .

c:: Main objective of the study was to determine the effect of different

mtemrations of two soil conditioners (asphalt emulsion and

Noricrylamide) on hydraulic failure gradients of three different soils
My sand, silt loam, and clay).

M

s:;:]:sf the samples were kept continuously moist, and a limited number of

t,.eatm"twere tested after drying following application of the chemical

A L]

]J:_Iﬂﬁeameter, 10 cm in diameter and 15 cm long, with piezometers at 7

n trs was used to determine the values of the hydraulic failure gradient
Bated and untreated soils.

1

C?r:m?”“"“c failure gradient did not show a very close correlation to
s6{3 €8] concentration. Better results can be expected 1f all the treated
Stabnsa"‘p‘% are allowed to dry after chemical application to allow the
of . 12ation of soi aggregates and to prevent the aggregation of the mass
Chegs in the permeameter caused by movement of the water soluble
eva]u::ls that makes the hydraulic failure gradient procedure difficult to

The

°°ncec 05t of gravel compared to the cost of soil treated with different

of cMrations of asphalt emulsion and polyacrylamide, indicates that use

isphﬂetse Chemicals s economic “for concentrations Tower than 1.25% of

0.0, emulsion by weight of dry soil, and concentrations lower than

‘PPHC of polyacrylamide by weight of dry soil. The economic level of
ion 15 satisfactory only in the siit loam soil.

¢ failure gradient of treated soil can be used as a design
n only if the soil is dried after chemical application.

In
chﬁl??:ia]ls.“th a medium clay content (silt loam), the effect of the

“.!fdr
2
crtte"}

throﬁhemcals stabilize the soil particles by formation of adhesive bonds

of Voan, dsorption or chemical reactions with clay particles. In the case

the Stag sand, 1t was difficult te obtain strong aggregates that guarantee
ity of the soil around the drain pipe.
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In soil with a high clay content that tends to form massive structural
units rather than crumbs, the effect of soil conditioners does not improve
the soil physical characteristics sufficiently for use as envelope
material.
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RIDGE PLANTING ON POORLY DRAINED SOILS
Donald J. Eckert*

5 Many goils of northwest Ohic are characterized by silt loam to clay
iface horizons overlaying clay subsoils. Prevailing slopes are often less
N one percent and most soils are very poorly drained. The major con-

[

z;;“"‘t to profitable crop production are wmoisture related and include
d3 ayed Planting due to soil wetness, denitrification, seedling rot, root
OfBEa?es and often severe moisture stress later in the season. Degradation

911 structure due to tillage of and trafficking on too wet soils is an

Propy € problem. Tile drainage is effective in attenuating many of these

sup 8ms on gome fields but athers have hydraulic conductivities so low that

suriace drainage improvements are not physically or economically
ve,

Lake Northwesr Ohio is & major contributor of non—point source phosphorus to
ang Frie. A major portion of this phosphorus is delivered to the lake in

°¢iation with sediments derived from erosion of soil from farm fields.
reg:u“ of its potential to reduce erosion, conservation tillage.has been
A MWended as  an important phosphorus control strategy ia the region (V. 5,
assi Corps of Engineers, 1982), However, the surface residue usually
VE‘:iated with conservation tillage, particularly no-till, reduces evapora-
Neutisail moisture loss in the spring and often aggravates the problems
o oneq earlier. On fields without tile drainage no-till is usually not
til]l)etitl‘,e with moldboard plow-based production systems. A conservation
whieage System which maintains sufficient residue for erosion cor.u:rol bx_;t
Meedeq 9¢s not aggravate problems associated with excessive soil meisture is

in this region.

accomcurre“t interest is focusing on the use of ridge planting systems to
Baph Plish this objective. 1In such systems individual ridges are formed for
ti] atrop row by cultivation after crop emergence. After crop harvest no
“Rdisie is performed and the succeeding year's crop is planted on the
Toy o, 1Ped ridge the next gpring. The cycle is then repeated. Generally,
bug idths of 76 c¢m or greater are required to provide enough soil to permit
adap:eng ridges 15-20 cm high from peak to furrow. Thus, the system is well-
0 corn (Zea mays L.) and soybean (Glycine max L., Merr.) production
MOt as appropriate for production of small grains and forages.

ad‘v‘ant ridge planting system outlined above seems to possess sevgral
R@si uages over the more common tillage and planting practices in the region.
Pergg, ® cover g preserved on the soil surface during the peak erosion
Plow' i a11°"ing better erosion control than achieved with the woldboard
“Xpogy The residue tends to move to the ridge fnrf‘ows over the winter,
""'*t'minng the geedbed atop the ridge in the spring, allowing for early season
Teny € and evaporative drying. Due to its elevation the ridge dries and

i Telatively dry in the spring, which should permit earlier planting

k

*
Cop Assotiate Professor, Department of Agronomy, The Chio State Umiversity,
U, OH 43210,
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than on a flatter seedbed. The ridges also encourage centrolled traffic
patterns, which should attenuate the development of compaction across the
root zome, though rather significant compaction should be anticipated in
wheel tracks.

Early studies in Ohie involving mo-till corn on elevated seedbeds have
been encouraging. Fausey (1984) found that no~till corn planted on wide bed?
produced better stands and higher yields than when planted in & flat seedbed
on a poorly drained goil in southwestern Ohio. Qur early work involving
ridge planting in northwestern Ohio {(Eckert, 1987) has shown that date of
planting advantages are real in some years and that ridge planting way
eliminate the yield penalty associated with continuous no-till corn grown on
flat seedbeds on poorly drained soils (Diek and Van Doren, 1985). Howeverl:
most Chio farmers grow corn in rotation with soybeans and realize a yiel
advantage in corn from the rotation. Soybeans normally produce higher Yields
when grown in row widths narrower than the 76 cm used for ridges in Ohio:
Our present research effort is directed at determining whether the extfé
yield obtained from earlier corn planting will offset the yield penalty
associated with growing soybeans iIn wider than optimum row spacings, thué
improving the productivity and proficability of the entire rotation.

STUDY OVERVIEW AND RESULTS

The present study is located on two adjacent blocks of Hoytville silty
clay (fine, 1llitic, mesic Mollic Ochraqualfs) at the Northwest Branch of ‘hf
Ohio Agricultural Research and Development Center, Custar, Ohio, RPPYD”i
mately 50 km south of Toledo. One block is tiled (15 m spacing), while £f®
other is not. Both were planted with a small grain cover crop in 1983. The
small grain was harvested in July and both blocks were plowed end graded to
channel surface water from the block centers into adjacent surface drain®
Ridges were formed on 76 ¢z centers, parallel to surface water flow, b
predetermined locations on each block to allow for a statistical compafison
of yields from ridged and moldboard plowed treatments.

In 1984 the blocks were planted to corn and soybeans in such a way 868 tg
permit continuous corn, continuous soybean and corn~soybean rotati°nae
cropping in separate areas of each block in succeeding years. In each Juhe
since 1984 ridges were reformed by cultivation with no apparent damage ° Es
crop except for transient wilting in 1985, Each fall, moldboard pio¥ plof
have been plowed to a depth of 20 cm. These plots have been leveled vwif 1
field cultivator each spring immediately prior to planting. Individvd
treatment plots have been planted when soil moisture conditions were judé "
suitable for successful planting, corn planting generally occuring befo?
soybean planting as is normal practice in Ohic. All corn has been planté
76 cm rows. Soybeans have been planted in 76 cm rows on ridges and in a
76 and 18 cm rows on plowed plots. All plots have recieved uniform SPPlicrﬂ
tions of phosphorus and potassium when needed and have received unifo
applications of herbicide appropriate to the crop in question. Cor® .,
generally received 220 kg nitrogen per hectare as injected anhydrous ﬂWmDHVe
or surface-banded urea—ammonium nitrate solution (on ridge). Soybeans ha e

received manganese as a foliar spray each year. All plots have been mach?
harvested at maturity,

pot?

In Ohio corn planted after the first week in May usually produceS$ 1e::
grain than that planted earlier (OCES, 1985), In 1984 and 1987 4t "
possible to plant on undrained plots with ridges earlier than undrained ple
that had been fall plowed (see Table 1). A two day planting date advsd td;y
was also seen on tiled plots in 1987, Generally, however, unusually
April weather allowed all corn planting to occur prior to May 5 except in
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1984 yhen undrained, plowed plots could not be planted until May 17, well
PASt the optimum planting period.

Table 1. Planting date advantage obtained by ridge planting, 1984~1987.

Corn Soybean

Year
—~— Tile No tile Tile No tile
days

1984 0 15 0 o,
1985 0 0 0/34%  0/34
1986 0 0 0 0
1987 2 a 3 3

-.”-
‘-"‘t-s------------------------------:---s------------:-.-n--z----&----

a
18 en row plots replanted due to poor stands

deia Soybean planting is usually less sensitive to soil moisture related

. ¥8 than corn planting because it normally occurs several weeks later in
esgspring. As might be expected, ridges allowed earlier soybean planting
Plotsfrequently than corn planting (Table !). In 1983 the 18 cm row width
Pant achieved very poor stands on the May 3 planting date {all soybeans
Toy wgd that day) and were replanted on June 6, giving both ridges and 76 cm
S0y dth soybeans on plowed plots a 34 day planting date advantage. In 984
N DKEEns were planted on tiled plots one week earlier than on the untiled

3. 1In all years initial soybean planting was completed by May 17.

effecheld data from the first three years of the study show differing
ava11ts of ridge planting in different years (1987 yleld data were not
ol1 3ble at the time of printing). 1In 1984 when both corn and soybeans

O%ed oats corn planted on ridges produced higher yields than corn planted
Yief§°“ed plots under both drainage conditions (P<.05, see Iable 2). The
ke d4dvantage was greater on the undrained plots, this difference most
Plotsy Teflecting the planting date advantage due to ridge planting on these
Plogg Soybeans in 76 cm rows produced equal yields on ridged and plowed
Progy, Under both drainage conditions; however, the 18 cm row width treatment
Pregeced higher yields than either 76 c¢m row width treatment (P<.05}. The
ti1y Nce of t{le drainage seemed to improve yields for both crops in all

%8e-planting systems, though the design of the study precludes

ftay
istica) analyses of these differences.
Tabl °
e 2, Corn and soybean yields as affected by tillage-planting system
t..‘---.‘.:nd.tile dra inage N 1984,
0 I e Y r 213 13
Crop & Ridge Plow
dtainage —_—
\H“_ﬁ5_~h-___ 76 cm rows 76 cm rows 18 cm rows
Mg/ha
Sarn ’
Tile 10.4 11.3 -
No tile 8.3 9.8 -
Soybeans
Eile 4.7 4.7 5.1
i“t!!--o tile 3.6 3.6 4.3
il L —— [ererTr—— A N N A




 The effects of tillage - planting eystem and tile drainage on coff
vieids in 1985 and 1986 are shown in Table 3. For corn fellowing corn it
1985 yields were higher on ridged than plowed plots under both drainagé
conditions (PF<.05). Yields were equivalent for corn following soybeans
between ridged and plowed plots with tile drainage but lower for ridged than
plowed plots without tile (P<.10). These reduced ylelds were due to lowef
plant stands on ridged plots.

Table 3. Corn yields as affected by previous crop, tillage—planting
system and tile drainage, 1985 - 1986.

T N R N N e e ol el R A e R i ol

Previous crop

Year &
drainage Corn Soybean
Plow Ridge Plow Ridge
---------------- Mg/ ha
1985
Tile 7.1 8.0 g.8 8.8
No tile 5.8 6.6 8.6 7.6
1986
Tile 11.5 12.1 11.9 12.9
No tile 9.8 10.0 10.7 11.1

There were no differences in corn yield which could be r]eulcn'xsl'-i“""ed
statistically in 1986. However, in all comparisons there was an appare?
yleld advantage associated with ridge planting. Apparent benefits to growiﬂg
corn after soybeans rather than corn and to growing corn with tile drainsf
were seen in both 1985 and 1986.

Soybean yields in 1985 and 1986 are shown in Table 4. In 1985 when &%
18 cm row width plots were replanted due to very erratic stands the effect @
row width was variable. Row width did not affect yields 4in eithet croP
sequence when tile drainage was present. In the absence of tile ridge®
produced higher yields than either row width in plowed plots in contin®®
soybeans (P<.05); however, in the corn—soybean rotation 1B cm rows produ®®
the highest yields (P<.05), despite later planting, end ridges produc®
yields equivalent to 76 cm rows on plowed plots.

The major effect noted in 1986 was that of row width, with 1§ co ro¥?
producing the highest yields in all comparisons (P<.05).  Ridge plantiré
produced yields equivalent to 76 cm rows on plowed plots except in contin#®’
soybean culture without tile where ridges produced lower yields. Apparel

g6
benefits of tile drainage and crop rotation did not appear as evident in 19
as previously,



Table 4, Soybean yields as affected by crop rotation, tillage-planting
system and tile drainage, 1985 - 1986.

Previous crop

Year &
drainage Corn Soybean

Flow Ridge Plow Ridge

18 co 76 em 76 cm 18 e 76 cm 76 cm

Mg/ha

1385
Tile &,
4

.

4
i

v
o
.
(V.0 X
‘
O w
w
v

.
Tile 4.7
No tile 4.6

— W
)
,

L.
tt---n-:-na---.------ - -

DISCUSSION

The dats from the present study are mnot conclusive enough to make a

Ju

h:giment regarding any overall benefits of the ridge planting system over

»la ¢t® soybean rtow width gsystem in & corn—soybean rotation, Ridge
Mting has allowed earlier corn planting in two of the last four years and

a
th:sgenerally produced higher corn yields than moldbeoard plowing; however

“Oyb: Yield advantages for corn have been offset somewhat by the lower
o 9% yields incurred in the 76 cm row width system. Ridge planting has
e pg?"efally resulted in earlier soybean planting due to the fact that this
te . -8 usually planted later im the spring when soils have had more chance

Ty hormally. The overall yield potential of the ridge planting system

Beg
of U8 Very close to that of the moldboard plow system. Any profir advantages

pricitRer system would likely be affected more by the prevalling corm-soybean
Plem: r:tio and any differences im production costs assoclated with im—
nt

Ng the systems than overall yield sdvantage.

tory -C 16 1interesting that the ridge planting system has produced higher
¥ields than the molboard plow system in the present study. These

r53u
bog 1ts are contradictory to our earlier findings at another location on the

(Eciefarm Wwhich showed equal yields between ridge planting and plowing
Cong TE, 1987}, The disctepency may be due to the present study being
SQrf:Cted during several rather dry years. The residue left on the soil

hbistce in the ridge planting system may have conserved significant soil
UTe which promoted higher yields.

Bite hile ridge planting has provided some yield advantage on the undrained
dfai;a the advantages of tile dralnage s&eem wmuch more significant. Tile
'egardfe has generally resulted in higher yields of both crops in most years,
Probgy €8s of rotation or tillage - planting system. Ridge planting will
for ¥ never be recommended as a long term substitute for tile; however,
manti:rMErs renting undrained land on a short term lease basis, ridge
Prog, € may offer a competitive alternative, particularly in continuous corn
On systrems.
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DRAINABILITY AND DRAINAGE QF HEAVY CLAY SOiLS:
STUDIES OF MOLE DRAINAGE IN SWEDEN

J. Eriksson® G. Berglund* I. Olovsson*

Most of the soils in Scandinavia, a large part of northwestern Russia,

an :
dug_the mest northern part of Europe including Great Britain were formed
tm;ng the last "'glacial time" and the period thereafter the ''postglacial

he icecover was 2-4 km thick and the heavy iceload pressed down the
0-300 m, When the ice melted between 14000-6000 B.C. the land was
by the melting water. $Simultaneously the land was raised when it
ased from the iceload. Below the ""highest coastlevel” the finest
was sedimented in alternatively salt, brackish or fresh water re-
N vast plains of todays claysoils of varying drainability.
Dart|The soils consist partly of intermecdiate clays with 30-50 % clay, and
b4 heavy and very heavy clay soils with 50-80 % clay in the topsoil.
3 hyg, & Tain area of clay soils have a well developed strucFure.tbat gives
“°fmaraUl'? conductivity of 0.1 m/day or more and a good dra:hablllty.when
SFten thalnage systems perform well. The heavy and very_heavy claysoils
0. dve less well developed structure and a permeabilfty of !ess thaq
Wstemday or even 0.01 m/day. On these areas surface drainage with bedding
S and shallow ditch systems have traditionally been used.
DemEab?n'subsurFace drainage was introduced on s?ils with crjticaliy Tow
Faing ility, the need for shallow subsurface drains was realized. Mole )
SWedenge has been looked upon as a cheap supp]emen‘[ary metf.tod. l_lowevt.rr, in
the effthe technigue has not been widely accepted in practice, 1n spite of
Need €St that has been shown in field trials. There is therefore still a
"l g 2 better understanding of the conditions and Fechnlques requnred_as
in thes of the economics of combined drainage and moling on heavy claysoils
Northwestern part of Europe.

]and éo
ﬂﬁoded
35 rele
”’ateria|
sulting H

STUDIES OF MOLE DRAINAGE IN SWEDEN

of t:" Sweden mole drainage was first tried on peat soils in the beqinning
]°Dm9n5 Century and only in a few areas on clay soils. After the rapid deve-
Stugy t of moling in Great Britain in the 1940's,a program was formed for
Subg the method on a larger scale in Sweden. During the per!od 19h§-1956
then ¢ i -C 9rainage on 34 fields was performed in combination with moling and
mereb: Jected to extended studies. The applicability of mole drainage was

N

Ul'fac

Y meg Classified and it was suggested that moling was a useful supplementa-

takgy, U ON heavy clay solls (Berglund 1956). Mole drainage was however not

Mare, f:r Y farmers in Sweden as a part of drainage practice. In the 1980's
Me

Lion rs realized that the degeneration of soil structure through compac-
Mote dr Putan even higher demand on the function of the soils in farming,
3inage was therefore again taken up for study in 1982.

sﬂn:ELERSSOH. Professor, G. Berglund, Ass. Professor (formerly), 1. Dlovs-
sedish Ee?rCh Assistant (formerly)}, Dept of Soil Sciences/Mydrotechnics,
Mtv. of Agr. Sciences, $-750 07 Uppsala, Sweden
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This time, again inspired by English findings {Godwin et al. 1981, Spoor et
al, 1982, 1987, Leeds-Harrison et al.1952), it was limited te the heavy clay
soils, to combined drainage-moling and to user-friendly techniques {Qlovsson
198L4) . The aim with these field experiments was to show the possibility
through moling to improve the drainage effect and reduce the cost of drainage
on heavy clay soils,

THE FIELD EXPERIMENTS, PERFURMANCE

The field trials during 1948-1956 were laid out in middle and southern
Sweden with a rainfall of 600-800 mm. The clay mineralogy is predominantly
illitic. In southern Sweden a small content of montmorillonite and similar
mineraltypes gives the clays comparably higher plastic properties at egua’
clay contents.

The tayout of the combined drainage and mole system varied with the
field topography. Some trials were also set up for yield estimation (Fig.l)-

b

-8

50 0 100m
—

sl fi

Fig. 1. Example of drainage-moling field experiment. The layout gives two
treatments: L0 m drain gpacing with moling and 10 m drain distance
without moling, Through the field runs an area for yield estimates
acc. to the strip method for harvesting.

Mcle drains were installed using a standard mole plough of English peal
type {foot diameter 75 mm and expander diameter of 90 or 110 mm). The moilng
was done in May in southern Sweden and in June in middle Sweden under cledf
;:pi:ltabie soil conditions, a dry surface and field capacity at moting



DURABILITY OF MOLE DRAIMAGE

Various factors influence the 1ife of mole drains. The experiences gain-
the field experiments in 1948-56 underline certain significant factors

slope, frostaction, soiltype, the water content at moling, the season

¢ vear when moling, channel diameter, depth, spacing and length.

The field experiments in mole drainage were followed over the crop

N with accurate observations in the field of soil drying, trafficabili-
+ Crop growth etc, The channels were also continuously monitored over a

:er'°?b*UD to seven years. After 4 years the condition of the channels was
SPeCIaHy checked. The moles were dug up in 3 to 5 places on each field,de-

Stribed ang photographed. The state of the channel was also checked with
Plaster cagys,

ed jn
vig,
of th

SeasO

be In Figure 2 the field experiments are grouped to show the connection
wfwee“ the channel durability and the field slope. Each field is marked
% a €ircle with the figure for the clay content (particies < 2 um).
durability in years
siope
Tyear Vo 3o &n 5. &= Tyear

o ®
®

(O organic

PEER®E:
P@BOI®

5% : 1000 flooded

@

®

®®
®9®

® ®®®

>90: 1000

——

®@®

Fi
3 2. The connection between durability of the mole channels and siope in
Swedish field experiments on moling during the period 194B-1956.
Each field is marked with a circle with average % of clay particles
< 2 micron) in the soil. One test field had organic scil. One
'eld was fiooded soon after the moling.

to gy otheral)

¢ Y, where the slope was less than 5:1000 the channe! lasted one
'Fi\re &e yaar

$. Where the slope was targer than 5:1000 the life has been
Casars 6r longer. Exceptions to this rule appeared in a.few cases. In

S, the soil moisture was too low at the time of moling. Cther rea-
&kket ¢ been small slopes combined with surface depressions, and/or sandy
cnllaln the s0il profile. Stagnant water in the channels invariably results

ou!fp??- The reason for stagnant water can be those already menticned and/or
allg b

n ) . »
® of the field experiments was placed on an organic soil under grass=
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Yand with root matted topsoil. The moling was still in & good state after
7 years.

SOIL TYPE AND SQIL CONDITION

The clay content on the experimental fields varied from LD to 80 %
{i.e. heavy to very heavy clay soils). The structure varied from well de-
veloped with cracks and biopores to weakly developed. The inspection of
the channels showed that in both cases, the channe! wall to a thickness of
one centimeter was well remoulded by the foot and expander. The channel
appeared !ike a 'claypipe" clearly distinguished from the surrounding soil
(Fig. 3).

Fig., 3. A 'pipe' of plastic clay surrounding a mole channel. The uncover-
ing of the clay pipe was done one year after moling,

The ¢lay in the ’'pipe’' is plastic and dense, while the clay around it has
not changed in structure. This change in structure is of utmost signifi-
cance for the stability of the tubes. It was also seen in some inspec-

tions that the ''claypipe' after some years had shrunk and became separated
from the surrounding soi) material (Fig. &).

channel

clay pipe

Fig. 4. A ''clay pipe" around a mole chamne) can after some years shrink and
separate from the surrounding soil material. Pieces of this ''c13Y
pipe" fall down esn. from the roof.
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T . .
f:;”clay pipe' can also be seen cracked in oblong pieces of which some have
e

ca N down to the bottom of the tube. This could be seen in the plaster
Sts (Fig. 5 and 6).

: SI:-of cay . of ciay
for filling up

with plaster

Fig, 5,

A mole channel ready made for plaster casting,

Fi
9. 6. a) Plaster casts of keyear old mole channels from a field experi-
Mment with 62 4 clay. The plaster casts are shown from the side,

e hollows which are seen in the plaster are soil-pieces from
the channe! roof.

b) Plaster casts from the same field after 7 years. The cast shows
that the open area of the channel is stil) rather large.
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FROST-ACTION AND FROST DEPTH

In cold climate with frost as in Scandinavia, the question arises as t¢
how the mole channels can with stand frost action. In the years the field~
experiments were run, it was only in a few winters that the frost reached
down to or below the channels. In the cases It happened, there was however N0
obvious influence on the "clay pipe'’. The cracking and collapse of the
plastified channel wall was more due to shrinking after drying as earlier
described. A frost action would give a fine aggregated structure.

DISCUSSION AND CONCLUSIONS

The study of mole drainage in 2 series of field experiments in Sweden
confirms that only the heavy and very heavy clay-soils and some organic
(peaty) soi’s are suitable for mole drainage. Special studies show that the
performance of a 'clay pipe at moling is of utmost importance for the durd”
bility of the mole channels especially on structurally well developed soils:

Further, the water content at moling is important, as is also the
weather pattern during the first season. The frost action did not appearl te
affect channel stability in the period of the field trials in the 1950's.
The best period for moling is May and June in Sweden. The depth most suitab”
le is 50-60 cm., A channel diameter of about 90-100 mm seems to be adequaté:

x A
Yearly = i
drain ﬂ
cost \‘
per i) ' '
hectare T '

I

v________'

<

5 % 7 00 25 B
Drain spacings in metres

‘Fig. 7. The relationship between the drain distance and the yearly coSt for
drainage, The curve a gives merely the drain system cost (main @7
laterals), while the curve b aiso include 30 em of gravel over ¢

?;gz)and moling every 7 years.A s cost conversion factor (Befg’und

30 The diagram in Fig. 7 is constructed assuming  a pay-off period ofn.
a ye?rs. In the diagram one can directly read the cost for separaté e .
ge alternatives with and without moling during the assumed pay-off PE’'



ThUS the yearly cost for ordinary drainage with e.g. 25 metres lateral spacing
'S about the same as for drainage with lateralspacings of S0 m and moling.

" combined systems the permeability of the grave!l determines the channel
lengh as does also the slope. |t is obvious that stagnant water is a disaster
Of the channels. The channe! length should therefore not exceed 100 m, A big
oSt in combined drainage-moling system is the gravel, At a drainspacing of

M the gravel cost is one third of the total cost.

The Sty

with dies in the 198C.s stressed the need for a user friendly technigue
't

8 mole plough shape that forms channels of the highest guality. It also

®ame clear that efficient drainage on very heavy clay soils depends on the
durabilitY of the mole channels and also on loosening by the leg of the soil
Profile above esp. the plow sole.
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COMPARING THE EFFECTIVENESS OF MOLES AND GRAVEL MOLES
IN UNSTABLE SOILS

L. F. Galvin¥

Ige'e are approximately 0.8 million hectares (2 million acres) of heavy
gf?’m83b1e soils in the Republic of Ireland; these constitute 145 of the total
anq Cultural Yand area. Most of the impermeable sofls have a deep tight subsoil
Derta varying depth of topsoil (in some cases as little as 100 mm). During wet

0ds, water saturates and weakens the topsofl which s then easily damaged
Y Machinery an¢ grazing animals.

3

EXCESS r

Propl eng
’
Gva

ainfall is a major factor in Irish agriculture and leads to many

» especially in the wetter regions of the west. As outlined in Table

“h® annual ratnfall in the west ranges from 1,000 to 1,600 mm. Potential

ep°transpiration (P£) §s 360-390 mm (annual) and 310-340 mm {April to Sept.).
hormal April-Sept. rainfall s 400-650 mm but in a wet summer (1985) the

A
°gr1;;Sggt' rainfall ranged from 600 to 850 mm which is considerably in excess

T

=221e 1. Rainfall and P.E. Data for the Republic of Ireland (mm)
====='=sa==z=====:s-:s==a=l:BIlll=l==BF:=========-xllt=88========&k8====:
East West

R
Hnfany Annual 700 - 1,200 1,000 < 1,600
April = Sept. 350 - 500 400 - 650
April - Sept. (1985) 450 - 550 600 - 850

FI
2 Annual 420 - 470 360 - 390
L April = Sept. 370 - 410 310 - 340
=======I==8=Sﬂ..--l==.8.8-==-=-3.-.:::#3 EERER =M EETBE

n
nra§ﬂ§f° circumstances the heavy soils are invariably used for grass

mbduc:1°n: tillage 1s restricted to the free-draining soils. Even for grass

a mcjo“1°" fntensive drainage is nesded and without it grassland farming can be
Mg v' probiem in wet years. The realities of this situation were brought
Cages ?Py forcibly to farmers during the wet summers of 1985 and 1986, In many
Whepe drge areas of grassland became impassable to animals and machinery and
r55u1tatteﬂpts at grazing continued, the pastures broke down completely, This
1"5ta1?1 in severe hardship for many farmers and emphasised the necessity of

ng effective drainage systems on these heavy soils.

DRAINAGE SYSTEMS FOR HEAYY SOILS

ngr
ai"‘“? heavy soils, there are two essential requirements:

38
\ A SYstem of closely-spaced drainage channels must be provided; and
2}
:he Soil in the vicinity of these drainage channels must be disrupted
s° 4s to establish a series of cracks and fissures extanding from the
: Urface to the drainage channels.
AnF
W Fo
4nah::s Taluntafs (Agricuttural Institute), Xinsealy Research Centre.

® Road, Dublin 17, Ireland.
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These twin objectives are achieved by mole drains or gravel moles usually’
tnstalled at & depth of 450-500 mm and at a spacing of 1.3 - 2 m. The
installation work should be carried out under dry cond{tions to maximise crack
generation between the ground surface and the moles or gravel moles. Efther
system provides excellent drainage 1f installed properly. However mole dgrains
have been found to have a relatively short 1ffe in many Irish sofls. In thes®
unstable scils the moles clog up completely (mainly due to unconfined swelling’
over a period of 1 to 3 years. In the early stages of channel deterioration.
the effectiveness of the mole-drainage system is not noticeably reduced because
the channel capacity at the usual 1.3 to 2 m spacing far exceeds the dischargé
requirements. However progressive channel and crack deterforation coupled with
occasional channel blockages can result in reduced channel flow and raised
water table levels, If the land 15 intensively used under these condftions: in
wet weather, surface damage occurs and the cycle of deterioration escalates
rapidiy. In these situations, the gravel mole system (Mulqueen 1985) has
proved very successful. The channel is not subject to deterforation and
retains fts flow capacity and an added bonus 1g that the wider leg of the
gravel mole machine produces a crack System that is superior to that produced
by the ordinary mele plough {Galvin 1883 and Youngs 1984/1985),

Even in sftuations where a mole or gravel mole system is operating
successfully, the upper 5011 layers can be damaged by fntensive grazing or bY
silage harvesting when the sofl {is wet. The crack structure in the topseil
breaks down causing a reduction in infiltration capacity. This, in turn. 10208
to surface saturation, ponding, reduced trafficability and an escalation of
surface damage. The drainage of heavy soils therefore requires the tnstallatiof
of stable channels and contiguous fissure systems, Provision must also be ™
for the regeneration of the crack structure in the upper soil Jayers as
reguired,

EXPERIMENTAL SITES

Since 1975, various types of disruption systems {moles, gravel moles, rippind
and shallow moles) have been installed at a number of experimental sites. in
the fnitfal years 1975-178, it was not possible to fnstrument the sites. 1IN
the circumstances, pilot schemes were installed on farms and consisted of 0.5
to 1 ha plots of mele drains, gravel moles, ripping and control (piped drains
only). The sites were farmed commercially and the condition of the moles and
the ripping channels was periodically examined over a S-year period by

excavation and by taking polyurethane casts, Over that period the moles and

ripping deteriorated completely in a1l but one site on which the moles 1asted
for 8 yesars,

The educational value of the pilot schemes cannot be over-emphasised. The
total breakdown in ground surface trafficability of the ripped and mole gratn®
plots contrasted very sharply with the solid surface of the adjacent grave1
moled plots during the wet summers of 1980 and 1981, These sites were then

4
used by agricultural advisers to demonstrate the benefits of effective drainag
to contractors and farmers.

Arising from the pilot schemss, instrumented drainage trials were fnstalled at
2 number of sites throughout the country during the 1981-1984 pericd, A1l
these trials included the following drainage treatments:

(a} Mole drains spaced at 1.3 m;

{b)  Gravel moles spaced at 1.3 m;

(e} Control {piped drains only spaced 30-50 m).

Cn sane sites one or more of the following treatments was also installed:
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(d)  Gravel moles + Ripping. The gravel moles are spaced at 2.6 m
with intermediate ripping also at 2.6 m;

(e)  Ripping (heavy-duty subsoiling) spaced at 1.3 m; and

(f)  Shallow mole drains (300-330 mm deep) spaced at 1.3 m.

Ate

dr“*iCh site, water table piezometric levels, ground scoring and continuous

" flow is recorded.

The results from thres of these sites, Kanturk, Ballyroan and Kiimaley A are
, tiled and discussed. The Kanturk and Ballyroan sites represent the drier
225 whilst Kilmaley is one of the wettest lowland areas im the country. An
p:""‘nation of Table 2 shows that there is no major difference in the physfcal
9Perties of the soils although the silt content fn Kilmaley is somewhat

L3

freatgp than {n the other two sites.
T
76 2. Particle Size Distribution, Atterverg Limits and Bulk Densities
N (Mg/m ) of Subsoils
=====:=-:tz==:szlau-ls1-=-z EREX RESESSEEEEXEXS EEESEXTES
Kanturk Ballyroan Kilmaley
Pero——
"tage passing 2mm 100 100 100
0.6 97 96 99
0.2 92 90 97
0.06 77 77 9l
0.02 65 65 79
0.006 50 45 56
0.002 34 31 35
P
(1.8 0tage > 2 mm 9 5 4
/81t ratio 0.52 0.48 0.44
H;‘“*d mit 37 44 45
Practie Hmit 21 25 27
astic'lty index 16 1% 18
B
¥ donsity 1.50-1,62 1.61-1.78 1.50-1.68
‘h‘a“a:-tzIE-:&:*;:8883888=-==8=‘==ttl-t===8=l‘-u ==xx= ECDEERERNERRE

1

a'r: disrupt 1on treatments were installed at Kanturk {1981}, Ballyroan (1982)

Bayy. imaley A (1984). Monitoring continued at Kanturk from 1981 to 1984, at

mw:’"“" from 1982 to date and at Kiimaley A from 1984 to date. As well as

theg Oring the hydrologfcal data on tha sites, excavations are also carried out

ang Ughoyt the experimental perfod to check on the conditions of the channel
frack structyre.

e Ooservat tons

Obg
in g 2tfons undertaken at Kanturk and Ballyroan up to May 1985 are described

andeun (Galvin 1986). These together with further observatifons at Ballyroan
"' Kilmatey A are summarized as follows:

%ﬁf&: A1l the grave) moles are in good condition. The leg slot was
ang o351y f117ed with topsoll which had migrated down to the top of the gravel
1:::,;5:31 2nded from there to the base of the topsoil horizon. This band of
the ! (up to 50 mm wide) was generally loose and permeable. The gravel in
SUPPDO.IE had not been contaminated by the topsoil in the leg slot or by the
. Yrding subsofl,
he
®ntq P Channels were generally filled with topsoil. The leg slots also
Ined topseil which was up to 50 mm wide in some of the slots examined.
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This topsofl was relatively uncompacted and capable of transporting some
drainage water.

The moles were f{l1lad with loose slurry to such an extent that in 1982 (after
10 months) it was not possible to take polyurethane casts, However, at that
stage the moles were still capable of transporting water to the collector
drains., The slurry was more compact in 198 and gaps between the mole infill
and the original wall appeared to provide a passageway for water flow. Howeve™
by 1985 the moles were completely clogged with sofl and small stones.
Non-continuous gaps were found in one of three moles excavated whereas the
other two were fully clogged. At that stage (1985) the dimensions of the plug
of $nfi1) material ranged from B0 x BO mm to 150 x 80 mm. This indicated that
while the width of the original channel had not altered appreciably the
vertical dimension had changed substantfally in places. An examination
indicated that the soft material extended below the base of the original
channel, due to water softening, and upwards into the leg slot where roof
collapse had occurred,

Ballyroan: The gravel moles are fn good condition, There is no apparent
contamination of the gravel in the mole by the surrounding soi). Topsol) has
migrated into the wide leg crack to the top of the gravel! mole and provides 2
direct connection from topsoil horizon to the gravel., The cracking and
ghattering of the subscil in the vicinity of the gravel mole is also very gt

The rip channels which were almost completely blocked by a combination of
topsoil ingress and subsoil swelling in 1985 were totally blocked in 1986.
These bands of topsoil which are connected to the site topsoil are most
probably st111 capable to transporting limitegd guantitfes of water to the
collector drains, but the rate of discharge s 1ikely to be very small.

The mole drains examined in 19B5 were in good condition although two blcckagﬂit
were found., In 1986 the general Impression created during excavations was th
the moles had deteriorated substantially during the year. Many more blockag®®
were found and the sofl in the mole walls along unblocked sections appear
wetter and softer than in 1985. This was probably caused by downstream
blockages which resuited in water ponding and consequent soil swelling.

At this site the moles have performed much better than on many other sites: Thé
main reason for mole collapse appears to be the dislodgement of large stanes )
which has resulted in random roof collapse and other forms of channel b10€K°?§
These blockages are leading to an escalation in channel deterioration which

1ikely to increase. However at this stage (after 5 years) the moles are sti!
providing effective drainage.

Kiimaley A: The gravel moles are in good condition.

The mole drains (installed at the standard depth of 450-500 mm) had pié
deterforated substantially by 1986. Al1 moles examined. contained consfderaThe
quantitfes of slurry and appeared to be fafling due to unconfined swellifd- .,
1987 examination showed that the cycle of deterforation was continuing. P 1y
cases the moles were almost completely blocked and the occurrence of rando® 10
distributed wet patches on the surface of the moled plots indicated totl ™

collapse. These patches are particularly obvious near the lower ends of th
mole drained plots.

In 1986 the shallow moles had also begun to fail but those examined coﬂtafnagr8
less slurry and appeared to be in a better conditfon than the deep moles: nat
was evidence., in some of the trial holes excavated, that the complete roof nné
dropped down slightly without collapsing leaving an elliptically shaped ch#

(major axis horizontal). This s typical of the type of disturbance that g7 1t
occurs where moles are installed s1ightly above the critical depth. In 19110'
was {mpossibie to find the shallow moles in same trial holes, Howevers shé
moles, found 1n other trial holes, were dry and solid but the diameter was

c1B
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:W“CGG to approx, 30 mm. This random breakdown of the shallow moles, is borne
Ut by the water level and flow hydrographs.

;§1Shou1d be pointed out that, despite the breakdowns that have occurred, the
fed and shaliow moled plots are still very much better than the control piots
Ptped drafns only) in water level control and ground scoring.

I:B rationale governing the installation of shallow moles is that they can be
Peated at fow cost at reguiar (2 to 3 year) intervals by farmers using their
Fm‘Fl‘i‘ﬂwpcn»na:-ecl tractors. In that context the shallow moles at Kilmaley have
Moy ted the requirements of providing effective drainage for 3 years and a
*Ystem was installed at the beginning of September 1987,

%er Tapre weasurements

T;:‘f;‘ table tevels on all sites are measured n maximm reading piezometers

Bal ©s 1969) fnstalled fn 20 mm diameter plastic tubes. The Kanturk and

‘Bek%“"Oan sites are read at weekly intervals and the kiIlmaley site is measured

¥in Y during the summer and at 2-3 day intervals (where possible) during the
®F months. The results are illustrated in Figs. 1 to 6.

Figures 1 and 2 f1lustrate the faflure of the mole drains and the
ailure of the gravel mole + rip system. As shown in Fig. 1 the gravel
tragy P plot is almost as effective as the gravel moles plot but the mole
the m°d Plot 1s less effective. One year later (Fig. 2) the deterioration in
req ole grains is clearly 11lustrated by the Increased water tadle levels. The
the Sed drainage effect resulting from the clogged rip channels accounts for
the dlsed water table levels in the gravel mole + rip plot. The fall=-off in
drathage effectiveness of the mole and gravel mole + rip treatments is
® Out by an examination of Table 3 which shows the SEW (30) figures for all

Party gy :f
ole 4 pg

[

f:;::.lage treatments at Kantyrk for 1982/83 and 1983/84., The reduced SEW (3()
€ for the control plot 1s due to the drier year.

Tay

wol® 3. SEW (30) Figures For Kanturk; 1982/83 and 193/84
th:=t=='=l=lazsxs:azlsstut-azzast-gzztxzzz ==

1282/83 1583/84

Sravel moles 13 0
Sravel mote + rip 35 441
Mo es 520 1,389

“-;.cont"‘ﬂ (piped drains only) 4,042 1,751
‘aaa---'-xﬂtﬂlliitllIluttxls::xn:::z == == ==

hich : The water table data for Ballyroan are fllustrated fn Figs. 3 and 4,

Thep, 98211 the water level fluctuations on the site in 1984/85 and 1986/87.

g 5 Is a slight fall=-off in the water level control on the mole drained plot

the o r8ther significant but relatively smal) reduction in the effectiveness of

high““'e'l mole + rip plot over the 3-year period, These variations are

1084/58"ted in Table 4 which shows the varfatfon in SEW (30) figures betwsen
and 1986/87,

Tay
“ag:t:’ SEW (30) Figures for Ballyroan; 1984/85 and 1986/87

"'Eltazzssnsssnams-:ss:un:s::nl SERZEFRREE L
1984/85 108671987
Sravel mojes ) 82
wovel mole + rip 139 1,075
Cg“és , 63 170
*e.,*%’l:m‘ (pipe drains only) 1,492 3,464

‘=t$=..===8"‘.‘.“".388" R EFF AR R R RN EEEEEE S EEENEEEEREE SRRy

éﬁ'&&l-ﬁ: There are a number of replicated plots at Kilmaley and to
ate the variation in water table levels that has occurred over the last
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3 years, four plots have been selected. These plots are 2 good reflection of
the average conditions prevailing on the site. -

The water table data for 1984/85 (Fig. 5) and 19856/87 (Fig. 6) show that the
greatest increase in water table levels occurred fn the mole drafned plots and
the smallest increase in the gravel-moled plot. As already discussed both the
deep and shallow moles are nearing faflure at this stage but are still
providing reasonably good drainage, The variation in water table levels fs o
f1lustrated in Table & which shows the SEN (30) figures for the three years th
experiment 1s in progress.

Table 5. SEW (30) Figures for Representative Plots at Kilmaley A: 1984/85,
1985/86 and 1986/87

EEE LRSS EREEEIEIREER :az:a==z==:tz:l::xx=a=-==t:==tzss-s.gsn.-n-:l--szztll"‘

1684/85 1985786 1986/87

Gravel moles 394 459 763

Moles 716 998 1,783

Shallow moles 1,389 1,608 2,022

Control {pipe drains only) 3,216 4,685 3,911

sy F R S S S S S =SS EE RS IS EER RS E RN E T g:::le:'g:'::gs:g-:ll'llll'l!l""-
SUNMARY

The results from Kanturk, Ballyroan and Kilmaley A are indicative of the o
general nature of drainage deterioration in impermeable sofis under a grﬂssTa
regime in the west of Ireland.

Mole drains nave a varfable 11fe in unstable soils. At Kanturk the moles n
were almost completely ineffective, 3 years after {nstallation. At Ballyrod
the moles are performing quite well, despite random blockages, after 5 years

while the Kitmaley moles are showing signs of serious deterioration after
years.

The basfc difference between the sites is related to sofl stadility. The the
Kanturk and Kfimaley moles began to fail due to unconfined swelling during 1
first winter. This continued quite rapidly at Kanturk leading to almost tot?
clogging within 2 years, while a similar pattern appears to be developing & o
Kilmaley. At Ballyroan the sofl appears to be much more stable and whil® th
walls of the moles are soft, the large-scale slurrying that occurred at the
other two sites was largely absent in the early stages. At a latar stagé’
however, roof collapse and stone dislodgement resulted in channel b1ock&995]ﬁ

These in turn caused ponding in the moles and this is giving rise to {ncreas
wall wetness and slurrying.

The gravel moies are performing well on all sites but the attempts at doubll$?
the spacing of, and ripping between, adjacent gravel moles was not success s
The cracks created during installation did not cover the full distance D€
adjacent gravel moles and when the rip channels silted up and filled with

topsoil the rate of drainage water removal was reduced and the water tabl
levels were raised accordingly.

ic
A11 disruption systems are subject to deterioration arising from excess traff
by machinery and animals under wet conditions. This tends to seal of f EN®
upper crack structure within and just beneath the topsoil, and can result
poaching and ponding durfng a wet vear. However, shallow moling or SOmé

similar form of shallow surface disruption should regenerate the cracks and
rehabilitate the drainage system,

in
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Fig. 1 MWater Level Fluctuations at Kanturk, 1982/83
aKHNTURK 2671883 TOQ 31,7784
E - .
o
1
' 4B 4
:
s MOLE
— — — CONTROL
3 ——-=— G.MOLE + RIP
eg AL L bbb ) Lt UL L L E L L b8 4 g1 018t
AUG ocT DEC FEB RPR JUN

Fig. 2 Water Level Fluctuations at kanturk, 1983/84
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BALLYROAN 18,84 TO 31.7.85
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Fig. 3 MWater Level Fluctuations at Ballyrcan, 1984/85
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Fig. 4 water Level Fluctuations at Ballyroan, 1986/87
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Fig. 5 Water Level Fluctuations at Kilmaley A, 1984/85
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Fig. 6 Water Level Fluctuations at Kilmaley A, 1986/87
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ASSESSING PATTERNS OF CRACKS IM HEAVY SCILS AS MEAKS
OF FGRECASTING DRAINAGE RESULTS

K.H.Hartge*

Na . . . N . . .
&VY so0ils are charscterized by a grain size distripution where

Eéay_ﬂnd silt prevail., The pore system in these soils necessarily

SONSists of the voids between these small particles ang therefore

iere geometry is governed by small distances, i.e. small equiva-
"t diameters.

Egrtnermore tne particles of the clay fraction have no direct sol-

ad ﬁontacts 10 each otner. They are separated by films of adsoro-

t

the :ter. Since the thigkness of these films changes accerding to
¥

Hriesdrologic situation, the wnole volume of a given spil body

nore or less regularly.

3 - .
Lénte these cnanges &gain govern draining properties, they ought
¢ aiscussed first.

DEVELOPMENT OF CRACK SYSTEMS
j;nce S0il mass cennot freely follow volume changes, the develop-
CQ Siress js relaxed by failure cracks. The pr:ncxpal;y_lso;rOp-
EFETGCESS of shrinkage due to desiccation creates preliminarily
neilcal cracks {(Fig.1), These are due to the relation bpetween
et (0 in Fig.1) and lateral extension (1 in Fig.1) of a clayey
]9nt and tne fricticn that develcps between shrinking upper

€Ss snrinking lower part of the sediment.

ih . .
ineFProcess of further development of the cracking system is shown
ldure 2 (for figures see following page).
ih . . : -
reithrSt generation of cracks starts in randomly distributed di-
1005, ysyally forming a pentagonal or hexagonal pattern.

§j o

mgce ®very consequent crack of higher generation originates from
of cgame thange of stress distribution, the angles between cracks
$9e "NSeguent generations are mostly equal, namely round about

Th
%ige areé cracks caused by swelling processes as well if water ac-
Geve1°s~a“isotropic (Wilding and Hallmark 1984). In this case the

irg . PINg crack-system nas prevalently angles between cracks that
friCt. uenced by soil consistency, i.e. by the angle of internal
10n (Hartge and kahte 1983).

mu:;Hathe, Professor of Soil Science, Institute for S50il Science
TSity of Hanover, Federsl Republic of Germany.
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fig.! Fresh and kemolded Sediments Form Vertical Cracks rirst if
Spite of Isotropic Shrinkage

(4

71,.2 Higher Generation Cracks (1I-1V) Develop ¥ Rectangularlgés
vriglnating from Randomiy Orientated First Generatjon {}) Cré
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Z“ere are prac;ically no heavy soils without a crack system down
O & depth of = 1m. The most common exception are very recent
$0lls that navé not yet nad the time to develop cracks because -

‘;:ey have not yet ungergcone an exceptional period of drought.

r1;938 Scils are generally soft and 0o not bear heavy equipment.

HEVY soils found on material sedimented in earlier geclogic¢ pe-

unOGS may nhave very deep reaching crack systems due to deloading

noﬁn they emerged to form soils again. In tneir crack systems

in ~rectangularity prevails., Under humid climatic and soil form-

srg Conditions tnese sediments however tend to swell., During this

" tess the inherent crack system is ofter more or jess cestroyec

Soilrealacgc oy 2 new one which is similar to that of recent

The 5. ThzsAprocgss is accelerated by all kinds of changes of

ing tress situation, like temporary loading by machinery, tread-

ug Dy cattle, wind impact on trees. It creates major difficul-
S 1o &ll xinds of foundation engineering.

ROLE OF CRACKS AS ONLY BIG DRAINABLE PORES

?; 4 tonsequence of the cracks the pore system of shrinking soils
Uiscontinuous in diameters,
I
agire ére relatively small voids between the primary particles
WiuerCKs that, compared to the former, dre rather pig. In ny=-
lene iCally important parameters, the difference between them is
s ra!], more than one order of wmagnitude. The cpnt1nu1ty of
“E‘?P!mary veid system is interrupted by the cracks. Water con-
Gev;ivlty of tne whole soil body therefore mainly depends on the
ngy poPTent of the crack system ratner than of the matrix that
legy Erms tne aggregates., Tnese have gained density and therefore
Witer conguctivity under the .procedure of shrinking.
T .
hiss Clrcumstances are important for the drajnage penaviour cf
wail“°le soil body with the change of hydraulic head that is
Fag .?019- #nen lowering grognd water surface by 2-7dm, only po-
the "1ED equivalent radii of = 0.03mm are drained. Consequently,
ing amount of sir that can be brougnt into such & scil by drain-
ekisis 8t its maximum equai to0 the volume of the cracks that
Or that will develop after draining.

r

y@mv:he Cevelopment history of the crack-system that starts f;om

Ing D~'¥ surface of soil follows that the distance between drain-

lagg UTeS increases with gepth in profile. Thus aeration becomes

fiyg eftlcient the deeper the respactive zone is situated in pro-
® (Fig.3 on following page).

" soiy )
ergél ls arying ¢racks not only increase in number per unit
€~area put as well in extension toward depth in profile.

Nje .
%v:ié”§FEase to deptn however is frequently put to an end by the
Tipgy PINg stress distribution. If tne soil material is on its
%riz°deslccation the opening of cracks is counteracted by the
Weriyatal component | ) that is developed by the weight of tne
g 50?“9 seil. Shrinkafe is thus strengthened in upper parts of
[ 11 (Fig.4 on following page).

n
Weygggg fresnly sedimented material the progress of cracks ints
Inyg™, 't ungercrounc is a slow one. Cracks that reach farther
M preec Profile mignt be founc ratner in neavy soils, developag
Ohpecteg re-exposed material of earlier geoleogic periods.
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i

v;SWellin; cf soil upon addition of water is mainly limiteg to
ZU&Ume extension of the aggregates or the walls of cracks in hori-
Fntal Girection since tnis goes not reqguire any upheaving work.
“Eﬂeavin; can only start when horizontal swelling has cleosed the
saro®S so far, tnat furtner clesing needs same or mcre force than
Aheaving of overlying soil. ‘

T
inérefore cracks in supsoil are more frequently and more complete-
¥ ¢loses oy re-swelling than those in the topsoil.

;2;8 Is important vecsuse swelling pressures tnat are developed in
w_ess fituations tnat are common in numid climate are generally
“zf- _Tnis is partly also a consequence of the fact that re-swel-
1er=‘3r gigregates is the slower they Cry2r they have pecome., ka-
Swelintake is nampered then by low conductly:;y and thus higner
Snr11ng pressures ac not develop. Any additiconal stress on the
undUnﬁen aggrecates will act like remolding under these concditions,
Lhus increase swelling. This happens with all treading or

rafs ;
¥fic on soil surface.

EFFECT OF CRACKS ON WATER COWDUCTIVITY

;d‘
ér§?°”n in fig.t ang 2 tne main direction of cracks in soils is
gonalcal. Seen from apove, the vertical crack-system has & poly-
| battern {fig.5, below). Tnese pores form a system of planes
is i less tortuouvs for vertical water flow than for horizontal.
ts o 3 & feature that has peen well-known for guite a long time.
ar exlstence is tne basis for tne functioning of the Dupuit-
Chnginer approach to drainage problems (Kirkham and Powers 1567Z),

ri -
.ﬁﬁgieCOmoinatian of view of vertical (Above) and norizontal Cracx
“Org Sma(ﬂelow) Consisting of {racxs of Three Generations. Apove
a%plers Show Differences in Hitting the Crack System (4:7 in
JUpper, 2:9 in Lower Layers).
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Due tc tne course of development of the crack-system water condut-
tivity in heavy soils in saturationis complex. Conductivity of
the relatively little desiccated lower parts of a profile is main-
ly governed by the matrix itself. The closer to soil surface, the
more frequently cracks will occur and influence permeabiiity. The
fact that not so much width but rather the number of cracks in-.
creases, starting at a primarily relative large distance (Fig.5,
on the previous page), is depicted by the frequency distribution
of conductivity values measured on core Samples. Measured values
do not so much change individually but rather in freguency of o¢-
currence of classes (Fig.6, following pagej},.

Water movement in the upper parts of the profile is mainly verti-
celly downwards after a precipitation. In lower parts of the pro-

file however, horizontal flow must take over in frequency and
amount (Fig.5 anc &),

morizontal flow can be measured to some extent using auger hole
nethods. Use of core samples is complicated because of the fact
tnat tone profile pit grows in width with every core taken, thus
changing tne distance for the buttress.

Investigation of some cases have shown however that horizontal
conguctivity might be determined from frequency distribution of
values ootained from vertically extracted samples. As shown, NO-
rizontal conductivity closely corresponds to the lowest measure

value of a group of 15 parallel samples that are taken vertically
(Hartge 1954).

CONCLUSIONS

cracks and aggregates are aspects of the same process, both deveé”
lop and both can De destroyed by the same mechanisms.

Pore systems of nheavy soils change according to desiccation or T8
nolding status.,

n
Ime forming of cracks starts at the soil surface and proceeds dow
inte the profile. It concentrates water fiow to a few passes,

whereas matrix of the aggregates contracts and its permeability
gecreases,

sechanical load that compresses the matrix of the aggregates 1n£y
creases. water pressure in them, because in unsaturated state ¥&'"
cannot escape easily, sc that water films continuousiy start t°tem
vear the load. During this process shear resistance of the SYS
is affected and sometimes completely lost. Thus defermation 13

promoted., Puddling or remclding are the most extreme aspectis of
tnhis general process,

Aggregates or pore systems can be stabilized by all means thal n
suppress the increase of water pressure on loading. Applicatid
of burat lime on ¢laysoils is an exampie for this (Bohne 19837-

rl 3 - d
The following generalisations can be formulated on properties an
processes of or in heavy claysoils:

1) vertical water conductivity is greater than horizontal as 107
as there is no human activity, $8

2) Horizontal water conductivity approximates minimal values ©
set of parallels of verticel conductivity. Lyitye

3) Changes of tne water regime tend to change water conductiv?

C-30



4] hechanical loading destroys cracks and reduces water conducti-
Vity until it reaches the value of the matrix,

depth 20 cm
e YOUNG
— 0ld
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0 r ."\ . v -
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5 60 com
e
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0 cm

0 cm-sec”
conductivity

Fig -
%§é° Frequency Distributions of wWater Conductivity Obtained from
Hnuhsamples Snowing & Profile with Poorly Developed Crack-System

S = Diked A.D. 1960) and Profile with wWell Developed Crack-

System in the Top Soil (0ld = Diked A.D. 1200).
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AN INVESTIGATION INTO MOLE DRAINAGE

D.J. Horne and K.W. McAuliffe'

Fo . . .
T many years, in numerous countries, pipe drainage has been used as 2 cost-

::‘ﬂtive method for the rapid removal of excess water from the soil surface
noy Yoot zone. However, pipe drain installation in fine-textured soils will
vi la:,tu-the structure of the impermeable subscil, and as & conseguence there
is th ® little water movement through the subl.;oil to the collecting pipe. It
“rtrefpr. common practice to mcle plough fine-textured goils because when
itd cut under favourable conditions, moling initiates the development of
:’:::;’33 80il structure and therefore increases the permeability of the so0il
eal:m_»m:d and Rycroft 1973; Leeds-Harrison et al. 1982). 1In a moling
iment on a clay soil, Rycroft (1972) showed that above the moles the
“::;ive conductivity was 4100 mm 4! while in a plot without this secondary
(1943)01“ the maximum effective conductivity was only 260 mm 21, Nicholson
and ¢, stated.that mcGle channels work by opening up and fissuring the subscil
Goag UE providing pathways for water movement to the mole. Recent work by
. '" al. (1983) alsc showed that the principal route of water movement from
Iug:i} to the mole drajin was not uniformly through the subsoil but was via
) fissures induced by the mole plough blade.
1
lzfisb\mlikely that either the tension cracks induced by moling or the crack
field ¥ the blade will persist over many seasons. However, dye studies in the
wais‘:otter and Kanchanasut, 1%81) have identified preferential pathways
®r movement above the mole along channels left by roots and worms. It
33 that the disturbance caused by the mole blade allows roots and
e"°ms to penetrste the less permeable horirons above the mole, and it is
. fﬂctors. coupled with & tendency for the blade slit or tension cracks to
Pen upon drying which permanently enhances the conductivity of the so0il.

8Dpe,

hea

t::::“ciation for the effectiveness of mole drainage and an understanding of
OCezses by which moling drains wet land is needed so that improvements
e design of pipe-mole drainage systems may be made.As a first step to
Ying the efficiency of mole drainage, the major constraint in the system
204y t;° be determined. Possible limiting steps are; water flow through the
the mole, water flow into the mole itself, water flow down the mole
N Dil‘ water flow fromn the mole to the collecting pipe or water flow dn@
Vatg, F" to the outfall. In this paper the effect of mole drainsge on soil
12 describped.

Pro

MATERIALS AND METHODS

'y
zeg;es““’h site was situated on pasture land near Massey University, New
Nhichh: {2t an altitude of 56 metres). The scil type is Tokomaru s5ilt loam,
Blgy“ ® classified as an Typic Fragiagqualf (Soil Survey Staff, 1975) or as a
be 4 Ygllf’”-g:ey earth (New Zesland Soil Bureau Staff, 1%68). The s0il has
Qg *2Crived in detail by Pollok (1975) and Scotter et al. (1979). Pollok
texy § the profile as consisting of a silt loam A horizon of medium

hor; o:' underlain by a strongly developed, heavy textured clay loam B

ched : Ancther characteristic of this soil is the presence of a densely-

Yagipan located approximately 700 mm below the surface.

Depy
T - . .
tment of S0il Science, Massey University, New Zealand.
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The 4.6 ha experimental site was divided into 9 plots, each B0 by 50 m, with
10 m wide buffer strips separating the plets. In the spring of 1981, 3
treatments, pipe-mole, mole-mole drainage and undrained control, were imposed
on the area. Each treatment was replicated 3 times in a Latin Square desigh-
On the pipe-mole drained plots, 75 mm diameter mole drains were pulled to &
depth of 450 mm at a 2 m spacing. Water collected by these mole drains was
removed from the plots via slotted plastic pipe (110 mm in diameter),
installed perpendicular to the mole drains at a depth of 700 mm, and 40 m
spacing. On the mole-mole plots, mole drains were pulled as previously
mentioned, but using major deeper mcles instead of a pipe drain, as the
collector. These major moles were pulled at a depth of 600 mm with a spacind
of 20 m. The minor moles were junctioned to major mcles by spearing.

Four perforated aluminium groundwater observation wells {50 mm in diameter}
were installed in each plot to a depth of 450 mm. On the undrained plots the
wells were installed equidistant from each other down the centre of the piet:
On the drained plots, observation wells were placed both midway between
adjacent mcle channels and next to & mole channel (approximately 150 mm £rom
the mole}. Water table levels were measured using a dipstick.

Flow data were obtained from v-notch weirs with water level recorders
installecd at the outfall of each of the drained plots.

Water content was measured using a neutron moisture meter and by grcvimetric
sampling. Two neutron probe access tubes were installed to a depth of 1.3 7
on each of the pipe-mole and undrained plots. The neutron moisture meter was
calibrated by gravimetric sampling adjacent to the access tube. The watel
content of the top 30 mm of the soil profile was determined gravimetricallY
from 20 bulked cores removed from the plot with the use of a soil corer.

Rainfall was measured at the site by an automatic siphoning rain gauge.

In most instances the statistical significance of differences between
treatments was determined using an analysis of variance based ot a split'P‘wt
design, sometimes referred to as a split-plot in time analysis (Little and
Hills, 1972). The statistical significance of differences in mean volumetflc
water content values , as determined using the neutron moisture meter, betw®
undrained andé pipe-mole plots was assessed using the t-test.

RESULTS AND DISCUSSICN

Depth to the water table

In the unusually dry winter-spring period of 1982 mole drainage had only 8 13
small effect on the water table level. Daily water table levels and rainf® 0
totals for July to September in 1982 are shown in Fig. 1. The winter (JuP®
August) rainfall total was only 181 mm, which falls in the 10-20 pexcentile
and the gpring (September to November) total was 190 mm, which falls iR the
20-30 percentile. Even in such a dry year mole drainage ensured that the
water table declined more rapidly on the drained than the undrained plot#
following heavy rain. However, on only a very few days was thes water tabl®
clcse to the surface on the undrained plota, indicating that the benefit® °
drainage in a dry year are likely to be minimal.

G4
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Rainfall and watertable levels as measured for pipe-mole (0--0),
mole-mole (p--p) and undrained (»——e) plots in the yvear 1982. 1If
the watertable was deeper than 450 mm it was assigned a value of
450 mm. Least significant difference (LSD) at the 1% and 5%

ievel.
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Fig, 2

Rainfall and watertable levels as measured Tor pipe-mole ©--0),
mole-mole (0=--0) and undrained #—@) plots in the year 1983. If
the watertable was deeper than 450 mm it was assigned s value of
450 mr. Least significant gifference (LSD) at the 1% and 5%
level.
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In 1983, s year of average winter-spring rainfall, drainage had a marked
effect on the water table level (Fig. 2). The water table on the undrained

" plots was sBignificantly (often #t P & 0.01) shallower than on the drained
plots. Due to the presence of the fragipan very little deep drainage can
occur, and so artificial drainage is necessary to remove excess water from th®
scil profile. Mole drainage is clearly seen tc be an efficient way of
lowering the water table in & fine-textured soil.

Groundwater observation well measurements {(Fig. 1 and 2) showed that there was
very little difference between the water table levels in the plots drained bY
moles in conjunction with collecting pipes and plots drained by & major-minor
mole network. Because measurements were taken only for the first two years
after installation no comparison between the long term efficiency of pipe-mole
and mole-mole systems can be made. However, if soil conditions are icdeal f£oF
meling and a farmer owns his own mole plough, major-mincor mole drainage coul
offer a significant cost saving over conventional pipe-mole drainage.

Flow in the pipe

Further comparison between the initial performance ¢f the two drainage
treatments was made by measuring the flow data 8t the v-notch weirs. Typl“’1
examples of dscay curves are presented in Fig. 3. Results show that there v
little difference between the hydrographs for pipe-mole and mocle-mole
treatmenta.

Flow rate n M dron (300 m 'y ')

e E
wien " o ?};“] Som e
Date Dore

tow tote » e dom (20°m'y")
s d

dom F .e
yuE ” o > )
Oote

Dete
. P
Fig 3. Decay curves following peak flow for pipe-moie {0~—G) and mol
mole (p--D) plots.
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D“nng the course of measurament, the main line collecting water from the
‘Plots was observed to flow full for up to 12 hours after heavy rainfall.
ter that pipes did not flow full, suggesting that the capacity of the pipe
:‘“"_8 & restriction for only & relatively short period and is unlikely to be
.h"‘awt limitation to water movement in & mole drainage system. Hydrographs
& “wed that although drain flow peaked shortly after rainfall, the moles
%t_-inuad to flow for 4 to 5 days after rain had ceased, implying a protracted
4inage process.

Dezpite the consistency of individual response times (i.e. time between the

] ;

.:"t of rainfall and the commencement of drainage) for individual flow events
FOXE a1l of the drained plots it is not practical to propose a mean response
..

Pri .A wide range of values wvas observed for diffsrent events, depending
i :‘“-‘-1? upon both antecedent moisture content and the intensity of rainfall,
Nak“' adlso found by Reid and Parkinson (1984). Early winter flow 4id not
thrg if the drain until soms hours ofter rainfall because movement of water
‘-‘cmpugt-‘ the scil was retarded by absorptive losses to the dry soil matrix. 1In
“enuuon, late winter flow peaked mlmost immedisately after the rainfall

’f- Turner et Bl. (19576}, reporting on the monitoring of flows from s 12
ds.:;t. on the same soil type found similer results and showed that the

* Arges increased from 404 of incident rainfall in June to a maximum of 82%

"11. Widewintar avent. This increase in discharge of incident rainfall

SCts changes in s0il water storage &5 the Wet S30asOD Progresses.

W

‘aESE*S&ble profile

1n

ch:‘g- 4 water table levels measured in observation wells close to the mole
1::&1 are compared with levels meamsursd in wells positioned midway between

. " After rain there is often a significant (P & 0.05) difference between
by ater table level close to the mole channel compared with the level midway
‘Fbrqx mole channels. The water table level pext to thg mole was

Mgy i’ﬂltEIy 200 mm deeper than the mid-mole level. .Thn luggutl.that for
Tok °f the time the major limiting factor in the drainage process in the

the muru silt loam is the rate at which water moves through the soil towsrds
ot le channel, rather than any restriction imposed by the carrying cepacity
® moles or pipes.

Qate w 1983 o
Jul Mg Sept +
/D 2L, b [ {2 wuu'ggJ"_Z‘JN!?s?

|
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£ 30 Ez
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4

Fig. 4 Comparison cof water table levels adjacent to the mole (O--0Q)
with levels mid mole (g—#). Least significant difference
(LSD} at the 1% and 5% level.
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5pi) water content

one of the most important functions of drainage under pasture is to lower the
surface soil water content so that the bearing strength of the sgil is greatef
than the lo#d imposed by either the grazing animal or cultivating implements.
Seriocus treading damage is observed when the resistance to penetration of
Tokomaru 8ilt loam is less than values 0.2 to 2 times the static load for
sheep (200 kPa) which corresponds to & gravimetric water content in the top 30
mm of the soil profile of approximately 0.6 {Climo and Richardson, 1984).

Gravimetric water content data presented in Fig. 5, shows that from the end of
June tc early October 1983, the top 30 mm of s0il was consistently and
significantly (P £ 0.01} wetter on the undrained than on the mole drained
plots. As expected this difference in surface s50il water content parallels
the difference in water table levels geen in Fig. 2. The difference in
surface 5011 water content between mole drained and undrained =moil was
greatest in the spring month of September, where the surface soil water .
content on the undrained plot was substantislly greater than 0.6. As this 3%
a time of high pasture growth rates and moderate stocking rates, the

importance ¢f lowering the surface soil water content by mole drainage takes
on special significance.
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Fig. 3 Gravimetric water content of top 30 mm of pipe-mole o--0) "

mole (0-~D) and undrained (6——e) profile in 1983. Least
significant difference {LSD) at the 11 and 5% level.
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2:Utron moisture meter data measured in 1983 showed that mole drainage lowered

tw: UeterAcontent of the sub-scil as well as at the surface., Data recorded on

vay :HY§ in August are presented ip Fig. 6. A feature of these data, which

“ffevpmcal.os-the graphs gathe:ed over the winter-spring period, is the

he urencg in thg volumetric water content of the drained s50il compared with

Waterh§ra;ned s0il to & depth of 400 mm. There was approximately 16 mm more
in the undrained than in the drained profile.

Vohmeing  woler  (onlent

OI_,\’ ¥ +0 5

Depth fom}

Fig.

6 Voliumetric water content of pipe-mole (0--0) and undrained i(g——s)
prefile on two occasions in 1983. For depths where a (*) appears
the difference between mean values for the drained and undrained
plots was sigrnificant at P ¢ 0.05.

0

tha
S sonsiderations

0 -

a,:zlderation must alsoc be given to the importance of other steps in the mole

™ole a:: Process., namely: infiltration, movement cof water into and along the
from the mole to the pipe.

vj

Dt::izztiohs indicated that infiltration of water into the profile was not a

he‘ﬁii except if the moil surface had been severely pugged (poaching) or if
WaE completely saturated.

um;:¢"°‘ Unhreasonable tc expect that compressive forces essociated with mole

formation will restrict water movement into the channel. However,

Ut (1980) has shown that any sealing around the mole channel is

th“; Lo be temporary, with earthworm activity and root penetration providing
Y8 for water entry into the channel.

Ang
Likgy "2

ﬂmnibw Tates in excess of 500 1 hr-l have been measured for a single mole
Mgy ot % 28 unlikely that the capacity ¢f the mole channel to conduct water
LT 0: % limiting factor. 1In fact, moles spaced 8t 2 m, flowing all day &t &
\ 500 1 hged would be capable of clearing 150 mr of water.

f

tmmece Channels are capable of conducting SO0 I rr™l then an efficient

i, 10n is needed between the channel ard the ccllecting pipe. This is ohe
Ay tteas°ns why the use of highly permeable backfilils such as gravel :s

: ed. Except where anstaliation practices were poor and topscil was
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returned in & powdered or slurried state, the passage of water from the
channel to the pipe is unlikely to be rate determining. )

CONCLUSIONS

During a winter-spring period cf average or greater rainfall it is imperative
that a scil with poor internal drainage is artificislly drained, or else the
s0il will remain waterlogged for many days. Mole drainage is an efficient and
cost effective way to iower the water table in a fine-textured scil.

hs a conseguence of lowering the water table, the water content of the surface
s0il is considerably lower in & mole drained soil than undrained soil for mos*®
of the winter-spring period. The lower surface soil water content induced bY
mole drainage gives rise to greater surface scil strength. This has major
implicaticns for stock and pasture management cver the wet season and alse the
taming of cultivaticon for spring-sown crops.

for most of the time, the rate at which the water table declined was not
determined by the carrying capacity ¢f the moles or collecting pipes, but
rather by the rate of water movement through the go0il to the mole. That the
greatest resistance to the movement of drainage water is the flow of water
from the bulk of the s0il to the mole, highlights the need for a cheap
secondary drainage treatment such as moling to ensure that fine-textured soilf
are drained efficiently.

For twc years immediately after their installation, there was no difference >
water table levels, discharge hydrographs or surface g£0i) water contents
between plots drained by pipe-mcle or mole-mole drainage treatments, Furthe?

work is needed to assess the long term viability of mole-mole drainage
systems.
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SOTL AND WATER MANAGEMENWT IN DRAINED CLAY SOILS
P.B.leads-Harrisan® N.J.Jarvis™*

%"ﬂveneatofwatar in clay soils is often daminated by flow in large pores,
hask in many countries under differing climatic and scil management situations
84 that while flow in large pores (macropores) may contribute
Mificantly to drainflow they may only contribute a small amomt to the
LS total porosity (Bouma et al. 1977, Germann and Bevan 1981, and Kneal and
io. T8, 1984), Leeds- Harrison et al.(1982) have shown that Drainage Iesponse
o Teatly influenced by the nature of the cracking and soil disturbance
drintzd by the drain plough at installation of the drain. In this wark mole
£ with well developed cracks adjacent to and above the drain had a much
USLer response to a given rainfall event than drains with no such cracking,
The

ability of field tillage practices to change the packing density of soll
;@mgt“falmﬁtsmﬂmpartimlarmmoportimoflargevommthemn
nc o be considered in both modelling and drainage design. Tillage usually
helwea%s cracking above working depth but causes very little disturbance
by 5. cCking depth. In these circumstances flow to drains may be restricted
Ragy low macroporosity of the soil between the disturbed layer and the

al?ﬂh‘“"?clay soils swelling and shrinking of the soil matrix under wetting

aly dwmg regimes, the action of frost and compaction under tractor wheels

%cmtrl-bute to changes in the extent, continuity and size of macropores.

o 3. o0 added complication to drainage design is that any naturally occurring

nﬁ:@l%thﬂumddunmstomlmysicalpmmmswinwymtim.

M&Pﬁrmmersﬂmeﬁmofunagemﬂsoudismmmm
Tesponse of heavy clay soils. ,

FLOW IN CRACKS AND FISSURES

he bag
ic i in cracks is that
of Hag equation governing laminar flow in capillaries or r
Poiseuille. For crack flow Childs (1969) gives the equation as:

Q = g.p.(D3/12 ) .gTad @
“here 0

wsﬂwflwratepermitdepminapl.anarcrackofwidthnuderan
Haoog; gradient, grad ¢ , g is the acceleration due to gravity, A4 is the
QuapicY term and o is the density of the flowing fluid. Inspection of this
gy Shows that larger pores will have a dominant role in water

8ion in the soil.

*
b &%‘u“‘hcmer,ﬁm College,Cranfield Institute of Technology,U.K.
S, te Professor,Swedish University of Agricultural Sciences,Uppsala,
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Measurements of soll water potential taken with fast response pressure
transducer tensiocmeters in a well structured clay soil show that water moves
very rapidly down the soil profile. Figure 1 shows tensiometer response at
five depths in the soil following the onset of rainfall, Potentials at 100m®
depth rise rapidly and there is little time lag between similar rises at
depths to 700mm, This is consistent with water infiltrating in cracks. Neal
the surface the tensicmeter detects water movement as secil water pressure
rises to atmospheric pressure irdicating that the surface of the crack is
wetted but the crack has not filled. At 700mm depth water starts to accumilaté
in the cracks, saturating them and raising the soil water pressure to above
atmospheric pressure. At 350mm depth this feature also occurs but the time t2
saturation in the cracks occurs € to 8 hours after saturation of the lowerl
cracks. The decline in saturation at 350mm depth after rainfall has ceased
indicates flow to drains at 550mm depth.
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FIG 1 Variation i{n Hydraulic Potentinl at Five Depths
in a Clay Soil Following Rainfall.
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ggturated flow in clay soils is deminated by flow in the cracks and estimates
the effect on flow of the extent ard size of cracking can be made by

Uming negligible flow in the fine pores of the clay matrix and consideri
Hack flow enly. ¥ e

gi‘mlatingthecrackinginapedal soil by a simple mesh system shown in
Drgdmue 2 and taking the case where water is ponded at the soil surface
£ Cing steady flow, then the above equation may be used to investigate the
sausr?gme in the cracks. Continuity at each crack intersection must be
fied and an iterative over-relaxation technique has been used to
tigate the effect of crack width and soil disturbance in localised zanes
flow to mole drains spaced at 2m.

1m

S0IL SURFACE

o

v 4

I\E

POSSIBLE i
SEEPAGE ..Ea &
Facg o "
§ o

I

[=

MOLE . =

DRAIN

LOWER BOUNDARY }

FIG 2 Simuleted Network of Cracks in a Mole Drained Clay Soil

By

mgu.zg 3 shows the model results for drainflow from eight different situations
u"&hotm) as a ratio of the drainflew from a uniformly cracked socil(T1) where
dim.izmtal and vertical cracks throughout the soil have the same

oy,

sutfam”‘g'l"'(mntrol) with T2 it can be seen that the presence of a seepage
Seerage above the drain significantly improves drain performance. Such a

Wper o - face becomes even more critical when comparing situations where the
Sibhgey1OLL laver has larger cracks (hence higher permeability) than the
Kngyq (73-T8). Such a situation often arises in the clay soils of the United
Sail where structure development and cracking are much greater in the upper
%lm » T3 ghows that the absence of a seepage surface greatly reduces
Seerage suéfn th.u(s two layered situation compared to the same situation with a

ace (T4).

Uig
(15 fad"‘gthesoilabcvet:mdrainincreasesthesizecfcradts. In this case
{rqy low is greatly increased and is similar to the seepage surface case
Usge, ONSidering the difference between T4 ard TS it is seen that the
mm?bemmumusMardamgemMemML In
Cagiy 1, ¢ Mole plough leg produces a seepage surface at the leg slot and
g quune SOil either side of this slot giving the situation shown in T6, In
ate is further improved and is similar to that of T,
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In situations where campaction occurs horizontal cracks are more susceptible
"t ure than vertical cracks. In T7 cracks have been reduced to half the
@ of the vertical cracks in the upper soil layer, Flows are considerably
floy when compared to T4 indicating the importance of horizontal cracks to
vher Tegime, In loosened soil crack sizes will be incTeased. T8 shows the case
% © the cracks have been increased to 1.3 times those in T4 in the upper
L layer, This increase in crack width doubles the apparent hydraulic
l;?‘d‘_lctl\rity of the upper soil layer. A very significant increase in flow is
anEd-lCted. However soil loosening may often increase crack sizes by at least
) Order of magnitude. Where a seepage surface exists and the profile becomes
UWrated very high flow rates can be expected in loosened soil.

ﬁ Condition where the whole profile becomes saturated may be considersd the

s@:t case gituation in drained clay soils. The importance of creating a

mﬁa‘?e surface above the drain is well demonstrated. In mole drainage the

%legh leg creates a large crack above the drain and this can be

ha ddered as a secpage surface. Mcdifications to the leg of the mole plough

asve been shown to enlarge the size of the leg slot and the fissures

pls'aciated with drain installation (Webb 1981). Roughening the leg of the mole

Bgﬁh OF increasing its width increases fissuring and can help produce a more
€ leg slot shown in figure 4a which will act as seepage surface in wet

U conditions.

TOPSOIL

L
{e)

FIG. 4 (&) Mole Drain Showing Leg Slot
Seepage Surface
(b) Gravel Filled Trench 8s a
Seepage Surface
{c) Open Trench as a Seepage Surface

;mlagdtemative is to create a narrow vertical ditch into which gravel is

t3; 2 figure 4b. In stable soils a vertical trench may be cut without gravel
hag figure 4c, Equipment is available to install such trenches and they have
Sme success on grassland sites.

In g

DrgyiS where the topsoil is mich more permeable than the subsoil layer a

%“ﬂtertablecanoftmmr. In this case the permeable upper layer

Sapg o Saturated while the subsoil layer can remain unsaturated. Studies in

the 4 20ks show that the sink for vater in the topsoil can be considered to be
terface between the two soil layers at the top of the seepage surface.

In .
ta,gf field studies on heavy clay soils we have used fast response
"s“all to detect the presence of a perched water table. Perched water
t%m{ oocturs in the top 250mm of soil which is often the depth of the
\kzga Or cultivated layer. Between 250mm and 350mm the soil may be
ted and between 350mm and drain depth at 550mm cracks may again become
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(m)

PEPTH

saturated. This situation often cocurs in cultivated soils where cracking in
the upper layers is much greater than the lower eoll layers or where a
destructured layer occurs at the bottam of the cultivated layer,

THE EFFECT OF SOIL DISTURBANCE ON INFILTRATION

while cracking can be shown to greatly influence saturated flow, the ability
of a clay soll to transmit water rapidly down the profile to recharge the
water table has been shown in modelling studies by Leeds-Harrison and Jarvis
(1986) to deperd on the rate at which water is supplied at the soil surface
{i.e. rainfall or irrigation intensity) and by the density of cracking. Wmf:f
the intensity of application is less than or equal to the infiltration rate
clay pads or agyregates then most of the water applied will infiltrate
vertically from the soll surface. Increasing intensity of application causes
water to flow off the peds into soil cracks from which it may infiltrate
herizontally. This means that drainflow can be chserved in a clay soll
intense rainfall conditions although the soil may be storing water in the

Q%‘:Qt\@\

o
O -Np N
o 1. MOISTURE € |, MOISTURE
oW CONTENT (% by vel.) o 1. CONTENT .o
o7 0.5 8 CHANGE S 0.5 CHAH
Q 0
005 0.5
C
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&
8
0.9 (a) 0.9 (v)

P

FIG 5 Changes in Moisture Content with Depth for {a) Loosened Soil
and (b) Undisturbed Soil under Grass following a 24mm
Rainfall Event (Shipway 1986)

In field studies water storage and drainflows have been campared fof g if
undisturbed and loosened clay Soils (Shipway 1986). Figure 5 shows Chafde; is
stored water following a rainfall event for the two treatments. [ess ‘;‘w

stared in the unloosened soil where a few large cracks exist than in ©°
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i':)sened soil with many cracks. Water is stored mainly at drain level (550mm)

B the undisturbed eoil but near the soil surface for the loosened soil.

sgure 6 shows drainflow for the same treatments. As expected drainflow
later and is less for the loosened treatment. -

I&F&;isad cracking increases the number of intermally wetted surfaces so that
ibltimofmterbytheclaymatrixisgreaterasthemmberofmcks
0‘2°rease. We therefare expect that soil loosening may allow increased storage
water i{n the soil matrix and consequently less drainflow in situations
ere rainfall is infiltrating into the soil. This situation is typical of
Wetting situation in the soil in the pericd after harvest and seedbed
o ticn. In the spring the soil may be swollen leavirng only stable cracks
wep ) Conduct water to the drain, Although less water is stored in the
Suehpmﬁle' flow rate can ba low due to the low conductivity of the cracks.
flow behaviour has been noted by in our field studies and is reported by
watkers (Reid and Parkinson 19684, Robinson et al. 1987)

g
3 0 5 I
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e 6 Dreinflow Hydrographs for (a) Soil Loosened to 200mm and
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Drgins Spaced at 2m, Drain Depth 0.55m)
{Shipvey 1986)



DRAINFLLWS

brainage theory shows that the £low rate,(q) from the drain depends on the nid
drain water table height,(h) above the drain.

i.e. q= £(h)

In rainfall situations the rise in the water table is dependent on the
drainable poresity of the soil and the quantity of water recharging the watél
table. Where the drainable porosity is small, small inputs of water will
produce large rises in the water table. '

In soils with a shallow depth of saturated soil below the drain or where the
drain can be considered to sit on the impermeable layer we can state:

g o he

Thus where drainable porosities are small and exist in a few continucus 15’5_1
cracks drainflow will be rapid and have a short recession following a T
event (Leeds-Harrison et zl 1986}.

In loosened soil the movement of water to the drain may therefore be less
rapid while in swelling clay soils where minimm tillage is practised
discrete cracking occurs high flow rates may be expected. However where Pﬁ
pans or campaction in the soil can be identified then loosening hag been

+o be very beneficial (Harxis et al 1884),

DISCUSSIONS AND CONCLUSIONS

The effect of soll disturbance on the amount and rate of drainflow from
closely spaced drains in clay soils depends on the nature and extent of U
cracking system in the soil. The ability of soil management techniques 0

change the nature of this cracking needs to be considered in drainage desi¥'’
and in water balance models in these soils.

It is clearly demonstrated that in situations where soil structure is “91;11
developed in the upper soil layers but poorly developed below or where pad?
has been loosened, for instance by sub-soiling then the presence of a €€
surface and a direct connection fram the loose soil area to the drain i 109
essential for the rapid removal of excess rainfall. However when consicel
loosenad soil it is observed that an increase in stored water in the S0kl
profile when the soil is initially dry results in less drainflow. In 883i°)
it can be expected that the incTease in drainable porosity as a result ©
loosening will also produce less rapid drainflows,

Drainage design must consider possible soil management scenarios and t”egg
effect on drainage response., In humid temperate areas where the r e
excesswinterrainisofprhnazywmmthendrainagecanbeemﬁmedw
creation of a few large continuous cracks connecting the upper soil 133!'9;5&!“’
the drain. Rapid removal of water in this case will mean less !
for the soil to swell, Loosened soil however will allow greater uptak® e
water in the soil matrix resulting in more swelling. A result of this YW

of water is that the soil will became weaker and be more prone to damag®
mechanised farming systems.,

ef
In dry climates soil shrinkage cracks may be extensive. In this case “’fmred
surface irrigation or intense rainfall, water which might otherwise bé

in the soil profile can be lost to drains, In this case soil maragemei® .
techniques to Teduce shrinkage or to close shrinkage cracks once theY
formed may be needed. Spoor and Leeds-Harrison (1986) report a drainad®
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Teclamation study in Egypt on a highly swelling clay soil in which rapid
r t of water through shrinkage cracks and implement induced fissures
. josulted in very inefficient leaching and a rapid dispersion of the clay which
Blocked the drains. Modifications to the drain installation technique were
eeded to prevent rapid movement of water to drains from ponded water,
localisey surface campaction to close cracks at the surface resulted in
fatisfactory leaching.
S®lling that occurs as soil wets will reduce drainable poresity and hydraulic
mctivity. This in turn will affect drainage response to rainfall events.
whi 9¢ and drainage operations should aim to create stable continuous cracks
eh will allow rapid movement of water to the drain even when the soil is
* Rapid wetting of the soil following soil disturbance may cause rapid
DUapse of cracks and channels in the soil (Spoor and Ford 1987). While it is
to Sible to avoid rainfall, timing of drainage and soil ‘loosening operations
pericds will be beneficial.

gfi“ay be concluded that the drainage behaviour of clay soils is shown to be

m?@ly deperdent on the cracks and fissures in the scil. The influence of

in disturbance by tillage has a significant effect on the storage of water

th the 50i1 and on the drainflow rate. Drainage design amd installation in
80ils requires an understanding of the water flow processes in soil

Tacks and the matrix.

Becy

twm“ie of the phenaomena of crack flow in clay soils drainage installation

Que may have to be modified to take account of the drainage problem and

;ﬁsuiquent £0il management techniques. Modifications to drainage machines to

of 1° that seepage surfaces and stable cracks are formed are a possible means
MEroving dratnage on clay soils.

The

troq cnanisms of crack flow both in the saturated and unsaturated case differ
S0i] those in single grained rigid soils. Care must be taken in the use of
the ard water management models for pedal clay soils which do not consider
ByeriO¥ Of vater through cracks and fissures. The modification of soil
Pt il parameters from those measured to account for soil disturbance may

Y have limited success.
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TILE DRAINAGE WATER QUALITY: A LONG TERM STUDY IN NW OHIO
T. J. Logan*

Yuch of the northern Corn Belt of the United States, &nd in particula}- the _lowgr
G Lakes states of Indiana, Tlinois, Michigan, Oh.io. and V\flsconsm, is
erized by near level topography, small watershed gradients, and fine textured,
g ¥ drained soils, This is most evident in the northwestern region of Ohio which is
OMing teq by the lete Wisconsin-age lake sediments of the lake plain and ti}ls of the
m"“lnding glacial till plain and moraines (Logan end Stiefel, 1978), _This area is
Eeneraljy cireumseribed by the present Maumee River Basin which drains northward
tom Indians, Michigen, and Ohio into Lake Erie at Toledo, Ohio (Fig. 1)
IP“ Soils of NW Ohio are young (7000-13,000 vears), fine textured and dominated by a
inm'“‘e of illite, vermiculite and smectite clays. They are well to poorly structured
in the Surface because of relatively high organic matter levels, and poorly structured
lwthﬁ Subsoil. The soil textures range from silt loams to clays. These soils occupy
¥ el tp nearly level landscape positions and slopes are in the range pf 0-6 percent.
all!ldl'aulic conductivities are low and seasonal high water tab'les within 20 em of the
frf“e are ecommon. Because these soils are young, relatively gnweathered, and
TMeq from celcareous parent materials, they are inherently fertile and capable of
orop Cing high erop yields if drainage is improved. Drainage is the limiting factor to
mf‘op Production on most of these soils, and all farmers use some form of surface or
in‘;&"face drainage. In the last three decades, there has been a tremendous increase
of he Installation of subsurface drainage systems, particularly precision installation
Plagtic corrugated tile, and a more recent interest in the use of ridge tillage
¥ ms for drainage. Northwestern Ohio represents one of the latgest aress in the
th 19 with extensive use of subsurface drainage and, therefore, movement of
fof Micals vig tile drainage from agricultural land to Lake Erie has been of eoncern
& Mimber of yesrs.

El’m‘act

Lake Erj ; io f
€ which, together with Lakes Superior, Michigan, Huron, and Ontario form

:h{,-?egreat Lakes,'ha(;gbeen the focus of cong?derable study during the 1970's and 1980's
pon: that water body was found to be seriously polluted (PLUARG, 1978). The major
of SHon problems have been cultursl eutrophication stimulated by excessive loadings
\nts, end contamination of fish by heavy metals and organics, Of these
load?s’ by far the most dominant has been cultural eutrophication from excesstziv?
the "8s of bhosphorus to the lake. It has been estimated that about 50 percent o

Phosphorys entering Lake Erie is by runoff from agricultural land, the other major
wasfe being discharges from wastewater treatment plants (COE, 19821 The
of laewﬁter sources have been dramatically reduced over the last decade as a resul;
Cangoi® Dublic expenditures for advanced wastewater treatment by the U.S. an
be ae:%' et lake modelers estimate that significant reductions in river sources must
Yrone T84 in order to restore the lake to acceptable quality (COE, 1982). There is etl
Sffeny; -ONSENsUs among the jurisdictions in the U.S. and Caneda that the mos
theouey ¢ Means of significantly redueing agricultursl sources of phosphorus is

B erosion control, and that this control can best be achieved through wide-

\

1]
T' J - 13
-LOGaN, Professor, Agronomy Department, The Ohio State University,
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Soread adoption of conservation tillage prectices, including no-till, in place of

© more widely practiced fall moldboard tillage (Forster et al, 1984). No-till can
p."tentially reduce total phosphorus losses by as much as 90 percent and conservation

8¢ phosphorus reductions may be as high as 50 percent (Forster et al., 1984), Tile
%inage can potentially affect the impact of conservation tillage and no-till on
Phosphorus josses in two ways: &) erop yields are often reduced with no-till on very
ly dreined soils, and tile drainage may increase the potential for no~till adoption
ot S¢ soils; and b) tile drainage may enhance the inecreased infiltration which is

€n observed with no-till compared to plowing. It is essumed here that any water
! flows through tile will have lower concentrations of phosphorus than those in
8¢e runoff because of the adsorption of phosphorus to soil particles.

:‘rfil;;hep- agrieultural water quality problem in the Maumee River Basin and other
% taries of northwestern Ohio has been high levels of nitrate (Baker, 1987). Peak
the oMrations often exceed the U.S. drinking water standard of 10 mg/? NO3-N and
evels in these rivers are among the highest recorded anywhere. These levels can
2ttriuted to the high percentage of agricultural land use in the watersheds, in
,-sm'f\liar the production of annual feed grains, In the case of nitrate, tile drainage
Qngeen as'accentuating the problem becsuse of the high water solubility of nitrate
Ehenits minimal attenuation by soil. Baker (1987) has suggested that nitrate storm
,edim"gfaphs for northwest Qhio rivers are different than those fqr phosphate and
tle €nt, and indicate that much of the nitrate in these watersheds is routed through
Ingge systems before returning to the surface drainage network.

I;; °t‘;?el‘ to answer many of these questions, 8 long-term study was initiated in 1975

© ARB NW Branch of the Ohio Agricultural Research and Development Center

loggeq C) at Hoytville (Fig. 1) and at several other sites in Defiance County in which

R gy of sediment and nutrients were measured in surface runoff and tile drainage as

Are Retion of soit type, crop, and tillage. A summary of the results from 1975-1982
Feported here,

STUDY LOCATIONS AND METHODS
A
nmégm of five sites were selected for study in the Meumee River Basin of
Smm“‘esten_-, Ohio, four in Defiance County on field-size plots, and a set of eight
t mp1°ts In Wood County (Fig. 1 and Table 1}, These were selected to represent
Sitgg 8jor soi] types in the Rasin (Teble 1. Details of the instrumentation of these
log7y Ve been reported previously {Logan and Stiefel, 1979; Logan, 1881; Logean,
C"shae he genersl approach on the field-size areas in Defiance was to use a
Y ton wheel for estimation and sampling of runoff and a sump and sump pump
raing, Metion and sampling of tile drainage. At the Hoytville site, runoff and tile
eﬂima&;e from the eight plots is diverted to sumps and sump pumps are used to
P eyar, 21 sample flow. ‘This approach provides accurate estimates of totel flow
daty i:’“ &nd an integrated sample from each event, but does not provide hydrologic
Yenopg the form of detailed hydrographs. Each site was equipped with mamal or
nltereng *ain gauges. Samples were analyzed for sediment, total phosphorus,
stierel’ Teactive phosphotus, and nitrate-nitrogen using standard methods (Logan and
h 1976), Only cata for the Blount, Paulding and Hoytville sites are presented
1975. 4T period of record is 1875-1983 for the Blount and Paulding sites and
r 80 for the Hoytville plots.
H%?nmd erop mansgement mre given by year for each site in Table 2. On the
""erz Plots, half of the sites were fall moidboard plowed each year and the other
Ohio, Mo-tilied. Because of the wet and heavy nature of the soils of northwestern
Eown s;:‘ 98¢ all plowing is performed in the fall after crop harvest. Winter wheat is
pl%, ki 0"'10, while osts are spring seeded, With the exception of the Hovtville

g‘*n. te or no fertilizer was used on these sites except for 100-150 kg N/ha for
“Dectiye, ¢ Hovtville plots, approximately 100 and 200 kg/ha of P and K,

4y Were applied in the fall just prier to fall plowing, and approximately
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Tahle ¢,

Summary of Tillage and Cropping Practices on the Monitored Areas

W

Year Tillage Crop
‘\‘_‘__
Blount (401, 402)
ig;g fall moldboard plow soybeans
197y fall chisel plow soybeans
1978 fall ehisel plow eorn
197¢ no-till soybesans
1979,84 fall ehisel plow soybeans
19g] {all ehisel plow wheat
1939 fall chisel plow corn
1983 no_tgjl soybeans
no-ti soybeans
Paulding (501, 502)
1y
19;2 fall moldboard plow soybeans
lgym fall chisel plow soybeans
larg fell moldboard plow soybeans
1978/79 fall meldboard plow oats
1979/80 fall moldboard plow wheat
l9g; fall moldboard plow wheat
19gs fall moldboard plow soybeans
lgq fall disk wheat
fall moldboard plow idle
Hoytville {§11-681, 612-682)
lgy
1972 tall moldboard plow and no-till soybeans
1M fall moldboard plow and no-till soybeans
147y fall moldboard plow and no-till eorn
lorg fall moldboard plow and no-till corn
198p fall moldboard plow and no-till soybeans
fell moldboard plow and no-till corn

Mﬁ
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200 kg N/ha was applied to the corn erops. Available phosphorus levels in all soils
were in the sufficieney range, and on the Hoytville plots reached very high levels
unti} P fertilization was stopped in 1978. .

RESULTS AKD DISCUSSION

Annuel preecipitation, runoff, tile drainage, and sediment, phosphorus and nitrate
losses are given in Tables 3-6 for the Blount, Paulding, and Hoytville sites. Seasongl
trends in precipitation, runoff, tile drainege and soil loss are illustrated by date from
the Blount site (Fig. 2, Logen, 1987)

The hydrologic response of the Blount soil (Table 3) was intermediate to that of the
Paulding and Hoytville soils {Tables 4-6). About half of the total measured drainage
from the Blount soil was surface runoff and half was tile flow. In general, however,
the Paulding soil had higher runoff and less tile drainage, while tile flow was much
higher on the Hoytville soil than surface runoff. These three sites are all nearly
level, and the main differences in them affecting tile flow are soil texture and
structure. The Blount soil is a silt loam and has good structure in the surface, the
Paulding soil is clay-textured and formed from massive varved lacustrine clays, and
the Hoytville soil is well structured in the surface and subsurface. The Hoytville site
had been in eontimious pasture for about 20 years prior to installation of the drainegé

experiment and this appears to have contributed to the excellent structure and
internal drainage characteristies of this soil.

Sediment losses from the sites varied as & function of runoff, and was highest from
the Paulding site and lowest from the Hoytville plots, Soil losses were low in terms
of soil productivity losses, and it is, therefore, gdifficult to justify erosion control of
these soils except as & means of reducing off site dameges due to sediment and
sediment-bound pollutants such as phosphorus and pesticides, Soil losses from the
Hoytville plots were 50 low that there were no significant effects of no-till versus
fall moldboard plowing. In eontrast, no-till appeared to have reduced soil loss on ﬁhe
Blount soil in 1878, 1982, and 1983 (Table 3. Wheat alsc showed lower runoff erosion
losses on Blount and Paulding soils than corn or soybeans (Tables 3 and 4), Sedimen
logses in tile were generally <500 kg/ha/yr and were not important in terms of ove
soil losses. They can, however, account for a large part of the phosphorus diseharg

from tile lines and mey also be important in the transport of some soil-boul
pesticides.

Filtered reactive phosphorus losses were low in surface runoff except from the no.ﬁ]l
plots on Hoytville soil (Table 6) where 100 kg P/ha was surface applied each fall ff‘?m
1875-1978. By 1980, levels were beginning to fall to much lower levels. Tile
drainage filtered reactive phosphorus losses were low on all sites and were no°
affected by P fertilization on the Hoytville plots,

Total phosphorus is comprised of filtered remotive phosphorus and sediment'b"““g
phosphate. Total P losses from all sites were much higher than those of filtere
reactive P, and total P losses were well correlated with sediment losses, At very 19
sediment concentrations in some of the tile drainage treatments (e.g., Hoytvil®
Tables 5 and 6), almost all of the total P was filtered reactive P, Soil loss reduction
with no-till on the Blount soil (Table 3), and with wheat on the Blount and Pauld
soils (Tables 3 and 4) also resulted in total P reductions. Total P losses in Sirface
runcf{ from the Paulding soil were extreordinarily high (Table 4), among the night n
ever reported from agricultural land, These levels can be attributed to the eros’®
rates from this soil and to the high elay content of this soil which results i
enrichment of phosphorus in the eroded sediment.

Total phosphorus concentrations in tile drainage were low compared to thosegﬂlg

surface runoff, and most of the totel P can be i i in the
i attributed to sediment In
discharge. In the case of the Hoytville soil, however, total P loads were highel tha?
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those in surface runoff because of the much higher tile flows compared to runoff
volumes,

Nitrate losses were generally much greater in tile drainage than in surface runoff
except on the Paulding soil (Table 4} where tile flows were very low. Nitrate )osses
were somewhat higher with corn than with soybeans (Tables 3, 5 and 8) although the
effect was not great. These data show that some nitrate losses from agricultun;ll
land ean be expected with annual erop production even when chemical fertilizer i8
not used, as is the ease with soybeans. Total losses of 10-20 kg N/he in runoff and
tile drainage are probably typicel for eorn/soybean production systems and levels less
than this mey not be easily echieved since there is nothing that can be done to reduce
nitrate losses from soybeans.

Figure 2 ilustretes the seasonal distribution of precipitetion, runoff, end .tile
drainage for the Blount site. Similar results were found for the other sites.
Precipitation tended to be greatest in late spring and early summer, but runoff and
tile flow were always highest in the early spring after ground thaw, Scils afé
water-saturated in the early spring compared to the summer months. Also, the erop
canopy is fully developed by late July, thereby protecting the soil surface and the soil
has dried sufficiently to provide some moisture storage capacity.

CONCLUSIONS

A long term study of tile drainage quality in NW Ohio has indicated that
concentrations and, in most eases, loads of sediment and phosphorus were lower N
tile drainage than in surface runoff, Nitrate concentretions and loads were generaUY
higher in tile drainage. Because of the extensive use of tile drainage systems in the
Lake Erie Basin, pollutant losses from agricultural land to the Lake via this pathway
should be econsidered in any enalysis of land use impacts on Lake Erie water quality.
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THE MOVEMENT OF SALT IN CLAY SOILS
D.W.RYCROFT!; T.W.TANTONZ; F.M.WILKINSON]

Eie 198§tiable demand for irrigated land in the tropics has resulted in an

‘Yeasing area of heavy clay land being developed for irrigation without
Cr:fe.being an effective methodology for draining them. As a result in-
Sal:s}ns _areas of these soils are being abandoned due to waterlogging and
prac:?Zatlon. Many field trials have been conducted to try and find a
fve ical method of reclaiming salt affected clay soils but to-date, effec-
dey Mmethods applicable to a wide range of situations have not been

€loped.  This study describes part of a larger investigation devised to

8] d

i:Ed light upon the principles contrelling the movement of salt and water
eavy soils.

9]

hayg are pgenerally difficult to drain because of their low overall

z:taulic conductivity (Mc Intyre et al 1982, Bouma and Wosten 1979). HMost
Contgage flow and indeed hydraulic conductivity can be attributed to the
ve1nuous structure formed from biopores and the swell-shrink fissures
YdraOPEd on wetting and drying (Bouma et al 1577). Occasionally, the
‘igat?lic conductivity may be sufficient to allow excess rainfall or ir-
to gy 00 to be removed (Bowsa 1980, Farbrother 1972) but the flow, confined
ireg ® macropore structure, bypasses the main body of the soil which, under
Bation, contains the salt that drainage is intended to remove.
I
tis widelv recognised that diffusion plays an important role in the move-
up of saltsg within the soil but most studies have concentrated either
p“marthe diffusion of nutrients or of specific ions in artificially
;rGVid?d clays (Nve and Tinker 1977). The studies described were aimed at
in iNg basic information on the diffusion of salts commonly encountered
the 'Tigated areas in natural clay soils and at assessing the importance of
iffusion process in the leaching of heavy clay soils,

THE DIFFUSION PROCESS
Ong .
ap diffuse as a direct consequence of random thermal motion resulting in
tiy Movement of fons from areas of high to area of low concentration un-

%ality of concentration is established.

]
sorclays- ions may diffuse either in the free soil solution or in the ad-

b Phase of jons clustering around the particles. The rate of diffusion
freg se adsorbad phase is many orders of magnitude lower than the rate in
lone *°lution and so for practical purposes may be ignored (Nye 1966).

Simg s 1ff“51ng in free solution may exchange places with other ions of the
hﬂmerpecles tNye 1679, Self diffusion) or with other species (Olsen and
(Earracllgﬁe* Counter diffusion) or move as electrically neutral pairs
Salyp N Sugh and Tinker 1982, Mass diffusion). However, for practical
¥ control mass diffusion only needs to be considered.

ou + The Institute of Irrigation Studies, The University of
thampron,

e;Earch Assistant, The Institute of Irrigation Studies, The
Versity of Southampton.
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The diffusion coefficient is affected by ion species (Robinson and Stokes
1956) by soil properties, especially moisture content {Vaidvanathan and Nye
1966) by concentratien of salts in the free solution (Graham-Bryce 1965)
bv electrostatic effects (Tinker 1970) by anion exclusion and temperature
{Lai and Mortland 1962} and by soil structure (Currie 1965}. As this paper
will show despite these influencing factors it is possible to obtain a rep-
resentative value of the coefficient that might apply to a saturated clay
in a field situation.

The mathematics of diffusion has been studied extensively and forms the
basis for the analvsis of the experimental work described herein.

Theoretical Analvsis

Leaching into Infinite Volumes of Water from 2 Cylinder of Clav:

The rate of change of soluble salt concentration with time and position in
2 s0il evlinder immersed in pure water and subject only to radial diffusion
is described by the following equation {Crank 1%65):

©
Ch— C =1 -2 v exp (- )] 9 {(rgn) (1)
L a L un3) (aap)
n=}
where:
Cy = initial soluble salt/ion concentration in the _,
soil solutien (assumed to be uniform at 8.4 dSm )
C = gsoluble salt concentration at time t and radius t
within the so0il solution
a = outer radius of the scil cylinder
an = positive roots of the Bessel function of the

first kind of order zero
J o (rq,) = Bessel function of the first kind of order zero
J 1 (asp) = Bessel function of the first order
Leaching into Limited Volumes of Water from a Cvlinder of Clay: i1
The rate of leaching of salts from an initially uniformally saline sol

cylinder into a limited volume of water also of uniform initial lower ¢O”
centration is described by {Crank 1965):

. (- bqy tf 2)
mt = ] - Y 4 o (1 +a ) e {2)
i L 4+ 4 ava igl,
n=]
where:
qns = are the positive, non-zero roots of:-
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ol gn j o f{an) + ﬂ1(‘311:1) =0

o = the ratio of volumes of leaching solution/volume of solu
ien in soil

My = the amount of solute leaving the soil cylinder in time t

= the amount of solute leaving the scil cylinder in time t=g

EXPERIMENTAL METHOD

2?11 tylinders of clay sub-soil were coliected with the minimum of distur~
Eo?ce from a field at Selbourne in Hampshire, UK. The cylinders of clay
1 (70% montmorillonite) were placed in a salt selution for six weeks

;°2tainjng respectively 45.7, 24.9 and 22.8 meq. 171 of Ca Cl3.6H,0,
d§12'6320 and NaCl. After salinization the cylinders of clay had a
nquter of 55 mm and a height of 30 mm. The soil solution had an electri-

358°°ﬂductivity (EC) of 8.4 dSm~! and a sodium absorption ratio (SAR) of
t; : e upper and lower faces of the cvlinder were then coated with wax
Constrain all salt movement to a radial direction.

in first experiment radial diffusion was studied by immersing the cores

Np; ?th of distilled water in which the purity was maintained by constant
of Snishment. Seven replicate samples were then taken at fixed intervals
“Rdurg upto 72 hours, and the cores sectioned into regular anulii, a& pro-
samgy ., 18t effectively terminated further redstribution of salt. The
as ®S were then oven dried and the soluble salt present in the samples
“Ted in 5:] soil/water extracts.
1
320522 Second experiment the clay cylinders were prepared as described
e §ut to minimize any complications due to ion exchange, they fgre
er3811ne in a single salt solution of calcium chloride (EC 11.9 dSm™1}.
salinization the cyvlinders were immersed in limited volumes of leach-
YSter.  The limited leaching volumes either of 26.3 or 54.3 or 70 em?
Hateroped each saline c¢lay cvlinder within a thin annglus of leaching
haq; The rise of salt concentration in the constantly stirred annulus of

Ing vater was then recorded as it rose to equilibrium.

RESULTS
Diff .
\“Hiigﬂ-iﬁlp an infinite volume of leaching water.
L33
gu
Varize ! illystrates the decline in the overall salt concentration at
“st;u Poesitions within the soil cylinder during the 72 hours of these

4

gu . .
“mw:et 2, based upon a similar set of experiments, but extended in time,
‘°hm1 he total fractional rate of removal of salt with minimally 50%

&amuig 53lt being leached by diffusion over the first 48 hours of

3
a =
by f?pa?e“t diffusion coefficients shown on Figures 3 and 4 were estimated
e‘ﬂas INg the mean salt or ion concentrations of the seven replicates at
ing position into equatien 1.

ifE., . .
g fusion coefficients declined generally with time (or concentration)
%Yet distance from the centre of the core. However, these variations
expected due to the complex interactions of salt concentration,
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ion species and the physical properties of the clay/water/ion systems and
the effect these have on changing the mathematical boundary conditions.
Despite the variations it has proved possible, as Figure 5 indicates, t©
identify values of the apparent diffusion coefficent which yield sound ecor”
Telations between measured and predicted leaching rates for whole
eylinders. These values are:-

Table 1l.Measured Diffusion

Correlation
Coefficients
Dy (em?st1) r
Total Salts 3.5 % 1076 0.97
Sodium 3.5 x 10°6 0.96
Calcium 5.5 x 1076 D.94
Magnesium 4.7 x 1076 0.8%
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Diffusion intc a Limited Volume of leaching water

In this set of experiments leaching by diffusion occurred into a limited

finite volume of warer and corresponded much more closely to the situatiol
prevailing in a naturally structured clay soil.

The important physical parameters of the experimental system are
described below.

Table 2. General Information on Limited Volume Leaching Tests.

—
Vol. 1. 2;
Vol. of W of Meisture Vol. Leaching Ratjio Rati
so0il soil content Sofl Sol'n u a
cylinders cylinders Sol'n
em3 gm W/ Wl cmd emd
1) 71.2 142.3 42.6 42.5 26.3 0.27 0. 5
2) 71.3 151.5 44,5 46.¢ 4.3 0.43 11
1) 711.3 146.9 48.8 48.2 70.0 Q.50 1.4
—
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FIE“TE 6 shows the measured rates of leaching. As would be expected equi-
;;;fium was reached quickest in the case of the smallest external volume;
* of equilibrium being attained in just over twe hours in samples with an
alpha value of 0,62 and four hours in experiments with an alpha value of
ai Simulated leaching curves based on equation 2 for the same values of
Pha as were used in the experiments are also shown in Figure 6. The
S0retical response is similar albeit slower than that observed, the dif-
Ténce being most pronounced at short time periods. This is thought to be

N 1o the fact that the diffusion coefficient of 5.5 x 10°%cm?s"! for cal-
ﬁhm chloride does not take into account the passive movement of salts from

Ithin the core as a result of osmosis.

®

Foot“°te 1. » = Volume leaching water/Volume of cylinder + leaching water
“Otnote 2. 4 = Volume leaching water/Volume soil sclution within cylinder

DISCUSSION

g? Tesuits show that for practical purposes, over time periocds greater
M one day, standard equations for diffusion of salts can be used to
node) the movement of salt from within clay cylinders, although for shorter

::ri°d5 cf time more complex models are required which take account of os-
tic effects.

1: heﬂvy clay soils the crumbs and clods within an un?onso%idat?d plougp-
st'et Can be visualised as being spheres of varying sizes in which salt is
wh?red in the entrapped water. The spheres sre surrounded by v?ids through
fecch bathing solutions of leaching water flows and, if‘the sozlluete per-
be tly drained, the salt concentration within the leaching so}utlon would
rgstvery low, A similar conceptual model can be used to consider a deeply
saltuctu‘ed soil. If standardly available so?ut?ogs are then used to medel
the low  from such spheres, bathed by an infinite v?lume of pure water,
"luence of clod size can be demonstrated {(Figure 7}.
S;ca“ be seen from Figure 7 that at the rate of diffusion determined in

tqya experiments, loss of salt from small spheres occurs_remarka?ly

Mi;dly for small crumbs and even in larger spheres of 15 cm radius, which

“ﬁstF Correspond to the dimensions encountered in a strongly structured
i

lege, 0ls  some 507 of soluble salts could be leached out in 20 days if the
Ehzng sclution could be replaced sufficiently rapidly to maintain a low

&
®ntratfon in the leachate.

ﬁrmzxperimEHt involving diffusion of salts into a limited volume als? con-
Ingg the rapidity by which salts are able to move out of clav cylinders
a dthing solution of leaching water.
In
t

ﬁff:e field situation the boundary conditions of the leachate are rather
1eae ?ent from those used in these experiments. Firstly, the Yolume of thf
t*redxng Sclution in the experiments was much greater than would be encoun

Mgy, ** @0 undisturbed soil and so corresponds much more to a plaugped or
hhﬂsgxse restryctured situation. Undisturbed clay soils have drainable
Q‘Ulg;f“m’ t4) of between 1T and 5% corresponding to alpha va}ues of about
Mgy 474 0.097, The predicted rates for attaining equilibr;um for these
“Ungg,coT® Tealistic alpha values are also shown in Figure 7, with the salt
i“& &ntra‘i°ﬂ &ttaining BO% of its equilibrium level in time periods rang-
3 O® 1.25 hours (am 0.0187) to 12 hours (a= 0.087). These findings
lmwhi Teflect the fact that there is very little water available for
thﬁulng % the natural clav soil and emphasises the necessity for a con-
the &uirapid replacement of the leaching solution within the maciopores of

l leaching is tc be effective.
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At the outset of the investigation it was supposed that flood irrigation
would uniformly bathe the clay peds with ieaching water which might then
percclate slowly downwards or move laterally to a drainage systes.
However, studies of water movement carried out on the above spils and alse
under irrigation of vertisols in Turkey have revealed that flow is confined
to a few limited pathways, eg old root channels corresponding rather more
closely to flow down discrete channels. The effect of the densitv of these
drainage channels on the rate of removal of salts from the soil was ana-
lvsed by treating the soil as a matrix perforated by perfectly drained nar-
row channels, (Figure 8). This idealised situation is useful in identify-
ing the possibilities for leaching when perfect drainage exists, the
results indicating that with perfect drainage it should be possible to
leach clays over a matter of some months. However, in practice the rate of
flow is controlled by the continuity, or lack of it, of the flow channels
to a drainage system. The field studies in Turkey have shown that discon-
tinuity is the norm restricting the rate of flow and therefore the rate of
salt removal (Rycroft el at 1986). It can be concluded from these results
that although diffusion is a key process for the removal of salts from clay
soils, in practice it is not a limiting factor and that the problem ©
leaching salts from clav stems from inadequate movement of water through
the macropore structure of the soil. This lack of water movement does not
stem from an inadequate macropore structure but is a result of discon”
tinuites between water conducting passages of the soil and the main
drainage system.

Thus there is clearly a need to improve soil structure if a way is ever t0
be found to successfully manage the salinity in these soils.

Finally it can be concluded that since the amcunt of water passing through
the soil structure is most likely to be the main 1limiting factor on the
rate of salt removal the diffusion process can largely be ignored in field
models.

C-74



- ) ]
N RN Py
ERRE
w o, 9 o ¢ time , doys
o o Bt | M
—— B o e S
ey o ] i el
A Y — e, B . * N
E 05 . Y A
~ \(ll"OGﬁ'\\ > Lt {"4 NP0 Sem
- e XY i ‘s_\‘ e
— s by
€ i — T Gy —
10 "*-..______i*-.;__‘ : i l e S Wil
I woe 16,000 100,080 Lobe, 000 1600000 time gec’s
Figure 7 Leaching from Spheres of Various Radii
0 - ZERD CONCENTRATION ASSUMED IN CHAMNELS
% ‘*%&QJ& L1111
N b — - DIA. R6OT CHANNELSY Imm
b = - ™ pDr3-Sxio-6 CmME/GEC. —
€ -__\'\ ) ——— R RAD. OF INFLVENCE
T =
-~ —_— . '-...\\\ NS -
~— TI00
5 0.5 30 \\\ \‘\‘\‘ \\/ T
A S NELASVANRNN
S NEEN
[ ™ * o= T
] | s R“E.” \\
- +i0
- b \Q"‘ '\:\ |
g Wl - 5m}\_"-:’f-~ ‘--EE
2 1 2 4 10 20 30 40 S50 60 %0 B0S0 Y00
o
&
Figure 8 Time to Leach Soii Drained by Channels st Varying Radii

C.75



[N]

~1

10.

i1.

12,

13,

14,

15,

REFERENCES

Addiscott, T.M., V.H. Thomas and M.A.Janjua. 1983, Measure ment and
simulation of anion diffusion in natural soil aggregates and
clods. J. scil science 34: 709 - 721.

Barraclough, P.B., and P.B Tinkler, 1981, The determination of
ionic diffusion coefficients in field soils. II Diffusion of
bromide ions in undisturbed soil cores. J. Soil Science 33: 13 -
24.

Bouma, J. 1980. Field measurement of soil hydraulic properties charac”
terising water movement through swell ing clay soils. J. of
Hydrology, v 45 (1/2): pp 158 - 59,

Bouma, J., A. Jongerius, O. Boersma, A. Jager, and D.
Schoonergerbeck. 1977. The function of different types to macro”
pores during saturated flow through four swellng soilhorizons:
Soil sci. Soc. Am. J., 41: 8915 - 950.

Bouma, J., and J.H.M. Wosten. 1979. Flow patterns during extended
saturated flow in two undisturbed swelling clay soils with dif-
ferent macrostructures. Soil Sci. Soc. m. J., 43: 16 - 22,

Crank, J. 1963. The mathematics of diffusion. Oxford University,
Fres, London, New York.

Currie, J.A. 1965. Diffusion within soil micro-structure, a struc”
tural parameter for soil. J. Soil Sci. 16: 27¢ - 285.

Farbrother, H.G. 1%72. Field behaviour of Gezira clav under
irrigation. Cotton Grow Review 4%: | - 27.

Graham-Bryce, I.J. 1965. Diffusion of cations in soil. I1.A.E.A.
Vienna Tech Rep S., No 4B: 42 - 56,

Lai M.M.Mortland. 1862. Self diffusion of exchangeable cations in
bentonite. Clays and Min Vol 9: 229 - 247.

Mc Intyre, D. 5., J. Loveday, and C.L Watson. 1982. Field Studies
of water and salt movement in an irrigated welling clay soil.
Infiltration during ponding. Aust. J. Soil Res. 20: 81 - 90.

Nve, P.H. 1966. The measurement and mechanism of ion diffusion in

soil, i) the relation between self diffusion and bulk diffusiof
J. Soil Sci. 17: 16 - 23,

Nve, P.H, 1979, Diffusion of ions and uncharged solutes in soils
and soil clays. Advances in Agronon. 31: 225 - 272.

Nye, P.H., and P.B. Tinker . 1977. Solute movement in the soil-
root system. Oxford: Blackwell Scientific Publications.

Olsen, 5.R., and W.D. Kempler. 1977. Movement of nutrients to plast
roots. II advanc. Agron. 20: 91 - 15]1.

C76



15,

17,

g,

2,

Robinson, R.A., and R.H. Stokes, 1959. Electrolyle Solutions,
London, Vaidvanathan, L.V. and P.H.Nye (1966}. The measurement
Butterworths and mechanisms of ion diffusion in soils, IV. The
effect of concentration and moisture content on the counter dif-
fusion of scil phosphates against chlerides, J. Soil Sci 21: 15 -
27.

Rowell, K.K., W.D Kempler, R. [.. Jackson, and B.A. Stewart.1967. The
measurement and mechanism of ion diffusion n soils, III The ef-
fect of moisture content and soil salt concentration on the self
diffusion of ions in scoils. J. Sei Sci. 18: 204 - 222.

RYcroft. D.R., T.W. Tanton, and F. Wilkinson. 1986. The movement
of water and ‘salt in clay soils,pub. Institute of Irrigation
studies. University of Southampton, U K.

Tinker, P.B. 1970. Sorption and Transport in soil. Soil Chem.
Ind. Mogagr {(London) 37: 120 - 183.

vaidyanﬂthan. L.V. and P.H. Nve. 1968. The measurement and
mechanisms of ion diffusion in soils. IV The concentration depen-
_dence of diffusion coefficients of K in soils at a range of mois-
ture content levels and a method for estimation of the differen-
tial diffusion coefficient at any toncentration. J. Soil sci. 19:
94 - 107,

crr



- C-78



" POTENTIAL WAYS OF INCREASING MOLE CHANNEL STABILITY
GORDON SPOOR*

:1:: life and nature of collapse of mole channels installed with the same
dlsgdﬁl’d type qf mole pJ:ough vary, not only between soi}s and location, but
Sile Detween different installations at the same location. Recent work at
failoe Collegg (Spoor and Ford 1987), has enabled the major types of
n a‘«;ré Mechanism responsible for channmel deterioration to be identified.
faiy dition it has‘ been possible to establish lir_lks between the types of
fOl]_ure- and the soil, implement and climatic conditions prevailing at and
Dmsﬁ‘g{lng channel formation. Knowledge of these links opens up the
ine 1 111'_;y of mak‘ing suitable modifications to> the standard implement or
ai llation technique, to form a mole channel best able to withstand the
Ure mechanisms likely to be active in that particular situation.

e aing of this paper are:

L. te identify important precautions necessary at installation to
maximise the chances of stable mole channel formation.

2. to suggest possible changes to the implement or moling technique,
to improve channel stability in situations where the standard mole
plough is currently not particularly satisfactory.

1

1§ "ﬁf’t be emphasised some of these suggestions have not been fully proven

toves e flgld. They are presented as an aid to future mole drainage

wle igations and will require further field validation. The standard
Plough refered to has the following dimensions:-

leg width 25 mm, foot diameter 75 mm, expander diameter 90-100 mm

PRECAUTIONS TO BE TAKEN AT INSTALLATION

Chy
fol oL Collapse in any field situation is likely to be speeded up in the
Ming circumstances:-

8. where significant drain flow occurs very soon after imstallation.

b where water is ponded in the channel very soon after installation
Lo a depth exceeding the half full condition.

+  where sudden changes in channel gradient occur.

d.

where drain flow continues for long periods of time.

iy ..

bt'eéltk disturbance at the time of installation significantly weakens or

of 4 :‘ Many of the soil structural bonds which limit the swelling potential
Oll (Spoor et al., 1982}, Wetting soon after installation before

Si;l):;:"‘ent of Agricultural Engineering
College, Silsce, Bedford, MK45 4DT, England
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these bonds have had time to reform, causes increased soil swelling. This
weakens all sections of the channel speeding up the rate of collapse. This
risk can be reduced by:- :

a., moling at the beginning of a dry pericod.

5. avoiding moling in the presence of free water in the profile.
Where free water is present, a sacrificial moling system toO
dewater before the final moling should be considered.

c. cultivating the top soil particularly under drier conditions, t©
retain a greater proportion of incoming rainfall and slow down
water flow to the channel.

Revarse grades in the channel, which could cause water ponding and sudden
grade changes are very dependent upon the installation equipment, thé
magnitude of solil surface irregularities and the average grade of the field
surface. Grade variations on irregular surfaces tend to be least and less
sudden with floating long beam ploughs (Spoor et al., 1987a, 19875)
mounted ploughs tend to give the greatest varjations, and variations with
scrubbing long beam ploughs lie in between.

Good soil fissure development above the mole channel will ensure the mqs"-
rapid discharge of drainage water, thus shortening the drain flow peflod
and ingreasing the chance of a dry period in the channel between rainfall
events,

IMPLEMENT AND INSTALLATION TECHNIQUE MODIFICATIONS
TO COUNTERACT SPECIFIC TYPES OF CHANNEL FAILURE

Six major types of channel failure have been identified to date, namelys
cyclical swell/shrink, expander, subsoiler, unconfined swelling, slurry and
topsoil failures. Each type of failure is described briefly below (fullef
details are given in Spoor and Ford {1987}), the circumstances under which
each is likely to occur are identified and possible implement or technique
modifications to counteract each particular failure mechanism aré
discussed.

Cyclical swell/shrink failure

Repeated changes in moisture content in the seil surrcunding a mole channe?
causes swelling and shrinkage, which eventually weakens an initially stab &
channel roof area inducing reof collapse. This type of failure is most
likely to occur in situations experiencing significant volume change c¥°les
due to swelling and shrinkage at mole channel depth. The risk of failur®
through this mechanism will increase with increases in soil clay contents
smectitic clay, moisture deficit and the frequency of significant wettind
angd drying cycles.

Increasing mole channel depth to a zone where moisture changes are less
will increase channel life. In the United Kingdom, moling depth in ‘s
lower rainfall, higher moisture deficit, smectitic clays of the east_:h
commonly between 0.55-0.65 m. In the wetter, lower deficit west, %'
predominantly micaceous clays, moling depths range between 0.35-0.45 M+



%nder failure

In this type of failure, the scil in the chanmel roof area, disturbed by
:ﬁ: expander at installation, collapses into the channel leaving an arch
i 2d roof section. Subsequent falls of soil may then occur, particularly
D fine structured scils. A major reason for this failure is a weak bond
®tween the expander disturbed soil and the surrounding “undisturbed” soil.
c;;fi‘-lmlst'.f.lm:es which increase the risk of this type of failure include
“nnel formation at relatively low moisture contents (below the plastic
Mit) and significant swelling amd shrinkage at moling depth. As the
1sture content at channel formation increases into the plastic range, the
cg::d Strength_h'ill tend to increase, increasing stability. Moisture
smient at moling depth is dependent on the dry bulk density in saturated
exts and upon the moisture deficit in the unsaturated condition. The
5 ent qf swelling or shrinkage at moling depth is dependent upon the
Ctors identified in the cyclical swell/shrink failure section.

D, .
‘f'a‘i’*flble ways of reducing the risk of expander failure include the

° Owing:
4+« avoid the use of an expander.

5. ensure the mole foot is running parallel to the desired channel
grade, thus forming a ¢ircular rather than oval channel.

Ce increase the expander diameter relative to the mole foot diameter
to> achieve greater soil packing in the channel roof area. This
will only be successful providing the larger expander does not
produce a subsoiler failure (described later).

3. increase moling depth to reduce the extent of swelling and
shrinkage. This would also allow the use of a larger diameter
expander.

®.  use a conical rather than a barrel shaped expander. This gives
much more satisfactory soil packing in the roof area.

£. delay mocling until the moisture content at moling depth reaches
the plastic range.

Wsoiler faiture

::; the mole plough is working close to or above its critical depth, a

chanléte wedge of soil is broken out to the surface from half way up the

eithenel well. With time this wedge settles, leaving the channel with

Towe T & flattened roof or with the upper channel section moving into the

the - SCtion, ‘The cause of the problem is too shallow a moling depth for
Prevailing conditions.

The . .
eithpot&‘ntlal problem can be avoided hy increasing working depth, or by
expaggafedxcing the diameters of the mole foot and expander or removing the

r.

Bean o

~Afined swelling failure
With ..
"‘itg this type of failure, the channel diameter decreases progressively
UL any significant change in shape, until it effectively disappears

ca



completely. The decrease in channel diameter occurs due to a steady
swelling of the soil surrounding the channel into the channel area ivself,
a process termed unconfined swelling. This type of failure tends to ocour
in situations where there is rarely a moisture deficit at mole channel
depth. Weak structured soils are more susceptible than strongly structured
soils.

Although this type of failure is not directly affected by implement action,
mole channel life in these situations can be extended by forming a larger
iiameter wole channel in the first instance. Care must be taken when
attempting this with a larger foot or expander, not to cause a subsoiler
failure.

Siurry failure

Slurry failure occurs mainly as a result of unstable structured soil moving
into the channel and swelling excessively to form a slurry, which can block
the ghannel completely., This situation is most likely to arise in the less
stable structured soils when significant channel wetting and water flow
occurs soon after channel formation.

The problem can be reduced by moling at the beginning of a dry period, S°
that time is available for the scil to age and restabilise after
disturbance, before it is wetted. Alternatively, closure of the leg slot
and ley fissures at the channel will help reduce the ingress of soil, ThiS
can be achieved by using a larger diameter expander to close the cracks, O
through fitting a smooth narrower leg to the plough, to reduce the size of
the cracks initially formed. Where the problem arises through the presence
of free water in the profile at the time of moling, a sacrificial moling o
dewater before the final moling will help minimise the problem.

Topsoil failure

Failure occurs in this situation as a direct result of topsoil falling into
the channel through the leg slot and associated leg fissures formed by the
mole plough. The rate of infill is frequently increased by surfacé
cultivations when the cracks are wide. This situation can arise -followifd
installations under dry scoil conditions when large leg fissures are formeds
or as a result of extensive soil drying and shrinkage to mole channel dep
later. 1t is most likely to occur on smectitic clay scils in the highet
moisture deficit areas.

Moling at higher moisture contents will reduce the problem at installatio?
and deeper woling to reduce leg crack shrinkage at moling depth, wh o
inhibit infill during dry periods. The use of a larger expander would 81%
assist in reducing crack width at the mcle channel itself.

CONCLUSIONS

It has not been possible to date to fully quantify the benefits likelY ;’g
accrue from the suggested modifications to the standard mole plough ;aﬂ
moling technique in specific field situations. Nevertheless, result$ f1y
the limited field trials which have beer possible, are sufficient’]
encouraging to Jjustify the presentation of these suggestions. 245
suggestions are made to aid future mole drainage investigations in aF
where problems are being experienced with the technigue at present.
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SOIL TYPES AND CHARACTERISTICS AT TWO DRAINAGE TEST PLOTS
IN THE NILE DELTA

A A Wahdanl, A.AM. El Gayar1, M.K. Hetmil, M.H. El Khattib!,
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ABSTRACT

ggg Characteristics and their variability were studied at two drainage test piot areas, Ef Genina

the El Sirw, to provide information for design and instailation of subsur.tace dramagg in

is ~rea. The land at El Genina is considered developed and matured, while that at El Sirw
Newly reclaimed and has not matured.

i?: and at £ Genina is more productive than that at E} Sirw. Considerable spacial variability

are:” Salinity, soit texture and saturated hydraulic conductivity was found at both test plot

fem‘s- The soil conditions at £l Genina indicate more potential difficulty in establishing ef-

£ Slive Subsurface drainage there than at Et Sirw. Though it had a lower EC than that at

say, 'W. its exchangeable sodium percentage and $oil bulk density were greater and its

at |raf9d hydrautic conductivity was less than that at El Sirw. The better crop performance
Genina than at £l Sirw is attributed to maturity of the land.

;:‘:ccultiv_ated land in the Delta area of Egypt has been under perennia} irrigation and multi-
in th 'OBping since the early part of of the century. This has caused a rise in the water table
Whme Water tabie and an aggravation of soil satinization in the area. About one third of the
i"*thee €lfa area is salinized (Arar and Bishay 1973, EI Gabaly 1979). The problem is worse

N Rorthern part of the Delta area, where more than two thirds of the land is salt atfected.
Quate drainage is required 1o lower the water table, remove the salts and improve the

Pr v
°ducuwty ot the land.

In : .

urggr&' Egypt and the Canadian International Development Agency (CIDA) entered into a
Daqaam 10 increase the productivity of some 30 000 ha of land in the Governorate of
ha ean12. Part of the program included installation of two drainage test piots of about 80
ar ¢h, to provide information necessary in designing subsurface drainage for the total

e ! -
4. One gf the test plots in the southern end of the block of land to be improved (El Genina)

lo
Geiaelied near Dikirnis. is in fand that has been cropped for decades, referred to as mature
be ; Oped lang (Fig. 1). The other site (EISirw) on the northern edge of the block of land to

T Mproveg is jocated near the salt lake Manzala, which opens into the Mediterranean Sea.
Geveland has not been cropped as iong as that at £l Genina, and is referred to as newly
%Ped and not matured.

At

fwggm Sites the topography is flat, The soil is generally fine textured, though it is finer tex.

hg Surt Genina than at El Sirw. At E! Genina the land is well developed and prodgctlve.

Dy aCe elevation is about three meters above sea level. At El Sirw the land, considered

Genin Beveloped. is not as productive and has not been developed and matured as at El
a. its Surface elevation is less than one meter above sea level.

Variaps:.

ig nlé?éi'ty of the soils in this area is not known. A knowledge of the soil characteristics

etivg Ssary 1o properly design a subsurface drainage system for the area. One of the ob-

"‘fog § for the drainage test plots was 10 study various scil characteristics and their variability
Shout the tes! plot areas. and to relate these characieristics and their distribution to0
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drain performance and land improvement, This'information will be used in designing and
providing subsurface drainage throughout the 30 000 ha project area.

Manzala

WTYET B MASN
Y
DSTAC T

L

————
¢ a4 o4 %er

El Mansurs ISAWIP AREA

= AGRICULTRAL DISTRICTS

—d

Fig. 1 Map indicating the block ot land 16 be improved in the ISAWIP project and the locations of the 1e8!
piot area within the bIock.

MATERIALS AND METHODS

Disturped and undisturbed soil samples were collected from successive layers on @ 200"11i
grid at each test plot for measuring chemical and physical properties. The pH of the so!
paste. soluble cations and anions of the saturation extract and exchangeabie cations wer®
determined according to methods described by Page (1982). Particle size distribution “{3[‘
determined by the standard pipette method (Black 1985). Soil moisture retentio
characteristics and bulk density were determined on the undisturbed soil sampies (Blacn
1965). In situsaturated hydrautic conductivity was determined by the auger hole method (V&'
Beers 1979), using holes two meters deep.

The data for each soil property studied from each grid point were grouped into three depm
intervals: 0 to 30, 30 1o 90 and 90 to 150 cm from which the weighted average for that deP
interval was derived. The 010 30 cm depth represents that depth most affected by manad o
ment and evaporation, The 0 to 80 em depth is the root 2one, attectad mostly by manad e
ment and ¢ropping practices. The 80 to 150 cm depth is that zone in which the subSUffac
drains are normally instatied, and is that zone where groundwater mavement can be jimiting:

. -
The data were summarized and analyzed, using means, stangard deviations and coefficie™
of variability,

RESULTS

Chemical Properties - The soil at both EI Genina and at EI Sirw would be classified 85 r:G':
saline alkali, according fo USDA Salinity Laboratory Stat! (1954). Though the mean o
pH for the soil paste from the 0 to 30 cm depth, over all grid points, was 7.50 {sd = 0.27: ra' -
- 7.14 to 7.95} at £i Genina, and 7.54 (sd = 0.27, range - 7.23 to 8.14) at El Sirw. Below o
depth the pH at both test plot areas ranged from 7.08 to 8.31, except at the 90 10 120 ot
depth at one location in E! Sirw where it was 8.99. This was a local condition, 8s 112 até
immediately above and betow was 7.50 and 7.52, respectively, There was calcium car

in the soil at all depths throughout both test plot areas, ranging trom 0.2 to 4.7 %. GeP

within each profile there was a zone where the CaCO3 accumulation was greater than !
in the rest of the profile. :

of
The saturation extract from most of the area at £l Genina. 0 to 30 cm depth, had a7 xc';;c;ow
less than 8 ¢S m-1 (Fig. 2). The mean was 4.1 ¢S m-1 (Table 1). The EC vatues fof the onty
90 and 9C to 150 cm depths were 4.3 and 4.8 dS m-1, respectivety (Table 1. indicatmggo ©
a small net downward salinity gradien!. The standard deviations at the 30 to 80 and
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;50 Cm depths are smaller than that at the 0 1o 30 cm depth. Except for about 10% of the
a{ea‘ On the side toward the north end, the data indicate salinity was not a serious problem
El Genina. Crop vigor support this statement.

Table 1. - Means, Standard Deviations and Range of Variability For Soil Chemical
Properties at Et Genina and at El Sirw.

Property El Genina El Sirw
Depth Mean sd Range Mean sd Range
cm
EC 1dS my) 030 a1 34 09135 29 32 12113
30-90 4.3 28 13107 5.1 29 11115
90-150 4.8 2.7 1.3- 94 g6 6.3 1.1.22.0
SAR 030 8.4 65 1.0212 9.1 62 28241
30-90 15.3 18.3 8.7-71.7 133 7.5 2.6-23.3
90-150 138 49 6.4-23.2 22.0 11.7 2.7-43.5
Esp 030 38.3 7.2 28.7-473 142 8.3 61357
30-90 415 40 27.9-494 22.8 7.5 9.8-36.5
90-150 456 66 30.0-528 30.8 83 13.7-426
El Srw
= =
=
@ N
S —
‘2 .
= =
& =~ 30 omaye
b
30 - B0 Cm myer
90 - 150 cmomyw f—: -
Zs-2
F‘[g_ 2 , owz
Sajiniy Cistribution across the 1est plot areas. as indicated by EC. a1 0 1o 20. 30 10 90 and 90 to 150
M deping
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At EY Sirw the EC of the saturation extract from the 0 to 30 cm depth was mostly below 6
dS m-1 throughout most of the area (Fig. 2). Only small areas on the south and east sides
nad EC values greater than 8 dS m-1. The mean EC at this depth 4.93 (Table 1) was greate’
than that at El Genina. At the 30 to 90 cm depth about 50% of the area had an EC greatef
than & dS m-1 and more than 20% had an EC greater than 12 ¢S m-1. The mean EGC for the
the 80 to 150 cm depth was 8.65 dS m-1. A net downward salinity gradient is evident. The
data and crop vigor both indicate that salinity is a greater probiem at E| Sirw than at £l Genina.

Spacial variability of EC in the surface 0 to 30 cm and 30 to 90 cm depths was similar 8!
both test piot areas (Table 1). But at the 90 to 150 cm depth there was more spacial variad-
bility at El Sirw than at E! Genina,

The scluble cations in the saturation extract were dominantly sodium, and the domina_ﬂ‘
anions were chioride and suifate. The ratio of sodium 10 calcium plus magnesium, as it
dicated by the sodium adsorption ratio (SAR) increased with depth at both test plot areas:
However, that at €l Genina at the 90 to 150 ¢m depth, 13.6 (Table 1}, was considerably |e$%
than that at E) Sirw, 22.0. The variability was also less at E! Genina than that at E) Siw

The exchangeable sodium percentage (ESP) of the soil was high at all depths at both El
Genina and a! El Sirw {Table 1). Bul, at El Genina, where the EC was lower than that at
Sirw. the ESP for all depths was higher than that at £/ Sirw. There was no correlation pet:
ween ESP and SAR. The low ESP in the 010 30 cm depth at El Sirw is attributed 1o gypsum
being applied to the landg,

UGG N '.‘-.-ﬁ‘*ﬁa. -4 Sl L

3 e ¢ ; 1 -
.-0}.,';‘,., Tt .. “,_‘: 4y i’. ~¥ _...Q',‘.._.
R B N e i s Ny
SRS - P . W AV S :
WAL : L ol AN AL
.
,

Fig. 3 Characteristic cracks, columns and structure of tha soils at El Genina anc El Srrw,

. ) .
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F'h!'s"?al Properties - The soil at both EI Genina and EI Sirw was fine textured at all depths
eL' SiCL, SiC.and C). and the surtace soil was well structured. When dry, wide deep cracks
¥eloped, forming soil columns {Fig. 3) as much as 30 cm across. The columns comprise
iagck-y subangular aggregates. These blocky subangular aggregates (Fig. 4) retained their
ric:my when wel, and the planer surfaces of the cracks, even after prolonged flocding for
in - Boumna (1986) reported that cracks in Dutch clays didnot close completely upon swell-
0. also. When dry the aggregates became very hard and difficult to crush.
g‘f tlay content of the soi! at El Genina exceeded 40% for most of the area and at all depths
Cmg& 5). The averages were 44.3, 43.4 and 45.2% clay for the 0 to 30, 30 to 80 and 90 to 150
and 490"15. respectively (Table 2). While at El Sirw the average clay contents were 39.4, 40.2
cont 3.9% at 0 to 30. 30 to 80 and 90 to 150 cm depth. At E! Genina the variability in clay
ol ent was less than that a1 El Sirw. Also, at El Genina the silt content was the most variable
Separate while at El Sirw the variability was similar for all separates (Table 2).

1
able 2, . Means, Standard Deviations and Range of Variability For Soil Physical
Properties a! El Genina and at E! Sirw.

S

"operty El Genina El Sirw
Depth Mean sd Range Mean sd Range
cm

N—.\_;

¢

S sand ¢, 0-30 16 03 03 1.4 0.9 06 0126
30-90 08 06 0118 0.4 04 0116
80-150 07 09 0229 0.6 0.4 0113

Ei

e sang o, 0-30 24.1 49  13.1-32.1 26.7 7.0 10.6-406
30-90 223 80 118393 23.4 63  9.2-35.0
90-150 190 68 7.2:285 23.4 55 123342

8

it o 0-30 300 7.2 16.8458 330 62 17.2505
30-90 345 105 13.7-47.6 35.8 76 227-496
80-150 326  B1 19.0-47.9 32.4 75  10.145.3

¢

3 % 0-30 44.3 46 380528 39.4 6.1 262510
3090 43.4 21 30.8455 40.2 6.2 30.856.4
90-150  45.2 61 383523 439 73 309615

p

AWa o, 0-30 247 31 200310 212 21 17.0-230
30-90 251 32 195315 220 24 20.0-265
80-150 256 40 18.0-29.0 219 26 19.0-265

bt

Mg m-1 0-30 120 007 1.12.1.40 105 002 1.021.18
30-80 126 007 1.12-1.34 115 004 1.12-1.22
90-150 132 007 1.21-1.44 123 003 118126

Dp

Vers 0-30 16.6 25 1121 165 33 1221
30-90 15.1 22 1320 143 4.2 8.20
90150  15.1 34 1122 147 39 1118

Ksu

“‘i 0-30 0.12  0.08 0.02:0.26 046 032 0.02:0.84

]

-p X

b‘S:':?t available water ( 30 - 1500 kPa suction}

- Drg; butk density

4, o AMable pore volume

turated hydraulic conductivity

Thy,

lg, 33 :\c’:as no statistical correlation between clay content and plant avaitable water (PAW),

Wherg thww_ kPa suction, in the soils at both test piot areas. But the PAW at El Genina,

Ureaye, € Soil was finer textured and more dense, was more than three percentage points
han that at E! Sirw, for all depths (Table 2).
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Fig. 5 Clay aistribution across the tes Piot areas a1 0 1o 30. 30 to B0 and 90 to 150 cm depths.

t
Soil bulk density (db) 2t both El Genina and EI Sirw increased with depth (Table 2). Bu;ad
El Genina the db was from 0.09 to 0.15 Mg m-3 greater than that at €i Sirw. This incré2
db resulted in 3 10 5% less porosity in the El Genina soil than that at £! Sirw. PofPs‘w
both test plot areas, at all depths, exceeded 50%. Ciassicaily, normal mineral s0ils
about 50% porosity (Baver et al 1972).

E! Sirw

gt T oa-ce
G1-c2 I oe-ca
t2-04 T »pa epth
. 2mé
Fig. & Varabiiity in saturated hydrautic conductivity of the soil acrogs the plot areas, getermined DY
auger hole method.
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The Saturated hydraulic conductivity (Ks). which indicates the rate of water movement_ in
the 50il, was smaller and more variable at El Genina than a! E! Sirw {Table 2). At E| Genina
therg were areas along the east side and in the southwest corner where the Ks was Igss
1han 0.1 m .1 and most of the area had Ks values of less than 0.2 m d-1 (Fig. B}. At E! Sirw
thera were small areas where the Ks was less than 0.1 m d-1, otherwise, most of the area
Mad ks values exceeding 0.2 m d-1

DISCUSSION

Sagig) variability of the soil properties studied was generat at both tes! plat areas. Effec-
e Subsurface drainage is dependent on the ability of the soil 10 transmit free water, which
E0endent on pore size distribution, saturated hydraulic conductivity and soil aggregate
s"a.'b““y- These properties are dependent on soil texture and structure, and the salts in the
20l Usiaily. sodic soils become dispersed during reclamation. if amendments are not ap-
Plied 1o prevent it.
Baseﬁ on crop appearance, there was less limitation 10 crop production ai‘EI Gemna than
e Sirw. Yet the data indicate there could be more soil problems in estabhshnr}g effect:ve
Sub_s ttace drainage and reclamation there than at El Sirw. The soil at El Genina ts more
§ 'C and finer textured. has a greater butk density and smaller saturated hydraulic con-
“tivity than that at Ei Sirw. There is not really an indication of a net downward salt gra-
MatEl Genina. while at El Sirw there is good indication of a net downward salt gradient.

ADbligay; - i i he sodium on the clay
alion of gypsum is recommended at both sites to displace the sodiut :
f:mp X, to preven! dispersion during recltamation. Currently gypsum is being applied to
ie lang at E) Sirw, where displacement of sodium 1o lower depths is apparent. Similar
as‘}!aﬂe"?ent in Israeli sgils is reported by Nadier and Margaritz (1986). Subsurtace drain-

ihii *ES Ncessary 1o prevent a salt and sodium buildup. to further limit soil productivity of
ang.

e ey i ites is suffici il physicat prob-
&l of exchangeable sodium at both sites is sufficient to cause soil physicat pro
ffe"t\s during recfahna:aggn. accorging to USDA Salinity Laboratory Staff standards {(USDA 195:;).
in the soif remains well aggregated when wet. According to Wahdan et al (1985 tl'fna s»vec’&
sc?ilami Shrinking process during the wetting and drying cycies causes aggregau?dn or g:en
1o Struciure, pore size distribution, and air and water pt_armeapnmy. Care shou Obe t? en
reama'ma"” the good stabie soil aggregation of these soils during reclaman?n.m ne <_>t e
ﬁiv;‘ 7S for nondispersion of these soils could be because of the low ieve! @ : aFllmsya,nd
thg Ower surface potential of these soils than one could expect at higherp vadue s and
Sy, "educe their dispersion tendency. Sommerfeldt {1984) has reported the depe? ;r;n o
the 3¢e potential of clays on pH. Another reason could be associated with the stabi tyon
L] Uregates formed, to increase the amount of macro pores in thq system. In irriga 9'8 / .
The -rential flow of water wouid be through the macropores as explaingd by (Boumna 19 }i
angye '8Nty hag become stabilized along these preferential flow courses, through chemica
°r Physical processes, so that dispersion doges not happen during frrigation.

!n . .

acﬁic;nc'“i‘ion. based on soil conditions, effective subsurface drainage would be eas:jer 15

ting =21 E! Sirw than at EI Genina. Yet, according to crop performance, location an &ra‘e
"Sater 1. WOUld benefit most from drainage. The soil at El Genina has more clay. aEs,

Siny =" bulk density and lower saturated hydraulic conductivity than that at El Sirw. Yet

How Sa 584 lavel and is located near a saline body of water, o p‘revent na_tural c_}ralnage.

the N BT in dzaining the area caution shouid be taken 10 prevent marine water intrusion under

2. at shatiow dgepth, and further satinize the area.
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DETERMINING THE POTENTIAL FOR OCHRE FORMATION IN ALLUVIAL SDILS*

L1
Cade E. Carter, J. S. Rogers, and J. L. Fouss

::e design of subsurface drainage systems is concerned primarily with
nePth and spacing of drain lines and whether or not envelope material is
angded' Another very ilmportant consideration is whether firon ochre may form

5ot tlog the drain lines. If there is 2 potential problem with ochre, a
Ution should be included in the design. Thus, when collecting data for
8 design of subsurface drainage and irrigation systems, engineers should

mz::§mine the potential for ochre formstion and recommend suitsble control
tes, '

Eg::e was described by Ford (1982) as & red to tan gelatinous deposit
2ining iron in association with bacterisl slimes. Iron ochre formation

& tomplex process whose detailed description is beyond the scope of this
and ¢y In simple terms, iron ochre formation requires aercbic conditiams
ipte, Tee ingredients: 1) ferrous iron (Fet ), 2) & bacteria such as

er thrix, Toxothrix, Gallionella, or Sphzerotilus, and 3) a carbon or
Hadgy source. Ir many spils, bacteria, carbon, and aerobic conditions
q“an:iy exists; thus, all that is needed for ochre formation is sufficient
. ties of Fe?™ . Since Fe** is the primary variable, it is often

Sidere¢ the controlling raw material for ochre formatien,

i;;& is found 4in most soils but not always in the ferrous form. In
anq 8§ soil for its potemtial for ochre formation, tests for both total
b ®Trous iron are desirsble. A s0il that tests positive for total iron

ncnezacive for ferrous iron may still be a candidate for ochre formation
°fi: flooding the soil can cause the iron to change its form. Reduction
ztsulon from ferric (Fe***) to ferrous (Fe*t) forms is considered to be 2
nse)t of respiratory metabolism of the microorganism (Taksi and Kamura,
thay * In anaercbic conditions that occur irn poorly drained soil, the form

8¢ {5 described by the following equation.

CH,COOK + Fe™*"  mmmemmem——en> Fe™ 4 2 CO, + CK,
nu:everal experimental subsurface drainage systems that were installed in

8iana during the 1970s, ochre formed readily in the drain outlets of
dryy, S¥stems but not in others. Interest in possible treasons why some
the Uage systems had ochre while others did not, prompted a Fe survey of
Criye drainage sites. We were particularly interested in establishing
the fria to determine which soil types were likely for ochre formation. In
deg Yture, particular attention could be given to those soil types when
vey §“ins subsurface drainage systems. Thus, the purposes of this survey
1) to determine the presence of total Fe and Fet* at nine subsurface

Grge..
Sineq sites in Louisiana to determine if the potential for ochre could

*
N Contribution from the Soil and Water Research Umit, USDA-ARS, Baton
stat:' Louisians in cooperation with the Louisiana Agriculturel Experiment
°n, Louisiana State University, Agricultural Center, Baton Rouge.
ke
gy Agricyltural Engineers, USDA, Agricultural Research Service, Scil
Ater Research Unit, Baton Rouge, Louisiana,
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have been predicted prior to the drain installation and 2} to relate the
presence of irom in the soil and/or the presence of ochre in the drain
outlets to various soil types to determine which soils were more likely to
have an ochre problem. )

PROCEDURE

Seven Parishes in South Louisiane were selected for this survey. These
were selected specifically because of the availabiliry of & subsurface
drainage system in each where ochre, if present, could be observed in the
drain outlets. The approximate locations are shown i1n Figure 1 and are
labeled with the Parish name, numbered 1 through 7. In two Parishes.
Iberville and Terrebonne, twe systems were installed on different scil
tvpes. Some of the major soll types found in the lower Missisegippi Valley
suck as Commerce, Sharkey, Mhoon, Baldwin, and Jeanerette, are represented
in these Parishes.

A test kit developed by Ford (1982) which included a Hach*** total Fe test
kit was used to estimate Fe concentrations in vater samples teken in thie
survey. The kit included & Emall plastic container for collecting water
samples, 8 Swinnex 47 mm dfameter filter holder, filters (0.45 um),
syringes for handling the water sample, sulfamic acid-phenanthrolene
reagent for  treating the filter, an iron reagent for total irod
determinations, and a cube color scale and reservoir for mstching the coler
¢f the =sample to obtain an estimate of the Fe and total Fe
concentrations.

The ability to detect iron concentrations with the kit was determined in
the laboratory by mixing & 5 g/ml sclution of Fe** and processing the
sample as if it were a water sample frow the field. The sample matched the
5 g/ml concentration ¢olor on the ecale perfectly, A sample of distilled
water was also processed as £f it were a water sample from the field and 1t
showed no Fe in the water, Since the kit indicated the correct iron
content of these two extreme values, it was amgumed that it would alse
indicate intermediate iron concentrastions correctly.

At each test site: 1) a 70-mm diameter hole was augered into the soil te @
depth just below the water table, 2) a8 water sample was collected from
each hole by suspending e small plastic sample collector on a line sn

lowering it into the water, 3} the water gample was removed from the
container with a2 syringe and forced through  the sulfapic
acid~phenanthroline reagent treated micropore filter into another syring®
for the Fe** test, 4) after allowing time for the color of the sample
stabilize, the sample was then placed in the color cube where its color wab
matched with one of the five shades on the color chart, each of which
Tepresented an iron concentration ranging from 1 to 5 g/ml, and 6) the

concentration of 4ron, as indicated by the coler chart, was recorded 19
g/ml.

Another sample of water was taken from the same hole, filtered through B
nontreated §0.45 um millipore filter, then placed in a color cubes reserve

with a FerroVer iron reagent provided in the Hach test kit. After mixiod
the sample with the reagent and allowing time for the color of the sample
to fully develop, the Fe total concentration was determined by matching the

color of the sample with one of those on the color cube. The results wer®
recorded as total iron in g/ml. :

*edek
Trade and company names are listed for the benefit of the reader

and does not imply endorsement or preferential treatment by the U.
Department of Agriculture.
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. .
L thig survey, a positive test for total iron was considered as an

indication that ochre formation was possible, whereas the presence of
#Tfous iron 4indicated that ochre formation was likely. The standards

';:ﬁvided by Ford in the test kit were used to indicate the severity of the
T¢ problem as follows: the potentisl for ochre was considered slight
e tests for Fe ™ showed some pink color, but were less than one g/ml on

l:u; tolor cube. The potential for ochre was considered severe if color
¢ Teadings were 3 g/ml or more .

::;"P-e Orf more holes were sugered (six water samples collected) from the
1 1 types on which the subsurface drainage systems were installed at each
Otation, Additional holes were augered and the water was sampled and
*ted from other soil types at each location to determine if the presence
iron ang the potential for ochre could be correlated with soil type.

So11

publiphysical data for each site were assembled from USDA-SCS Soil Survey

t Cations or from SCS personnel to determine 4if trends could be
*ablished to show areas where ochre may be a problem,

RESULTS AND DISCUSSION
n;:hpeﬂ' test kit, developed by Ford (1982}, and the total Fe test kit by
e Seemed to work satisfactorily. There were several cases, however,
fil:e the results were somewhat confusing. 1In each of these cases, the
t%ter 9id not remove &ll the sediment from the vater samples and these
vag  indicated relatively high Fe concentrations, If, however, sampling
mdedelayed to allow some of the sediment to settle before the test was
the - Fe concentration was considerably less. Thus, it was not known if
OWer value of iron was correct or if the sample had become oxidized

&

llring the delay in taking & sample from the augered hole.

F

a:? ¥a5 wmeasured in water samples at five of nine subsurface drainage
Sit:s (Table 1), Ochre was observed in the drain outlets at five of nine

hag £+ With two exceptions, the same sites at which Fe ++ was measured also

Ochre. The two exceptions were the Commerce site in S5t. James Parish

Obg, ne Fe ** yas measured but considerable amounts of ochre have been

by t;"“ and the Baldwin soil in St. Mary Parish where iron was indicated
® tests but no ochre was observed in the drain lines.

I:et;i“ with the highest Fe concentration and the most ochre accumulation
Alty, ¢ drain outlet pipe was Commerce silt loam soil in Terrebonne Farish.
litt?ugh othre accumulated, the drains never clogged. During periods of
ng ue OY no rainfall, the amount of water flowing from the drains declined
gy hre accumulated in the drain outlet. Sometimes, ochre would £111
fillghalf of the 200-gmn diameter drain outlet pipe. Before it completely
ng 4 the pipe, however, rainfall occurred which increased drain outflow
thiy ot ©of the ochre was flushed out of the drain outlets. The drains at
f"lﬂctiu“' which were wrapped with Typar filter fabric, have been
begp -°"iNg satisfactorily since they were installed 4n 1977, There has
Doy, Problem, however, with the plumbing and valves associated with the
"‘edqing E¥Stems used in vTemoving the drain outflow from the smump. A
LI Sh~tan colcred materisl similar to ochre but with no slime,
£g “vlated in the plastic pipes. After seven years, this accumulation was
tTe that the plumbing system had to be replaced. The material in the
tl), - Pipes, could be removed mechanically but the accumulation in the
. d other bends was particularly difficult to remove.
4,
T!g:‘e:e toncentrations were found in a Mhoon silty clay loam soil also in
the _ OBBe Parish about 8 km south of the Commerce site (Table 1). Some of
"hilg“ Surface drains at this site were wrapped with nylon filter material
thers had no filters. In both cases ochre formed readily in the
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drain outlet pipes and coated the sump, pump, and plumbing. This drainage
svster was installed in 1972 but abandoned in 1976 when land ownership
changed. In 1976, several drains were excavated and examined for ochre.
Some accumulation of both reddish and black slimy substances was found, but
accumulation was restricted mainly to the grooves of the corrugated plastic
arzin tubes, This system, like the one on Commerce. scil in Terrebonne
Parish, was flushed by increased drain flows during large rainstorms.
Clogging problems with plumbing asgsociated with pumping eystems in the
sumps were not observed at this Ihoon site, Problems with clogging may
have developed if the system had remained active,

A site where measurements indicated no Fet* on one occasion and high values
on another was Baldwin eilty clay in St. Mary Parish. Measurements were
made about & month apart and at different depths. Water samples for the
first test, when no Fe'" was indicated, were from 1.22 to 1,65 m below the
s0il surface. The second measurements were made when the water table was
over 2.0 m below the soil surface (Table 1). At these deeper depths, F&t
was 3 g/ml and Fe total was over 5 g/wl. In spite of the high Fe
measurements, ochre has not been observed in the drain outlets. Apparently,
iror is in the soil but at a depth far enough below the drsins that it does
not affect them.

The Commerce silt leam site in Assumption Parish hes high potential for
ochre formation. Total Fe in the water pamples was up to 3 g/ml. Ochre
has been observed in the drain outlets at this site, but very little has
accumulated since 1ts instaliation 1in 1983 because this system has been
used for water table management and the drains are submerged much of the
time.

The East Baton Rouge (EBR) Parish site indicated higher Fe concentrations$
than the 5t, James site but ochre accumulation was observed only at 5t.
James. Ochre accumulated readily at St. James but only 2 trace of ochre
was observed at EBR. The drainage systems were installed in East BatoD
Rouge in 1975 end in St. James in 1976, Neither drainage system had filter
materials on the drains. The subsurface drains at both sites were still
working satisfactorily in 1987,

Water samples from Sharkey clay, Convent loam, and Jeanerette silty clay
loas in Iberville, Iberville, and Iberia Parishes, respectively, did oot
show high potentials for ochre formation in the water samples and there V85
no ochre observed in the drain ocutlets of the pubsurface drainage systems:
The drzinage systems were installed on the Sharkey soil in 1977 and on the
Convent, and Jeanerette soils in 1978.

S50l]l Texture

Cne of the objectives of this survey was to determine if certain soil types
vere more likely than others to have an ochre problem. The soil type 8%
texture at each subsurface drainage site were identified st the time of
drain installation. Whether ochre was present in the subsurface drain
outlets wes determined by observing the drain ocutlets in the sumpe.

s0il types and textures were assoclated with the obgervations of the
presence or absence of ochre in the subsurface drains (Table 1},

Sharkey clay: Sharkey c¢lay soil was tested end no iron found. Since no
iron was indicated by testing and since the subsurface drainage syste® tha
had been in operation for eight yesrs had no signs of ochre in the drai?
outlet at the pump, this soil has & low potential for ochre formation.

Jeanerette silry clay loam: No iron was indicated by the Fe tests and che

drain outlets in the sumps gave no indication of ochre. This soil :3:
calcium carbonate concretions in much of the profile in which the hole ©
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Fe testing was augered. Liming to raise the soil pH to a very high level is
E concept that has been proposed for controlling ochre. Since this soil is
¥ell 1imed naturally, it has a low potential for ochre formaticn.

Eg'E'E;EEC_E silev clav ‘losm: This so0il has high potential for ochre

Otmation, The Fe tests indicated high potential and ochre was observed in
the draqn outlets,

-ﬁ?&ﬂ_silty clay loam: This soil has high potential for ochre formation.

© e tests incicated high potential and ochre was observed in the drain
“utlets,

Baldvin siley clay: This soil 1is considered as having low potential for
thte formation although Fe tests from far below drain depth indicated
*thervige . Fe tests at relatively shallow water tables (less than 1.65 m)
*Te drains are likely to be installed indicated low ochre potential and
°chre has been observed in the drain outlet.

Th._ll:ni“ ané_ Tunica-Sharkev elay: Water samples from these soils indicated

dr:i they have high potential for ochre formation. Since no subsurface

2 Nage systems have been installed on these 501l types, there were no

Tnh“ observations availsble. The water sample from the soil identified as

c‘l*hica clay, actually came from siley clay loam which was underlying the
ay. )

0o

He
‘&MT Ochre Contrel

ihhc'“ﬁh the authors did not test ochre control methods, several means of

*trol are listed here because of the apparent need for them in louisiana,

(?EE"“ of these control methods were discussed in more detail by Ford
2),

:::‘n&rging drains lines to provide anaerobic conditions is & popular way of
197“’“1"8 to control ochre. It has been effective in Finland (Maenpa:,
gy 1977)  but not in Germeny (Kuntze, 1968). 1n Denmark, submerging ;ie
tac:ns tloved the formation of ochre (Grant, 1986). In maoy cases, this

Blque 1g used after ochre is discovered. 1f this is the selected methed

lep o "tT01, it should be considered when designing the system so drain

PN pap be adjusted accordingly.
Or
le,:nic filter materials have been somevhat successful in reducing or

tn w, and coconut
£ € the ochre problem. Materials such as sawdust, strav,
Pi::r ads i r:dzcing ochre because of their gradual deteriorationf\:l;ich
Mg, % the ochre from becoming permanently attached to the ;er
canal' Filters with bark chips from mimosa and oask trees were somewhat
ﬂ’ecessful in Germany (Kuntze, !§72). The bark releases acid which keeps
Ton in golurion and thus prevents the formation of ochre.

Ca
in]:::" In the drain liines or filter, liming the drain :ren(ﬂ\.b::i
Uggy 21ng the size of water entry openings in the draintubes have a

to effort to control ochre was
foy Teduce the ochre problem. A new .
i‘b:un“d Tecently by Hancor that involves markecting drain tubes that ar:
it t:mted with a chemicel that controls ochre. This concept is excellen
* chemical does not pellute the ground water.

e
atag:“d for ochre control measures ehould be determined in the planning
'!eqs“ for subsurface drainage or water management systems. If control
T8 are needed, they should be included in the system designm,
SUMMARY

"S5t Kit by pord and Hach worked satisfactorily in evaluating iron
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. content of water samples. Fe concentrations, as indicated by the test kits
correlated reasonably well with observations of the presence or absence of
ochre in the drain outlets.

The Fe tests and observations in Louisiana show that Commerce and Mhoon’
soils have a higher potential for ochre formation than does Sharkey clay,
Convent loam, or Jeanerette silty clay losam. Thus, when subsurface
drainage and water management systems are planned for Commerce and Mhoon
soils, measures to control ochre should be included in the design of the
svstem,

Faldwin soil showed high potential at deep but not at shallow depths. Since
no ochre was observed in the drain outlet, it is considered es having low
ochre potential.

kelatively high Fe concentrations did not always correspond with
chservations of ochre accumulations In the drain outlets., Depth of sampling
may be an important consideration when evaluating ochre potential.
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"abie 1. Iron Sampling Sites, Soil Types, Sampling Depth, Fe

Concentrations, and Ochre Observations.

mnaw,
S?e Location Soil 5011 Hole =--Fe Content=- Ochre
(Fo.) (Parish) Texture Name Depth Fett Total Observed
.-"\__
(cm) (g/ml) (g/ml)

{g E. Baton Rouge loam Commerce 91 <1 1 yes
Ic E. Baton Rouge loam Commerce 140 <l 1 ves
1D L. Baton Rouge loam  Commerce 107 <l 1 yes
it E. Baton Rouge sicl Mhoon 160 1 2 a
¥ E. Baton Rouge sicl Mhoon 160 0 1 a
16 E. Baton Rouge sicl Mhoon 183 0 <1 a
I E. Baton Rouge clay Tunica-Sharkey 162 0 0 2
™ E. Baton Rouge clay Tunfce-Sharkey 91 1 2 a
24 L+ Baton Rouge clay Tunica-Sharkey 173 <l 1 a
28 Ibervilie clay Sharkey 165 v 0 no
1 iberville clay Sharkey 173 0 14 no
» Iberville clay Sharkey 183 0 0 ne
p  iberville sicl  Mhoon 163 0 0 8
iy Iherville sicl  Mhoon 168 0 0 a
2w  lberville sicl  Mhoon 173 0 0 3
y Iberville sicl Commerce g1 ] 0 a
2 Iberville sicl Commerce 140 0 <1 a
2 Iberville gicl Commerce 107 <] 1 a
% Tberville loam Convent 151 0 0 no
2 Ibervilie loam Convent 160 6 0 no
1 Tberville loam Convent 155 0 0 no
3 Assurption sil Commerce 184 o] 1 yes
30 Assumption sil Commerce 166 0 3 yes
“ Assumption sil Commerce 213 <1 3 yes
i St. James sil Commerce 173 0 1 yes
4 St. James sil Commerce 165 0 0 yes
i St. James sil Commerce 165 0 o yes
4 St. James clay Tunica 145 <1 I a
o Ste James clay Tunica 144 <1 1 &
% St. James clay  Tunica 142 1 2 2
53 .errebonme gil Commerce . 173 3 3 yes
5 leTrebonne sil Commerce 122 1 2 yes
5 Terrebonne sil Commerce 127 ] 1 yes
5p Terrebonne sicl Commerce 120 5 >5 yes
5p Terrebonne sicl Commerce 125 2 4 yee
50 Terrebonne sicl Commerce 130 3 4 yes
5 Terrebonne sicl Mhoon 120 2 3 yes
51 Yerrebonne sicl  Mhoon 125 2 3 yes
64 TE1'rebr.:ru'ﬁe sicl Mhoon 130 <1 1 yes
8 Ste Mary sic Baldwin 131 0 <1 no
¢ St Mary sic Baldwin 122 0 <1 no
& St. Mary sic Baldwin 165 0 0 no
6g  St. Mary sic Baldwin 213 3 >5 no
‘6 St Mary sic Baldwin 218 3 >5 no
Ta St. Mary sic Baldwin 202 0 1 no
i Dberia sicl  Jeanererte 142 0 0 1o
1 Iberia siel Jesnerette 130 0 0 no
e Jberia sicl  Jeanerette 142 0 0 no

Mty

K
® Subsurface drainage system at this site.
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DESIGN PROCEDURES FOR WATER TABLE MANAGEMENT

SYSTEMS IN NORTH CAROLINA

R. 0. Evans" R. W. Skaggs*
Assoc. Member ASAEL Mamber ASAE

APPI_‘Oximacely 40 percent of the crops in North Carolina are grown on poorly
:aln&d soils. The drainage of cropland has been one of the most important
inTPOrten:s of land management in eastern North Carclina with drainage projects
ORt%BtEd as early as the late 1600's. Traditionally, drainage systems
rezlsFed of open ditches spaced approximately 100 m apart and provided

“minarely surface drainage. Surface drainage systems have made crop
pr:gQCtion possible on many seils that otherwise would not have been

ltable. However, on many of these soils, this traditional drainage system
ni? Not remove excess water rapidly enocugh to provide an optimum soil water

1Yonment for crop production.

zis“rfaCe drainage systems gained favor in North Carolina during the three
far:des Prior to 1980. During this time, federal cost share programs assisted
Wulers in installing drainage tile or tubing on nearly 500,000 hectares.

® production efficiency has been improved on many sites by subsurface

dr
ba:ihﬁge, over 50 percent of the poorly drained soils in North Carclina could
mb;flt from more intensive subsurface drainage resulting in increased

ugef

on efficiency and reliability.
ﬁ;;irQSUIt of the emphasis placed on drainage, agricultural runoff has been
salj cated for the degradation of water quality and the d?struccion of many
log " primary nursery areas due to fresh water runoff (Gilliam and Skaggs,
t'.3°nes and Sholar, 1981: and Magette and Weismiller, 1984). The
heu:¥Ctibns on land development and drainage imposed by the 1985 Food
“&ntéty Act in conjunction with the depressed agriculcural econony have
legy icantly reduced the expansion of wany farming opera:ion§ through land
nao. & 20d drainage. Instead, farmers are looking to more intensive
lan > BNt practices to increase yields and improve production efficiency on
&lready in cultivation.

h Ny

mhr:cent years, unusually dry growing seasons have resulred in reduced yields

the . 9TY stress on many rraditionally ‘wet' solls. Drainage practices of

Uzq5 38t did not encourage water conservation. As a result, intensive )

ham“&ge Systems that were necessary to protect cropland during wet periods
tended to overdrain many areas and increase drought damage during

ly dry periods (Doty et al., 1982).

e s
Bove Problems and concerns have resulted in a rapid shift in North
%

“&12; Evans, Extension Specialist and R. W, Skaggs, Professor, Biological and
leura) Engineering, North Carolina State University.

h%in' Hinson, Soil Conservationist, K. J. Gibson, State Conservation
Seh,cer- and W. B. Williams, Water Management Specialist, Soll Conservation
trpe,..C 4nd C Y, Doty. Agricultursl Engineer, USDA-ARS related field

®Ntes that contributed to this paper.
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Carolina from conventicnal dreinage systems to water table management systems.
These systems provide drainage during wet periods, but also eliminate
overdrainage by using control.structures to manage the water level in the
drainage outlet, and provide subirrigation during dry pericds. When properly
designed and intensively managed, these systems have shown tremendous
potential to improve drainage water quality (Deal et al., 1986; Evans et al..
1987a; Gilliam et al., 1978, 1979; and Skaggs et al., 1982).

It has long been recognized (van Schilfgaarde, 1965, 1970) that artificial
drainage systems should be tailored to the soils, crops and climatological
conditions in the area. However, most drainage systems, whether surface or
subsurface, have been installed based localized rules-of-thumb. The 100 »
ditch spacing used for most surface drainage systems in North Carolina was
chosen for convenience of operating field equipment and simplifying system
layout rather than on the drainage charascteristics of the site. Subsurface
drain spacings were recommended based on average soll properties for & given
soil series. In many cases, these practices resulted in systems that were
less than optimum because soill properties for a specific site are rarely
average and thus many systems were either over or under-designed (Skaggs and
Tabrizi, 1984).

Over the past 15 years, researchers have developed improved methods for
designing and operating water management systems for poorly drained soils.
The computer simulation model, DRAINMOD, (Skaggs, 1978) provides an objective
method of relating water management system design to scil properties and
climatological conditions. Simplified methods for estimating drain spacings
for drainage or subirrigation have been derived (Skaggs and Tabrizi, 1986
and Skaggs et al., 1987); and management strategies to provide water
conservation (Doty et al., 1982) and improve drainage water quality (Gilliam
and Skaggs, 1985) have been developed.

Development of better design methods is indeed a major milestone towards the
geal of more efficient operarion of water table management systems. Howevel.
this alone does not guarantee the acceptance or implementation of these
methods in actual practice. Training and guidance must also be provided to
potential users. The purpose of this paper is to summarize the procedures an
guidelines that are recommended to those individuals involved in the
evaluation, design, installation and management of water table management
systems in North Carolina. "Agricultural Water Table Management: A Guide fof

Eastern North Carolina"™ (Doty et al., 1986) should be consulted for more
detailed informationm.

The design and operation of a functional and efficient vater table management
system involves five main task:

Preliminary evaluation and feasibility
Detailed field investigation

Design computations

System layout

Operation and management

[F RV L

The first four task are performed by the engineer or agency responsible for
the design of the system and are discussed in this paper. Operational
guidelines are considered by the engineer in the overall design process but
are ultimately accomplished by the farm manager and are discussed under
"Operational guidelines for water table management systems" (this issue).

PRELIMINARY EVALUATION AND FEASIBILITY
Cften, an experienced engineer can determine the feasibility of s POﬁential
site for water table management by a qualitative site investigation. The

presence of six general site conditions will usually indicate whether ©F not
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Yater taple management is practical.
AL inage

For Bost conditions in North Carolina, water table management is practical
"y on those sites that could benefit from improved drainage. Where drainage
® Mot needed under natural conditions and the only benefit of the water table
Magement system would be subirrigation, comventional irrigation systems will
“suany be more econamical. A soil survey report will indicate the natural
dr‘inage conditions for a given soil series. Solls that are classified as
tither ‘somewhat poorly drained', 'poorly drained’ or ‘very poorly drained’
vil] Usually benefit from artificial drainage and are candidates for water
table Ranagement.

Lope

! tastern North Carolina, seils which can support water table management
Stens are usually relatively flat. Poorly drained soils rarely occupy
beo, -2Pe positions greater than 2 percent. In fact, very few systems have
en installed on slopes greater than 0.5 percent. As the slope fpproaches 1
Pércent‘ the tumber and cost of control structures necessary to maintain a
\lhime water table depth usually becomes economically prohibitive. From a .
Physica) standpoint, the maximum slope which can be teolerated tends to be site
Decific and related to hydraulic conductivity. At slopes above 2 percent, a
‘hey ' Water table depth is difficult to maintain due to lateral seepage
13“ the conductivity exceeds 0.5 m/day. By contrast, when the conductivity
r ®Ss than .5 m/day the cost for the closer drain spacing usually becomes
ecehn’itive. In general, the limiting factor with respect to slope will be
Momics rather than physical slope conditions.

i8] v

i;fdr‘;'“lic conductivity is the single most important factox:' affecting the

lbg ity of a water table management system, For preliminary planning
surhses- hydraulic conductivity can be estimated from values reported in soil
3 ;’Vey Teports. As with slope, prohibitive hydraulic conductivity values sre
ﬂes\}ncthn of economics rather than presenting a physical limitation to thel
ot (5" and operation of the system. Potential yield as well as_theicash value
thethe Grop will dictate the limiting conductivity for a specific site. nﬂ:}:1

ng. t6€nt price for corn and a potential yield of 10,000 kg/ha, w;;er table
Con:&ement will not likely be economicslly feasible when the hydraulie

“Ctivity {s less than 0.5 m/day.

= o Wate
)
P!‘:vaous on a potential site must have 2 barrier at a reasonable depthn::.o
tne I excessive vertical seepage losses, A restrictive layer is usually
ihc: tered between 2 and 10 m. The existence of the barrier becomes ,
e -35ing d{fficult to locate with a hand auger when its depth exceeds 3 m.
™ Tesence of a seasonal high water table close to the soil surface is
t“lﬂ.lly sufficient evidence to indicate that the site can maintasin a water
ca“m! &t an elevation suitable for subirrigation when the restrictive bari:.;;e
I “bg ¢ located, 1In addition, the position of the seasonal high water ta

°*d indicator of the natural drainage of the site.

g“:‘vlouti"n of the seasonal high water table can be determined from a soil
i“ﬂ{ J or by inspection in the field. Gray mottles in the soil profile
°°hu:&t‘ the position of the seasonal high water table under natural drainage )
te (10ns. Ag shown in Fig. 1, when the gray mottles occur within 0.45 m of
dept;:oi Surface, the site is a candidate for water table management. As the
ing o ® the gray mottles increases to 1.0 m, the site {s marginally suited
“Str’(c“si"t seepage may be a problem. In this case, the actual depth to the
tive barrier should be determined. Soils with gray mottles more than
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1.0 m from the surface are naturally well drained. Unless the natural
drainage condition can be managed, excessive seepage will occur and the site
is not very well suited for water table management.

Well  yoderately well
Drained Drained Somewhat
Poorly
Drained

Poorly Very Poorly

1om Drained Drained
DAS m
I 025 m
o [+] o [+ [} ¢} [+] [+ I+ [+] o o o ©° [+] o O' (<] [+ o 0 O 0 o 0 0 o ©
6 0 © ¢ o O 0o © o o 06 o o o o © o © o O °°
o o, o o 6,00 0o ©

° 0 0g00 0 0,00 °  Gray Mottles °.°° 2 %o > %o
Do © 0005 © 0000 © 4005 9 4006 © g00p5 © 6000 O 0°
o 0% o0 0% oo 6%c 00 0% o0 ©6° oo 0% oo o%c O

Evtirn Protia Gray——

HOT MARGNAL - CAREFIL SEASOMAL HIGH WATER TASLE
RECOMMENDED | COWSIDERATION REQURED . MOT A LIMITING FACTOR

Fig. 1. Location of gray mottles as an indication of site suicability for
water table management.

Drainage Qutlet

When evaluating the potential of any site for a water table management syste®:
drainage is a primery consideration. A drainsge outlet wmust be available
which will remove excessive surface and subsurface water within a

24 hour period. A gravity outlet to an existing stream or canal may be
available, or an outlet can be constructed by diking the drained ares and
pumping the excess water, For a gravity flow system, the drainage outlet
should be at least 1.2 m lower than the average land surface for the system-

Bater Supply

An adequate source of water must be available if a subirrigation system Wilier
be installed. When planning, the location, quantity, and quality of the ¥8
source are the key factors which should be considered.

The water source should be located as close as possible to the water table
management system to minimize conveyance losses and cost. The quantity ©
vater needed for sublrrigation will vary depending upon the weather, croP
being irrigated and the rate water is being lost from the field by deep &n
lateral seepage. As a genmeral rule, a water source must be capable of
producing 70 L/min per hectare irrigated. In cases where losses from deé
lateral seepage will be nominal, S0 L/min per hectare irrigated will be

adequate. Irrigation water quality in North Carolina seldom presents 8
probles for subirrigation.

p and

Once the physical suitability of a sfite for water teble management has bee:h,
determined, the cost of the system should be estimated and discussed with
land owner before amy additional time is spent on design. Average cost for
many of the components of the system are available in the local Soil nt
Conservation Service or Agricultural Extension Service offices. The domina'fhe
costs of the system will be tubing cost and the cost of the water supply: .
drain spacing must be estimated before the tubing cost can be determined- cing
this stage of the design process, it is adequate to estimate the drain spa
from local rules of thumb for either subsurface drainage or subirrigatio?
depending on which alternative is desired.
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DETAILED FIELD INVESTIGATION

5 The field investigation may require several man days for relatively large
YStems of 100 hectarés or more. Water table management systems in North
a:r"lina are typically designed by county Scil Conservation Service staff with
nnsistance from area SC5 engineers. As the design of these systems is only
ubt ‘_’f hany services provided by these individuals, they are encouraged to

410 a firm commitment from the land owner to implement the system based on
fie finclings of the feasibility evaluation before proceeding with the detailed
€4d investigation.

41 pagy

Severay 80il and site properties influence the design of a water table
m::sement system. Important properties include: lateral hydraulic
iy, Uctivity, depth to the impermesble layer, soil-water characteristics,
a‘tram flux and drainable porosity as & function of water table depth,
uepangemen: of soil horizoms, infiltration, topography and potential rooting
Otheu. The design of the system ls more sensitive to some properties than
°'Che“: some properties are move difficult to measure in the field than
of t“" and some properties are more spatially varied than others. When all
%8¢ factors are taken into account, it is not practical to physically
e all of the important proparties in the field for every potential site.
Bentioned earlier, lateral hydraulic conductivity is one of the mosc
%s:“ﬂnt factors influencing the design of the system and is alsc one of the
be Spatially varied properties in the field. Therefore, every effort should
sxteade te determine representative hydraulic conductivity values for each
table. System design is &lso sensitive to upward flux as a function.of water
151 depth, however this property is extremely difficult to determine in the

Eagur

¢ :id 8nd is usually estimated from empirical relastienships between soil-water

draiac“ristic and hydraulic conductivity data. This is alsc true of

prac:?ble porosity and infiltration parameters. The properties that are most
icy

Sbiy to measure for a specific site are then: hydraulic conductivity,
Iaye;”atef characteristic, arrangement of scil horizons, depth to impermeable
&% potentis) rooting depth.

Ivegy uctivity: One of the most important decisions of the field

Hmuuigatim is the determination of the hydraulic conductivity (K).

Ung kaic conductivity tends to be spatially varied in most fields {Tabrizi

“ondyep 285, 1983). s & rTesult, both the location and intensity of hydraulic
ivity measurements are imporcant considerations.

Ha,

Qo:zu:ethws have been developed for determiming in situ hydraulic

Bethe tivity, The most commonly used methods are: auger-hole method, tube

il:f): * Plezometer method, and multiple well methods. Methods for determining

gg b ®easured drawdown between drains and/or measured drain outflow have

iy, =N Used (Dieleman and Trafford, 1976; Skaggs, 1976, 1979). The

l 88 of the drawdown methods is that they sample a large area and thus

‘Eltagi"file hetercgeneities and anisotropys in such a way that a more

"'{ugr ® "field effective® K value is obtained. The disadvantage {s that they

lbbve °°ﬂSiderab1y more time and equipment than the other methods listed

the si_ ® auger-hole method (van Beers, 1970) is generally considered to be
€5 and easiest to use of the methods used in North Carolina.

a
tn Noiemhl rule, at least one auger-hole test per & hectares is recommended
Neeq Carolina, but as the complexity of the soil increases, more test may
R\’a ®d to assure that & representative value is obtained. When the average
“Bomenngured is less than 0.5 m/day, one test per 2 hectares is

e
2

be de:?ducti\'ity value must be chosen to represent each area of the field to

i ed a5 a s{ngle unit. Since K values are usually quite variable,

comp‘-‘ting the arithmetic average of all values measured Is not adequate
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for most design purposes because the resulting design spacing would be too
close where the localized K is greater than the average and too wide where the

localized K is less than the average.

Practice has shown that one of the four

possible situations as represented in Fig. 2 are likely encountered under

i}
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Fig. 2.
field.

field conditions.

fa)

result when the field can be subdivided into design units or areas with

relatively consistent K values,

The range of K values frequently used

Use velusz ©f most tragwnt cless
Spatial variation of conductivity values typically encountered in the

Practice has also shown that a more cost effect system will

parallels relative permeablility classes found in soil survey reports, Table 1
A design unit is then the section of the field that can be represented by 2
given permeability class and the design conductivity value for each design
area is determined by computing the geometric mean of all K values measured

within that permeability class. The geometric mean has been recommended
because it results in a slightly more conservative design than the arithmGCicd
average, Preliminary results of sn ongoing study (Bentley et al., unpublishe

data) indicates that the arithmetic mean may be a better estimate of the

effective K.

field

Table 1. Range of conductivity values used to define relative conductivity

classes,
R
Class Range of Conductivity Values®
4__——-‘"’
m/day in/hr
Very slow < .03 <.05
Slow 0.03 - 0.31 0.05 - 0.5
Moderate 0.31 - 1.25 0.5 - 2.0
Rapid .
ap > 1.25 >2.0
Byalues shown are values typically found in soil survey reports. T?iity

designer may vary the range of these groupings based on the variab

magritude, and srrangement of conductivity values found in the field
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?ul;EQEQI Characteristic: Representative soil-water characteristic curves

ci;pmost important to the system design when this information is used to

Hla:Fe up?ard flux and drainable porosity versus water table.depth

¢ th1°nsh1ps. The system design is not as sensitive to spatial fluctuations

s Ehsoil-wacer characteristic relationship as compared to conductivity and
eCtat € measurement frequency need not be as intense. One measurement per 10

us Tes at each distinct profile horizon above the design drain depth is
Ually adequate.

U:Si:turbed soil cores taken from each layer can be used to estimate the soil
everaiharacterlstic curve by the pressure plate apparatus (Hillel, 1980).
nit weeks aFe normally required to complete this procedure. When time is
“latzd' the soil-water characteristic curves can be estimated using known
oils onships for similar soils. Representative curves for fifteen benchmark
C&rolithat are frequently responsive to water table management in North
Ba have been developed.

fuaﬂgsmgng_gﬁ_ﬂgxi;gngz The arrangement of horizons within the soil profile

hﬁg:cts Placement of the drainage tubing and influences the interpretation of
Bulic conductivity data. For the situation shown in Fig. 3a, the drain
r"g should be placed at least as deep as the base of the clay loam herizon
i wzd“Ce the head loss of water entering or exiting the tubing. In addition,
ayeruld also be necessary to determine the conductivity of each individual
fgey . S0il profiles should be described for at least 10 percent of the
prbbaggoles. Soll samples for textural analysis should also be taken at the
tve @ drain depth if there is any question about the need for a drainage
Mang 9Pe. Six typical soil profiles frequently considered for water table
{pe E®MeNt in eastern North Carolina are shown in Fig. 3 along with & brief

te .
a;Pl‘Etatmn of the influence of the horizon arrangement on water table
Edent,

: The depth to the impermeable layer (restrictive horizon)
Ually determined by boring holes and observing the textural changes which
¢tween horizons. The changes in texture are determined by feeling the
dot, The horizon which is considered to be the most impermeable is
TMined by estimating the permeability based on texture.

Is yy
OQCHI_
Soil

b

%e textural change is very abrupt in some soils, thus determining the depth

© impermeable layer is simple. A restrictive layer can be considered

. Meable for design purposes if the conductivity of the layer is one-tenth

Seeyy that of the overlying layer., In other soils where the textural change

h‘th: Very pradually, a true impermeable layer is very difficult to identify.
e S&¢ 20ils, the depth to the most dense material should be considered the
Tmeable depth.

In

°N$::y tases in eastern North Carolina, the depth to the impermeable 1ay§r

Nany sibﬂ found without a drill rig. Unfortunately, the use of a drill rig on

Sugey tes is impractical. As a result, holes are bored to 3-4 m with hand

hepe,. LI & restrictive layer is not found, it {s considered to be the

Cong, t point of penetration with the hand suger. This will result in a

Fvative design.

ey

hmite epth: Potential crop rooting depths in North Carolina are frequently
¥hey cd by either acidic subsoils or tillage pans. Thus, pits should be dug
drp,  TOP5 are near maturity or at a critical stage of growth to determine
@xtraCtr°°tlng depth for a site. Most of the water used by & growing crop is
dopyy o9 from the upper half of the root zonme. Therefore, the effective root

igigei°r most crops should be estimated as one-half the actual root depth for
site.
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Fig. 3. Influence of soil horizon arrangement on site feasibility ofr wacer
table management, drain tubing placement, and design limitations.
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A:;S;*.?cussed_ earlier, the major thrust of water table management in North
VGI:M has’ been through modification of existing drainage systems rather
exi”_limem: of new land. Thus, it is important to evaluate the status of the

dmlnz system and to fully utilize existing components when possible.
ionally, the topography of the site needs to be determined as this will

xtml:::nce the type of system used, the location and number of control

rely bures and the location of the drainage ocutlet. The capacity and
abiliry of a water source should also be evaluated.

X,
Many poorly drained sites in North Carolina

a
h;a:y have aftificial drainage in place. In some cases, the existing
rEques Or tubing may be adequate for water table management. More
Watey :‘t;}’. the existing ditch or tubing spacing is too great for an optimum
i“itifia le management system, but the cost of medifying the system may not be
ave ed by the increased performance. For example, an existing system might
for tﬁfrﬁllel drain tubing installed at 30 m, The economic optimum spacing
Aoy ts site for subirrigation might be 20 m, but this spacing would not
design O;al utilization of the existing tubing. One alternative would be to
existint & system fo1" a 20 m spacing, utilizing alrernate lines of the
tHelg wgdtubmg and installing two additional lines at 20 m for each 60 m of
Perceny ith. Based on current prices of § 2.00 per m for drain tubing, 1¢
feie Nterest, and § 0.07 per kg for corn, the amortized cost of the

U nal cubing would be §70.24 per ha with a gross return of § 53.86 per
™ 'o‘ti:Oth‘-n alternative would be to install additional tubing between
thi alg lines resulting in a drain spacing of 15 m. The amortized cost of
The sroternative is § 68.48 per ha with a gress return of § 60.16 per ha,
‘dditioss recturn for neither alternative will cover the cost of the
Moze ec‘“l tubing as compared to the original 30 m spacing: thus, it would be
withwt"mmical to simply add subirrigation to the existing drainage systen

gen 8dding additional tubing. In many cases, design of water table
stra“ ;m: systems involve a retrofit of alternative water manasgement
d’ﬁin gies such as controlled drainage or subirrigation to an existing

2ke system.
0
ihsgall In some cases, several thousand hectares are affected by the
0y r:tion of one water control structure. Intensive surveys, such as the
Boa) 5 d traditionally used for drainage designs, are not practical. The

de the survey is to identify and locate contour intervals of 150 or 300
Structﬁendms on the water table control interval required) to locate contreol

iy Yes, and to orient tubing and/or ditches with respect to the slope.
dQPreEOal can usually be accomplished by determining the elevation of obvicus
. ions and ridges in the field.
d%tel'mi * The source and reliability of the water supply should be
by 1%;‘9& before subirrigation is finally selected. The water supply should
Sl ru“d as near as possible to the point of discharge into the
logy,. 82ti0n system to minimize conveyance system costs and conveyance water
draine& Potencial seepape losses should also be identified. Im poorly
e g S04ls, vertical losses are normally small. Lateral seepage lesses, on
L&:e % hand, may consume more than 25 percent of the pumping capacity.
E“e“epage losses can be minimized with good planning, system layout, and
Sentep utflt' Vhenever possible, supply canals should be located near the
dltches SUbirriga:ed fields rather than slong field boundaries. FPerimeter
‘fh s!e‘hd outlet canals should also be equipped with contrel structures.
:“sth 01;380 losses cannot be contrclled, it {s necessary to determine the
. ncl:mit:he Seepage boundary, the hydraulic gradient and hydraulic
ting ty along the boundary. Skaggs (1980) has described methods for
ng Beepage losses under steady state conditioms,
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DESIGN COMPUTATIONS -

Once the necessary field, crop and site parameters have been determined, the
final design drain spacing, drain depth, water table control level, and
management strategy can be determined. The drain depth will often be dictated
by the arrangement of profile horizons or local standards for drain grade and
cover in conjunction with the topography of the field. S5hould site and soil
characteristic allow drain depth flexibility, a depth of 1 to 1.5 m will
usually be oprimum.

etermi on o

Several methods are now available for selecting design spacings. On a field
to field basis, all of the metheds will provide a better estimate of the
required drain spacing if che saturated hydraulic conductivity and depth to
the impermeable layer have been determined as discussed earlier rather than
using average values from the soil survey or local drainage guide.

The operation of the system, i.e., whether it is in the drainage or
subirrigation mode, varies from day-to-day and from year-to-year. It is not
clear for most locarions whether the most demands on the system design are t©
provide good drainage under a high water table condition or to provide
sufficient subirrigation during the driest periocds. For these reasons,
DRAINMOD is the most objective method presently available for the complete
analysis and design of the system. The final design should be based on
several simulations using DRAINMOD,; however, a good estimate of the drain
spacing can be obtained from some short-cut methods that have recently been
developed. Occasionally, it may not be practical to run DRAINMOD simulations.
either because the necessary inputs are not available, or because time is tof
shert. In this situation, the design spacing can be estimated by one of

the short-cut methods.

Short Cut Metrhods: Three short-cut methods that can be used to estimate drain
spacing for subirrigation are:

1. Fixed percentage of the spacing shown in the drainage guide. TypicaIIY-
65 percent is used in North Carolina.

2. Fixed percentage of the spacing required for drainage alone using the
Hooghoudt steady state drainage equation (Design Drainage Rate Hethod.
DDR) .

3. Drain spacing based on steady state evapotranspiration (ET) for
subirrigation only.

The Design Drainage Rate Method (DDR) suggested by Skaggs et al. (1986, 1987)
has been shown to provide a desipn spacing which most closely approximates
the spacing that would be predicted by DRAINMOD. Skaggs suggests using thé
Hooghoudt steady state drainage equation with a predetermined design drainag®
rate, The drain spacing for drainage would be determined as:

4Kym(2d, + m) |0-°
§g = | —m
DDR

Skaggs and Tabrizi (1986) using 12 benchmark soils for North Carolina, sh""‘“:
that the best estimate for the DDR for corn was 11.2 mm/day with good surfac
drainage and 13.0 mm/day with poor surface drainage. This method PrediCted
design gpacings that would result in average profits that were at least 9
percent of the optimum profit (as compared to DRAINMOD) about 90 percent ¢ e
the time when "m" was assumed equal to the drain depth (i.e., the steady st8
vater table position was at the soil surface rather than 0.3 m which is th®
value usually recommended in the SCS National Engineers Handbook).

When using the DDR method, the subirrigation drain spacing is determined by
018



mﬂtiplying the design drainage spacing by 0.63 if good surface drainage is
mm?lable. or 0.61 if poor surface drainage is provided. Both the design
Cralnage rate and the fixed percentages discussed are specific te North
Aolina. At this time, these values have not been determined for other
°cations er other crops.

al i si : DRAIRMCD can now be run on an IBM compatible
DQCYD-computer which has 256K of RAM internal memory and a math co-processor.
CUhentation for using DRAINMOD is readily asvailable (5CS, NCCI} and should
® eonsulted if any problems arise. The following procedure will provide
nce for first time users.

L Usiﬂg one of the short cut methods, calculate & first estimate of the
drain spacing.
2
© 801l inpucs -

4. 1If soil-water characteristic data was measured, compute upflux vs WID
énd drainage volume vs WID using the ‘Soil Preparation Programs’
included in the DRAINMOD package.

b Otherwise, select the soil properties from the appropriate benchmark
80il,

3

" Selece crop information {corn and soybean crop input data presently
ailable.

4.
Select weather data for site location

3.

Run bRaTNMOD

8. Start with estimated spacing from 1 above.

Y. Select 2 simulation spacings both above and below the first estimate
{5a). Thus 5 spacings will be simulated.

€. Plot yield vs spacing and determine the spacing with the
highest vield, then select a second spacing approximately 3 to 5
Meters wider than the spacing with the highest yield.

9. For the 2 spacings selected in 5¢, run additional simulations, this
time vary the weir setting. Normally weir settings of 0.45, 0.52, and
0.60 meters will be best.

8,
Perforg an eccnomic evaluation for all simulations.
1.
Select the spacing and weir setting with the highest projected net profit,
1s will be the design spacing and weir setting.
8

:;nally, using the spacing and weir setting selected in 7, run 3 or &

s ditiona]l simulations, this time varying the start-up time for

tu frigation. Start pumping about May 1 for corn and vary this start
"& from 7 to 10 days until mid-June. Evaluate water usage and pumping

¢
°St for the different start-up times.

ad atio

o
‘hmf;mbinﬂtion of system components that results in the maximum net profit
&n%r ® the best design and management strategy to be recommended to the
Shoyyy” The system may be technically feasible, but the the finsl decisien
b“‘to be based on the feasibility of the system not only to pay for itself
tmgy,,S®turn a profit to the farmer for his investment. For typical
“logg 9ls in North Carolina, systems being designed from scratch will be very
p“tento the economic optimum when the projected yield is between 93 and 95
t“tget : Since most systems involve a retrofit to existing drainage systems,
t Ylelds in the range of 93 to 95 percent often will not be the most
heisi € alternative. Therefore, it is very important that the final

%% for these situations be based on a through economic evaluation of
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the system.

The three major expenses of installing and operating & water table management:
system are the costs of the water supply, the underground tubing, and the
necessary land grading. Also to be considered are the costs of control
structures, culverts, drop inlet pipes, field borders, and annual operating
and maintenance expenses. These cost are often site specific, so in preparing
an economic analysis, the actual cost of each these components should be
obtained from manufacturers and contractors. Evans et al. (1987b) have
prepared some cost estimates for many of the system components. They have
also developed guidelines for performing an economic evaluation of water table
management §Y¥S tems.

SYSTEM LAYOUT

Now that the system components have been selected, the final step in the
design process is to lay out the system for installation. The first step is
to the utilize the topographic survey to determine the number and location of
control structures te stage the water across the field due to differences in
surface elevation. Grain crops can usually tolerate a range in the water table
level of 0.3 to 0.45 m. Shallow rooted vegetable crops, on the other hand, c¢&0
only tolerate a water table fluctuation of 0.15 to 0.2 m without showing signs
of water stress during dry periods. A control structure is then needed for
each change in surface elevation corresponding to the tolerable water table
fluctuation. The 2rea controllied by one structure represents a management
zone. Each zone can be managed independently provided the subirrigation warel
is added to the system at the highest elevation of the system.

Most water table management systems in North Carolina ut{lize an open ditch as
the main drainage outlet and main water conveyance mechanism. Drain tubing
outlets directly inte the open ditch and thus the system is referred to as an
open system. The main advantages of an open system are that the ditches
eliminate added cost of installing large main outlets and failure of one drain
line does not result in failure of the entire system. The disadvantage 15
that there are many more tubing outlets to maintain and tubing outlets are
susceptible to damage when the diteh is cleaned-out or mowed, VWhen several
drain lines empty into a larger drain (submain or main), the system Is
referred to as a closed system, GClosed systems are not used frequently ip
North Carclina because outlet ditches are already in place; however, they are
used occasionally on steeper slopes.

Once the farm has been divided inte management zones, the final system layout
involves orienting drain tubing or ditches to take advantage of natural 1
topography, lecating and sizing main lines or outlet ditches, sizing contro
structures, and sizing the water conveyance system. Standard guidelines €0
accomplish these task are well documented in the 5C5 Engineers Handbook (s€S
NEH) and are not discussed here.

SUMMARY

Low prices for agricultural commodities and perceived detrimental
environmental effects of agricultural drainage has tremendously reduced
drainage activities in North Carolina. Instead, farmers are looking to more
intensive management practices such as water table management to increase
yields and improve productions efficiency om existing agriculcural lands.
Water table management systems are often expensive and thus careful 91‘““ing
and design of these systems is crucial.

In response to these changes in production practices, practical, objective
strategies have been developed to design water table management systems.

These methods incorporate soi{l and site properties, crep requirements an d
weather cenditions into the design of the system. Guidelines were present®
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™ aseist the user in evaluating. soil and site properties necessary te utilize
® New design methods. The importance of an economic evaluation of all water
Magement alternatives as a part of the planning and design process was

ilso emphasized. |
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CURRENT DRAINAGE DESIGN PRACTICES IN FRANCE

B. LESAFFRE*
Member ASAE
T
REFranCe 1.8 million hectares of humid asreas benefited by subsurface drainege.

&°“t 3 millions hectares (i.e. 15 % of the agricultural land) have still to
" Pained in the future. Half a million hectares is permanently waterlogged
org?°.a high ground water-table. The rest is seasonally waterlcgged because
lther outside flow (run off, springs...) or winter storage of rainfall in
N Permeable and often shallow soil lying sbove an impervious barrier (tem-
‘ararlly pPerched water tebles). The main effect of excess water is teo delay
¥ Operations in winter and spring.
::E:??ace.drainage systems are always comp?sed of corrugated PVC pipes ; they
“te imes include mole channels. Relief dra}nage systems are mostly random
tems?ception drains are of'ten needed. Arterial drainage systems (disposal sys-
Vere arg composed of ditches. In the early 70s, only 20 000 hectares per yesr
drained ; drainage works were achieved in the cereal areas of Northern
h&;m? and Paris Region. From 1982 on the annual subsurface drainage acreage
P Flsen to 130 000 hectares and 1s now mainly located in deiry end mixed farme
®8tern France.

Be
£,

I@*ﬁresult of this drainage boom and of its development in new areas, HQrks
%ilg°?e and more often done in difficult soils (heavy clay scoils, clogging ]
Tgge ”~)‘with ever stronger economic constraints, Incr?ased knowledge of drai-
an Tequirements, suitable drainage techniques and drainage effects on farm
aﬁmgf?ent is therefore requested by farmers. Emphasis has been placed on the
meed ing of preliminery surveys, which is herein presented in the next section.
mutsnt design methods are discussed, in the light of recent experimental re-

PRELIMINARY SURVEY SCHEDULE

Eﬂy French farms are divided in several distinct smell plots for two reasons :

(b) y.° @verage srea used for agriculture (AUA) is 25 hectares per farm ; and

LI ﬁnd regrouping (lend re-allocation!) is not yet completed everywhere. As

take Ut, the average size of drainage work sites is about 7 ha, and it usually
¥88rs to have s watershed fully drained.

i .
(a§t° this social background, drainage planning includes the following points :
uiulzrmErs' drainage associstions are encouraged so that they presently deal
Roy OTe than half of the drained lands ; in addition local communities are

or 4, OTten in charge of arterial drainage ; (b) the extension and localization
a‘@mi are?S tc be drained and the drainage recormendations are deteramined by
“#Mpiric approach.

ig
‘Nkrﬂbprcech. which has been used since the late 70s, relates a zoning of the
“eged lands to the survey of scil reference areas.

N

a .

%bc:ebraiﬂage Division, CEMAGREF (National Institute of Agrie. Engineering),
Tourvcie, B.P. 121, 92164 ANTONY Cédex, FRANCE.
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Mteriogped land zoning

kniﬂs of waterlogged lands is nct meant to record on a netional scale humid

Z0heg of high environmental interest but to assess on the drainage project scale
€ agricultural cost for excess water. So far, this type of zoning has been

taieryy implemented within continentel watersheds the size of which ranges from
to 1000 km?. The purpose is to determine : (a) the surface of the lands

' be drgined ; (b) their space-distribution and the size ol possible grouping

(C)the drawbacks resulting from excess water, and the drainage profitability

1

r

8} the length of the arterial éitches to be crested or improved ; {e) the obsta-
E;EE due te the plot pattern ; end (f) the type of drainage ownership required
& 1),

{! "10cal jury” is formed, comprising farmers and local representatives well
Mormeqd of agriculturasl water management problems, an agricultural adviser
ing g drainsge officer. Lands are cisssified according to their spring drying
“F duracion_ which is releted to & drep in the sgricultural income. The limits
the lands thus indexed end the existing or required drainage facilities are
hp°rt8d onal: 10,000 map. Concurrently, an eccnomic survey under the form
% guestionnaire assesses the cost for excess water. The final document, sub-
Miteq 1o farmers and local representatives for approvel, presents additicnal
amhntages : (&) the arterial drainage design rate can be modified according
© the waterlogged land surface - watershed surface ratic ; (b) the soil surveyor
Efin&ﬁ his further diagnostic on soil hydromerphy while evoiding over- or
Sler-estimation ; (¢) the reference areas are selected according to the dig-
%ibution of waterlogged land categories ; (d) work planning is made easier,
2“ the more so since the various funding institutions can be possibly informed
% the bagig of an objective and priced report.

This

h &pproach has a double interest : (&) the farmers’ "know-how" is disclosed
thex

eay | TTANSCribed into s form which can be understood by both funding and techni-
i:l Parties ; and {b} long before the works are performed, all %he partners )
;”ﬁived in the drainage process are associated. A mutual relgtlonship of confi-
v;se is created and mekes it easier to take into account various human and
“Ylronmental constraints.

Sog

“~i-£§ference areas

Ag th

Brig ¢ drainage operation depends on soil properties, & soil survey is required

T to the drainage works in order to map the scils together with a thematic

unbeaentation applied to drainage. Due to the low watershed drainage rate,

8§ N0t reasonable to map a large ares systematically and from the start.

su: Paye d'Ouche” example (Devillers et al 1078), where 40 000 hectares were
veved frog, 1975 to 1977, demonstrated that the same information gould hav?

ueh Cbtained on a smeller and properly selected area. Indeed each agricultar§l

%E§°“" &eems to be homogeneous as for the following.features i (a)l pe?o;lim:czc

Q;titi°ﬂs {identicel rainfail pattern, recurrent soil types) ; and (b ?rm ng
25 (crops produced, tillage constraints, land system). Besides, the

i } : R .
°Ng Scale seems sufficient to define soll series eccording to their hydraulie
Ation,

QVZEOVQP' due to the small size of the working sites, it is very costly,ior o1
Hmt imPOSSible, to immediately undertake the 1 : 5'000 plot survey. It is likely
oy he analyses and measurements required for designing the project wouldr_

Pag Performed in time or would be multiplied for each plet surveyed. Previous
“ts tould be used without their reliability to be ascertained,

o

o?h°QUent1y, the "reference area" epproach {Favrot 1984) consists in cogbining.

the rﬂmall area {500 to 1 50C ha) representative of the agricultural region,

%gg, C-lOWing points (Fig. 2) : (a) a 1 : 10 000 scale soil map ; (b) field

{C)urements of the s0il hydraulic properties and physico-chemigal.analyses :

Chey SMeistent use of the acquired knowledge via a survey of e;lstlng networks

Qriz %0 ; (d) field experiments on scil types which are dlff%cult to cgarac-
And/er which require secondary drainage treatments (moling, subsoiling) ;
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4 {e) an agronomic and economic follow up, in order to determine the ways
°f8€tting the best from drainsge. :

The 50il file established from these works is used by the scil surveyor in charge
°f the 1. 5 oo preliminary plot survey to determine, without any additional
?alysis, the relevant drainage methods. Seventy reference areas have been crea-
8d 50 fap

DRAINAGE CRITERIA AND DESIGN METHODS

IHSGasonally waterlogged soils, typical winter subsurface drainage hydrographs
Cmrises two stages : {a) the peak-I'low stage, during which discharges increase
¥ decrease very quickly with respect to rainfall ; discharges are high and
theip durations are short ; and (b) the tail recession stage, which corresponds
- F € water table drawdown without rainfall recharge ; discharges are low and
Eir durations are long. Determination of drainage spacing and of drainage

tsign rate is related to either of both cperation stages.

I

“33§_§2acing computation

gﬁg!i 8nd field experiment results : During the tail recession stage, water-
le 1

- evel and drainflow rate censtantly decrease, accordigg to well-known
“Steady grate formules which have been confirmed through field experiments.
aa n Bpacing is usually computed by using the assessment of time required for
s°°nvenient trafficability. The basic formula used in France is Guyon- Van
qulflaarde‘s. established for homogenecus and isotropic soils. The authors
Q§y°n 1964, van Schilfgaarde 1965) assumed that the shape of falling water

5t ® Femaing constant. When the drains reach the barrier (which is the common

tuation 5 France) and sre not surcharged, the equation is :

cr 1.1 {1}
I S
¥
t?::e(t is the time, S the drain spacing, X and T are the scil hydraulic proper-

ng Tespectively the hydraulic conductivity and the drainable porosityl, h

e D are the initial and final midpoint wster-table heights above the barrier

the 11y taken as the plough layer basis and 45 cm depth respectively), C is

El;- TSt water-table shape coefficient (equal to 8/9 when the water-table is

rllptical). A similar formule is used when drains do noF lie on the ?arrler :

long gonvergence near the drain is taken into account using Hocghoudt's equiva-
“ depth,

GA
ug:" (19B0) extended Eq. (1) to anisctropic and vertically heterogeneous soils,

the concept of equivalent horizontal hydraulie conductivity K(n) :
-~ h
Kby« £ [T K(2)(h - 2)dz (2)
hZ

we:; Z is the elevation above the barrier and K(z) is the horizontsl component
¢ local hydraulic conductivity.

™

h:c;elationship between drainflow rate and water-teble height is, when drains
the barrier and are not surcharged :

4B ~ . h? . (3)
= — K(h)=—
qlt) - P

v
ezzie alt) is the drainflow rate per unit surface and B is the second shape
fogy, Cient (equal to T/4 when the water tsble is elliptical). In low permeable
thay o, "Pe drainflow rate during the tail recession stage may be much lower
¢ design drainage rate.

4
1ai%°&tion : For design purposes, soil hydraulic properties are usua%ly messured
lﬁt;tu ¥sing the pumping test method. A well (20 cm in diameter) is installed

© saturated permeable layers down to a depth of one meter or more : under
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French conditions, it commonly reaches the barrier. Two piezometers are located
on either side of the well, at a distance of 0.5 and 2 m from the well axis.
Using a pumping device specifically designed the water table is lirst depressed
during about 2 hours, eo that the drainable porosity can be calculated from '

the ratio between the pumped water quantity and the cone depression volume.

Once the steady state is reached, the equivalent hydraulic conductivity is compy”
ted using the following formula when the hydraulic head is negligible in the
well (Guyon and Wolsack 1978} :

K(h} -;[-g-;l_n (4

& |

where @ is the constant well discharge, h is here the water-table height above
the berrier in the furthest piezometers, r is the furthest piezometer =~ well
axis distsnce, r_is the well radius. A chart ig used when the well does not
reach the barrier.

Although more difficult te use than the well-known auger hole method, the pumpiné
test is widely used in France, since it is more accurate and it provides “fiel
effective” values of both hydraulic properties of heterogeneous scils. The me tho
is currently used within the reference areas, so as to characterize the scil
series defined by the soil surveyor.

Drainage criteria are often more gifficult to assess than soil hydreulic pro”
perties. The soil bearing strength is considered to mllow workebility when the
water table level is less than 0.45 - 0.5 m : investigations are presently Per”
formed in order to improve this criterias. The time required by the farmer t°
enter his field is usumlly derived from farm surveys carried out within refe
areas.

renct

The method described herein is not suited for heavy clay soils, which account
for about 20 % of the waterlogged land surface (Bouzigues et sl 1982). from -
field experiments installed within reference areas, there is evidence thet soco”
dary drainage treatments are often the most adequate drainage techniques. But -
lecal experience shows that, in some cases, moling or subsciling sre not necess
ry. Further research is needed in this field.

Subsurface drainage design rate

Historical background : In French drainage practice, main pipe diameter and
lateral maximal allowable length are computed using s drainasge design rate:
under which networks are not surcharged. This rate was previously related t°
the crop velue in terms of risk of exceedance. The design rainfall was ususld¥
the I year in 1 n-day rainfall occuring from October to May, n ranging from aius
1 for very high crop value {specialist and horticultursl crops), to 3 foT me
crop values {cereals and intensive gress) and to 6 - 7 for low crop values
(grassland}. Most drainage projects were designed using the three day rain

rall-

Recent developments : During the peak-flow stage drainflow rate varies very
much, whereas water~table level lluctuates more slowly. Most authors (se€ the
review of Lesalfre and Morel 1986) consider that peak flows in low permeable e
scils are caused by water flowing along the surface and within the plough,lail-
reaching the dreinage trench and percclating towards the pipe. But, wheD inf
tration is not restricted by s plough pan, peak flows can be related to the
water table shape (Lesaffre and Zimmer 1987). Equation 3 then becomes !

’

4B

h* B 5!
{t) = = K(h) = « - =
q T K e (- D) R

r
where R(t) is the recharge rate. The term (1 - B/C) R(t) represents the ma}°
part of the flowrate during rainfalls.

on
During high rainstorms, drains can be surcharged. The drain surcharge durati
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must not exceed & few days per yeaf : (a) a too long duration would maintain

a too high water-table -level resulting in a lengthened drawdown ; (b) from expe-
rience and field observations {see the review of Fausey and Hundel 1980), ther¢
is evidence that trench efficiency is related to its surcharge duration, even
if the relation is not yet known. The previcus design practice happens to meel
these requirements {Lesaffre and Morel 1986) and i{s conseguently used. The 1
yvear in 1 three day rainfall is presently available in 300 weather stations.

Its rate usually ranges from 10 mm/dey to 20 mm/day. It can reach 50 mm/day

in mountainous areas.

Arterial drainage design rate

Criteria for the arterial drainage design rate are the following : (a) hydraulic
operatior of subsurface drainage systems must be satisfactory ; (b) flooding
risks must be releted to a certain degree of crop and environment protectien
and (¢) the river flow must not be increased.

In agricultural lands, the usual design rate (cajled Q ) is the 1 year in 1
one day discharge. The level of protecticn of structurés such as bridges 16
higher : the design rate is mot less than the 1 year in 10 instantanecus dis-
charge (Qd). Qd (in m3/s5) is often determined by the general formula :

Qq = R (g%)‘ mh/5 {6}

where P is the 1 year in 10 one day rairnfell (in mm), M is the watershed ared
{in km2), R is & regional coefficient., This formula has been stetistically deri
ved from the enalysis of 630 watersheds, the size of which ranges from 2 tO
2000 km?. R is usually equal to 1 ; it may be lower for very permeable waters
and it is scarcely higher.

heds

Statistical analysis shows that the retic Q./Q is asbout 3-4, As P is availabl®
in most weather stations, Q, end Q_  are consegiently readily computed by iocs
engineers : regional charts providing "drainage runoff curves" (i.e. the rels”
tionship Qa/M versus M) have sometimes been drawn (Fig. 3).

SUMMARY AND CONCLUSIONS

5 millions hectares of humid areas are still to be drained in France. Most soil?
sre seasonally waterlogged. Due te the recent drainage boom and to the t¥Pe
of land use, emphesis has been put on preliminary survey schedule. Two mtth°ds,
are widely used : (a} the waterlogged land zoning, 85 & result of farmers’ exp®
rience : and (b) the soil reference areas, defining soil type distributiofr . .
drainage requirements and suitable drainage techniques on an srea representat fa*
of & whole sgricultural region. French design practices in the lield of subs ent
ce drainege and erterial dreinege are then discussed, taking into acceunt rec
field experimental results.
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THE CHANGING DRAINAGE SCENE IN NEW ZEALAND
K.W. McAuliffe and D.J. Horne, Department of Scil Science,
Massey University, New Zealand

i?storal farming has been the basis of New Zealand's economy since our trading
ar:-!t began. wWith gsome 70-80 million sheep, ¢ompared to & human population of
Hqund 3 million, the importance of pastoral farming is still highly evident.

ever the last 5 years years has seen a significant decline in the
Drofitability of cenventional sheep and dairy farming, which in turn has
Prompteq the development of alternative land uses. Of particular significance
35'been the expansicn of orcharding, with the development of numercus pip
fuit, stone fruit and berry fruit plantings.

:::lcurrent recession in agriculture and changing land use has brought new
up leéges to our land drainage industry. Current techniques will need
reg“dlhg and new technigues will need to be developed. Of particular

&vance are:
Improving design and installation practices.
Coordination of the New Zealand land drainege industry.
Determining the drainage and seration regquirements of new horticultural
crops,
Coping with canopy support and other structures when draining established
orchards.

Minimising pipe blockage from shelter tree root systems.

Ma, .
m*&ey University is regarded as the centre of drainage research and extension
inféw Zealand. This paper summarises the programmes currently underway

hin the University to investigate the above issues.

TOving design snd installation practices

Th
ay: Sutcess of low cost, yet effective drainage for pastoral or cropping
¢ tems ip New Zealand is largely attributable to the use of mole drainage. A

ination of suitable topography, =zoil type and climate allows stable mole

¢
hannel formation.

Lt

1a§: the current downturn in farming, it is imperative that expenditure on

likelde“elopments such as drainage be kept to a minimum. Moling is therefore
nivey FO remain an important technique. Work is current1¥ underway at Massey
nin:°1tY to examine ways of further improving the effectiveness of mole

9e. Of particular note are projects investigating:

. high speed maling

- deVelopment of a mole plough with a grading facility

- ¥a¥s of improving the smoothing index of mole channel grading
Teducing the volume (hence cost} of backfill materials by using narrow
trench widths.

The
haeﬁbove projects have been described in somewhat more detail by Baker et al.

.

A
hezzzzhEE.deveJOpment likely to bring about more effective drainage design has
’eg;ahe introduction of the 'SWIG' {scil water investigations group)
tamme by the NZ Soil Bureau (Cook., 1986). This programme aims to provide
brm, bESE of svil hydraulic properties throughout New Zealand. The
Conduéiﬁlén‘Provided by SWIG, particularly the relative hydraulic
the }V&taes throughout the so0il profile, will be of great assistance to
fainage designer.
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Coordination of the N.2Z. Drainage Industry

The last 6 years has seen significant development in the administration of
land drainage activities in New Zealand.

The 1st National Land Prainage Seminar in 1982 brought together for the first
time all parties interested in land drainage. This Seminar not only outlined
the 'state-of-art' of drainage in New Zesland but alsc provided guidelines for
future direction.

Two additional National Drainage Seminars have since been held {1984 and 193“
and a detailed Proceedings compiled from each. Arising out of the third
Seminar came the official formation of the N.Z., Land Drainage Association:
This Association has responsibility for: cocordinating the industry's
activities, organising events such as conferences, and disseminating
information. An occasional newsletter, published on behalf of the
Associsation, 'The Drain Age', keeps members informed about new development®
within the industry.

Developing new, innovative drainage technigues

It is an unfortunate fact that an ever-increasing proportion of new
horticultural plantings are sited on less than ideal soil types. This has
largely arisen out of the ever-widening disparity in the value of prime ﬂ“d,
second grade land. So that now there is not only a need for more ch-ain!-!g*l‘ln
our established horticulture regions, but there is also a demand for creﬂuve
and innovative ideas to help drain impermeable socils where conventional

it
drainage technigues have proven unsuccessful. One approach gaining pOPulaIly
is a technigue in which the scil profile is reconstructed (Wilson 1986).
has application with row crops, such as orcharding. Although the design 5 t0

specifications will be site specific, the general principle in all cases :
re-construct the root zone using & soil horizon with suitable drainsg®
characteristics.

Growers are alsp beginning to appreciate the benefit of biologically-iﬂduced
macropores for scil aeration. The promotion of soil biolegical activitys
particularly earthworm activity, is therefore an important chjective in
marginal soils. Management technigues such as mulching and minimising
pesticide spraying will help encourage soil biclogical activity.

The sportsturf area is ancther where innovative drainage developments have
taken place. The introduction of narrow trenching equipment and small et
diameter pipe has meant that sportsfields, golf greens etc can now be dra3®
with less surface disruption. A new pipe material ‘'stripdrain' appesls
particularly suited for sportsturf use.

Researching the drainage needs of new horticultural crops

o
Despite the extensive development of orcharding in New Zealand little i5 :najt
sbout the drainage and asration needs of many of these crops. Fox examf '
is was first thought that kiwifruit vines required at least 1 metre of .,
friable, free draining soil. However, successful crops in scils where th

criteria was not met indicate that this crop is more tolerant that first
thought.
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One kiwifruit orchard with drainage problems is currently being monitored by
.Fhe Department of Soil Science at Massey University. Investigations to date
‘hdicate that the sensitivity of this cIop to excess soil water is seasonally
S:PEhdent. Disease or ‘'wet wilt' problems were more apparent when the vines
*® subjected to high so0il moisture levels during periods of active growth
i:”d 56il microbial respiration), undoubtedly reflecting the more rapid
BSumption of soil oxygen over this period (Table 1).
Tble 1. opserved vine die-back in a 3 year old kiwifruit orchard block over
a wet spring - early summer period (October 1986 to January 1987},

...-
T I D e R O R R

Date No. of vines died
"--._______
g‘: to gct 7 26
oet 2; - oct 29 4
- Rov ? 11
sz 17 ~ Naov 14 22
Sl i e = . .
“....Vlnes dead - 98 out of 306 vines monitored
----‘-Illl----------’-.‘-.-...---..-I---.I---------I----------‘----I-."
:§:°rts to identify the drainage requirements of kiwifruit have also been

lga:“ﬁed by several drainage designers (Eden, 1986; Kyle, 1986; Tilsley,
e ).

2bs°’Vataons from around the country indicate that poor irrigation management
Compound any inherent wetness problem. With water supplies being
YU2lly a free resource in New Zealand, many farmers or growers with
alz:tion apply far in excess of the plant water requirgmegt. Part of the
bag 9e rgmedy in these cases should be to educate the irrigatcr on the

®8 of irrigation scheduling.

c
LLir' ¥ith structures

£ ‘ . .
a?rt"nﬂtEIy net &ll growers appreciate the need to identify the seil

hernage status prior to development of the orchard. There are too many cases
we *® growers become aware of the need for artificial érainage only after a

Ye2r subsequent to development.

vitt
irri

')
Nﬁnu;fa?e drainage installation in a developed orchard is noc easy matter.
h}igai?‘t Cfops are supported by trellis structures, with supp?rt wires and
hlecgsl?n lines running parallel down the rows. These areas will be
ty "S1lble to large trenching machines and therefore low slung, narrow

ing equipment will be needed.

8.
“m::i University is currently developing & winch-along molg plough and
3tn&tuer' This device will have the capability of travelling bglow support
“rri 82 and wires, thus allowing a secondary treatment operation tc be
.®ut perpendicular to the tree rows.

8y
Ca :
%‘i Pravention is better than cure, future deveiopment of our horticultural

o :9‘ industry should encompass grower education, 8o that they become aware
heed for aceurate soil survey information prier to orchard deveiopment.
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Preventing pive drain blockage by shelter tree root systems

A further hurdle the designer must overcome when faced with orchard
drainage stems from the widespread use of natural shelter for wind protectich:
Tree species, such as willows, poplars, and eucalypts, make fast growing and
effective shelter belts, hut at the same time have vigorous root systems.
capable of moving into and blocking pipe drains.

Again there is little current research information to help guide the designe’
on protedures and “safe" distances for pipe installation near shelter. A
rule-of~thumb often cited is to use solid, unperforated pipe when & pipeé
approaches within 3 mm of a shelter line, and tc annually root prune to apout
50 ¢m depth between any pipe drain and shelter line. Yet a recent study Bt
Massey University showed that roots from 4 year old willows and poplars
migrate beyond & 5 m distance and well below a 50 cm depth.

In order to help provide more accurate guidelines for pipe design in relatio®
to shelter trees a trial has been set up at Massey University. This trial

t
incorporates several different trench backfills and pipe materijais. and a ro:e
periscope will be used to study tree root system development in and around ¥
backfill and pipe. It is also hoped that an inter-regional survey can beé
carried out to evaluate the full extent of this shelter tree root system
blockage problem.

Summary
Over the last 5-10 years a significant number of new challenges to New 4ine

zZealand's drainage industry have arisen. Possibly the expansion of orchd?
has provided the greatest challenge. Research will be needed to accuratﬂiYa‘
determine the soil drainage and aeration requirements of our fruit crops:
machinery and innovative techniques will be required to effectively improve
marginal horticultural soils. Specific problems, such as root blockage of
pipes by shelter trees, will need to be investigated.

Other land users are also starting to place greater emphasis on land dfai“ag’
Of particular note here is the spertsturf arena, where players now demant
higher standards of playing surface, and the land disposal industry. with
spray disposal of liguid effluents on to land becoming increasingly
widespread. How well our drainage industry copes with these changes rema
to be seen.

ins

The recent formation of the New Zealand Land Drainage Association is

undoubtedly & step in the right direction to assist in the development ©
drainage industry.

£ o

Perhaps we would 2lso be well-advised to refer to the experiences of other
drainage industries throughout the world.
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PRACTICAL EXPERIENCES OF PEAT LAND DRAINAGE IN NORTH~CALOTTE

K. Peltomaa 0. Kasuripen
Assoc, Member ASAE Agr. stud,

The northern areas of Scandinavia present, because of the difficult natural

1fcumstances, many special barriers to the earning a living. To overcome

J1ese difficylties the governments of Norway, Sweden and Finland cooperated

O:the setting up of an ad hoc committee on North-Calotte in 1971. The area

North-Calotte is situated at the top-most part of Europe in the region of
Arctic Circle (Fig. 1).

POLAR SEA

FINLAND
- USSR

Fig. 1. The area of North-Calotte includes the most northern
districts of Norway, Sweden and Finland

isistg”ificance of agriculture to the area of North-Calotte has been seen
“’asepart?”t for many reasons, of which one of the most important is the
mant Vation of the population in the area. The significance of drainage in
:%m1t°r°d”5tion under these circumstances is very central. The North-Calotte
®¢ granted an appropriation in 1987 by which the clarification of the

ty to function and the mapping out of research needs of drainage mea-
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sures, farm by far, was speeded up.
Climate

The length of the growing season in the Nerth-Calotte area 3s 100-140 days
and the sum of the effective temperature sum 700-1000 degrees Celsius
{based +5 degrees Celsius). The length of the day in summer as is known is
long and the development of plants is fast.

annual rainfall on the coast of Norway is 350-1280 mm and in Sweden and
Fintand 500-700 mm. The precipitation of rain as snow is 40-50 %. The May~
September precipitation, evaporation and precipitation deficiency in the
Research station in Finnish Lapland can be seen in the chart below.

Precipitation Evaporation Precipitation
deficiency

May 33

June 56 120 64

July €9 110 a1

August 66 67 1
September €3 26

total 287 323 36

The water equivalent of snocw at the end of Apri) is on average 160 mm, The
soil of the fields freezes in very different ways in different years. In
peat areas the depth of freezing fluctuates 0.4-0.B m and it melts on averad®
at the beginning of June. In an exceptional year such as 1387 freezing can
reach a depth in peat soil of almost a metre and its melting is delayed even
to August.

Soil types

Of arable land the share of peat soil in the North-Calotte area is about
10 % in Norway, 15 % in Sweden and 45 % in Finland. Mineral soils are for
the most part sand or moraine.

Drainage

Traditionally the fields have been drained by shallow 0.5-1.0 m deep open
ditches whose spacing distance has been 10-25 m. Subsurface drainage has
been used to a significant extent over the last twenty years. At the momeé
arable land in the North-Calotte area is drained by subsurface drainage n .
Nerway 50 %, in Sweden 10 % an¢ in Finland 8 %. According to feedback rete
ved from subsurface drains in use most of mal-functioning of pipe drains
appeared in peat soil, estimates vary 3-6 % of subsurface drainage surface_ty
area. Insufficient drainage has been gbserved particularly &s trafficab*7’
difficulty in farms that produce intensively grass silage,

nt

The installation deoth of subsurface drains in the area has been 1.0-1.5%
and in Sweden and Finland subsurface drain spacing 1620 m. In Norway's
area of heavy rainfall a 5-10 m drain spacing has been used.

Farm by farm survey

During the summer of 1987 the situation of 17 farms were looked into con¢e”
ning the state of repair of subsurface drainage. Six of the farms were
Norway, five in Sweden and six in Finland. It was known beforehand t?at
these farms had difficulties with their subsurface drainage. Along with g%
this clarification factors concerning the quality of peat among otherl enin
was determined - type of peat, degree of decomposition according to vor ter”
Post, bulk density and quality of hydraulic conductivity. K-value was ¢
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Mineg according to the field measurement system on the spot (Merva, 1979,
8valaingn & Rintanen, 1986).

fesults

As £
of p

Table shows the seil properties of the research targets country by country.
83 as the type of peat is concerned it can be said that the same types
eat appeared in each country but the emphasis was such that sphagnum

Peat wag more in Norway while in Sweden and Finland types of peat were carex

Centreg,

amples taken.

duntrigg,

d Degree of decomposition on the von Post scale H2-H? and the most

“omposed peat was found in Norway at a depth of 0.5-0.7 metres of the

in Bulk densities varied in the surface layer 136-406 g/dm3 and
Subsoil 106-216 g/aml.

No difference worth noting appeared in different

Permeability coefficients defined by MSU falling head permeameter

_2ried 0.6 metres in the defined tayer where the figures were 1/4 - 1/6 of
®den‘s and Finland's corresponding average values.

TReLe 1 INFORMATION CONCERMING SOIL ON THE FARMS SURVEYD: DEPTH OF PEAT

LAYER, TYPE CF PEAT,

HYDRAULIC CONDUCTIVITY.

DEGREE OF DECOMPOSITION,

VOLUME WEIGHT AND

NORWAY SWEDEN FINLAND
(6 FARMS) {5 FTARMES) {6 PARMS)
PEAT bEput 1,0 = 51,5 0,4-0,9 0.4 - >1,5
TYPE OF prat
DEpry 0-0,3 M St.Sct.Let ct,Let Ct,Bet
Dzpry 0,5-0,7 M St,Sct Ct,LSEt ct,Llct
:g:“‘ OF COMPOSITION/
POSYT
PEPTH 0-0,3 u 2 -8 3-8 2 -5
Pepry 0,5-0,7 M 31-1 3 -4 3-4
;;;:”5 WEIGHT G/bM’ RANGE /MEAN
DEP':: 0-9.3 176.258,/200 247-343/295 136-406/267
€,5-0,7 o 106-154/142 158/158 116-216/165
RY:RAUUG CONDUCTIVITY
ALUE ou/n RANGE/MEAN
DEPTH %1 0,13-2,82/0,81 0,12-5,26/0,96 0,12-1,53/0,58
Ho.3m 0,03-0,17/0,25 0,07-2,04/1,55 ©0,12-8,16/2,61
PEPTR 0,6 0,03-0,15/0,10 ©,18-3,75/1,42 ©0,04-1,36/0,44

b
“ssions

L1
°"n'21n9 Practiced in Scandinavia near the Arctic circle places great demands
in sbe Urainage of fields. In these circumstances of abundant melting snow
in ing, freezing of soil and short summers, the confirming of the functio-
Nﬁy a Subsurface drainage is particulariy stressed in peat soils whjch
b"ﬂducn Mportant role in the Calotte area. Modern intensive grass silage
the 33 o5 technigue means considerably larger demands for trafficability at
’*"tn?e time as the abundant use of suspended solids manure and nitrotgenous
aff&ctiz" is suspected of weakening peat structure (Sveistrupt 1986) thus
"9 its drainage more than ever. Tnus it is to be expected that the
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16-20 metre drain spacing in use in Sweden and Finland will more often than
previously prove insufficient. Because of the greater amount of rainfall in
Norway even 5-10 metre drain spacing has been used. In comection with this
survey the hydraulic conductivity values measured in peat is in theory ade-
quate for the functioning of subsurface drainage. Any exact measurement was
not made, but in practice the situation, however, was often such that the
surface layer of peat had so fine texture and compact structure and thus it
almost totally lacked hydraulic conductivity, and the water had remained on
the surface and this caused difficulties in trafficabiiity. Deeper down the
peat was adequately dry and the network of subsurface drains functioned.

In Norway a study has been conducted on surface drainage and the improvement
of physical properties of peat by adding additional mineral soil so as to
secure the functioning of subsurface drainage of replacing them entirely
(Linberg K. 1887). The aim has been to reach 40-50 metre spacing between
open drains by structuring the surface and adding mineral soil. A 3-5 %
convexity between open drains has given promising results. In practice
carrying out such structuring demands great transferences of masses and for
that reason causes nhigh expenditures. 1In theory under Swedish and Finnish
circumstances there is no need for such thorough surface structuring to
supplement subsurface drainage. On the basis of the survey one can forcast,
however, that alongside subsurface drainage there will be an ever greater
need to use surface drainage both in peat and mineral soil in the North
Calotte area. More experiment and research work is needed to develop metbods
of carrying out surface and shallow drainage combined with subsurface dral”
nage.

Summary

A survey into the subsurface drainage in the North Calotte area in norther?
Scandinavia was carried out in the summer of 1987. The project was financ®
by joint Nordic funds. The aim of the survey was to map out the use of
drainage in different countries and how it functions with regard to moder?
cuitivation technigues. At the same time information concerning ongoing,
research and development work was compiled. On the basis of the survey it
can be said that under present cultivation techniques the weakening of the
hydraulic conductivity of peat soils' surface layers causes the greatest
risk for the functioning of traditional subsurface drainage. Surface OF ing
shallow drainage as a supplementing system for subsurface drainage is peco?
ever more important. On the basis of research being carried out in norther”
Norway, with adequate cambered bedding system one can reach as a 50-metre”
wide beds without subsurface drainage.
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DROUGHTINESS IN SANDY SQILS AFFECTED
BY DEPTH OF SUBSURFACE DRAINS
by
Aygustine B. Rashid-Noah, Robert 5, Broughton and

Bernhard von Hoyningen Huene

5

u?bsgrface drains are needed on at Jeast 1,500,000 hectares of the Québec portiomn
are If' St. Lawrence }owlands 1f the food production capabilities of these lands
ang s°,be achieved (Jutras 1967/, Almost an equal area of farmland of the Ottawa
Yeny alnt Lawrence lowlands in eastern Ontario needs subsurface drainage improve=-

§
hl:::’“"faca drains are being installed to improve the drainage of about B0,D0D
o I:res of land in this region each yvear; this rate of installation represents
Crease from about 5.000 hectares per year lt vears ago.
i
c?;:] Yecently, the majority of subsurface drain 1nsta11at;ons have.been in clay,
n g Cam and silty loam soils, Only a small portion of installations have been
in C“S with a high percentage of sand size material. Recently, there have been
of e:tlous that some sandv scil fields have suffered from droughtiness because
grtu‘:eSSlve loss of moisture owing partly to the placement of drains at depths
€r than about 0.60 mecres,

Iy

lea;s Unlikely that more than about 12 percent of the volume of clay_ and silt
Svep 801ls w11l be drained regardless of the depth of subsurface drains. How-
Perc; the molsture release characteristics of same s;nd,v s0ils are such that :_lO
thﬂgpnt Or more of the soi1l volume might be drained by subsurface drains, if
foy ;.dralns were placed 1.2 metres deep or deeper. This would exceed the needs
adequlr $pace, for whach 5 to 15 percent of the soil volume has been deemed to be
dra-nate for most economic crops (Grable and Siemer 1%66, Wesseling 1974}, The
q“ant?se 0f more than 15 percent of the so0il volume can reduce seriously the
i de 'Y of water available for evapotranspiration. Also, 1if drains are placed
thSepths much greater than about 0.6 metres and the water table is drawn down to
) mdemhs. the suction exerted by the pore water on the soil in the tap 200 to
Mhig 'y “Ould cause a drastic reduction 1n the unsaturated hydraulic conductivity.
Yarg % turn will Jead to a reduction in the upward flux of water to plant roots
"er 1958, Skaggs 1976).

A'p&r

d‘“*ptwfm"’ the low quantity of available water 1n sandy soils with deep drains or
bay; late' tables, fertilizer with a high mobilaty such as NO,-N (nitrate-mitro-
!9y, %4Ches rapidly with the water flux through the soil profile (Lembke et al.

k

h"l’a?‘:;h?rs are: Augustine B, Rashid-Noah, Chairman, Agricultural Engineering

k%%rt =Nt, N)ala Universaty College, Private Mail Bag, Freetown, Sierra Leone;

?lae,.' g Broughton, Director. and Bernhard Von Hoyningen Huene, Research Engi-

;\i“"itréalemre for Drainage Studies, Macdonald College, McGill University,
+ Québec, Canada.



. OBJECTIVES
The objectives of this research were:

1. to canduct jaboratory measurements on undisturbed core samples to determint
the moisture release characteristics of some sandy soils of the croplands 0
the $1. Lawrence lowlands.

te use the molsture reiease characteristics to determine the quantities of
available water for cases with subsurface drain depths of 0,60 and }.
metres, and

L]

3. to use data on weather and corn crops to determine the extent of droughtiness
that can result for so1l cases with different amounts of available s
moisture,

METHODS

Four field sites, three 1n Québec and one in Ontario, Canada, within a 120 k¢
radius of Montréal, were selected for this research, The so0ils 1n these fields
had textures ranging from very fine sand or silt through medium sand. The natl”
ral drailnage ranges from poor for the soil at the McRae farm in Bainsvili®:
Ontario through good for the Saint Benoit soil at the Macdonald Farm in saintt
Anne de Bellevue, Québec, The particle size distributions of soil samples ob~
tained from the top 0.34 to O.4> m of the soils in these fields are presented '
Fig. 1.

In each field, ¢ore samples were obtained in 74 mm inside diameter by 40 me 1025
aluminum rings. using & speclally designed sampling device. Samples were ¢
tained from six l-metre diameter pits dug down to a depth of at least 1.2 metres

pth
alst
and

Two s0il depths were sampled: 0.40 to 0.65 m and 0.75 to 1.10 m. At each de
samples were obtalned in duplicate or tripiicate, Additional samples were

obtained in aluminum rings for determining the field value mpistuyre content
the soil bulk density,

After obtaining each core, 1its ends were trimmed with a 0.5 mm thick copiné 55:;
Each core was then placed 1n a polvethylene sock and sealed 1n a metal can. c:he
were placed in internally padded metal carrying cases and transported te

laboratory.

Phvsical features such as scil lavering. the depth of the water table and EET™ L,
s01l appearance were noted at the time of sampling, Detailed descriptions o two
spils in three experimental fields are given by Rashid-Noah (1981, One ¢ tf!
days after sampling, the additional core samples obtained from each hoif "ﬂﬂ
oven-dried at 105°C, cooled in a desiccator and weighed, From the anitial 1k
final masses and the volume of the core, the spil moisture content and P¥
densitv were determined.

For the measurement of the soil moisture characteristics, one end of each qf tg:
YEmalning cores was covered with a cloth mesh held by a rubber band to retadl (o
soil during saturation and 1measurements. Saturation was accomplished DY im
de-aerated water which had previously been boiled and cooled to room tempcf’tuheu
Samples were then mounted onto a sand suction table, The suction table wa5 tere
covered with plexiglass to minimize evaporation from the samples. Suction® ach
applied in 0.20 m increments up to a maximum of 0.60 m. At the end -;ra‘
equilibration period (generally 24 to 36 hours was found adequate for Eq“ilztioﬂ
tron for these sandy s0ils) samples were weighed, re-mounted onto the sue aif
tavle and allowed to re-saturate for approximately 6 - 8 hours. Since t eweﬂ
entry value of the porouys medium was approximately 0.70 metres. gample pee”
transferred te Haine's suction funnels after a total suction of 0.60 M nad
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a;;zlnt?d on the sand suction table and the measurements were continued, A& suc-

and n?f at least !.2 metre was attained with the Haines suction funnels, At the

tatoy the measurements, the samples were oven-dried at *050C. copled in a desic-
and re-weighed.

Fo . .

Ir;meaCh suction level, the oven-dry mass of the core plus ring was subtracted
Valyo '€, Mass of the ring plus moist soil to obtain the mass of water retained.
th ©5 of moisture content, percent by volume, at each suction were arranged for

® tvo or three samples and these were plotted against suction.

RESULTS AND DISCUSSION

Tay

er;e 1 shows some values of field moisture content, together with other parame-
determined for the soils investigated.

iy

taizrf 2 shows the spil moisture characteristics of a typical soil sample ob-

Cwned_ from a depth of 0.65 m from the Charbonneau farm near 5t. Louis. Richelieu
¥, Québec, Canada.

If ¢

lab1:e vater table 15 0,60 m from the soil surface and the soil above the water
"earlvls drained to equilibrium, the volume of the spil drained would be the
0,60 . Triangular area labelled VDl. The spil at the SL_:rface with a suction of
SEntln‘ has a drained pore volume of 19 percent. The So0il at zero suction repre-
Pore E & position at the water table 0.60 m below the surface has zero drained

depyyOlUMe.  The average volume of soil drained 1s 8.8 percent over the 0.60 n

Fo

EA:“'ﬂm Case of an effectave rooting depth of 0.40 m. the available soil moisture

Line 12 obtained by measuring the area bounded by the permanent wilting point

ang ‘hfPWPl, the soi1l moisture content axis, the 0.60 m moisture retention curve

M, 't 0.40 m depth lime. From thls graph the AW is calculated to be 105.5
0f so1l surface, or a water depth of 1905.5 mm.

1f N
tl!rghe effective rooting depth of the crop were 0.60 m, the available soil mois-
Yould be 176 mm®/mm?,

By tiy water table is at 1.20 m depth and the soil above it 1s drained ta

Ig p; °TIm, the valume of soil drained 15 represented by the area labelled VD2

the vg‘ 2. The soil near the surface 1§ excessively drained, as 29.7 percent of

I )y lume 15 drained. Tne average volume of soil drained over the 1,20 m depth

L ""\‘lld gerﬁent. The available soil measture, for a crop rooting depth of (.40
e 44 mm.

om

“’&tgrthe Tesults of these calculations, it can be seen that the depth of the
n, thetable has & profound effect both on the amount of soil volume drained and
N QUantity of water available for plant use from soils with moisture release

& - ”
Uray :;Ensr_:u:s such as in Fig. 2. The percentage of pore volume which is
“ater t for a water table depth of 1.20 m is double the drained pore.vnlmne for a
‘Kceedsasle at 0.60 m depth. Such dralpage 1s considered excessive as it far

e alr space requlrements for root respiration.

In t

g frus of the available spal moisture at a ¢rop rooting depth of 0,40 m, the
®ne, , ¥ater table caused a decrease in AW from 77.5 mm to 40,0 mm. The differ-
t v the crop growth will be even greater, since much more water will be able
the 1 ; Up to the root zone by capillarity from the 0.60 m water table than from
°bta1,'1 O m vater table, Table 2 shows the quantities of available s01l moisture
Poyng ;d by calculations dore using Fig., 5 and Table i. The permanent wilting

0isture contents shown in Table 1 were used in the calculation of AW,

Ure
tore 3 shous composite graphs of drainable porosity (f) vs. suction for all

s
Yengy, a‘:}"les obtained from each of the fields used in this study., These graphs
4te the effect of soil texture on the drained pore volume for fields
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having subsurface drains. Referring to Fig, 1, for example, it can be seen Fhat
the 5011 at the McRae farm in Baimsville, Glengarry County, Ontario, Canada. 15 a
verv Fine sand. Figure 3 shows that for a sample obtained from this soil, &
suction of 1.20 m can be expected to cause as little as 9 percent of the vo lume
of the =011 to be drained if this sample were located at the spil surface-
However. Lhe same suction causes approXimately 31 percent of the volume of the
$t. Benoit so1l at the Macdonald farm to be drained. The St. Benoit soil 1s 8
fine to medium sand.

The values of AW obtained by calculations based on Fig. 4 have been used in wa‘?f
balance calculations to demonstrate the effect of AW on the extent of droughtl
ness of the soi1l on which Fig., 2 1s based, The calculations were done using t
water balance eguation which has been used by Foroud and Broughton (1975},

SMC, = SM(C.=]1 + PRE, = AE. -~ EX.
where

SMC. = 501} moisture content at time t;

SMC._, = soil moisture content at time t-1l;

PRE, = precipltation or irrigation between time t-1 and time t;
EX, = eXcess water between time t-1 and time t,

The 501l moisture comtent at the beginning of the calculations (SMCy-o) 15 tak;g
as the maximum available so1l moisture and is obtained from Fig. 4. ‘REn“
obtained from climatic data; data for Macdonald College have been used 10 ot
present calculations, Actual evapotranspiration (AE} has been calculated f:05
graphs of a&actual evapotranspiration/potential evapotransparation (AE/FE) rat -
vs, avallable wvater used up from the s0il profile. These graphs have been_lﬁt.s_
polated from those prepared by Chieng and Broughton (1979) and are shown 1% Flﬂ
4. Data on PE were obtained from tables that have been prepared by RUSSEIDuf;
al., 19740, The calculations of PE are based on the Baier-Robertson {0
given by Baier et al,

e
The excess water (EX), after accounting far AE, appears eilther as sub's“rfac
drainage or as surface runoff. Drainage takes place from the transient stor
i(TR' as long as this is not depleted. AE takes place from the PRE falling on ate
dav at the PE rate for that day, otherwise AE takes place from the AW at 8 _ .,
of AE/PE ¥ PE. The water balance calculaticns have been done for the peri?
April to July for 1976, @ wetter than nommal vear, and f{rom Aprail 10
1475, a drier than normal year. In other regians one could expect weath
drier than the 1975 weather at Macdonald College. For such regions the drové
ness assoclated with excessive drainage would be mare severe.

Sample results of water balance calcuylations are shown in Tables 3 and 4. an 3
ter programmes were developed to continuously evaluate the AE/PE rataos ShO% G
Fig. 4 for values of AW on any particular day. These AE/PE valuves were lheﬁsguﬁ
in the water balance calculations to determine the quantity of soil mol
deficit for the various values of AW.

in
Table 5 shows the percent soil moisture deficits based on calculations 5h°:“
Tables 3 and 4, Clearly, the magnitude of the deficit 1s dependent on the T pse
tity of A%, the depth of subsurface drains and hence the depth of the watel gt
if this eventually recedes to or below the depth of the drains, and on the
of PRE that has accumulated over a certain period of time,

503!
For example, for the 0.60 m drain depth and a rocting depth of 0.40 m. th:ntof
moisture deficit for the period from April to July 1s approximately 40 Verceficﬂ
the total water nsed in 197&; for the same conditions, the soil mpistuy® 1.20m
15 approximately 16 percent for 1976. The corresponding values forY the
drair depth are approximately 57 percent and 33 percent, respectively.
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5;?"1 5 shows graphs of cumulative soil moisture deficits vs, time for diffevent
Ues of AW for 1975 weather data for Macdonald Campus, The lowest AW of 27 mm
Mg consistently higher values of deficit than the other three AW values,
5u°- the deficit occurs much earlier for an AW of 27 mm than fqr s0il-crop
Yations with greater AW. The severity of the effects of s0il moisture defi-
mms will also depend on the stage of grow;h of the crop, qu example, Robans
Onfbomlngo 11953) observed a highly significant yield reduction for maize grown
thy ine sapdv ipam soil, when the available _5011 moisture was depleted about
av?e weeks after tasselang. However, following maturity, the depletion of the
8llable so01l moisture had no effect on the yield,

F
q;gure 5 shows that the soil moisture deficit is nearly linearly related to the
111ty of AW for the weather conditions of 1978,

CONCLUSIONS

b

5¢d on the results of this study it can be concluded that:
1, .
the extent of droughtiness of a sandy soil is dependent on the amount of
Falned pare volume, the permanent wilting point of the so0il, the depth of
the crop roots as well as the rainfall;

the depth of subsurface drains has a profound effect om the amount of soil
Yolume drained 1n sandy so1ls and hence on the guantity of available moisture
i the crop root zone;

the maygrure deficit in any year 1s nearly linearly related to the available
Yater holding capacity of the soil}

a relatively small increase 1n the coarseness of a sandy sail can give rise

0 a very large aincrease in the drainable porosity, Thus it 3s much bet;er

to Measure the drainable porosity than to merely measure the particle size

18tribytion 1f obne wishes to determine whether & sandy so0il might have the

EEEEBtzal to be excessively drained by subsurface drains placed deeper than
mm.

SUMMARY

9
h:;ﬁ Cores were obtained from four sandy soil fields ir Ontario and Québec,
dey 3. The moisture retention and drainable porosity characteristics were
lls?dhm“w by using & sand suction table. The drainable Porosity curves were
Soyy together with possible drain depths, to calculate quantities of available
%d“molsture {AW) for ecrop rooting depths af 0.40 and 0.60 m. A water balance
ﬂnzwas used to determine the extent of droughtiness occurring for various:
drmmhs of available water and 1976 and 1978 weather conditions. The extent of
ﬁtertlness was found to be significantly.affected by the quantity of availabie
lmnr i the crop root zone and by the depth to whach the wa;er_table could be
e ted bY subsurface drains. The drainable porosity characteristic was found to
“hde TOSt important factor in determining whether subsurface drains can cause a
lings, "9 to be excessively drained. The soil molsture deficit was nearly
fly Telated to the amount of available moasture the soil could hold.
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U.SD.A. SOIL CLASSIFICATION
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Figure 1: Particle size distributions of the solls from the four farms studied.
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Table 1. Mean values of pertinent soil-water parameters obtained in the
present study.

-l-IS------‘-ﬂ--l-‘--.--.------------I-'--.---’------'.‘--'--'-.--------‘-‘.’."-
Field Value Moisture Moisture Water Tablt
Depth pf Moisture Content at  Content at Depth at
Soil Content 60 cm Suction 15 Bar Time ©
Experimental Sample b4 3 z Sampl1nk
Site m by Volume by Volume by Volume 0
Iy
Macdanald Farm 0.40 19.80 17.10 1.97 > 1.20
Valois' Farm 0.65 17.69 28.00 3.52 1.00
Charbonneau's 0.45 25,72 22.50 3,12 > 1.20
Farm
McRae's Farm 0.34 36.46 39.50 14,94 1.20
---.:---.-------s--.-.s-s-n.--:-a----n--;q—.-.--a-------------..-.----8----'."’

Notes: 1. Field values of so0il moisture indicate the moisture comtent &t tN
time of sampling. These values should be approximately the 'f"of
capacity"” values since sampling was done shortly after a Pe"1°d
rainfall.

2

_ t
The moisture content at 15 Bars is considered to be the permane”
wilting point.
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T
ible 2, Avallable so1l moisture for a soil depth of 0.40 m for several water
table depths for four farm sites.

.~!=*--------l.l..hl.---.-‘.--'----" Ll Lol g
E"3’El’lrﬂemal Available Soil Moisture (mm) for Water Table Depths
Site 0.60 m 1.20 m

\.\_
Matdonalg Farm 36.52 17,72
v

A01g* paym 57.90 58.00
¢

ha"bﬂnneau's Farm 77.50 40,00
M 1

Rae's Farm 38.20 76.20
.“t"""'-t-----n-------- esEmEs REL TSR REEREERE
No . ,

tes. 1. Calculation of available soil moisture 1s based on scil moisture

content data from Fig. 5 and permanent Qilting point moisture con-
tents (15 bar moisture contents) shown in Table 1.
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Tahle 3. Sample water balance calculations for an available soil moisture of
27 mm, using climatic data for Macdonald Campus for April 1976.

s AR AR A I E IS TN EEEEEREERER [T 1] 2 1] - --”“
Day PE AF AE PRE AW :10) 4 DEF  -ACDEF
mm PE mm mm mm mm mm mm
4__-'/
27.00 0.00 0,00 0.00
1 0.00 1.00 .00 27.00 27.00 27.00 0.00 0,00
2 0.00 1,00 0.00 ¢.00 27.00 0.00 Q.00 ¢.00
] Q.00 i.00 a.00 4.00 271.00 0.00 0.00 0.00
4 0.00 1.00 0,00 0.00 27.00 0.00 0.00 0.00
5 1.40 1.00 1.40 0.00 25.60 0.00 0.00 0.00
6 0.00 1.00 0.00 0.00 25,60 0.00 0.00 0.00
7 0.00 1.00 0.00 0.00 25,60 0.00 0.00 0.00
5 ¢.00 1.00 0.00 0.00 25.60 . 0,00 0.00 ¢.00
9 0.00 1.00 0.00 0.00 23,00 0.00 0.00 0.00
10 0.00 1.00 0.00 0.00 25.60 0.00 0.00 0.00
11 0.00 1.00 0.00 3.80 27.00 2.40 0.00 Q.00
12 0.00 1.00 0.00 0.00 27,00 0.00 0.00 0.00
13 0.00 }1.00 0.00 0.00 27.00 0.00 0.00 0.00
14 3.00 1.00 .00 ¢,00 24 .00 0.00 0.00 0.00
15 .60 1.00 3.60 0.30 20.90 0.00 0.00 0.00
ie 3.60 0.74 2.67 6.10 24.33 0.00 0.93 0.%93
17 .20 1.00 3.2 0.00 21.13 0.00 0.00 0.93
18 5.70 0.75 4,28 0,00 16.85 0.00 1.42 2.35
19 5.7C 0.60 31.40 Q.00 13.44 0.00 2.30 4 .64
20 3.40 .48 1.62 6.00 11.83 0.00 1.78 6.43
21 3.80 0.42 1.58 1.50 11,74 0.00 2.22 8.64
22 3.40 0.41 1.41 6.40 16,73 0.00 1.99 10.63
23 1.80 0.59 1.07 6.90 22.57 0.00 0.73 11.37
24 2,10 1,00 2.10 0.00 20.47 0.00 0.00 11.37
25 0,30 0.73 0,22 0.00 20,25 0.00 0.08 11.45
26 0.90 .72 0.65 19.30 27.00 11.90 0.25 11.70
27 1,30 1,00 1.30 8.60 26,10 7.30 0.00 11.70
25 1.70 1.00 1.70 0,80 26.10 0.00 0,00 11,70
29 3.30 1.00 3.3 0.00 22.80 0.00 0.00 11.70
o 3.20 1.00 3.20 .00 19,60 0.00 0.00 11,70 ,
-

-
-
L T T T T L ———— T 1
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Table 4, Ssample water balance calculations for an available soil moisture of

27 mr, using climatic data for Macdonald Campus for April 1978,

Tupe
T T Tt e TR O N O I v T VR A

PE AE AE FRE AW sup DEF  ACDEF
Dav mm PE mm men non mm fm mn
‘--..\-__—
27.060 0.00 0.00 0.00
] 0.40D 1.00 D.40 ¢,00 26.60 0.00 0.00 0.00
2 0.00 1.00 0,00 .00 26.60 0.00 ¢.00 ©.00
3 Q.00 1.00 Q.00 0,30 26.90 .00 0.00 0.00
4 0.00 1.00  0.00 22.40 27,00 0.00 0.00 0.00
5 0.00 1.00 0.00 0.00 27.00 22.30 0.00 0.00
b 0.00 1.00  0.00 1.80 27.00 0.00 0.00 0,00
7 0.00 1.0 0.00 0,00 27.00 1.80 0.00 0,00
5 0.00 1.00 0.00 0.00 27.00 0.00 0.00 0.00
9 0.00 1.60 0.00 ¢.00 27.00 0.00 0.00 0.00
10 0.00 1.00 0.00 10,40  27.00 0.00 0.00 0,00
1 0.10 1,060 0.10 4,60 27.00 0.00 10,360 0.00
12 0.10 1.60 0.10 0,10  27.00 4,50 0.00 0.00
13 1.30 1,40 1.30 5,00 25.80 0.00 0.0 0.00
14 0.70 1,60 0,70 0.00 27.00 3.10 0.00 0.00
15 0.10 1.0 0.10 0.00 26.90 .00 0.60 0.00
le 1,30 1.00 1.30 0,00 25.60 0.00 0.60 0.00
v 1.60 1.00 1.60 0.00 24,00 ¢.00 0.¢0 0.00
18 1,40 1.00 1.40 0.00 22.40 0.00 0.00 ©.00
19 2,10 1.00 2.10 3.60 24.10 0.00 0.00 0.00
20 0.80 1.0¢ 0.80 15,00 27.00 11.30 0.00 0.00
21 0,30 1.00  0.30 2.00 27.00 1.70 0.00 0.00
22 1.20 1.0¢ 1.20 0.00 25,80 ¢,00 0.00 0.00
23 1.20 1.00 1.20 0.00 24,60 0.00 0.00 0.00
24 2.90 1.00 2.90 0.00 21.70 0.00 0.00 0.00
25 2.70 0,77 2,08 .00 19,62 0.00 0.62 0.62
26 3.50 0.70 2.44 0.00 17.18 0.00 1.06 1.68
27 3.70 0.61 2.25 0.00 14,92 .00 1.45 3,12
33 3,30 0,53 1.74 0.00 13.18 0.00 1.56  4.68
29 3,30 0.47 1.54 0.00 11.64 0.00 1.76  6.44
3o 1.70 0,41 0.70 0.00 10.95 ¢.00 1.00 7,45

ol
ey
-
-h---..--.-l‘-I-.---I-.------‘-ﬂ-..-l-------..l--I-----.--I-------t..----I
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Table 5. Percent soil moisture deficits resulting from the placement of subsuf”
face drains at different depths (21,

P
=‘-I=====---8------ﬂ------‘ﬂ------.-h-..--l----------------------‘.------'-“.

-Depth_of Subsurface Drains_(m)
0.60 1.20
_a—-—"/
Root depth (m) D.40 0.60 0.40 0.60
AW (mm) 99 161 27 50
1976
April 0.0l 0.00 1.67 0.50
May 7.32 3.9 17.23 12,12
June 20.50 16.25 32,99 26.70
July 39.94 34.98 57.4) 49,34
1976
April 0.09 0.00 2.88 1,13
May 0.58 0.00 §.70 3,18
June 9.70 4,83 20.95 14,49
July 15,75 10.39 32.88 22,60

*
¥
R R R R R AR R kA A AR AR AR NS R R s E T

! . ‘ thé
Notes: 1. The soil moisture deficits given in the table are cumulative over
period of calculations.

2. Soil moisture deficits are expressed as percentages of total pote”
tial evapotranspiration fer the period from April to July.
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CURRENT DRAINAGE DESIGN PRACTICES IN FINLAND

Saavalainen, Man. Dir.
Assoc. Member ASAE

Fi"}and is the world's most northern agricultural country. If one were to

f*’Mate the use of the earth's land area globally bearing in mind the whole

&’]d. one would hardly recommend the practice of agricuiture to the north of

me 60th degree of latitude. At a quick look there are no preconditions for
© agriculture in such & northern area.

ye Climate of Scandinavia, however, is warmer than its latitude would sug-
St. This is due to the warm Gulf stream. And as the use of the earth is

Q‘ Planned globally, in order to manage the Finns have been forced to take
Vantage of all the available resources including agriculture.

?mDaPed to her neighbours too, Finland is situated in the north. 90 % of
Jfﬁen's cultivated area lies to the south of the 60th latitude, Finland is
tirely to the north of this latitude.

&sh°rt growing period, & cold winter, a thick snowcover and smal! farms have
ﬁe“ the starting points for Finland's agriculture. At first 1ean1ng.0n expe-
®hce gained from trial and error, later through research and experimenta-

m°"‘ methods have been developed by which farming has been succesfu11¥

W;tticed. Since the beginning drainage has been one centralily basic impro-

Mg ent, at first drainage by open ditches and later subdrainage., The develop-

orf, of strains of plants suitable to the climate and the development of

in o methods have led to the fact that Finland is not only self-sufficient

ti’*ﬂafd to agricultural products but that there is significant overproduc-
® in some areas. The degrees of seif-sufficiency are as follows:

Grain 87 %
Dairy products 124 %
Beef 122 %
Pork 110 %
Eggs 159 %
Sugar 54 %

A 3 - -
t:ea*1y as the 1920's experimental fields were set up by which 1? was ?1med_
t certain which methods of subdrainage were most suitable to f1n1and s soil
deDt: and climatic conditions, primarily questions of drain spacing, drainage
days ind dimensioning of the pipes. As the growing seasen is short, enly 100
dryj,. " NOTrthern Finland and only 160 days in southern areas of the country,
’menage must prepare the soil for cultivation as quickly as pgssib1e. Tpe

oF thumb “a day in spring is a week in autumn” well describes this aim.
Ye
ﬂ;riy Precipitation in Finland is 500-700 mm, Jess in the north and more in
itma°9th- Of the precipitation 200-500 mm comes as snow. Precipitation is
*IMum in August and at minimum in March.
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About half of the precipitation in southern Finland evaporates, in northern
Finland one third. During the melting period spring runoff is 100-200 mm.
Summer runoff is only 10-40 mm as most rain evaporates or soaks into the
ground. As evaporation decreases in the fall runoff increases; it can be
50-100 mm.

The date of the settling of the seasonal snowcover is at the end of October
in Lappland and snowcover disappears at the end of May. In southern Finland
the snow comes in the middie of December and melts in April. The maximum
water eguivalent of snow varies according to area from 60 to 200 mm, wnich
correspends to 20-70 c¢m of snow coverage.

The best clay soils were formed below the sea level when the continental
glacier melted in southern Finland., There are areas of peat all over the
country, but in northern Finland peat areas are the primary areas of culti-
vation. There are also sand and morain areas under cultivation.

The hydraulic conductivity of the soil is strongly affected by soil frost.
In winter the earth freezes to 20-100 cm depth depending on the thickness of
the snowcover, the type of soil etc. Soi) frost affects drainage in many
ways. 1t is harmfu) in pring when the hydraulic conductivity of frozen soil
is very low and the water from the melting snow flows over the surface of
the ground. On the other hand, soi) frost has a significant effect &s an
jmprover of the structure of the soil. Aggregate structure forms in soil
subjected to frost which improves the soils hydraulic conductivity.

These preconditions have had a determining effect on the planning criterion
of subdrainage. The melting of the snow in the spring over a short period
of time causes flooding in both fields and waterways. The removal of excess
water guickly is a precondition for the warming of the soil to a fertile
condition, = One can mention that in northern Finland it 1s often necessa’y
to sow when the topscil is dry even though the subseil is still frozen.

The systematic planning of subsuface drainage began in the 1320's when the
Finnish Subsurface Drainate Association (precessor to the Finnish Field
Drainage Centre) was founded. At the beginning planning principles and .
criteria were defined, where the reliability at all stages of work was syres&
sed. With the aid of experimental fields the planning criteria were verifie
The following principles were set:

1. Map filing  Plans were always made on a map. The maps were filed at the
central office. Plan changes made during work time "erethe
drawn on the maps. Thus 1t was always possible to find
individual subsurface drains if it was necessary to carry
out repairs to the drains of if other measures such as
construction of roads, water pipes, cables etc came int®

question,
2. Slopes The minimum slope of lateral drains was set at 0.3 %. :d
system's slopes were planned in such a way that the SFeThe

of the water grew as it went down the drainage pipes.
idea was that soil particies that had got into the pipé®
would not settle to the bottom of the pipe but would P
carried along and out of the drainage system. If the
speed of the water decreased because of slopes in the
terrain a manhole was planned at such a place that eart
particles would be able to settle.
5
3. Pipe size At the beginning the smallest inside diameter of 2 piped?;Q
: 30 mm, later 40 mm. Other pipes were dimensioned i“?rage
to the amount of water using the design criteria (draif
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coefficient) of 1 titer per second per hectare {equal to
B.64 mm/day). The small pipes flow full of water almost
every spring and the water there reaches its maximum velo-
¢ity at which time the pipe is cleaned of sludge which has
possibly been collected there.

Lh_lngta11ation accuracy

The subsurface drains were installed very accurately at the
planned depth. Permitted deviation in depth was tess than
10 mm.

N Kork order The subsurface drains were first dug open in their entirety
and the clay tiles were installed from the top downwards so
that the water flowing in the trench did not bring sludge
into the completed pipe system.

Q;_Gravel cover The pipes were always covered with a 5-10 cm thick gravel
envelope. In unpermeabie soi! blind inlets were constructed
regularly at 8-10 m distance.

lh-Qinn_ggE;g The average depth of the drains was planned to be 120 cm,
in northern Finland 140 ¢m. The absolute minimum depth was
considered 90 cm.

§“~Qfﬂiﬂ_§gggigg The average dratn spacing of the subsurface drains was
defined on the basis of the hydrauwlic conductivity of the
soil, In poorly permeable soil the spacing was 16 m, in
sandy soil 18«25 m, in peat soil 20-30 m.
T
ig Principles presented above were drawn up under circumstances when there
Tittte experience and professiona) skill in the execution of subsurface

r ; .
ﬁ:;“age in the country. We can count to the benefit of the tight instruce
thees tNat the subsurface drains have had a very long life. In Finland

sngzsare sti1} plenty of fully operative drains from the 1920's dug with

Th
m:tm°§ern planning of subsurface drainage is based to a large extent on the
“the:1a Presented above. Naturally some closer specifications have been made

e increase of knowledge and development of technigues.

-

The map archives of the Finnish Field Drainage Centre still contain
all the country's subsurface drains, )

A minimum slope of 0.3 % is still kept to, exceptions are under-water
drains and large pipes.

A minimum size of 40 mm is sti1l in use. It is cheap and conveying
capasity is sufficient. 32 mm pipes have been planned to be used in
Complementary drainage.

Installation accuracy is kept wiihin the 2 cm range.

Pipes are laid straight from the digging machine.

As well as gravel, sawdust and pre-wrapped envelopes are also used
&5 envelope material.

The share of plastic pipes is already B0 %.
Normative drain depth is 100 cm, the minimum depth is 80 cm.
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- The intensity of drainage has been increased as the demand of traffi
cability of cultivated land has grown. Orain spacing depends on the .
type of cultivation as well as the type of soil, Generally a spacind
of 12-16 metres i used. '

- The iaterals are placed perpendicular to the field slope, perpendi-
cular to surface drains and perpendicular to plow direction.

Subsurface drainage work in Finland is in the region of 2 miilion hectares of
which nalf has been completed. The aim is to drain 700 000 hectares by the
year 2000,

Planning is taken care of by the Finnish Field Drainage Centre, which has 100
technicians around the country. Each year 35 000 hectares are planned. N
planning and field research work tomputer based technigque is aiso used.

Research and testing is carried out in a number of organizations, research
institutes and universities. During the last few years research activity has
increased.

Subsurface drainage work is carried out by about 300 contractors. Their
drainage machinery are mainly wheel-digging or chain-digging machines many
factured in Finland. These machines move on rubber-tyre wheels. Qver recent
years a few trenchiess machines have been introduced into the country.
Orainage work costs are on the average 9000 FIM {about US$ 1B00)/hectare.
The state supperts subsurface drainage work with grants and loans.

The present problems of Finnish subsurface drainage are ochre glogging a?d
compaction. Ochre blockage is being combated by designing under-water pipes
and developing flushing systems. Additional drainage has been developed
against the compaction problem of clay soil. The probiems of peat soil §F‘
partly unresolved. Help seems to be coming by forming the land surface 1N
such a way that surface water problems are eliminated. This is especia11¥
problem of the north.



EVALUATION OF A SOIL MOISTURE MODEL

S. E. Whigex T. 8. Colvin* J. Sacks*
Member ASAE

AD evaluation was made of & simulation model designed to predict
%allable fleld operation time. The simulation model was based on the
gli'tmiue that workable field days could be accurately predicted if a
ﬁ“ld’s tractability condition was kmown. The model determined a
cheld's tractability condition as “good™ or "bad™ using local soil

8facteristics and daily weather factors. A model such as this may be
:‘ful worldwide for operational planning of time and machinery
rzs_tems, Based on an analysis of four environmentally different

Blons in the midwest, the model worked reasonably well. But further
m’estigation ig needed to determine the extent of the models
%plicebilicy.

INTRODUCTION

12 their agricultural operations, farmers’' must be able to accurately

%:ECast the number of days during a month that a field will be

Vhekable. Field operations performed at inappropriate times, such as
N the soil is too wet, can be damaging to the soil tilth, overly

Brme Cotisuming, inefficient, and hence uneconomical (Hassan and

nu;,:ghton. 1975). Therefore, a model that scecurately predicts the

to bﬂ' of workable field days could save farmers time and money. lead

als ®tter farm practices and better soil health. Such a model might

’lacﬁ be extendable to uses such as evgluating the relatienship between

0puim characteristics and soil mofsture conditions in order to

tus mi%e machine use (Babeir et. al., 1986). A model that can be

£ c:"mlzed to a specific location by using local soil and climate

Reo Ors, such as this one, could be useful to farmers cver a large
8raphic area, perhaps even worldwide.

i:‘;i:t {1984) designed a simulation model based on the premise that

tra ble field days could be accurately predicted if & field's

fiect?bility condition was known. Tractability here refers to a
d's ability to sustain tractor cperations without soll damage.

E:::;a?i?‘ity 1s a function of the soil’'s moisture content which
temp, T's model estimated using four climatic factors: daily air
loileut““- precipitation, evaporation, and snow cover, &s well as two
factors: initial moisture content and moisture content at

R~ ——

univE- Whive, Research Assistant, Statistics Dept., lowa State

statersifw. T. 5. Colvin, Agriculture Engineer, and J. Sacks,
istican, USDA-ARS, Ames, Iowa.
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field capacity. His model was developed using the soil
characteristics, and one year of climatic and observed mumber workable
day's data specific to Central Iowa. A preliminary evaluation of the
model was preformed by way of regression analysis using data from both
Central and Northwest Iowa (Babeir 1it. al., 1986). <Climatic data was
taken from the Des Moines weather station for the Central lowa region
and from the Sioux Falls, South Dakots weather staction for the
Northwest lowa region. However, the same soll characteristic inputs
were used for both regions. In addition, these two regions are
relatively close to one another geographically, and thus their climates
may not differ significently either. To satisfactorily eveluate the
model, simulations needed to be made on more regions which differed
from Iowa in soil composition and climate.

Qur objective is to evaluate Babelr's model for a wider area of
applicability by couparing the average difference between the tuzber of
observed and predicted workable field davs for each month, for four
different regions of the United States. Regional comparisons will be
made in a pairwise fashion using anslysis of variance contrasts.

METHODS

Ihe Modal

Babeir's (1986) soil moisture balance model established the daily
tractability condition of a field. Tractability conditions were
classified as "good” if the dally scill moisture content was below an
established scil moisture criterion and "bad" {f above the criteriom.
The soll moisture criterion was determined by trial and errer (Babeir,
1984) and expressed as a percentage of the soil's field capacity. It
was found that a soil moisture content less than or equal to 99% was
necessary for tractability. Daily soil moisture content of a field was
determined by the model using, as inputs, five daily weather
characteristics: maxXimum air temperature, minimum air temperature, pan
evaporation, snowfall, snow on the ground, and precipitation. Two soil
characteristics --diffusion and drainage of water-- were then
incorporated into the submodel and & tractability condition was
estimated (Figure 1). The soil moisture criterion was determined by
trial and error (Babeir, 1984) and expressed az a percentage of the
soil’'s field capacity. It was found rhat & soil moisture content less
than or equal to 99% was necessary for tracctabilicy.

Empivical Data op Workable Field Dayg

Test reglons outside Jowa were selected based on availability of
observed workable day data in regions suspected to have different soil
composition and climate than Iowa. Indiana and Missouri were chosen as
the additional regioens. Long range averages of monthly rainfall
indicated that these regions should be climatically different from each
other and from Iowa (Shaw et. al., 1950),
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Both Jowa and Indiana collect their observed worksble field day data in
the same mannmer. Each state is divided into mine reporting districts
Somposed of B-16 counties each. Volunteer reporters in each county

88p a weekly record of workable days for field work of that season.
®Porters give each day a value of ome if it is workable and zero {f it
S Mot. Thus, a district's rating for its region’'s field workabilicy
Is the average of values for all the counties in that district

serSDHal communication with the Iowa Crop &nd Livestock Reporting
cervice' 1987; Parsons and Doster, 1980). Data on workability has been
®llected in Indiana since 1951, but yearly terminstion of data
Sollection has varied through the years, so that data may not reflect
Hie days suitable for werk in late November and early December.

MSSOuri uses weekly instead of daily averages from reporters in each
Strict to generate their data on the number of worksble field days
Sersonal communication with the Missouri Crop and Livestock Reporting

*Tvice, 1987).

EVAROTRA NS
PHRAY 0N

lSUIlAC! RUKRCEF
SOIL MOISTURE
s Mem

SUIL MOISTURE
1% - M om

BRAMACE

B0IL MOISTURE
¥ them

DEEF DRANACE

K
Bure |, Components of soil moisture balance model.

mem

The

C%n:°d°1 was tested on four regions: Northwest Iowa (years 1965-80);

Censpol LOWE (years 1965-80); West Central Indiana (years 1969-78); and
il Missouri (years 1975-86).

D-63



Both Iowa and Indiana collect their observed workable field day data in
the same manner, Each state ls divided into nine reporting districts
composed of B-16 countles each. Volunteer reporters in each county
keep & weekly record of workable days for field work of that season.
Reporters give each day a value of one if it is workable and zero 1f it
is not. Thus, a district’s rating for its region’'s field workability
is the average of values for all the counties in that district
(Personal communication with the lowa Crop and Livestock Reporting
Service, 1987, Parsons and Doster, 1960). Data on workability has been
collected in Indiana since 1951, but yearly termination of data
collection has varied through the years, so that dara may not reflect
the days suitable for work in late November and early December,
Missourl uses weekly instead of dally averages from reporters in each
district to generate their data on the number of workable field days
(Personal communication with the Missour{ Crop and Livestock Reporting
Service).

Average Rainfall

Central hwest
1A Indiano #issourl N"th\"
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20
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b 4
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3 -
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Figure 2. Average regional rainfall.

IThe Analysis

The model was tested on four regions: Northwest lowa (years 1965-80):

Central Iowa (years 1965-80); West Central Indiana (years 1969-78). and
Central Missouri (years 1475-86) .

The soil characteristics used by the model were abilities to drain
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The sof1 characteristics used by the model were abilities tc drain

‘mzzasured in terms of a soll’'s permeability) and diffuse water. The

to :1 was more sensitive to a soil's representative drainage value than

was ts diffusion value (Babefr et. al., 1986). Therefore, permeability

usedthe only soil characteristic examined. The permeability values

ave by the model were determined by the proportional weighting of

re Tage permeability values for the two most abundant soil types in a

h0§;°n- The range of permeability for the two most abundant soils in

bey Iowa regions tested was from G.6 to 2.0 in/hr (Andrews and

Heriksen, 1981), that for Indiana was from 0.6 te 6.0 in/hr

He?glois, 1982), and that for Missour{ was from 0.06 to 2.0 in/hr

suf ¢, 1978). These values indicated to us that the regions were
ficiently different with respect to soil drainage.

B‘ebeir et

Substane i

°La fie]

‘Ivgt

. al.'s (1986) sensitivity analysis indicated that rainfall
reg

ally affected the determination of workablity or nonworkablity
d (Fig. 2 -3).

Therefore, regional distributions of reinfall
: &nalyzed using analysis of variance contrasts to determine if
onal climatic differences existed,
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Figure 4. Yearly regional rainfall.

Three contrasts were made: Central Iowa versus Nerthwest lowa, Missouri
versus Indiana, and Central Iowa combined with Northwest lowa versus
Indiana combined with Missouri. Central lowa and Northwest lowa were
contrasted to determine if they were significantly different
climatically and thus contributed to the model's evaluation or whether
they were too simalar. The constrast of Central and Northwest lowa
against Indiana and Missourf allowed for a third constrast that was
orthogonal to the other two. The following model waz used to determine
if differences existed in rainfall among regions:

Y=U+r+y(r) +m+rim+ e

Where Y represents the response, rvainfall:
U represents the overall mean;
r represents the regional effects;
y(r) represents the within region yearly variation;
m represents the monthly effects:
T*m represents the interaction of region and month;

and e represents the random error associated with each
observation.

The discrepencies between observed and predicted number of workable
field days were analyzed by the same model to see if Babeir’'s model fit
some regions better than others. When this was donme, the response Y,
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Topresented discrepency between cbserved and predicted number of
“orkable field days.

RESULTS

Ehere was no significant year to year variation in average rainfall
Lthin regions (p > .10). Overall average vearly rainfall did differ
dong regions (p < .01). Central and Northwest lowa differed
Significantly (p < .05), as did lowa vs *others” (p < .01). However,
°;53Qur1 and Indiana did not differ significantly (p.> .10). This lack
' sigrificance appeared to result from the large variation in yearly
ra?nfall for Missouri, 1In particular, 1978 was an excepticnally heavy
#nfall year for Missouri.

:unthly average rainfall also varied significantly (p < .01}, but the
Otthly rainfall and region interaction was mot significant (p > .10).

dzus' as fig. &4 demonstrates, all four region's monthly rainfall
vstl‘ibution patterns were similar, though not identical, with the
®Tage rainfall amount varying from month to month.

Observed Work Doys Minus Predicted

Cantral Northwaat
iowo Indigne Missourl lowo
R —— b - e e ok ® CEE RN N
Discrepancy

!0’__
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b

_#‘--_M"- 1

I T et i emem
/ ]
V4 d

l UK ENEER]
"10:___1; L 1 1 . L i i 4 ]

MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV
! Months
Yigurg 5.

Observed minus predicted workable days.
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The lowea vs "others" contrast interaction with month was significant {(p
< .01), but due to the large differences between Indiana’s and
Missouri’s distributions, the interaction effect of lowa vs "others”
with month was also not readily interpretable.

DISCUSSION

The model was tested on four regions which were distinct with respect
to soil and climatic. The general reliability of the model was pood &s
was demonstrated by no significant year-to-year variation of
discrepencies within regions. The result of contrast and month
interactions and an examination of fig. 5, indicate that the model
performed consistently for both the Central and Northwest Iows regions.
Though the model overpredicted the number of workable field days in a
month for both these regions, the overprediction did not vary through
the year. The Missouri versus Indiana contrast with month interaction
indicates that the model did not perform consistently over months for
this pairing. Figure 5 shows that this significant interaction effect
was probably due to the model’'s erratic performance for the Indiana
region. The model appeared to work very well for the Missourl region.

Salmon and Wallis (1982) steaced that a model analysis without an
associated loss function could lead teo evaluations using statistical
criteria that seem rescnable but were seldom rigorously justified. As
an alternative to & loss function, the model could be evaluated using
the following criteria: the discrepency between observed and predicted
number of workable field days be no greater than five days (fig. 3).
Since the model performed comsistently for both the lowa regions, &
linear adjustment to the models predictions could be made to bring the
average monthly discrepency close to zero for these regions.

Though, in general, our results indicate that Babeir’s model may be
useful for agricultural operation planning in the midwestern United
States, further testing should be done. The model performed
erratically for the Indiana region suggesting there may be some other
environmental factor that should be incorporated into the model.
Another possible factor that may sccount for the model’'s erratic
behavior in the Indisna region is the range of field operations in
different months represented in the observed data set. If these
operations tended to be concentrated on different soils with different
characteristics or required different tractability conditions on the
same soils, then testing this model with a single set of parameters
would not appropriate. For this to be a cause of the model's erratic
behavier in the Indiana region, Indisns would have to have been
different in this regard as compared to the other three locations,
Hore testing of the model would need to be done before it could be
recommended for wider use.
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CONTRACTORS® PRACTICE IN FLANNING AND MAFPING
SUBSURFACE [RATNAGE SYSTEMS IN ILIINOIS

Scott F. Day
Day Drainage, Inc.

Te installation ef drainage tile is a necessity for farm land in the
Sentral region of Illinois, USA. However, equally important is the
Somentation of this drain tile installation. This documéntation can be
p""’\’ldedbyamap, usually made or furnished by the drainage contractor.

HISTORY OF MAPPING

‘oping has a snall history in central I1linois that dates back to the
DBOS- Hiram Sibley's Burr Cakes Farms of Sibley, Illincis, were the

"ers in mapping from drainage in cemtral Illincis, These farms,
%lstngorwerzo,OOOacms,bmintmtedindmmgeinthelate
%&Emmverympmblmareas. Since a portion of the lard was
a"';"‘7"5"15911‘&1,draimagls;clit:c:heswe::r:eeu-m'.rat:ﬂat:i1’.::ud::a:h'xtnvamlrmffrst.:u'l:heJ.am
l;iuldbep.rttogooduse. Wet areas yemained in low lying areas and side

Beepage arwas. The only way to drain these areas was by same type of
g’:hs‘&faoedrainage. Clay tile was used ms the conduit and is thought to
tumofthefirsteverinstalledincentralmhnis. Even though this
€ Was installed with spades and shovels and back-breaking marmal labor,
%Imqmately 200 feet per acre, involving same type of grid pattem, was
%Rtalledmﬂxeseszmimcffamg:mnﬂ. The mapping was a process
mﬁmmmam,&mfm,mmm
mﬁatiz scmewhat difficult today. Although documentation was not very
%{:iitismoftlmﬂmtmpsemmdeofmﬁnme

an,

;':en the depression hit the United States in the early 1930s, tile drainage
2 Whole slowed to near extinction. This caused agricultural

;;;."f"ditl&istobecuemllymimmd in which drainage became the last
ideratien.

"bit_ch. ‘o .
Diggers" began sprouting up in the small rural comunities with
gﬁ?i"@mmanspadesandshwels. 'nm,dztddmmdminesbegm}
ACing marmal laber, which lead cne campary — St. Anne Farm Drainage
inetay Of St. Anne, Illinois — to travel arcund centyal Illinois

ling subsurface drainage tile. There were several machines and
E?:mmﬁthmppi:gpersmldoammimtmmmim. These maps
Wamimmmtmﬂmmmkmudmverygeum
Hstom . Most of the tile was installed in a randaom fashion with same
to work involved. The maps were drawn on mylar paper with copies given
e landoumers.
Wi , .
H;hthe&.momwdissolvm,mﬁﬂivzmalsbmatmmto

H tle installation business. However, with a great work load and
imtedtime. mmmbemmofﬂmleastm@mofrequirenmofa
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"jcb well done." Maps were made on scratch paper, notebook pages, and even
partsofcaxdboaxﬂbmcﬁ,mateverwaswwaﬂenttothecumctnratﬂ:e'
time. Measurements were not accurate arxd legibility was certainly less
than desirable. However, at least an attempt was made to dooument the
installation locaticm. '

With the increased mumber of comtractors in the 1870s, mapping became a
selling tool for each company - a good map suddenly became very intriguing.
Landowners were interested in accurate maps because they were having
difficulties in locating the tile installed in the early 1500s. The
prospect of having an accurately drawn map would be ideal for current amd
future references.

Our particular drainage company has a very rare policy = mapping is as
irportant as the tile installation itself. Today our company has an almost
unique mapping process that dates back to 1880. Since most comtractors do
not concentrate their abilities in the mapping field, this important task
ie sorely neglected. Unfortunately, a standardized marping system for
drainage contractors has not been established, or at least none commonly
used by contractors in the Central Illinois area. This leads to a wide
variety of mapping technicues being used. The easiest way to draw a map
also seems to be the most popular =- a frechand drawing or sketch of the
tile installation that is not to scale. Other contractors make use of the
U.S5. Govermment's aerial photos available to landowners. Contractors use
these aerial photos to indicate the location of tile lines ¢n them, A
third method is to use the B" X 11" scaled grid shests which eases the
mapping task. Scme contractors do take advantage of this accessability and
if drawn neatly and to scale, it is a vast improvement over the two
previcusly described types.

Another way of mepping tile jobs, althoxh expensive and somevhat
incorvenient, is with the use of aerial photography that is done by the
contractor. After campletion of a subsurface drainage project, cantractor
can rent a small private aircraft with a pilot and, riding along with a
basic 35mm camera, take photograrhs of the land., Although this is not a
gocd way to determine an acourate location of the lines for future
reference (because of no actual field measurements), the advantage is that
several jobs can be photographed in just a matter of hours.

MAFPPING DESIGN PROFOSAL

Mappirg begins with the initial customer comtact. When & customer has 2
wet area on his farm and is seeking subsurface drainage as a possible
solution, the contractor should use mapping as a selling tool for
systematic tile installatien. In centyal Illinols, subsurface drainage i5
often thought of as installing tile in a “"rardom type fashion.® This
results in inadequate drainage. Therefore, it is good pelicy to insist &
swrveying the entire field or, iftheamaistoolama.atlaastﬂxewate’
shed area of the field which contains the wet problem.

There are a number of reasons for this particular procedure:

1. This can be used as a selling tool. Informing the landowner how
system drainage works and how it can be practiced on their farm.

2. Sizing of main tile lines can be determined and proposed for futur®
censiderations uding the inois acte Guide

3. Anag:mratgcostestimtecanbamhlismdmuyghmataxﬁwecw
mapping using correct desicm.
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Upmmletimofatnpcgraptﬁmmeyofwefiﬁd,ammuevatim
%D of laterals and mains is drawn to scale using layout design guidelines
o tose listed in the Illinois Drainage Guide (1984). This map is for
design purposes only. With a clearprint tracing paper layed directly en
t°?°fthisdmwing,thetilelim£canbetmcedintheccrréctlmtim.

Clearprint copy becomes the final subsurface drainage design, It
Sheuld contain tile line and reference point measurements and any other
i"@ortantdlstarm A reference measurement is the distance from a fixed
Il’°mtoapointofhrte.mst. Far example, the distance between a tile
ineanrltheoenterlineofaroad(ass’.uuirgtheseu-voa.repaxallel)isa
Tefererce measurement. This measurement is used to locate that particular
melhﬁaarﬂcanbelmtedatwgimtim. Measurements are drawn on
ampmyifﬂnyaminportarrt. These should be kept at a mindmom; too
WWitmnmmmmswilldutterampmmnwmﬁmofﬂw
a L very difficult. If there are many measurements of the same distance in
SBeries, as in the spacings of laterals in a tile system, the measurement
®ould be written ance with the abbreviation for typical (TYP) written
"dermeath, This indicates that all laterals have the same spacing.
Mwther method is writing the words "these tile lines are equally spaced X
ﬁbﬂroffeetapartmlessdtherwisesham,"malmli:ammof
) Spacings. Other critical information, such as tile sizes,

& lines, etc., should also be contained on this particular map. An
®arple of a design proposal map is shown in Illustration 1.
i%ﬁthﬂmemasum,adesignmmalmpﬂmldmina

tm!ttoprotecttheauttmragaixﬁtanylegaliti&stmngfxman
Icorrect design. For example, the statement "not responsible for design”
A be yritten,

TILE TNSTALIATION COMPLETION PROCEDURES

%Y.ﬁmmstmmtcfamimgemismmme
;‘{&glatim, However, once this has been camleted, a detailed map
rip; rely displaying location of the drainage tile becomes equally
tnﬁ“l- Knowing the difference between a desigm proposal map and the
gumelslbmrfacedraﬂnmmpisimtmt. The proposal map is a .
the pyne for tile installation where changes cap oocur. The final map is
tle installation as it was actually installed. 1f the contractor
Mﬁ!eoriginalmp,faﬁmadditicnscanbeeasuydrammﬂusmap.

m@m:’bem immediately following campleticn of a job to
Accuracy. Some contractors use measuring tapes or a measuring wheel
4 this, Others may use distance measuring instruments (electromically
%ﬁwim installed in a vehicle set up to measure footages).

SURSURFACE DRAINAGE INSTALIATION MAFPING - STEP BY STEP

%ihg can become less burdensame by using the proper equipment, Various
m&‘:"t items available to ease the camplex task of graphic design

.
1

)

8 drafting table or drawing board:

3 drafting machine or sliding-T sguare;

AN engineers' scale ar rule;

30 -gg triangle;

45 triangle; .
Yeometric design template (for drawing circles, squares, triangles,
rrovheads, etc.): _

Trench curve (for drawing curved lines): and

®afting pencile:

O L7 dP L AP
-

o2 -y
-
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The first step is to select the correct sized paper. Using a 1 inch equals
200 foot scale, the apprupriate sizes of paper are as follows: size "B"
for B0 acres, size "C" for 160 acres, and size "D" for 320 acres.

Next, using drafting tape, tape one of the upper corners of the paper to
the drafting table or board. Then by lining the borderline with the
straight edge, tape the opposite corner while easily stretching the paper
to prevent wrinkling. Tape all four cormers.

The use of two different pencil leads is sufficient (a soft and hard lead).
Use a .05mm drafting pencil to ensure neatly drawn lines. As shown in
Figure 2, the soft lead is used for dark and heavy lines such as:

1. cdoject lines or tile lines
2. lettering axd mmbering
N border lines

The hard lead, also shown in Figure 2, are used for lighter lines such as:

1. cross hatching lines
2. construction lines
3. dimension lines

4. leader lines

5. extension lines

6. lettering guidelines
7. existing tile lines
8. utility lines

320" -4" L

B S —— e

ap*
AR

Fig. 1 Lines Example

BORDER LINE

OBJECT LINE OR TILE LINES

CONSTRULCTION LINE

DIMENSION LINE

LEADER OR EXTENSION LINE

LETTERING GUIDELINES

EXISTING TILE LINES

— — — —— — — — — ——— — —

UTILITY LINES

WATERWAY OR WATER CHANNEL
- ) o— .

Fig. 2 Line Weights
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i‘lmysmwwithmsoftlaadasmelaststep. When drawing parallel
ine$,mcﬁ.reawayfrc:meam::h11'.madr.atom. This will prevent smearing the map.
Drawing additional featires, such as hedge trees, drainage ditches, farm

. Underground utilities, roads, etc., help improve a drawing.
Idicate which direction is north to prevent confusion. The following list
1S a set of recomended guidelines to follow:

L Lettering

should be at least 1/8" high but not more than 3/16"

can be slanted or vertical

should be neat and legible

shauld be underlined with line 1/16" below lettering (underline
should be nearly as heavy as cbject line)

2, Arrouvhead

a, should be 1/4" long and 1/16% wide
b. should be dark and neat

pooe

Dimensioning

a. sheuld read from bottom of drawing or from right hand side

b, should be located approximately at center on dimensien line
(unless interfering with other lines)

c. sheald be no closer than 1/2"

d. should have uniform spacing of dimension lines throughout the

g?:t’-“gtile should be marked and displayed on the map. When a contractor
thay, an old field tile, the direction in which it was mumning
hidd&:bedetemjnedazﬂshmmmedrwi:g. As noted previously, the
line is used for existing tile lines. With the approximate angle
ee‘te*"z"-i-*_’lﬂd,il'.JLet\‘:.f.-:'::i.wsplal.c:ar:ll:ryt.aatc:hexisting‘l::l.‘lelirxta.'Usmga
&;tncdesign templats, this letter should be circled with a 5/32"
tilee' In an isolated area on the map, a label describing the existing
Q0 ﬂ@ldappearasaheadmtommzedhst. By using the
ingupetized order, each letter should be listed vith the following

tile size:

tybe of tile conduit (clay, concrete, plastic, etc.)

the amaunt of sedimentation (50% or whatever); and
What was done to repair this particular tile line.

The

%‘?ﬁtﬁmrmntpmofampismtiuem. A title box should
this informatien:

1
2.
3!
4,

4

§
a8
g

des‘criz.:ti..cm of location (tewnship and section rumber)

1
b
3
4
§
6
7
8
8
0

o

tyve of
v e of map

Thy
d“‘wﬁigmmerismedforfuingpmes- A filing system will work
z'&z&:“ffet:l:iu.'el3,' with the use of these identification mmbers. My .

%Mmistsofathreedigitdmlogmalmmb&withatwn
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letter prefix., For example, if a tile installation job was done in
Champaign County, the letters CC would serve as the prefix.

Upon campletion of the clearprint copy of the map, select a blueprint store
or other means of blueprinting your map. Two copies are recomerded, One
blueprint copy is given to the landowner/custamer along with the invoice.
The second copy belongs to the contractor and filed accordingly. The
clearprint original shoald also be filed by the contractor for future use.
An example of a subsurface drainage installation map is shown in
Illustration 2.

QONCIISTION

Time seems to be the main ingredient for appropriate mapping. The correct
form of mapping is detailed and scaled in a neat, organized fashjon. 7This
can only ke accomplished by certain contractors — those determined to
attain the knowledge of, ard actually practice, good mapping techniques.
This is very time consuming: thus, is difficult to fit in a contractor's
busy schedule. Therefore, organization is the key to a good mappirg
program for the typical drainage comtractor.

REFERENCES
Cooperative Extension Service, College of Agriculture, University of

Illirnowis at Urbana~Champaign. 1984, 1Illincis Drainage Guide,
1226.
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OPERATIONAL AND MANAGEMENT GUIDELINES FOR WATER

TABLE MANAGEMENT SYSTEMS IN NORTH CAROLINA

R. 0. Evans” ’ R. W. Skaggs™
Assoc. Member ASAE Member ASAE

The Successful performance of a water table management system is dependent on
zr°PeI system design and management. Even well designed systems have
°°asiona11y not performed up to expectation due to improper operation and

Pagement., Many of the factors that influence the design of a water table
th:agement system are difficult to quantify and are often spatially varied in
i_field. As a result, it is reasonable to expect that many design
mmltations can be corrected with adjustments in management strategy during

® initial yesrs of system operation. In fact, the management strategy of
H“Y c9ntrolled drainage and subirrigation systems installed {n North Carolina

¢ £till being fine-tuned, even after & years of operation in some tases, as

:::ffarm manager gains a better understanding of how the system should
orm,

::: Purpose of this paper is to address some of questions frequently asked by
Wefs who are just beginning to practice water table management. In

altlﬂn, & procedure is discussed that has been used successfully in North

lu1;"11118 to provide management guidance to farmers and help them gain a better
®rstanding of how to diagnose performance problems,

INITIAL MANAGEMENT GOALS

The

fa Primary objective of a water table management system is to provide the

tbl:mer the opportunity to maximize his per unit production efficiency. Often,
the engineer must assume some relative management intensity in the design of
. $ystem, The challenge to the farmer is to learn to manage his system at
iast as intensively as was assumed in the design; and often, the farmer can
p:pr°Ve bis production efficiency by considering design limitations and
hzsicﬂl limitations of the system in his management strategy. He must learn
w111t° diagnose system inefficiencies and what kind of corrective measures
of {mprove performance. Major management decisions include: determination
hmsystem limitations, selection of the optimum water table contrel elevation
cnnd?dJUStments to this level in response to seasonal variation in weather
ap ltiens, the influence of water table depth on trafficability, timely
plicltion of irrigation water and management decisions concerning drainage

any
in‘igation water quality.
T o tat

ii:tem constraints often provide clues for management strategies. The
dstraints most frequently encountered are: l- water table management is
ﬂlertaREH on a site that was originally designed for conventional drainage;
1+ the system has limited capacity to supply water To the crop during

*

Asi 0. Evans, Extension Specialist and R, W. Skaggs, Professor, Biological and
1°“1tura1 Engineering, North Carolina State University, Raleigh, N. C.
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prolonged dry periods and to remove excess water from the scoil profile when
the water table is elevated, 2- a sufficient water supply Is not available,
thus there is a tendency for the farm manager to try to conserve more of the
natural rainfall by holding ocutlet contrels higher than optimum, 3-the surface
topography is uneven resulting ir uneven moisture distribution, and 4-tillage
operations were performed when the soll was too wet "to work” which have
resulted in tillage pans that restrict potential root development. FEach of
these situations can compound problems associated with the other limitations.

Water table menagement on a system coriginally designed for drainage may result
in paor system performance during both wet and dry periods. When it 1is dry.
the drains may be too far apart to adequately supply subirrigation water to
the entire field. To compensate, the operator may raise the vater level in
the outlet to near the surface. Elevating the outlet water level reduces the
drainage gradient thereby reducing the drainage capacity of the system,

Should the water table be elevared at the beginning of a large rainfall event,
there is high probability that the crop will be damaged due to the inablility
of the drainage system to remove the excess rainfall in & timely manner. In
some cases, this damage i{s obvious as the crop will "wilt” or "discolor” if
the root zone remains saturated for a prolonged period of time. 1In other
cases, the direct damage due to wet stress may not occur, or at least is net
visible, but indirect damage may occur resulting in ‘root pruning’ an effect
which could make the crop more susceptible to drought stress later in the
growing season. As shown in Fig. 1, a water table depth not less than 0.6 ®
will usually encourage good root development. When the crop is in the
vegetative stage of development, roots will penetrate no deeper than the watel
table, thus if the water table is maintained at 0.30 m, this will be the
maximum root penetration at this stage of growth,

ROOT CEVELOPMENT 1
WITH GOOD WATER AOOT DEVELOFMENT
C3m WITH WATER TABLE
TABLE MANAGEMENT. i :;EE%%E;%??%E § ?E% %?E WITH WaTER A
Q&m -

S e

VERAGE WATER
L TABLE POSITION

t—-wema: WATER
TARE POSITION

FLdt Ty Tyl i f il y syl d T r ]l vre i 87y

Fig. 1. Influence of control setting and water table depth on root
development.

Historically, dry periods frequently develop when the crop is :
nearing the end of the vegetative growth stage and the water tabla recedes
rapidly. The upper portion of the root zome dries out within a few days &7
crop wilting ultimately occurs because the devaloping root system canndt keezﬂ
up with the receding water table. On several occasions, crop wilting has be e
observed in fields where the water table was elevated sbove 0.6 m early iP t
growing season while in adjourning fields with free drainage, wilting v8s g
observed. Observations to date suggest that the water table should not b€
artifically elevpted above the potential rooting depth of the crop until the
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end of the vegetative growth stage to encourage maximum root development
duri“s this stage crop of development.

The Bbove considerations are further complicated by uneven topography. Quite
°ften, ‘fields have not been precision land graded, thus soll surface

tlevarions frequently vary by as much as 0.30 m within a management zone., As.
N Tesult, some compromise is necessary to select s water table depth that
*Nefits the greatest pertion of the field. As seen in Fig, 2, some areas of
the fleld are likely to experience wet stress while others may experience dry
Stregs. Elevating the water table higher than normal may eliminate the dry
Sress 4n the high areas of the field , but will likely increase the potential
T wet stress in the low areas. The reverse is alsoc true.

:is' 2. Uneven moisture distribution that can occur with water table
"agement when the field topography is uneven.

e ¥ :) i

I'he Question most frequently asked by farmers, yet The one most difficult to
NSver is "at vhat depth should I try to control the water table®. 1In Nerth
*%0lina, the optimum water table depth for most crops is approximately 0.6 m;
aWaver this varies with differences in soil texture, plant )
“2llable water above the water table, weather conditions, the crop being
flwn' crop development and root depth. Most crops can also tolerate a
YCtuation in the water table of #0.15 m and still be within the optimum
redge' Although not very well documented, experience has showm that yield
v Ctions will not occur on most soils from short term fluctuations in the
t;te;- table provided the water table depth is not less than 0.30 m or greater
cran 1.0 m for a duration of 24 hours or more, In the absence of site and
t0p 8pecific information, it is recommended that farmers who are using water
Ga le Ranagement for the first time begin with a target water table depth of
w; T and then follow the procedure discussed later to determine the optimum
'*r table depth for their specific site and crop conditioms.

¥
& a b

Farmers may severely impair the production potential of thelr fields by trying
Pay Perforn tillage operations when the soil is too wet resulting in ‘i:;n:gi
drn that significantly reduce potential root development. With 8’-’; ;: a
“fainage' tillage operations can be begun sooner than in undrained fields; but
ten, these operations are begun too soom, particularly vhen an unusually wet
iitw:rn has delayed the farmer's schedule. On some occasions, farmers have
altE ted to resume tillage operations in their artifically drain;d field
ap:“st immediately after it stopped raining. Many times the probtem is not
t tent during the tillage operation because there is no apparen

ta C
!q‘lf:;cabluty problems, particularly wit

5 . illage pan ls similar to the

t ®nt being used today. Yet the resulting ti £
ciuage pans :Ear. have bein well documented on many of the well drained upper
38t The problem occurs most frequently in

h the higher flotation tillage

plain soils of the Southeast.
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soils with & shallow sandy loam or loamy sand surface horizon less than 0.5 m
thick with a clayey subsoil. This problem may be compounded by water table
management, particularly where the water supply is limited. Farmers with
limited water supplies tend to start managing their drainage water earlier in
the season {in some cases all winter where drainage wster quality is a
concern). The water table is lowered just enough to get on the field with
their tillage equipment so that &s much water can be conserved as possible.
The result maybe a tillage pan that restricts root development and increases
the potential for drought stress later in the growing season.

Problems resulting from the development of tillage pans have been observed on
two well designed water table management systems in North Carolina. The soils
at both sites are Rains fine sandy loam; Fine-loamy, siliceous, thermic Typic
Paleaquults. The Rains series has been intensively studied in North Carolina
and is very responsive to water table management. The Rains series is
typically found Ln the same dralnage catenna as the Norfolk serfes-a well
drained coastal plain soil with frequent tillage pan problems. Historically.
the Rains series has not experienced tillage pan problems. Conventionally
managed Rains soils adjacent to the two problem sites do not have tillage
pans. System a was installed in 1982 as a controlled drajnage system, and
gystem b was installed in 1983 as a subirrigation system. Tillage operatioms
at beth sites have been conducted when the water table was high at some time
during the last three years, and both sites now have extensive tillage pans.
The typical tillage practice at site a is disk-bed and at site b is disk-rip-
bed.

The most obvious problem at site &, Fig. 3, has been fallure of the drainage
system. A perched water table was observed above the tillage pan in July,
1984 two days after heavy rainfall. The subsoil was dry and no water was
exiting the tile lines yet water was standing in the field unable to
infiltrate through the tillage pan. Subsoiling was recommended to the farmer
as well as more timely scheduling of other tillage operations when the soll
was dry which after two seasons has improved the performance of the system,
yet the system is still not performing up to expectation.

| /th Stending In Furrows
Mgy, ™

- » . Root Zone
k) h“?ﬂi|‘~‘ Estuetsd

Tilags '™

Fine Sandy Losm

4
Fig. 3. Tillage pan development on a water table management site designed fo

controlled drainage. The soil is Rains sandy loam and the drain tubing 1% ¢
spaced 40 m apart. The tillage pan has impeded water movement from the roo
zone to the drain tubing.
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z:eproblem at site b, Fig. 4, thus far appears to be related to root
astriccion by the tillage pan. No drainage problems have been observed thus
tailat this site. A site evaluation in August, 1987 revealed that the water
¢ ranged from 0.75 to 1.1 m &t one location in the field. The subsoil
uFVe.the water table was adequately moist for crop growth, A well developed
&ﬂffxc pan had formed in this soil at a depth of 0.15 to 0.2 = and ranged
Mgm 35 to 115 mm thick. The tap root of the crop had extended inte the
. 801l slit but most of the feeder roots were restricted te the topsoil zone
‘x°Ve the traffic pan. The root zone was powdery dry and the crop was
sxllgiriencing drought stress even through the system was operating in the
Iy rrigation mode and the subsoil at a depth of 0.3 to 0.45 m was moist
thfgestlng that the tillage pan was severely limiting upward water movement to
Toot zone as well as the depth of the root zome.

:l;e Interaction between water table management, trafficability and the
tential development of tillage pans is not well understood. Farmers in
Ith Carclina have not experienced any apparent trafficability problems when
® Water table was at least 1.0 m deep. In many cases, trafficabiliry has
¥ 1 possible and in fact, often occurred when the water table was in the
Va:ge 9f 0.6 m deep. The interaction between soil texture, soil moisture,
“a:f table depth and the potential development of a tillage pan on poorly
tUJDed s0ils has not been evaluated. Historically, the development of
hotgge pans on poorly drained soils with conventional drainage practices has
®en considered a problem. Since the adoption of water table management

i
”?Bome of these soils, there have been occurrences of problems assoclated
tillage pans.

COTTON WILTED
/ TE

Root Zome
Vory Dry

Tinge Pun

L=

Fins Sandy Losm

e—— >20m

c AT ble management site designed for
8 illage pan development on & water t& L
;?irrigﬂtion,g Tge e 1;pkains sandy loam and the drain tubing is spaced 20
Pary The tillage pan has rescricted root penetration and upward water

vy
Went from the water table.
-Add W

&:hers frequently ask when should they begin adding subirrigation water ta
Fhvr Bystem. This decision is influenced by system constraints, the crop and
Teg ‘iling weather conditions. Unlike sprinkler irrigation where crop

hﬁgbnse iz almost immediate, the crop response to subirrigation may be slow,
Geqy 12 becsuse as the soil dries out, the hydraulic conductivity of the sail
Wy, 25e5 drastically and the volume of water needed per unit rise of the

table height increases. Therefore, the main concern is not to let the
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soil get "too dry" before starting to subirrigate. Most subirrigation water
travels laterslly in a zone 1 to 2 m below the soil surface. In general, the
water table should ot be allowed to drop below this zone during any part of
the growing season. The water table should be maintained such that not more
than 7 to 10 days are needed to raise the water table to the normal
subirrigation level of 0.6 m. Experience indicates that this can be
accomplished when the maximum water table depth does not exceed 1,25 m at the
start of subirrigation. In some cases where the water table has been allowed
to drop below this depth, more than 21 days have been required to raige the
water table to the normal subirrigation level. 1In fact, in a few cases, the
soil was allowed to get so dry that even with continuous pumping, the water
table could not be raised to the desired level during the critical moisture
use period of the crop and crop stress was observed,

Subirrigation decisions for farmers who have limited water supplies are even
more ecritical., These fermers will typically need to start pumping 2 te 3
weeks sooner than farmers with adequate water supplies. Precise manapement of
the drainage water is also required. As discussed earlier, these farmers pust
conserve as much drainage water as possible to supplement their irrigacion
capacity, but there i{s a risk of restricting root development if pumping
begine too soon or if the water level is managed too high early in the Eeason.
Farmers with limited warer supplies should not allow the water table to drop
much below 1.0 m once the tillage operations have been completed. In some
cases, this may require occasional pumping soon after planting.

Managing for Drainage Watel Qualicy:

As discussed earlier (Evans et al., this issue), water table management has
shown tremendous potential to improve the quality of agricultural drainage
water. From a production standpoint, water table management ils mosC important
during the growing season. Studies have shown that the most eritical period
to manage these systems for water quality is during the wincer and early
spring months. Farmers in Korth Carolina sare now encouraged to manage their
systems year round. This further complicates the management decisions that
muist be made by the farmer. Table 1 summarizes a manapgement strategy for 8 2-
year rotation of corn, soybeans and wheat that is recommended to North
Carolina farmers to enhance their production benefits and to improve drainag®
water quaiity.

FINE TUNING THE SYSTEM PERFORMANGE: A MANAGEMENT STRATEGY

1t should be apparent at this point that intensive management Ls required for
water table management systems. This is often surprising and frustracing to
farmers who have been accustomed to utilizing artificial drainage gystems
which by comparison required very few management decisions on the part of
farmer. The frustration occurs because many of the management indicaters
hidden from the farmers view and the response to changes in management
strategy are usually not immediate. Experience has also shown that design
limitations can be tempered with good management.

are

Water table management systems are very complex and most farmers have 1i“it'd
knowledge or experience with these types of systems. As a resulc, & scrats
is needed to guide the farmer through the first year of operation of hif
system. The farmer must be taught the principles of operation of the syste?
which will in turn assist him in evaluating his system performance.

Y : Initlally, systems cannot be properly man&s°dt:?
merely observing the water level at the drainage outlet or control sTruct

The response time for water table fiuctuations in the field is typically
several days longer than similar water level fluctuations at the control
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:tr“‘iture. Until this response time has been determined, it is absolutely
fisiztial that observation wells be installed at several locations in the
e -

?‘ble 1. General water table management guidelines to promote water quality
°C & 2 year rotation of corn - wheat - soybeans.

*R10p PRODUCTION ACTIVITY CONTROL SETTING® COMMENTSP
"-n\-_ -
HaR - meters -
™ 5. TILLAGE, SEEDBED 1.0 JUST DEEP ENOUGH TO
15 PREPARATION, PLANTIKG PROVIDE TRAFFICABILITY

AND GCOD CONDITIONS FOR
SEEDBED PREPARATION

ﬁk 15 - CROP ESTABLISHMENT 0.6 - 0.75 DEEP ENOUGH TO PROMOTE
T1s EARLY GROWTH GOOD ROUT DEVELOPMENT
NITROGEN SIDEDRESS 0.5 - 1.0 JUST LOW ENOUGH TO
ALLOW TRAFFICABILITY
;‘I‘;Y 15 - CROP DEVELOPMENT 0.5 - C.6 TEMPORARY ADJUSTMENT
G 15 AND MATURITY DURING WET PERIODS
:‘gg 15 HARVESTING, TILLAGE, 0.75 - 1.0 LOW ENOUGH TO
15 PLANT WHEAT PROVIDE TRAFFICABILITY
DMEIR 15 . WHEAT ESTABLISHMENT 0.6 LOWER DURING EXTREMELY
1 WET PERIODS
ﬁ 1 - SIDEDRESS WHEAT 0.6 - 1.0 LOW ENOUGH TO
15 PROVIDE TRAFFIGABILITY
ﬁ 15 . UNEAT DEVELOPMENT 0.5 - 0.6 TEMPORARY ADJUSTMENT
15 AND MATURITY DURING WET PERIODS
Jﬂ”{ 15 . HARVEST WHEAT 0.75 - 1.0 DEPENDS ON SEASON
13 TILLAGE, PLANT BEANS
;E,I; ls . SOYBEAN DEVELOPMENT 0.5 - 0.6 TEMPORARY ADJUSTMENT
t AND MATURITY T0 ALLOW CULTIVATION
Ry
1. ] W ENOUGH TO
SOYBEAN HARV 1.0 - 1.25 L0
% 15 HARVEST PROVIDE TRAFFICABILITY
bge
15 . 0.3 - 0.45
3 FALLOW
\

lvalues shown are the control setting and should not be considered the
8ctual water table depth in the field which will actually be lower except
%;d““ina drainage periods.
08t adjustments are related to rrafficability and must take into
8Ctount weather conditions and soll-water status at the time
in an unusually dry sezson: control can be 0.07-0.15 p higher
in an unusually wet season: contrel ghould be D.07-0,15 m lower
in coarse textured soils: trafficability can be provided with the
¥ater table approximately 0.15 m higher

Thy
Iy location of the observations wells is an important management decision.

1“:eality- menagement zones are usually not entirely uniform due to variation
gy, 01} Properties and topography. Often, it is not practical to maintain the
o he entire management zone, The

*s},.. "3ble at the "optimum" level throughout t
Ative Proportion og low and/or high areas to the majority of the manapgement
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zone must be considered. Low, or depressional areas, are usually most
restrictive because fleld operations are interrupted when these areas become
wet. In general, the water table in these areas must be maintained higher
than optimum in order to adequately treat the majority of the field.

Although, when these areas occupy & significant acreage of the management zomne
(greater than 10 percent) the overall yield in the field will be reduced when
the waster table is held too high in these low areas. Therefore, from a
management standpeint, these areas are considered to be "strategic® areas.
Strategic areas are readily identified because these areas have historically
presented drainage problems for the farmer. These areas continue to pose &
problem after the design and installation of the water table management system
because it is often not economically feasible to eliminate the problem when
the areas sre relatively small.

Since strategic areas are the most limiting, it i{s desirable to locate
ocbservation wells in these areas. However, these areas are often located

in very remote areas of the field. When this occurs, observation wells should
be located in accessible areas as well as in the strategic areas, Fig. 5.
During the first year of operation, the water table fluctuations in the
strategic areas can be correlated to the water table fluctuatlions in the more
accessible areas and at the control structure, In subsequent years, one orf
two observation wells {n the more accessible areas will usually be adequate.

Observation Wells

Drwin Tubing ‘\ o

¢ O
Simtagic Ama (o] Farm
Low snd Wet Rosd
° [ S
Stretagic Ares
Wigh snd Dry O
° o

Control Swuctws  \] |/

Fig. 5. Strategic location of observation wells for the first year a watel
table management system is in operation.

a ve : Observation wells can be made of any type of
material. PVC pipe is the most commonly used material. The water level in
the well should fluctuate simultaneously with the water table in the field. 0
To assure that entry of water into the well is mot limiting, app:oximacely
small diameter holes should be bored in the sidewall of the well. The
diameter of the hole will depend on the amount of fine sand and silt in the
soil, but generally holes of 5 mm will be adequate. The most popular 5iZ€
observation well has been 100 mm in dismeter and 1.5 to 2 m long. This siZ*
will sccommodate a typical toilet bowl float with dowel rod or wire to easily
messure the level of the water in the well. The pipe should extend above
ground surface and the scil should be crowned around the sides of the piPe® ¢
prevent surface water from running in along the sides of the pipe, Fig.
The elevation of the top of the observation well should be measured and

correlated to the average ground elevation around the well and to the cont
structure for reference.

rol
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FLOAT APPARATUS TO
MEASURE WATER TABLE
DEPTH

ROOT ZONE - 1 r . ROOT ZONE .

S
s

WATER TABLE PROFILE
[ —— —” DURING DRAINAGE
— —
| .
|
|

| O
{ WATER TABLE PROFILE

_J DURING SUBIRRIGATION

OBSERVATION WELL

100 mm DIA x (5 m

PYC WITH SMaLL HOLES

ALONG SIDE

:?711/111,/,1/ RN T T

3
te. 6. Proper installation of observation well.

¥ater table management system should be calibrated or fine-tuned‘ during
o thir“ year of operation. To calibrate a new system, the ground elevation

wly *® Zone requiring the highest degree of wanagement (strategic area) as
Ny, 85 the average ground elevation of the entire field should be permanently
g 8 On the water control structure. This will allow the farmer to observe

wtl“nderstand the relationship that exist between the water level in the
®t and the water level in the field.

?Z: farmer should be encouraged to keep accurate records during at least the
of 5t year of operation of the system. These records should include as many
¢ following as possible.

L,
:ail)' water table levels at the control structure and all observation
2. Jils,
1 9ly ragnfall {daily maximum temperature could also be helpful),
4, 3djustments in control level elevation, )
5. &t?s of all field operations noting any trafficablility problems,

:ubu!'igation volumes (which can be determined by knowing the pump
6, ‘2Pacity and the daily pumping period},
80y apparent crop stress and the root depth at all locations and times
7 :’hen $tTess was observed,
Verage yield, localized yields near each observation well and
%2alized yields Ln areas where crop stress occurred.

Ei\:vperfcmnce of the system cannot be accurately evalusted when any of the
‘*ta:]_ "formation is incomplete. From this informatien, the farmer can
Yrye, oSD criteria for managing the system in future years. He can identify
%44, M5 requiring that the control structure be lowered to Pf°;'1:81
Py, M drainage capacity following large rainfall events to minimize
tia} wet stress or to provide trafficable field conditions. In addition,
mign“t Up time and pumping frequency for subirrigation can be determined.
Srgp,  OTHation will provide clues for future sdjustments in mat;agem;nt
i p:gy"“d when used in conjunction with weather forecast, allov the farmer
Pare the system for approaching weather conditions.

E-17



SUMMARY

Vater table management systems atre very complex and the successful performance
of these systems requires good management in addition to proper design. While
guidelines can be recommended for new systems based on the performance of
existing installations, & system will not perform at peak efficiency until &
management strategy has been developed that i{s soil and site specific.

There are many factors whieh influence the overall performance and long-term
effectiveness of water table management systems. While our understanding of
the mechanisms that affect system performance is increasing, many of the
guidelines being developed for the management of these systems c¢ontinues to be
more art than science. The interaction of many of the mechanisms on the long-
term performance of the system is not well understood. 1In particular,
considering the rapid rate that water table manapement is being adopted,
especially in North Carolina, there is an urgency for better information on
the interaction between water table management, trafficability and tillage
pans., Better management guidelines are needed to minimize the potential
impairment of the production potential on soils that have a tendency to
develop tillage pans in the presence of water table management.
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STRENGTH-TO-WEIGHT AND HYDRAULIC FLOW CHARACTERISTICS
OF SMOOTH-CORE CORRUGATED PE PLASTIC PIPE

James L. Fouss * Eric G. Christiansen **

;‘3- market demand continues upward for  standard corrugated-wall
rai’ethylene (PE) pipes of 305mm (12 in.) diameter and larger in land
use Dage applications. These corrugated plastic pipes sre alsoc extensively
in eulvert applications previously dominated by concrete and corrugated
Pipe (Fouss and Reeve, 1987). All three types of plpe are comparably
ang d, but the light-welight corrugated plastic pipes are easier to handle
e less costly to tramsport and install for many applications, and provide
vatior service life in corrosive enviroomente. Despite these significant
1“8“‘38&5, the limicing characteristics of reduced flow capacity and the
Stang than optimum resistance to deflectian under soil loading with the
the ard corrugated=wall PE, especially for the larger diameters, have kept
Corrugated plasitic pipes from achieving the full engineering use

E:;;;'“ﬂl often inherent to the corrugated type of structural design
8utation.
E:::nt advances 4n manufacturing technology have made it possible to
bﬁndfmically produce a smooth-core corrugated plastic pipe by thermally
nﬁiz 18 & smocth interior core to an external corrugated shell (Fig. 1).
b Combination of the. desirable hydraulic flow of smooth-walled pipe with
¢Xceptional strength-to-weight ratio of corrugated pipe greatly improves
applimance in land drainage and culvert applications and opens up major new
tn, C8tions guch as storm sewers. The smooth interior core also permits
trgnuae of deeper corrugations to eignificantly increase the structural
ax 13“’ of the pipe without diminishing its resistance to stretch under
1°ad1ng. Still other benefite accrue as a result of advances in
:tural performance of high density polyethylene resins 1in piping
8tions and improved corrugated pipe jolalng systems. Thus, the new
of to0re corrugated plastic pipe has the potential to become the "I~Beam”
the plastic piping industry as a high gtrength-to-welght ratioc engineered
Capable of efficlently and economically meeting stringent performance
ing Tements of & wide variety of applications. New performance standards
dwusPEciﬂca:lous for the semooth-core corrugated product are now being
tng oPfd by narional authorities in the U.S. for land drainage, culverts,
tang or an increasing wnumber of new spplicatioms including storm sewvers,

'8, and others.
T

1
hyd:a Paper presents analytical comparisons of strength-to-weight and
Pipe e fiow characteristics betwsen smoothwcore corrugated PE plastic

\L“thlﬂie—r-piping materials including, standard corrugated-wall PE,
*

Bgt%“sl‘icultu"l Engineer, P.E., USDA=ARS, soil and Water Research Unit,
Con, Rouge, LA, USA; work reported herein was conducted as a private

"“tiet‘nti appreciation is expressed to USDA~ARS for granting permission to
- ail;“e in the consulting project on personal time.

kkﬂwl dent, Plastic Tube Machinery Co., Tolede, OH, USA.

W The authors express gratitude to FRINSCO, Inc., Primsburg,
thy *A, “for permitting the use of generic information in the preparation of
eonee Pdper, which was from & consulting project conducted for the firm
*Ring the design and development of large-diameter, smooth-core

Bated pg plastic pipe and joining systems.
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smooth-wall plastic (e.g., PE or FVC), concrete, and galvanized corrugated
steel. Analytical procedures employed are described.

Crown To t-.LO ,‘

1\ \-Root/4 pe——— P —— )
SW-Lore
o} Bra

_ l - - - ¢
y { y

£
{ {
Fig. 1 Cross-Section of Smooth-Core Corrugated Pipe-Wall Profile
with Definitions of Geometrical Terms and Dimensions.

o

The pipe-wall dimensional parameters shown in Fig. 1 are defined as follows:

A = angle of corrugation 'web' Re

= radfus of crown fillet

Lo = length of 'crown' flat Rr = radius of corrugation root
To = corrugation ‘crown' thickness NA = neutral=axis of pipe-wall
Tw = corrugation ‘web' thickness ¢ = distance NA from 0.D. of pipe
Ti = corrugation 'root' thickness Dna = neutral-axis diameter of pipe
Tc = thicknese of SW-'core’ Do = outside diameter of pipe

h = corrugation depth Di = inside diameter of pipe

P = corrugation pitch L = center-line of pipe dismetel .

ANALYSTIS OF PLASTIC PIPE STRENGTH

The structural strength of a plastic pipe was expressed &8 a function of it8
deflection resistance when loaded between parallel-plates. This pipe test
method {8 required 4in ASTM Standard Specification F=667 for Large-niameter
Corrugated Polyethylene Tubing. The strength-deflection characteristi¢
determined for a condult tested by this method and defined as the "PLP€
Stiffness”, was expressed 1in units of applied loed per unit length of pipe
sample per unit of vertical deflection (flattening) of the pipe sampl®i
f.e., '(kg/mm/mm or kg/mm™2). The parallel-plate pipe stiffnese V&%
expresged wmathematically {n terms of geomettical, physical, and Pipe'"al
material properties of the conduit etructure, as shown bzlow.

Pipe Stiffness = (W/ AY) = 53.6 * E * I / (Dna)"3 ,

where,
w
AY
E
1

Dna

53.6

parallel-plaste load oo pipe sazple, kg/mm of pipe langth
vertical pipe deflection under parallel-plate load, mm
wmodulus-of-elasticity for pipe-wall material, kg/mm™2
moment-of-inertia of pipe-wall cross~section, mm™4/um pipe length
diameter of pipe to the neutral~axis (NA) of pipe-wrll, mm
dimensionless constant related to angular position of p.rallel’

plate loads on pipe circumference, and to convert from pipe
radius to pipe diameter.
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Thig formula applies for the linear range of deflecticn between parallel-
Mates for high-density PE plasfic corrugated-wall pipe, which typically
%curs from 0 to between 5 and 10X deflection of the inside pipe diameter
(Rouga, 1973). At a specified pipe stiffness (W AY) for 2 regular
orrugated-wall or guwooth-core corrugated plastic pipe of given ingide
lameter (pi) and assumed neutral-sxis diameter {Dna), and which is made of
: Biven plastic resin material of known modulus-of-elasticity (E}, the only
22 unknown in the above formula is (1), which represents the pipe-wall
m°mEnt-of-1ner:1a. Corrugation shape and smooth interior wall feastures
Sovern the magnitude of (I), the major structural parameter of the plastic
Plpe determined or controlled through product design and fabrication.

2lEE‘Wall I-Value

In 8 previously published corrugation design procedure (Fouss, 1973),
Pecitic geometrical features of the corrugated-wall cross-sectional profile

*® represented in glmplified forws or standard geometrical shapes (e.g.,
?“tangular gsections) to eimplify the development of analysis equations for

€ I-value of the pipe-wall. The smooth—-core corrugated pipe-wall profile
thown 4 Fig. 1 1§ represented in simplified form as shown in Pig. 2 for the
Malygtg procedure presented here. This simplification is similar to that
Presangeqy earlier by Fouss (1973), but the corrugation "root" is represented
:1 4 'gemi-circular' area, which is more typical of the pilpe-wall profiles
csed for current pipe products. No attempt has been made for this paper to
Méider rhe more complex profile features, such as curved sections or
Hllets, the angle of the corrugation web, wall thickness variations within
sach torrugation section, etc. Analysis procedures for complex pipe-wall
r°files have been developed and are in use by industry, but the development
papeauth equations for the profile in Fig. 1 was beyond the scope of this

T, :

; %t of formulas was derived to compute the moment-of-inertia (1) of the
(Pmplified smoothecore corrugation profile below on a per corrugation pitch
!) hasis, and per wunit length (me) of pipe. The c¢lassical principles of
fugineering mechanics were applied for these derivatione. Published
SMulag  far computing the (lx~x) for standarized shapes or gecticms {such
8 Yectangles or circular arcs) about their own neutral-axes (x-x) were

Crown \ Tf "-*-Lg"i

S A
o/l 1 ;

~ROOL kp_:::ip —] )
su-cmo-z/ Te

=
0
-

{1
-Section of
Fig. 2 Simplified Representation for Cross
Smooth-Cote Corrugated Profile for Analysis.

— - - - ¢
|
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used, then the {Ix-x) values were "transferred” to the neutral-axis (NA) of
the complete smooth-core corrugated pipe-wall profile (Fig. 2) by the
“rule”, [{(section-area) x (square of the digtance between x~x and NA)].
Thus, the I-value for the complete pipe-wall profile about the NA of the
pipe-wall became the summation of a series of composite values for the
various geometric ehapes in the profile. The derived formulas to compuite
the I-value-component for the various area shapes to represent the total
pipe-wall profile (Fig. 2) are given below. The formulas were not reduced
to their simpliest form, but rather the first terms represent the (Ix-x) for
the shape about 1ts own neutral-axis, and the remaining terms are for the
"transfer” of the Ix-x value to the pipew~wall NA. A formula to compute the
distance “c” {for the position of the pipe~wall NA) is not shown; “"c” can be
determined by the summation of area-moments method (reference an engineering
mechanics text).

The following formulas were derived to compute the I-values of the component
areas of the simplified profile (Fig. 2), per corrugation pitch (F):

Lo (To)"3
I-crown = —ee=- + Lo To [e¢ = (To/2)]"2
12
2 Tw [h = (To/2) = Rr]™]3
I-web = + 2 T™w [h = (To/2Z) = Rr)
12

* {¢ = Tof2 = [h ~ (To/2) - Rr]/2])"2

T 4
I-root = === [(Rr + Ti)"2 = (Rr)"2]"2 4 =— [(Rr + Ti)"2 = (Rr)"2]
8 2
* (h « Rr = ¢)72

P (Tc)"3
I=-core = —

+ (P Tc) * [h+ TL+ (Te/2) = ¢]2
12

The I-value per unit length of pipe was given by summation of the parts,

I = (I-crown + I-web + I-root + I=-core) / P, in (mm™4/mm).

For regular corrugated-wall pipe, the I-core term would not be used t9
compute the I-value for the pipe-wall profile. For regular smocoth-wall
pipe, I = [(Tw)"3)/12, where Tw = pipe-wall thickness.

HYDRAULTC EQUIVALENCE OF CIRCULAR PIPE

From fluid mechanics the basic equation for computing the hydraulic “full”
flow capacity of circular cross-gection pipes is:

Q= 1.49 * A% R*(2/3) / n ] * &~(1/2) ,
where,
Q = flow capacity or rate, m™3/sec
A = cross-sectional area of pipe, m"2
R = hydraulic radiuve of pipe, m
R = 4/p, where p = wetted perimeter, m
or, p= M * Di <M = 3,1416>
D1 = pipe inside diameter, m
[ for circular pipe R = Di/f4 )
n = Manning's hydraulic roughness coefficient (dimensioﬂleeﬁ)
8 = hydraulie gradient of pipe, m/m
1.49 = proportionally constant, 1/sec
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F-b

A Coefficient 'F' was defined from the above equation that is proportional

the relative "full flow" capacity of pipes installed at the same grade.

conditions when the hydraulic gradelinme (gradient, s) is parallel to the

f‘z’ttum grade of the pipe, and the pipe flows full without back pressure, the

”°? Capacity (G) will be EQUAL to that of other pipes with the same value
F', defined as: )

For

'F' = [ 1,49 * 4 % R~(2/3) / n } , with units of (m“3/sec).

?ia 'F' value was used to compare relative full flow capacity of smooth—
ore eorrugated PE, corrugated-wall PE, corrugated galvanized steel, and

T:"th-wall plastic and concrete pipes for various diameters, as presented
elin,

STRENGTH-TO-WEIGHT RATIO

Strength-to-weight ratic was used as an indication of plastic—use-

lency  for smooth~core corrugated vs. corrugated-wall vs. regular

h-wall pE pipes of “example" designs. The parallel-plate strength
carrying capacity) at a pipe deflection of 5% of Di was used. That

a the parallel-plate load carrying capacity (@ 5% deflecton) per unit of
tlc material weight in the pipe wall, as defined below:

lmobt
( l()ad
8

(W 4Y)
hrensth/weigh: -

Vherg

* 0.05 * D1 , (kg-strength/kg~weight), or (kg/kg).

w

w = pipe weight, kg/mm length.

:zzlySes were conducted for example smooth-core corrugated and corrugated-
prl PE pipes with “selected physical and material characteristics which
ided gome hypotheticel design consistency between pipes of the various

Meters, For regular corrugated-wall pipes with diameters from 203 ro 914
fdl Principal  corrugation profile dimensions ware determined by the
®ing equations for the example pipes:*ws

h=o0.085 % 1 , P = 0.153 * Di, for 203 mn < DI < 457 mm;
and Pwl1.0+ 0,097 * pi , for DI > 457 mm.
ﬁElYSEg were conducted for smooth-core corrugated pipes with the h and P
hr“““ also determined with these equations. An additional design option

they the gmoothecore corrugated pipe was analyzed, where the h-dimension wae
“4sed by 20%; i.e., h = 1.2 * 0.085 * Di.

iy

alf)e Structural analyses were conducted for a required pipe atiffness value
te {w/ ay) = 3.23% x 10°=2 kg/mm"2 (46 psi), which meets che strength
uggégﬂmen:s for corrugated plastic pipe as specified in ASTM D-3034 end
baye = M252. A high-density polyethylene (HDPE) plastfc resin was aseumed to
'Pecifa modulus of elasticity (E) of 63.3 kg/om"2 (90,000 psi), and a
2 Le gravity {(p) of 0.954. Por the smooth~core corrugated pipe

ng
,s'YBea' a plastic material distribution ratio in the pipe-wall wes assumed

:-£Ef:fzjfated / Zsmooth) = (65%/35X).
y

NorE he er to illustrate strength-to-
e ! HNumerical examples used in the pap

unigE]‘E_-?;lationshipg g:g phypo:hetical. for reader informaticnal purposes
Tepre Plastic wmaterial strength characteristics were assumed and do not
ay, eent commonly used HDPE resin. The examples DO NOT knowingly describe
tmmfp P® now on the market or planned for production by any particular
g Cturer, The equations used to estimate h and P for the example pipes
%atnnt Intended as design guidelines; pipe on the market would indicate

theg, relationships, {f they exist, are non-linear with diameter.
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A personal computer (PC) program wag developed (not included here) to
solve the above equations. for (I) and {(W/ AY) in an iterative method to
determine the minimum pipe-wall thickness to meet the pipe stiffness
requirement. The PC program also estimated the pipe weight and computed the
strength/weight ratio. The tresults of these structural analyses are
summarized graphically 4in Fig. 3, where the strength/weight (setr/wt) ratic
is plotted as & function of pipe diameter for example smooth-core
corrugated, corrugated-wall and swmooth-wall PE pipes. The smooth~core
corrugated profile with the game depth of corrugation (h) as that for the
corrugated~wall pipe increased the strength/weight ratioc by 23 to 342 over
that for the corrugated-wall profile. For the smooth-core corrugated
profile with corrugation depth (h+) increased by 20, the strength/weight
ratioc was 21 to 29% higher than that for the smooth-core corrugated profile
with the previous (smaller) h-value, and 58 to 68X higher than that for the
regular corrugated-wall profile with the smaller h.

3C0

. #- Smooth-Core-Corrugated . h*
\ += Smooth-Core-Corrugated
Corrugated-¥all

y ©- Smocth-Wall Pipe

200

n
U
o
e T
/ ,——"’/
x
t

150

100

PE PIPE STR/WT RATIO - (kg/kg)
n
[mn ]

D 1 i | hi i | | S 1 L 1 1 A

20C 300 400 500 600 700 BOO 900
PIPE DIAMETER - (mm)

Fig. 3 Strength/Weight Ratic ve. Diameter for Smooth=Core Corrugated,
Corrugated=-Wall, and Smooth-Wall EDPE "Example” Pipes; Pipe
Stiffness Comstant at 3,234 x 10°=2 kg/mm™2 (46 pel).

RELATIVE PIPE WEIGHT

The weight of a pipe per unit length ts an important parameter in evaluating
its handling and transport characteristies. A “relative pipe weight
parameter was used so that various piping materfals could be compared.

welght of the "example” 203~mm (8-in.) diameter smooth-core cotrugated, with
standard corrugatfion depth (h), wes assumed equal to "1.0". The unit
weights of all other example pipes used in the analyses were divided by tP®
estimated weight of this pipe, thus computing a relative pipe weight £0F
each. The rtesults of this evaluation are presented graphically in Fig- 43
the reader should note that the ordinate for the concrete pipe is OO che
rtight-hand szide of the graph. The 1lightest pipes were the smooth-core
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" corrugated and corrugted-wall PE, which ranged from 13 to 45X less relative
weight than the cortugated galvanized steel pipe; the greatest weight
reductions were estimated for the larger diameters. The estimated relative
weight for emooth-wall .PE pipe was significantly greater than that for the
example PE corrugsted pilpes, and was also much greater than that for
corrugated steel at diameters larger than 457 mm (18 in.)}, see Fig. 4. The
concrete culvert pipe {Class 1), assumed reinforced with steel for diameters
larger than 305 mm (12 4n.), was approximately &4 times heavier than the
smooth=wall PE pipe, and ranged Detween 16 end 27 times heavier than the
corrugated PE pipes {largest difference at the smaller diameters).

RELATIVE HYDRAULIC CAPACITY

The various values of Manning's hydraulic roughness coefficient, n, used for
the different pipe materials, diameters, and pipe~wall configurations are
given in the Table 1. The value of "n" = 0.012 for the smooth—cure
corrugated pipe was within the range, 0.0ll to 0.0l4, typically used for
concrete pipe (CE Handbook, 1982; ASAE SW-232). The relative flow
coefficient °'F' was computed for each of the pipe material, diameter, and o~
value combinations (Table 1), and the results are summarized graphically in
Fig. 5. The full flow capacity of the smooth-core corrugated pipe was
nearly equal to that for smooth=-wall PE or concrete pipe. The regular
corrugated-wsll PE pipe flow capacity was slightly greater than that for
corrugated galvanized steel pipe for all diameters (203 to 914 mm). The
increase of flow capacity for the smooth~core corrugated pipe over that for
the corrugated-wall pipe varied from 24 to B83X; the flow capacity was
proportionally greater for the larger diameter pipes because of the higher
nm=values. For the popular 457 and 610 om (18 end 24 in.) diameter pipes.
the flow capacity for the smooth-core corrugated pipe was estimated as 67
greater. For the “example” pipes shown iIn Fig. 5, & 38l-mm (15-in.)
diameter smooth-core corrvugated pipe is equivalent in flow capacity to &
corrugated-wall pipe of 457-mm (18-in.) diameter. Similarly, 8 610=mm (24~
in.) diameter smooth~core corrugated pipe is equivalent to & 762-mm (30-in.}
diameter corrugated-wall pipe, and finally a 762-mm smooth-core corruzated
pipe exceeds the capacity of a 9l4-mm (36~1in.) corrugated~wall pipe.

Table 1. MANNNING'S RCUGHNESS COEFFICIENT, n, FOR CIRCULAR PIPES OF
VARIOUS MATERIALS AND DESIGNS; DIAMETERS from 203 TO 914 mm.

Pipe-Wall Pipe Manning's Hydraulie

Cross=5Sect. Diameter(s), Di Roughness Coefficlent Source for

Design (mm) (in.) (n) "n" Value

Regular 203 {8)

Smooth-Wall to to 0.011 CE Handbook

PE or Concrete * 914 (36)

Smooth=Core 203 (8) Est. from:

Corrugated to to 0.012 ASAE SW-232

PE Pipe 914 {36) & CE Handbook

Corrugated- 203 (8) 0.015 ASAE S§w-232

Wall PE 254, 305 (16, 12) 0.017 ASAE SW-232

Pipe 381 (15) 0.018 Castinated?
457, 610 (18, 24) 0.020 ASAE SW-232
762, 914 {30, 36) 0.022 {estimated”

Corrugated 203 (8)

Galvanized to to 0.024 CE Handbook

Steel Pipe 914 (36)

—

* For concrete pipe with "well™ aligned joints.
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Fig. 5 Estimated Relative Flow Capacity of Verious Circular
Drainage and Culvert Pipes, 203 to 914 mm in Diasmeter.

SUMMARY COMMENTS

by

c::rus:ruc:ural and hydraulic characteristics of smooth-core corrugated and
8 tﬁ_ated-uau PE pipes were analyzed and compared snalytically. The
& teg tore cotrrugated pipe~wall configuration significantly incressed the
logg €7¢y-of-use of plastic material in the pipe wall to support the design

ety ia contrast rc the regular corrugeted-wall pipe. Plastic wuse
stmziency was expressed as the (strength-to-weight) ratio of the pipe
st ture The smooth—core corrugated design increased the pipe's

degy Eth/weight ratic from 23 to 34X over thet for the corrugated-wall
Crr, “hen both had the same depth of corrugation (h).  When the
8re tZetitm depth for the sacoth~core corrugated profile was designed 20%
6§y s the increase in the strength/weight ratio was even larger, ar 58 to
fopg,, Thus, the combination of the smooth=wall core and a 10 to 201 deeper
o cgation significantly incressed the stength/weight ratio (plastic=uge~
Sty iency) for the smooth-core corrugated pipe over that obtained for the

Prable corrugated=-wall design.

By

151;: Iypes of corrugated PE pipes have a significant advantage over other
ot hﬂptodmcg in terme of relative weight per unit length of pipe and ease
,%thfdung light-weight pipe sections. The relative pipe weights of
y Core corrugated and corrugated-wall PE example plpes were estimated
lug, 3 t 45T less than that for corrugated steel pipe, an average of 752
thap tl:h“ the unit weight of smooth-wall PE pipe, and 16 to 27 times less

8t for concrete culvert pipe.
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The full flow capacity of the smooth~core corrugated pipes was from 24 to
83% greater than that for regular corrugated-wall pipes, with the greatest
differences for the larger pipe diameters because of the higher n-values-
The estimated higher flow capacity for the smooth-core corrugated pipes
indicated the following “equivalent” pipe diameters: a 38l-mm (15-in.)
smooth-core corrugated pipe was equivalent in flow capacity to & 457-mm (18-
in.) corrugated-wall pipe, a 610-mm {24~in.) sgmooth-core corrugated
equivalent to a 762~m (30~in.) corrugated-wall, and a 762~mn smooth—core
corrugated exceeded the capacity of a 9l4~mm (36-in.) corrugated-wall pipe.
Thus, the pipe diameter requirements or specifications as stated in sooe
standards may need to be revised, to reflect these large differences in flow
capacities for corrugated-wall and smooth~core corrugated pipes of the same
diameter.
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APLICATION OF A METHOD FOR DERTVATION OF REGIONAL DRATNAGE FUNCTIORS FOR

e AGROHYDROLOGYCAYL, MODEL DEMGEN (DFMAND GENERATOR) ON DATA FROM THE

DRENTSE AA WATERSHFD TN THE NETHERLANDS.

P. 5. Grashoff®

?D"‘ethod to determine regional drainage function terms for the Demgen
“DEMang CENerator) model is applied to data from the Drentse Aa watershed
M the Netherlands. The method used is based on regression analysis of
Herage caleculated drainages per groundwater class. This method for de-
a:;':ihation of regional drainage functions proves to be practical and reli-

:s?"”tcoming noticed in previous studies of the Demgen model is the over-
vstlmatiﬂn of the vearly runoff. It is shown that the overestimation of the
™Y runoff in Demgen is not caused by the drainage function of Demgen.

The tE

are tms for a polygonal drainage function and a linear drainage function

determined using the averaging method. It is shown th.at a drainage
tuh:“ic’n of polygonal form in Demgen gives better results w:._th respect to
taleylated high groundwater levels than a linear functionm. A:Eso the
tibution of the overestimation of the runoff during the year is more
vhen using the polygonal functioen in Demgen.

digy
fen

INTRODUCTION

tmge“ has been developed within the PAWN study (Policy Analysis Water Ma-

Tement for the Netherlands [1)) for evaluation of water demands and
ki t and salinity damages in agricultural areas. Demgen is used on re-
th%al Or national scales tc calculate the water demands by agriculture,
aai.act“ﬂl evapotranspiration, the amount of drainage water, drought - and

Inity damages and groundwater levels. Demgen has been und'er validation
® 1980 and has been used in various studies both at regional and na-

al scale (e.g. [2, 3, 41).

d""ugh

Bing,
tion

P s
t}::vi"“s studjes indicated that the drainage concept could be in error for

highlandg art of the Netherlands. The extreme high groundwater levels
:;e°Verestima€;d and an overestimation of the drainagg is found. Th§ first
ke Retive of the present study is to improve the d.ramage 'concept in Dem-
teg Forthermore the drainage functions were calibrated in the past biv
sural and  error on results of an unsaturated Demgen version, using mea
Quied 8roundwater levels as input. On & regional or national scale this re-
"8 a2 serious effort. The second objective of the present study is
af“ﬁf?re to find a reasonably cost-effective method for the determination

2inage functions on a regional or national scale.

R&:. . Grashoff, ir., project manager soil and g;_,»oundwater quali;:g, Water
}fﬂl?l:rces and Environment Division, Delft Hydraulics, p. o. box 177, 2600
1£t, The Netherlands.
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The present study deals with a method based on computation results of the
unsaturated version of Demgen. The method consists of regression analysis
on averages of calculated drainages per groundwater class . The methed is
applied to data of the Drentse Aa watershed in northern part of the Nether-
lands.

OVERVIEW OF THE DEMGEN MODEL

A short summary of the main concepts in Demgen is given here. A more de-
tailed description of Demgen is given in [5). In Demgen a study area will
tvpically be divided in districts, subdistricts and plots. The district is
a hydrological unit as far the surface water is concerned. Furthermore
districts are mutually indepent, except with respect to the surface-water
flows to and from the main distribution system., Horizontal groundwaterflows
between districts are not taken into account., Districts contain surface wa-
ter, urban area and vegetation-covered areas, which are called sub-
districts.

Subdistricts are characterized by soil type and landform. Subdistricts con-
tain plots whieh are characterized by their crop and type of sprinkling.
Demgen simulates the hydrological cycle for mutually indepent plots and for
the surface water of the districts. Plot flows are schematized as shown in
fig. 1.

hApart from the climatical input (precipitation P and potential evaporation
Ep) Demgen needs the following input on physical characteristics:

—

. The drainage function D(y) representing saturated groundwater flow.

2. The soil moisture retention curve 8(g) and the hvdraulic conductivity
function K(¢) for root zone and subscil.

3. Crop parameters of the evapotranspiration and drought damage concept:

The computation is characterized by the following points:

1. Simulation takes place in ten day (decade) timesteps with steady
state flow.

2. Actual evapotranspiration E_ is a function of and w. Eg i reduced
when the suction ¢ in the rootzone exceeds the reduction point ¥r¢
Urought damage is a function of the ratio E,/E,.

3. Unsaturated flow is based on the stationary scheme of {6]. upward
capillary rise V is calculated as a function of the watertable dept
y and the suction in the rootzone ¢, while rootzone loss is calculs”
ted as the excess moisture above field capacity of the rootzone. T?e
field capacity is defined as the amount of water that can be held i7
the rootzone against gravitational force.

4. Drainage D(y) is & function of the watertable depth y.

THE DRAINAGE FUNCTION COMCEPT

.

The force of gravity acts on water in the soil, causing it to flov irﬂ?
places with a higher hydraulic head to places with a lower head. The ¢
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sulting flow is called drainage when it moves water from the subsoil to the
surface water (fig. 2). Drainage flow is governed by a differential
equation called Darcy's law:

¥'x .
Ve = (1)
Ky
where
% : Horizontal distance from an arbitrary datum (mm)

V, 1 Drainage velocity (mm/day)

K, : Drainage resistance (days)

¥'yt Deritave with respect to x of the groundwater level y

{mm)

The drainage resistance may consist of horizontal and radial components.
Solutions to the above above equation define the drainage functioen D(vy).
For the highlands part of the Netherlands a simple steady state solution is
written in the following linear form:

Diy) = a + By (2)

where

D{v): Drainage (if positive) or infiltration (if negative)

{mm/day)
& : Constant term of the drainage function (mm/day)
B : Coefficient term of the drainage function (1/day)
y & Depth to proundwater table (mm)

The drainage function in the highlands is a linear equation with respect t°
groundwater levels. In the PAWN study the highlands part of the Netherlands
is subdivided in 17 drainsge-regions. For each region the terms have been
determined.

OBJECTIVES AND SCOPE OF THE PRESENT STUDY.

In general the performance of the linear drainage function is found tO b:
satisfactory, considering the fact that it represents the whole saturat®

zone with all its complex interactions. ‘The following shortcomings have
been identified in previous studies [3,4,5]:
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1. The average runoff is overestimated by about 60 mm/year (2.4 inches),
both in summer and in winter. Overestimation in summer is of impor-
tance when calculating drought damages.

2. Extreme high groundwaterlevels tend to be overestimated. Proper des-
cription of high groundwater levels is of importance for determina-
tion of capillary rise and for determination of damages due to ex-
tremely wet conditions.

3. The method used for determination of the terms in the linear drainage
functions of the PAWN study required a serious effort. This is due
to the fact that the drainage-functions were more or less obtained
bv trial and error. On single plot level this is not a serious
shortecoming, but for naticnal and regional applications it is.

The objectives of the present study are to improve the drainage function
concept s0 as to enhance the performance of Demgen with respect to the
above mentioned points 1. & 2., as well as to test & new method to deter-
mine drainage function terms on a regional scale.

The study area is the Drentse Aa watershed and the study period is 1979~
1984, In this area and period adequate data are available to compare the
measured values with the calculated groundwater levels and discharges.

THE DRENTSE AA WATERSHED

The Drentse Aa watershed is located in the northern part of the Nether-
lands. The total area cf the watershed is about 260 km?, in the present
study 223 km? are taken into account. 28% of the area is covered by natural
vegetation, 25% by arable crops, 43% by grass and the remaining 4% consists
of surface water and urban areas.

The brooks in the Drentse Aa watershed originate in south-eastern part of
the area and flow roughly towards the north. The longest brook is 45 km.
long with an average bed gradient of 36 cm per kilometer.

The soil types in the area can be classified in four groups:
1, well permeable medium coarse sand;

2. less permeable sandy clay loam;

3. brook valley wetlands;

4, peat.

In the sixties and seventies the drainage of the less permeable soils ha$
been improved, causing problems of waterexcess in the lower lying parts ¢
the watershed. To alleviate this problem a diversion for excess water has
been created near the town of Loon. The rest of the water flows through the
Drentse Aa river to the Noord-Willemskanaal (see also fig. 3).

The areal average yearly precipitation is B4 cm. (33.1 inches) during the
study period. In fig. 4 an overview is given of the areal average preciP”
itation and potential evaporation. The average yearly runcff of the study
area is estimated to be equal to 36 cm. (14.2 inches) per annum. In fig-

average decade discharges during the study pericd are shown and in fig- 6
the areal averaged depths to groundwater table can be found. The ared
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eraged depth of watertable varies during the study period between 90 and
20 cm. (about 20 - B5 inches) below the soil surface.

\:Tnen comparing the measured discharges toc the measured groundwater levels
I fip. 7 {t is obvious that there is some relation between large dischar-
8es and high watertables (and vice versa) in the area under study.

DETERMINATION OF THE DRATNAGE FUNCTIONS WITH UNSATURATED DEMGEN

The Unsaturated version of Demgen doesn't use drainage functions to rep-
Yesent the saturated zone. It uses measured groundwater levels as an input
% the model and it caleulates the amount of drainage that is needed to
™ach this level for each timestep. It is possidle to determine the terms
°f the drainage function by correlating the calculated drainages with the
Teasured groundwater levels., A problem however is that there is a tremen-
?“5 amount of scatter in the individual timestep values. In fig. B the in-
ch"’idual timestep values for drainage and groundwaterlevels are shown, ba-
2 on resuits from an unsaturated Demgen calculation for the period 1979-
1982, As can be seen in fig. & the drainage shows strong and apparantly un-
T®alistic fluctuationms. Regression analysis using these data points would
® unreliable.

The fluctuations sre caused partly by the poor description of the subseil
Geficiy by Demgen and by the occurence of non-steady state situations and
YSteresis effects, which are not taken into account in Demgen. Scatter
Sauseq by the latter two phenomena are independent of the Demgen model per-
"M™mance and will make it more difficult to find the proper drainage func-
Hon for Demgen.

0‘? Physica) grounds it can be shown that there must be a relation between
dlscharges and groundwater levels (as can be seen in fig. 7). To be able to
Sstablich the drainage-function in a reliable way van Vuuren '[4}_ proposes a
od based on averaging, In this method regression analysis is l:_sase:d.on
Verage values for drainage and groundwater levels rather than the individ-
ua] timestep values. Groups of 6-10 timestep values are divided in classes
: inct’easing water table depth and then for each class the average value
drainage and watertable depth is computed. Of course 8veragmg.doesn't
Merease the reliability of the regression analysis, bur: it does.mcrease
® chance of finding the proper physically based relation that is under-

lﬁ“ﬁ the data.

‘in thig way a time averaged value for drainage and water tab‘le depth is ob-
taim‘-d for each groundwater level class. The result of this approach for
o data from fig. B is shown in fig. 9. Regression analysis of the time
,‘veraged values results in a drainage function that is more in line with
fhit can be expected on physical gtoundS- In ganetal ‘it can be argt'xed that
t°§' higher groundwater levels larger parts of the drainage system will con=
rlbute to the total discharge. If that is the case the drainage function

v
0 be of a non-linear form.

Eh‘ data points in fig, 9 show that this phenomenon occurs in the Drentse

t: Watershed., By regression analysis for two ranges of groundwater 1levels
g

f,. LeTms for the polygonal drainage function shown in fig.. 9 have been
Sung, For comparison purposes the terms for a linear drainage function
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have also been computed. The formulas for the computed drainage functions
are listed below:

linear :  D(y) = 2.86068 - 0.00121 » y (all y)

polygonal: D(y) = 8.4171% - 0.00705 « y (y < 98G mm)
D(y) = 2,30651 - 0.00087 - ¥y (y 2 989 mm)

where

D{y): Drainage (if positive) or infiltration (if negative)
(mm/day)

y : Depth to groundwater table (mm)

The average annual runcff calculated with the unsaturated Demgen version 18
436 mm. (37.2 inches) for the period 1979-1082. This is about 80 mm. (3.}
inches) more than the measured runoff. Overestimation appears to b
independent of the drainage concept since in the unsaturated Demgen version
no use is made of this concept. In the northern part of the study are?
there is a horizontal groundwatet flow in the upper aguifer towards the
north, that is out of the study area. This might be the cause for the cal”
cuiated overestimation of the runoff, since in Demgen it is assumed that
there is po horizontal groundwaterflow out of the districts. UnfortunatelY
it is not known at present how large this flow is, otherwise the runof
calculated by Demgen could be reduced accordingly.

VALIDATION OF THE DRAINAGE FUNCTIOM CONCEPT

The linear and polygonal drainage functions have been used in the normal
Demgen version te simulate the saturated zone. The periods used for Va}i:
dation is 1979-1982 for the groundwater levels and 1979-1984 for the dls_
charges. The results of the Demgen calculations are compared with the med
sured values for water table depths and discharges. In fig. 10 and 11 the
result for the linear drainage function is shown for respectively the watef
table depths and for the discharges. In fig. 12 and 13 the results for the
polygonal drainage function can be seen.

Looking at fig. 10 it is obvious that the linear drainage function concePz
is not adequate in the beginning of 1981. In that period the calculat®
groundwaterlevels are almost 1 meter (40 inches) higher than the meﬁs“ree
levels. In summer periods the measured levels are reproduced quit‘
smoothly. With the linear drainage function the measured discharges are r
produced fairly well as can be seen in fig. 11. This figure also shows tha
discharges in summer are overestimated,

With the polygonal drainage function both high and low groundwater 19"§l:
are reproduced well (fig. 12). The summer discharges however are 33)'
overestimated by Demgen using the polygonal drainage function (fis'_l at
The btig advantage of the polygonal drainage function compared to the 1ine
one is the more accurate prediction of high groundwater tables.
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Statistical analysis of the differences between the measured and calculated
Values ghows that both drainage functions overestimate drainage not only in
r, but also in winter. The calculated averape yearly runoff is 424 mm.
6.7 inches), that is 68 mm. (2.7 inches) more than the average measured
Tunoff. The overestimation is about the same as for the computation using
he unsaturated Demgen version. This is not surprising, when it is assumed
t the overestimation is caused by the horizontal groundwater flow out of

€ study area.

:;'e CVerestimation by the polygonal function for the summer period is some-
. AT less than for the linear one. In the winter period the picture is re-
bar'f'ﬁd- An advantage of the polygonal function is the more even distri-
“tion over the year of the overestimation.

The Standard error for the groundwater levels is only 9.6 mm (0,38 inches)
T the polygonal drainage function. Comparing the measured with the com-
buteq values shows that Demgen using the polygonal function performs better
d°"_8roundwater levels but not significantly for discharges. The average
®¥iations from the measured values are shown in fig. 14 and 15.

CONCLUSIONS
The following conclusions can be drawn from this study:

L Overestimation cf the runoff by Demgen is not Telated to the drainage
toncept., The overestimation might be caused by the assumption in Dem-
Ben that there is no horizontal groundwaterflow out of the district.
In the northern part of the Drentse Aa there is & horizontal ground-
“aterflow out of the watershed of an unknown magnitude.

2, s .
A Polygonal drainage function gives a better prediction Of'hlg}:l ground-
Vater levels than & linear drainage function. The distribution over
the year of the overestimation of the runoff is more even with the

Polygonal drainage function.

s The method used to determine the drainage function temrms is based on re-
Bression analysis of average drainages per groundwater class, as com-
Puted with the unsaturated Demgen version. The method proved to be re-
liable. No significant improvement of the drainage functions by the
"trial and error method" could be found. It proved to be time-con-
Suming to determine the sreal average groundwater levels, needed as

input for unsatured Demgen.
REFERENCES

[ .

1 Rijkswaterstaat: Policy Analysis for the National Watermanagement of
the Netherlands, Rijkswaterstaat communications nr. 31, The Hague,
1

E-43



[2] Opdam, H.J.: Poliecy analysis for the Twenthekanaal watermanagement,
Proceedings IUGG/IAHS symposium 'Scientific Procedures Applied to the
Planning, Design and Management of Water Resources Systems', Hamburg,
august 1983.

{3] Abrahamse, A.H., Baarse, G., Van Beek, E.: Policy Analysis of Water
Management for the Netherlands, volume XII: Model for regional hydro-
logy, agricultural water demands and damages from drought and sa-
linity, RAND-note N-1500/12-NETH, Santa Monica, USA, 1982

[4} Van Vuuren, W.E.: Calibration and verification of the agrohvdrlogical
model Demgen (DEMand GENerator) on point data from the the Hupselse
Beek area in the Netherlands, Proceedings symposium 'Recent Investi-
gations in the 2one of Aeration', Munich, october 1984.

[5) Delft Hydraulics: Onderzoek naar de modellering van de basisdrainage in
Demgen, note R1230, november 1985 (in Dutch).

[6) Rijtema, P. E.: So0il moisture forecasting, ICw-note nr. 513, Wage-
ningen, 1969

E-44



Measure of Alfalfa Persistence on Marine Sediments with
Shallow Subsurface Drains

P.R. Hepler, J. Bornstein, F.R, Scott
Member
ASAE

ABSTRACT

Alfalss persistence responded favorably to shallow subsurface drainage at
firee spacings (3, 6, and 12 m) compared to no drainage on silty clay
9am marine soils after three winters, There were four replications each
: four treatments of 7.6 cm diameter drain tubing &t 60 cm depth,
“rviving alfalfa plants were counted in transects across the plots at
"ight angies to the drains. Alfalfa plant surviva) on non-drained plots
Wes 0. ¢ plants m <, 2Average persistence on drained treatments was 31.0,
%1, 13.2 plants m™? for 3, 6, and 12 m drain spacings. Hay yields
"8re higher on the drained vs the non-drained plots, but did not differ
imong the three grained treatments. Alfalfa plant survival also varied as
: function of cistance from the drgén. Tne population for the 12_?
"82tment dropped from 32 plants m © at the drain te 5.1 plants m ° 6
from the drain. Extrapolation of the plant population pred1ct1on_2
Y2tion for the 12 m treatment would estimate 0.4 alfalfa plants m © 11
from the drain,

INTROBUCTION

The hew Englanc-Northern New Yark State region is characterized by short

gr?“‘“g season, generally cool climate, and adequate annqa! rainfall.
1.8 region is well adapted for the production of perennial grass and
éegﬂmes on the well drained soils. Large acreages of poorly drained soils
ngqu be highly productive if effectively drained. Clay and silty g]ay
ine and lacustrine sediments occur in Northern New England on fairly
fq tOpography and are similar in drainability to the lacustrine clays
inund further west and south in the region. Randam subsurface drains
innt21led in the past have provided some grainage improvement but are
tagderate to protect stands of quality legume forage from high water
Te in spring and fall, and from winter frost heaving.

Eze 8Uthors are: Paul R. Hepler, Associate Professor of Hofticulture,
En”?*tment of Plant & Soi1 Sciences, Joseph Bornstein, Agricultural
sag’neer, retired, Burlington, VT 05401, formerly USDA-ARS, N.E. Plant,
in and Water Lab, and Forrest R. Scott, Research Associate, Department
np‘gnt and $oil Sciences, University of Maine, Orono, Me, 04469.
Ma.tribution from the Maine Agricultural Experiment Station, University of

3442g. and the Mew England Piant, Soil and Water Lab, USDA-ARS, QOrono, ME
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Bornstein et al. (1985), have shown significant increases in yield,
alfalfa as percent of hay, and alfalfa plant counts with shallow drains.
There were no significant differences associated with the drainage
spacings of 3, 6, and 12 m.

Bornstein and Kedstrom (1982} have demonstrated greatly improved
trafficability associated with 3, 6, and 12 m drain spacings in tomparison
to no drain, 1In 1981 trafficable conditions occurred three weeks earlier
in the spring on drained vs undrained plots, although there were ng
significant differences among the three drainage treatments. Bornstein
ang Scott (1982) also reporteg that while there may have been some
gefermation in these shallow drains, (60 ¢m deep), they continued to
function satisfactorily,

Tnis paper addresses the question of ailfalfa plant persistence as a
function of shallow drains, and the pattern of such persistence in
relation to the drains.

MATERIALS AND METHODS

A 2.4 ha research site located in Brewer, Maine on silt loam marine
sediments mapped as Buxton (fine, i11itic, frigid Aquic Dystric
Eutrochrepts), Sctantic (fine, i1litic, nonacig, frigid Typic Haplaquepts)
ang Bigdeford (fine, 1l1itic, nonacid, frigid Histic Humaquepts) scils
that are moderately well, poorly and very poorly drained, respectively,
was used for this experiment. The slope of the site was less than 3
percent. Four drainage treatments in a randomized complete block design
with four blocks were instailed in 36 x 26 m plots. Treatments were no
drainage, 12, 6, and 2 m drain spacing. Average hydraulic conductivity
{K] for the B horizon determined by the auger hole method was 1.6 cm/h.
Piot drains were perforated, corrugated plastic tubes, with a diameter of
7.6 cm. The drains were placed at a depth of 60 cm with indirect flow to

-

1.5 m deep main drains installed outside the plot boundaries.

Atfalfa (Medicago sativa L, cv. Irogquois) was p1gfted in early June,

1981, A17 plots were fertilized with 1.12 Mg ha * of 5-20-20_?
{B=borated) at planting and a split application of 1.12 Mg ha ° of
0-10-4C B in both 1982 and, 1983 sp1it after first and last harvests, Lime
was applied at 4.48 Mg ha * both in 1978 and 1981 after spil test. Hay
was harvested from the plots twice in 1981, three times in 1982, four 1N
1983 arnd three in 1984.

In July 1984, counts of alfalfa plants were obtained from 2 transects
across each plot, one third the distance from each end of the plot. Each
transect was divided into 36 subplcts each 1 m by 0.25 m. The specific
Tocation of each subplot could thus be transversely related to the drains.

The original plant counts were converted to logs to normalize the data for
variance analyses and the calculation of treatment means. The log means
were then retransformed back to the arithmetic scale for use in the
discussion. Logical and polynomial contrasts were employed to partition
treatment sums of squares into single degree of freedom contrasts. The
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0.05 significance level was used to assess differences. The SAS-GLM
Program was used for data analyses (SAS 1982).

RESULTS AND DISCUSSION

Afalfa plant survival by drainage treatment is presented in Table 1. The
% yields 4n Table 2 are from Bornstein et al. 1985. The May and July
Plant counts were simi]aE. even though the May counts are based on only 4
"andomly selected 0.38 m guadrats per plot. The July data, however,

Ire from 2 transects each 36 m long by 0.25 m wide located at right angles
® the drains. Bornstein et al. (1985) showed a gradual drop in alfalfa
Fant populations from 1981 through 1983 with a large drop from 1983 to

Y 1984 for the drained plots. The undrained contro) exhibited a large
"op in population from the fall of 1981 to the spring of 1982 with a more
¥radual decline to almost no alfalfa plants in 1984,

gay.yieid ¢id not show a trend during the four years, Table 2. The
Fainge piots everage a 57 percent yield increase over the undrained
treatment. The percent alfalfa in the hay dropped to 11.3 for the
u"ﬁh‘a'En:ecj treatment. The percent alfalfa in hay averaged over 90 percent
f' the drained ploats over the four years, with a drop to 70.5_Eercent
he fourth year, Thus alfalfa populations of 13 to 31 plants m

oduced a 70% alfalfa hay.

?thout drainage tne alfalfa population was 0.4 plants m ¢, Table 1. Of
® 288 0.25 m” no drainage subplots, 83 percent contained no alfalfa

pa”ts. showing that at this site, drainage is essential for alfalfa
vival,

?a"t Counts as functions of drainage treatment and distance of the
cubDIDt from the drain, are given in Figure 1. A line for the no Qra1nage
a?“thT is not included since there were no trends or d1fferences in
¢f37fa population across these plots. The alfalfa persistence was
1fferent for the three drainage treatments. In the 3 m drain spacing,
Significant decrease in alfalfa population occurred from the drain tol
to"3Y. The 6 m spacing exhibited a decrease from 36 plants at the drain,
0 24 n1ants 3 m away. The response to the 12 m drain spacing was 1inear
?th 8 decreasing population from 22 plants over the drair to 5 plants 6 m

€Y, when the number of plants are plotted as legs. Tnus, if the data

re Plotted on the arithmetic scale the decrease would be geometric.

ThEsB d i lats nd

ata demonstrate different alfalfa plant populations a
gﬁtterns of persistence assocciated with the different drain spacings and
instance from the drains. In retrospect, it might have been more
foOrmative 1f yields had also been obtained within the drainage plots
renr SUbplots different distances from the drain. The yields, Table 2,
iporesent the average effect over the entire plot. Statistical amalyses,
“ci“ding trend analysis, ¢id not reveal yield or percent alfalfa
the.T€NCES among the 3 drainage treatments. The possibility exists,
seTEfore. that a wider drain spacing than 12 m could prove to be

at‘Sf&ctory under commercial field conditions.
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ngle 1. Effect of drain spacing on the number of plants
m “ following the third winter after planting.

Plants m”2
Drain
Spacing May July 1984
™ 1984 Log {No.+1) Retransformed
Ko drain 1 0.1604 0.4
i 17 1.1527 13.2
6 37 1.4761 28.1
3 31 1.5065 31.0
Contrasts
Drainage (+/-) * *
Among 3 drains
Linear * *
Quadratic * ns

-’

May reading from & 0.37 m © random guadrats per plot,
July date from 72 0.25 x 1 m subplots transecting the
draing in each plot.

* Significant at level P = 0.05

ns Not significant

Teble 2. Alfalfa Hay Yield and Percentage of Hay
{Bornstein et al. (1985)

1581 1982 1983 1984 Mean

Yield dry weight, Mg/ha

No drainage 5.82 4.84 6.97 5.23 5.72

A1 drained  8.53 9.74 9.61 8.13 9.00
L} * *

* *

Alfalfa percent of hay
No drainage 86.8 80.8 11.3 2.8 42,2
A1l drained - 94.3 99,3 89.1 70.5 906.8
ne - ar " L g

fic differences among the 3 drainage spacings (3,6,12 m)
* Significant at level P = 0.05
ns = Not significant
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Selving Ehe 12 m drain equation for the control plant population of 0.4
plants m“ estimates that no effect of the drains on alfalfe plant
population would be encountered at 11 m, or a drain spacing of 22 m. The
estimated average alfalfa plant ggpu1ation for drain spacings of 14 and 16
m would be 11.4 and 9.7 plants m “ respectively. These estimates are
beyond the design of the experiment and assume a continued linear function
between € and 11 m from the drain, This should be investiigated,

Bornstein et al. (1984) have shown that installation of & subsurface
grainage system on representative silty clay loam soils spaced at 12 m is
economically feasible, The data on alfalfa plant population presented
here show differences in population as an interactive function of drain
spacing, and distance from drain. However, since there are no differences
in yield associated with the drain spacings, from 3 to 12 m, it would be
beneficial to know at what drain spacings a reduction in yield and percent
alfalfa in the hay would occur,
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SOME ASPECTS ON A JOINT FINNISH-SOVIET

EXPERIMENTAL DRAINAGE PROJECT
Jaakko Henttonen*

i;lﬂl}tific—technical cooperation between Finlam_i and U.S.S.R._has been
. Itinuous in practice since 1955 by joint working groups, which cover
®vere] fields of science and industry. One of these altogether 40
%ups is the joint working group on land reclamation and vater
d§°?°NY- The group is primarily concentrating on improvement 9f
pr&in{ige technologies inclusive such themes as subsurface drainage
. #Ctices, mzterials, machinery and work management, polder
"Mstruction, economical evaluation, ete.

:if?°§gb matters related to drainage are primary within the group's
e;lv§t1es the other main theme, i.e. water economy, is covering some

l‘esf 1mpc_>:tant subjects as effects of drein water on water bod:_.es.
r°;°rapzon of river basins, economically use of water reserveirs and

ca 8ction of their water quality, improved use of effluents from
*tle farms, ete.

c::’?"n interest in joining efforts for the development of improved
errjage method, which may be applied in our climatie condzt:ons_
1 tl?ularly on heavy clay soils with very low hydraulic conductivity,
finally to the sgreement on construction of a joint experimental
N2ge field. Indicative of the good cooperation between the experts
by Oth countries is the short time needed for the preparatoery and
19th‘-aucratic" procedures, i.e., as the agreement was §1gned in Ap?ll
994 & Finnish team of experts visited the selected site ah'"eady in May
by for field measurement. Both parties prepared their drainage plans
°0nf'e December 1986 and the final construction schedulg c?uld be
the irmed in May 1987. Actual work was started on the Firmish part of
field in mid-July and on the Soviet part early August.

frag
of

DESCRIPTION OF THE EXPERIMENTAL AREA

Phves
S*kgwsécal Descrinticn: The experimental area Zaytsevo is located 36 km

1y, -TOM the city of Leningrad (approxi:nately.59°35'ﬂ_. 3C*03'E). it is

,QCtE along the the main highway leading to Kiew and it for@s &

uVigngu}ar shape vith dimensions of about 800 m x 800 m which is

"’iﬁdlzd into two equal halves by the main drainage canal in the

Bez ™ain canal drains its water into river Verevo et 1.5 km distance.

@ slope of the river is rather small at this stretch considerable

ri °f the watertable in the canal may be gxpected at heavy rains and
"2 the peak snow melt period in the spring.

N
”atgc'- Senior Planning Engineer, Department o{f Ha_lter_Resources.
M2l Board of Waters and Environment, Helsinki, Finland,

Tigq
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The area is genmerally flat slightly sloping to scuth-western direction.
Surrounding areas are cultivated (cereals and pastures).

Geohydrological Conditions: Whele area has been previously used for
peat mining. Thus in the top scil the thickness of peat formation
varies from 0.] to 0.5 m. In general terms the soil congists of
glacial-lacustrial fine-textured loam or clay locams down to 3-5 m with
silt loam thereunder. Scil may be described as aciducus with pH values
ranging from 3.5 tc 4.B. Iron content of the groundwater has a very
wide range with 0.1-100 mg/] (mainly 5-10 mg/l).

Groundwater level was very high during the first field measurements
vhen the hydraulic conductivity of the soil was defined. The first
results gave such values as 0.03 m/day (top soil, 0.1 m) and 0.07 m/day
(depth 0.3 m), The high groundwater level was due te the badly blocked
main canal, Due to the clearing and deepening of the canal in September
1986 cr predrainage of the area geohydrological conditions changed
considerably. As the observations and the measurements done during the
work end immediately after its completion are at present (September
1587) still to be processed more exact values will be obteined only
later,

Climatclogical Conditions: Zaytseve lies in the humid zone with annual
precipitation as an average 700 mm, which is rather evenly distributed
throughout the year with slightly higher amount of rainfall in the
autumn and lower in the late spring. Temperature ranges widely from
winter minimum of -40°C up to 30°C as summer maximum peak values. Snow
cover prevails from mid December until mid April.

APPLIED METHODS OF SUBSURFACE DRAINAGE

The general finel target of the project being jeintly prepared
recomrendations for the defining optimal drainage parameters and
techniques applicable in these climstic conditions obviously some years
of research are needed. Exchange of dats from observations will take
place twice a year. At the meetings necessary modifications or changes
concerning the ongoing research will be discussed and taken up
accordingly intc account.

If we consider design and construction as the first phase of the
project, so the second phase will consist of various observations and
follow-up of technical capacities of beth the drainage systems. The
latter has been agreed to last initially for five years (1987-91) after
which some conclusions could be drawm.

When asseseing the initial expectations set for the project, it is
worthwhile presenting both the layouts separately, Some fundamental
differences exist between the Finnish and the Soviet way of applying
methods for drainage, Common mutually conditiens included that both
areas will be divided into equal plots of 1,5-2.5 ha. Each veriation
will be replicated thrice and the amount of variations was egreed as 6
i.e. altogether 18 plots were thus formed.

Finnish Appreach: On the Finnish side the design eriteris applied in
practice in Finland were used. The choice of methods was finalized and
follows:

- Five variations are drained by PVC plastic pipes (@ 40 mm). One of
them by trenchless digger and the other 4 by trenching machine.
Either gravel or sawdust was used as envelope material and drain
spacing 10 m end 13 m on both materials:
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May be more by tradition than by practice one sequence was drained
With clay tiles (@ 40 mm) with gravel as envelope materisl, drain
5pacing 10 m and the drains were laid by trenching machine (make
o-Mara, Finnish made); )
Additionally an ares of 4 ha was drained by trenchless digger with
Sawdust envelope and 10-13 em spacing;
ALl but two systems are connected by a collector to an outlet well.
R?Maining two systems consist of individual laterals draining
directly to the main canal mostly because of high iron content of
Water in this ares.

gg!&er Aoproach: In U.S5.5.R. up till recent years a tremching equipment
ith trench width approximately 50 cm wide has been and still is used
o ensively. Nowadays equipment for narrower trench width is becoming

s a11§b1e in quantities. At the same time use of trenchless diggers is
teadily increasing.

ﬁs 8ravel is the predominant envelope material in Finland its in

Q?‘S-R. is very scerce, This is mainly due te simply unavailability of

“itable materials. This is why mostly synthetic materials are being

e:ebped with parallel use of local materials such as straw, sawdust,
5, etc,

Eovlet variations are as follows:

Trenching digger with synthetic envelope, backfill with top soil

from the drain depth up till soil surface, drain spacing 10-30 m;
e same as above with gravel envelope;

One variation with a wide $.5 m trench with synthetic envelope

{spacing 10 m);

Trenchless drainage with synthetic rope or chainlike envelope

Miterial which reaches from drain upto top soil (@ 50 mm). This type

°f material is being used in soils with low permeability in order to

improve the excess of water from top soil top the drain., It is laid

. Slmultaneously with the drain;

Drain pipes are of PE-plastic material end by @ 50 mm.

i; M2y be seen from the above that the amount of variables is not very
tensive, There is a whole lot of reasons for this, laborous methods

1 Sbservations being one, but quite & few others that I shall net
2horate here. Only one of basic meaning deserves to be mentioned.

& ely, the target of finding out possible effects caused by the

PPlieq different technologies including the quality of work itself and
n?Bement. These effects could be confused, if there would be more

Aisbles at the start of the experiment.

OBSERVATION PROGRAMME

b . .
r:TEramme for observation and collection of information tonsidered

Ve @vant, when we wish to evaluate and compare functional capacities of
biTious which will be followed. It is by mo means & rigid ome, but may

2djusted whenever necessary by mutual sgreement.

ii Should be pointed out that all measurements yill be carried out by

N ® Sovier Institute for research of hydrotechniques and land )
Ciamation techniques of the northern areas (SevNIIGiM) situated in
enlngrad. Finnish side is entitled to control the measurements on site
dwily teceive &1l the results of observations for further studies,

® Tesults will be discyssed every year jointly.
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General contents of the annual reports will include the following
data:
1. Meteorclogical data;
- Precipitation (rainfall/snowfall);
-~ Wind velogity and direction;
- Evapotranspiration and evaporation (by water balance);
- Daily temperatures;
- Depth of frost in scil;
- Depth of density of snow cover;
. Results of cbservations;
. Evaluation of the functicnal capacities of drainage systems;
., As an annex in tabular form data on drain discharge, elevation of
groundwater table, scil moisture, soil bearing capacity (soil
mechanics), and crop yield.

£ ot

The methods for different measurements are as follows:

- Drain discharge will be measured manually at about 10D days interval,
when no particular reasons for increased flow may be expected. At
times ¢f thawing frost, heavy summer rains and autumn measurements
will be done 1-2 times & day;

- Soil moisture will be measured by gravimetric method at 0.1 m, and
0.4 m depths below soil surface conce every ten days from the snow
melt until autumn, when temperature will permanently drop below 0°C.
Groundwater depths will be observed by piezomaters every day, when
GWL ¢ 0.7 m from soil surface and once every five days, when it lies
deeper;

- Load bearing capacities of the field will be estimated by the depth
of tracks caused by tractors and other machineries. Effects of the
same equipment will be measured on every plot. Suitable penetratien
methods will be checked simultaneously;

- Hydrophysical capacities of the scil will be checked twice a year of
undisturbed samples, Actual density of soil will be defined with
pycnometers, Hydreulic conductivity ef both soil and backfill
materials will be measured in-sity;

- Depth of frozen soil will be defined inmediately befcre snow melt
and following it every 3-5 days until the soil has thawed
completely;

- Amount of crop yield, including standard agronomic observations,
will be measured from every plot on a defined area. It may be
vorthwhile notifying that any conclusions by crop may be drawn only
after several different growing sessons;

-~ Technical quality estimation of the drain system has been done
initially during the construction work;

- The complex of measurements will be carried out following the above
??ggiiptions, which have been indicated in details by Byshof et al.

OBSERVATIONS FROM CONSTRUCTION PERIOD

By the time of this report only preliminary results are available. An
extremely rainy early summer (rainfall in June 150% of normal)
threatened seriously the whole construction work. The fixed starting
cate (14.07) was somehow preceeded by a relatively dry peried of 10
days, which enabled the commencement of construction. During the
Finnish work period of & weeks two stops of 2-3 days dua to rain vere
experienced, but the work was completed ss scheduled. Despite the
difficulties faced with transport of gravel on some of the wettest
plots, our wheel equipped machinery managed rather well in carrying out
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”_’@ work. Devistions in pipe slope were observed to have remained
¥ithin + 0,01 m.

% the Soviet side work was started a bit later and finished in
3Proximately with the same period of time as on the Finnish side. As
%y are using caterpillar tractors, no particular complications due to
dther ronditions were observed. Gemeral quality of work was stated as

Ve

SUMMARY

bageg on the long-term scientific-technical cooperation between Finland
&nd U.5.5.R. & field experiment on drainage has been started in 1986.
:'he field construction works were completed in September 1987 in such a
mu?-' that on cne half of the area only Finnish design methods,
Bterials and technologies were applied and on the other Soviet
?“‘Ctices respectively. Total area of the Zaytsevo experimental field
;:l;“ ha and it is located 35 km south-west from the city of Leningrad
+5.8.R.

:““ Project will enable direct comparison of varicus technologies
Prlied within each experimental plot and between the two halves,
MMOn main interest being in the suitsbility of diverse envelope
. terials on heavy clay goils., Experiences from both countries will be
aTefully taken into account in the future extensive research work

3 :
“®ording to the agreed joint programmes.
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PRODUCTION INSPECTION AND TESTING OF CORRUGATED PVC DRAIN TUBING FOR THE

MARDAN SCARP, PARISTAN

Aman Ullah Khan* Khalid Baig*
Etienne Perraton* Larry R. Sinclair®
Member, ASAE

?T Hatdan Salinity Control and Reclamation Project (Mardan SCARP) 1s located
ﬂett:e Northwest Frontier Province of Pakisten. The project area covers a
(123 rrigated area termed Culturable Command Area (CCA) of 50,000 ha
trib.600) of the 54,500 CCA serviced by the Lower Swat Canal irrigation dis-
EteU:ion system. About 29,600 ha of the CCA of the project is affected by
atef logging due to high water tables. To alleviate and control these high
Orir tables provisions were included in the project of design and instal
2ontal suburface drains on the affected lands.

W

r:k:arry out the proiects activities funding assistance to the Government of

rl“i!mm was provided jointly by a loan of U.S. $60 million from the Inter-
®na2l Development Assoclation of the World Bank and a grant of Cdn §30

ngon from the Canadian Internsticnal Development Agency. The Water and

the ; Development Authority (WAPDA), a Government of Pakistan agency under

the Mnistry of Water and Power was delegated the responsibility to impiement
PTojects sctivities.

PVC DRAIN TUBING PRODUCTION

PEYL of the activities supporting this subsurface drainage work the cap-
itieg of manufacturing polyvinyl chloride (PVC) corrugated drainage tub-
Y48 developed by the Federal Chemical and Cersmics Corporation, Ltd.

of Pakigstan, a GOP Corporation under the Ministry ¢f Production.
eflciliry was installed at Nowshera, Pakistan, a city close to the

8{q) "t &rea, and set up as the Nowshera PVC Factory (PVC Factory), a sub-

*TY company of FCCCL.

3

Qi;:nal Purchase Order for the Nowshera PVC Factory to supply PVC corrugated

gy 2¢ tubing and fitcings for Mardan SCARP was signed by WAPDA and the

ushe:ra PVC Factory in February 1984, This Purchase Order formally estab-

i“t'ni the quartity, quslity, and schedule of supply, and the payment for
Shing the tubing and fittings at The Nowshera Factory.

T‘ihl
Py * 1 shows the requirements and production of the different diametere of

tu Ing, for the Mardan SCARP the subsurface drainage systesm.

Y
Pa&:,U1lah Khan, Sr. Engineer, Water and Power Development Authority,
Egient‘ﬂ: Khalid Baig, Production Manager, Nowshera PVC Factory, Pakisten;

Ptojece Perraton, Construction Engineer, and Dr. tarry R, Sinclair, Resident
* Manager, Harza Engineering Company Internationsal,
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Table 1. PVC Tubing Requirements and Production

Nominal Quanticy Quantity /

diameter required produced®
(meters) . (meters)
100 mm 3,575,610 3,682,700
160 om 284,145 252,250
200 um 116,770 171,540
10 ineh 210,365 137,794
12 inch 311,585 211,004

MRS T SRS RS S G S W U T U e o o A e R A O A O D R O O T D N O A

2/Production through September 30, 1987,

NOWSHERA PVC FACTORY

The Nowshera PVC Factory, utilizes two complete production lines to manufac~
ture the PVC tubing and auxiliary PVC cutting and welding equipment to pro-
duce the required fittings of couplers, tees, elbows, and endcaps. The
equipment components and arrangement of each production line is shown by

Fig. 1. Also shown on Fig.l 1s the crusher unit utilized to recycle rejected
pipe. In addition the factory hss installed equipment and facilities for
handling and storing the raw materials used in the manufecturing process, and
short term storage of produced tubing and fittings.

Production Lines

Initially tubing with one production line which used equipment obtained from
the WAVIN Company in the Netherlands. This equipwment had the capability of
producing i00, 160 and 200 mwm nominal diameter tubing to DIN specified dimen”
sions. Under project support this equipment was enhanced to produce 10 and
12 inch nominal diameter tubing to ASTM gpecified dimensions.

Because of the overall tubing requirements for the ‘project a second produc”
tion line was obtained from Corma, Inc. of Canada and iustalled in the sum~
mer of 1985. This production line had the capability to produce the full
range of tubing diameters used in the Mardan SCARP subsurface drainage eys~
tem.

Drain Tubing Materials

It was recognized that most of the corrugated plastic drainage tubing pro-
duced and instalied in North America is manufsctured from polyethylene (PE)
rather than polyvinyl chlotide (PVC) resin. But due to the lower cost of PV
resin in Pakistan it was selected as the basic Iingredient for the tubing
manufacture.

Although the factory manufactures the tubing and fittings the raw materials
are imported. They have been imported from various countries, but mainly
from United Kingdom, France, West Germany and Romania. The materials are
shipped in 3 to 5 ply paper bags, and generally transported by ocean vegsels
to Karachl, Fakistan then transshipped to Nowshera by truck.

The actual production of the PVC tubing requires blending a number of othef
ingredients with the resin.

The manufacturing process is illustrated on Fig. ] and briefly described
in the following itews of this section.
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BLENDER EXTRUDER CORRUGATOR PERFORATOR COILER

e
- "_.. : :’r
ST | :
PR t i '
- 1 FA‘ !

CRUSHER
n——

. Fig. 1. Arrangement of Nowshera PVC Drain Tubing Production Line.
~Shding

::: PYC resin {s mixed with other additives in & blender where = vixing tem-
o 3ture of 100° to 110°C must be meintained. All ingredients &re mixed
“°8€nuously 3 to 6 minutes and then automatically transferred into a ceoler

e!egg.:hg ?;xad recipe remains for 4 to 5 minutes under a cooling temperature

to °c,

%_25

::e blended compound 1s fed in to the barrel of the extruder via a feed screw
Upled witn & dosage meter. Sctrip band heaters are distributed around the
toe heads and the barrel zones in order to maintain the temperature from 170°
o°¢ inside the barrel. The blended compound is then plasticized inside

t
vzzobarrel zones and extruded through the die by means of two screw con-
- Urg

Lrugation

by

,:: Yle fitted st the end of the extruder head delivers the pipe in plain

o 0 8hape. The plain PVC tubing sbout 3 cm thick is thenm inflated by means

:u3tream of hot air blowing inside the tubing between the extruder and the
gator.

cqr

i“ Stder ¢ shape the corrugations on the pipe, a corrugator is attached at
€ end of the extruder. The mold blocks of the corrugator are cocled
tak N6 of heat ewchange with chilled water and cold air. Special care is
& ro keep proper alignment between the corrugator and the extruder.

T
thle 2. Llist the Ingredients Blended together before the Extrusion Process
to Produce the Tubing.

n““.
Iten il T L — [
Y
\‘2;-~_____ Ingredient Properties
1,
Polyvinyl Chloride Resin
2,
Omavalite 95-T Filler
, Heat stabilizer

Tribasic Lead Sulphate

Dibasi{c Lead Sulphate Heat stabllizer plus lubricant
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Table 2. List the Ingredients Blended together before the Extrusion Process
to Produce the Tubing. (Cont'd)

0 A e O T D R D O T O vl e e s O A

Item

na. Ingredient Properties

5. Glyceral Mono Stearate Internal lubricant
6. Calcium Stearate Internal lubricant
7. G-8286 External lubricant
8. Kane Acc B-288 Impact modifer
9. Titanium Dioxide U.V. stabilized
108, P.V. Yellow Color

o D O O O T T S O S T D S O o

Drain Tubing Production

The tubing manufacturing process ls similar for both production lines where
the ingredients &re blended as required to produce the tubing., The blended
materials are then conveyed to the extruder where they are heated and extrud-
ed to the correct diameter. The tubing is then molded into the corrugated
shape by the corrugator, folloved by perforating the tubing, and finally
coiled or cut into appropriate lengths for transporting and installing in the
field.

The perforators for the two lines use different methods for perforating the
tubing. The WAVIN perforator uses punches or needles while the Corma per-
forator uses rotary knives to perforate the tubing., The produced PVC drain~
age tubing is either coiled or cut in streight lengthe for handling. The
lengths of tubing used for Mardan SCARP are given in Table 3.

Table 3. Unit Lengths of PVC Tubing Produced for Mardan SCARP

- == LT 1] (TP TN T F L L Lo
Nominal Unit
diameter lengths Status
e ——
(merers)
100 mm 100 Coiled
160 mm . 50 Coiled
200 mm 30 Coiled
10 inch 6 Straight
12 inch [ Straight
A i Ll

Although the 200 om dismeter tubing was cofled it was found that the colling
induced a memory in the PVC tubing that made unceiling for field use somewhat
difficult. Therefore, the use of 6 meter straight lengths of 200 mm diameter
PVC drainage tubing rather than 30 meter length coils is recommended.

As the tubing ie preduced it is continually inspected and tested by the pant”
facturer as well as the engineer., The tubing that is rejected may be re= -
cycled by crugshing 1t into emall granules and blending it with other ra¥
ingredients. A maximum of 5 percent of the recycled material is allowed T°
be mixed with the other blended Ingredients to produce the Mardan SCARP :ub"
Ing. Successful use of recycled material requires that it not be cont&ﬁi“‘:
ed with foreign materials or dust.
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V¢ Factory Production Staff Training -

Due to the lack of available personnel with experience in the production of
e drainage tubing training of the staff was essential. Both training of
key individuals outside of Pakistan, and training of staff at the plant was
“sed to develop the required production, inspection and testing capabilities,

Qiﬁfsite Training: The Production Manager of the Nowshera PVC Factory was
fent to Canada, under the sponsorship of the Canadian International Develop-
Bent Agency, to observe the production of plastic tubing and associated qual-
'Y control procedures at several different production plants in Canada. The
trainee was also introduced to the technology used in Canada for producing
Plastic tybing as well as on—going research in the field of plastics.

Additional off-site training was sponsored by the Nowshera PVC Factory to
Observe tubing manufacturing, plant maintenance, plant equipment manufactur-
g, research and development at the facilitfes of the WAVIN Company in the
*etherlands and the Battenfeld Extrusion Company in Weatr Germany.

Locay Irsining: The parent company FCCCL provided three months of initial
Yaining to selected Nowshera PVC Factory staff in manufacturing PVC tubing
8 their subsidiarv, Pakistan PVC Ltd. located in Karachi prior to the start
P of production ar Kowshera. They followed this with one month of training
Y selecred persannel from the Karachi fectory in the operation and mainte~
Bange of the Nowshera factory staff during the initial stages of production.
m”i“g this one month period a speclalist from WAVIK Overseas Holland alse
*sisted in the start up training program.

:;ter, with the arrival of new equipment specialists from Corma, Inc., Canade
8% provided training in the operation and maintenance of their equipment.
Mey 4lso provided intermittent assistance in trouble shooting specific pro-

%S that arose during production.

INSPECTION AND TESTING FOR QUALITY CONTROL

:: {mportant aspect of the manufacturing and supply of PVC drainage tubing
md fittings for Mardan SCARP was the continual imspection and testing
rqui’ed for quality control of the tubing end fittings supplied to the
m°3e°t- The Nowshera PVC Factory installed a testing laboratory as part of

elr Production facilities. The Engineer, Harza/NESPAK Consultants for
fi:da“ SCARP were charged with the respomsibility of acceptance of tubing and
Py Hngs to assure they complied with the technical specifications of the
Tthase Order between WAPDA and the PVC Factory.

T
“lning

3

&::ce the Engineer's avallable personnel was inexperienced in the inspection

re tesning of PVC drainage tubing and fittings appropriate training was
Sired, Training programs both off-gite and et the Factory were carried

to develop the necessary skills.

Dfsf.
tf Yite Training: A Senior Engineer, seconded to the Harza/NESPAK Consul-

l:;ts for Mgrdan SCARP by WAPDA, was sponsored by CIDA for training in qual-
iy Control gt selected locations in Cansds. The training was conducted
the "€ November and December 1983, The training prograw comsist of; 1)
Dt:retical and laboratory testing training by the Agricultural Engineering
{ty [UBRL of McGill University, 2) on-the-job training in carrying out qual-
3 Conrrgl testing by participating in conducting the inspections and tests,
15, T®Paring the associated quality control reports for 10 and 12 inch

ter polyethylene produced in Canada for the East Khalpur Drainage
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Project in Pakistan; and 3) visiting selected plastic tubing manufacturing
plants to observe the production processes and quality control laboratory
procedures.

Local Training: A training short-course in quality control inspection and
testing was cconducted by two CIDA eponsored specialists at the Nowshera PVC
Factory in March I1984. The trainees were inspection personnel seconded to
Harza/NESPAK by WAPDA and technicians from the Nowshera PVC Factory. The
short course inciuded both classroom and laboratory activities. The class-
room lectures were supplemented by demonstrations of conducting tests on
samples of tubing, after which the trainees carried out the inspections,
conducted tests and prepared the test reports under the directions of the
short course inetructors.

Qualicy Control Responsibilities

The responsibilities and duties for carrying ocut the inspections and testing
leading to acceptance of the tubing and fittings were set out in the speci-
fications of the Purchase Order between WAPDA and the Nowshera PVC Factory.
Both the supplier and the Engineer had specified duties and responsibilities
for the quality control program.

Supplier Responsibilities: Contractually, under the Purchase Order, it was
the supplier’s responsibility to inspect and test the raw materials, main-

tain and operate the manufacturing equipment and carry out tests to assure

the tubing and fittings met the requirements and standards specified in the
Purchase Order. The Purchase Order specified that the tubing and fittings

would meet the requirements of the U.S5. Scil Conservation standards set out
in SCS 606 (1980).

The supplier, to carry out the above activities, was responsible for provid-
ing the laboratory facilities and the personnel to conduct the required
testing of quality. 1In addition the supplier was required to prepare and
submit reports on all laboratory testing to the Engineer.

Engineer Responsibilities: The Engineer was responsible for final accept—
ance of the tubing and fittings. The Engineers's duties as epecified in the
Purchage were to "watch and observe the production of the tubing and fittings
and to test and examine the material and workmanship emploved in connection
with the production".

For that purpose, an inspector was stationed at the factory to observe pro-

duction, observe and verify laboratory tests, select test samples and reco®”
mend rejection or acceptance of the tubing and fittings to assure they were

in accordance to the minimum requirements of SCS 606,

Standards

As noted above the quality standards applicable to acceptance of the tubing
and fittings were promulagated by SCS 606, except that tubing dimemsioms fof
the 100, 160 and 200 mm dismeéter tubing were as specified in DIN 1187 (19711
and the 10 and 12 inch diameter tubing to the dimensions specified in SCS
606, All other requirements were i{n accordance with StCS 606,

SCS 606 refers to a number ASTM standards applicable to drainage tubing and
fitting quality control. Pertinent ASTM standards used as applicable to the
inspection and testing for quality control for drainage tubing and fittings
supplied to Mardan SCARP are as follows:

1.  ASTM D-618 Methods of Conditioning Plastics and
Electricsl Insulating Materials;
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2. ASTM D-933 Definition of Terms Relating to Plastics;
3. ASTM D-1784 Rigid Polyvinyl Compounds:

4. ASTM D=2122 Methods of Determining Dimensions of
Thermoplastic Pipe and Fittings;

5. ASTM D-2512 Quality of Extruded Polyrumy/Chloride Pipe
by Acetone lmmersion;

6. ASTM D-2412 Method of Test for External Loading Proper-
ties of Plastic Pipe by Parallel-Plate
Loading; and

7o ASTM D-2444 Impact Resistance of Thermoplastic Pipe
and Fittings by Means of a Tup (falling
weight).

kﬁkection and Testing

The Nowshera PVC Factory continuously produced tubing and fittings 24 hours

Tng 7 Beven days a week, and each day was divided into three 8 hour shifts.

ubaPection by the Erngineer was provided on a continuous basis to visuslly

“ferVe the tubing and fittings as they were produced to decect manufacturing

neeefts. and to collect random samples for leboratory testing. The Engi-

ta T'® inspector also observed and verified the laboratory tests as they were
Iried out.

ﬂe laboratory tests carried out on the collected ssmples were: weasurements
dimensions and perforations; stiffness; elongation; joint separation;
fZE‘Ct; and bending and straightening, At the time of delivery &t the
&ut°ry the Engineer's inspectors performed a final visuzl imspection to
nMECE any previously uncbserved defects. Any tubing or fittings which did
Pro ®eet the specification were rejected by the Engineer and remained the
Perty of the supplier.
zz&&&ﬂ&sx_of Inspection and Testing: The specifications in the Purchase
“sir’ including SCS 606, did not include the frequency of inspections and
ing thar would be carried out such as specified by the U.S. Bureau of
tlamation in their Tentative Standard Specifications for PVC Dralnage
Py ing (1976), Although this could have been corrected by an addendum to the
v¢hase Orger, a mutually agreed frequency of sampling was developed and
*red 1o by the PVC Factary and the Engineer. The frequency of sampling

4q
bereq te is shown in Table &.
Ty
hble &. Sampling Freugency of PVC Corrugated Tubing
Test Samples (no.) Frequency
\\"-'-_;
Stiffness 6 Once a day at any shift
lmpace 10 Once s shift
Bending 3 Once a day at any shift
straightening 3 Once a shift
Elongation 3 Once a day st any shift
Water Opening 2 Once a day at any shift
Dluwensgions 6 Once » day at any ehift
g Acetone 3 Every new batch of materials
-“-It--u-------'-.----- e
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EXPERIENCE WITH PYC TUBINC PRODUCTION

The development, management, operation and maintenance of the Nowshera PVC
Factory to successfully produce PVC corrugated drainage tubing and fittings
resulted in encountering a number problems. Various solutions were devel-
oped the overcome these problems. These problems, the solutiecns used and
reconmendations for anyone considering such production are presented in the
section.

Material Handling and Storage

The materials for producing the drainage tubing and fittings are delivered

by truck to the factory in bags which are unloaded manually and stocked in
the materials stores in designated areas for each separate material. Initi-~
ally these stores were directly acceesible to the blender and kept open, but
to avoid any mishandling or adulreration a boundary wall was constructed
between the stores and the blending section. Now, except for the fssuance of
the raw materials for each daye production, the stores are closed and

locked.

When handling the raw materials the blender operators must wear goggles and
face magks for safety gince some of the materials contain lead which can be
injurious to humans. During the initial stages of production occasionally
foreign materials were present in the blended materials used for the tubing.
This caused defects or interrupted production. This problem was essentially
eliminated by installing a sieve on the blender bin to separate out such
foreign materials.

Ultra Violetr Light Stabilization

Some tubing showed rapid degradation under sunlight exposure during the
initial stages of production. The cause was identified as an insufficient
amount of titanium oxide, known as an ultra violet light stabilizer, in the
blended materials being used. This problem was detected at the beginning of
production and was corrected by increasing the amount of titanium oxide in
the bdlended mix.

Perforators

Several problems assoclated with the perforations in the drainage tubing wer®
encountered by the factory. The specifications required that perforations be
adequate to provide 21.2 square cm of openings per lineal meter (1 sq. in.
per lineal foot) of tubing.

The WAVIN perforator was originally set up to meet the DIN Standards of 10
sq. cm. of opening per lineal meter of tubing. The specified area was
achieved by selecting larger punches and modifying the punch holders accord”
ingly.

The specifications also required the perforations to be clearly cut and free
of burrs. Continuous production, of course, wears and dulls the punches and
knives which, after some sharpening, must be replaced. Due to costs and pro~
blems of importing new punches and knives for the perforators the factory
attempted to manufacture them loeally.

The initial manufacture produced punches and knives that resulted in perford”
tions with extensive burrs, which of course caused the pipe to be rejected.
The problem was evaluated as improper selection of materials, and efforts
were directed to locating suitable materials of proper hardness and other
properties for the punches and knives. Success was achieved and adequate
perforator punches and knives have been manufactured locally.
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The burrs, caused during the perforation process is a continuing problem.
Even slight imperfections and adjustment of the punches and knives, or slight
ensional problems with the tubing leaves a few internal burrs around the
Perforations. 4 special ovaloid shape mandrel was obtained and run through
the toiled pipe by rotating the coll while it is attached to the coiler.
§ has removed the interral burrs effectively. .

hmouplete perforations also caused rejection of some tubing during the
Miia) stages. This mostly occurred due to in accurate adjustments of the
Mnches and knives which prevented then to accurately place a perforation in
© Vallies of the tubing. The solution was careful training of the tech-

Meiang 4p making the correct adjustwents of the perforator punches and

lveg,

fnother noteworthy achievement was the local manufacture of a successful
*Pare perforator head to perforate 100 mm diameter tubing. This was done
MQEUSE of its need to assist in the required production of 3.6 million
ters of 100 mn dismeter tubing.

uthough evolutionary in nature the modifications, local production of
*Placenent punches and knives, application of a burr cleaning mandrel, and
?eining of technicians has resulted in successfully producing perforated

tubing to specifications.

Yutpuent Compatability

::e €xperience of the Nowshera PVC Factory in obtaining and modifying equip-

ae highlights some concern sbout compatability of eguipment components
?pplied by different manufacturers. The initial production line obtained
¥ the factory was supplied by WAVIN Dverseas Holland. This equipment was
UPblied wich dies and molds for the production of 100, 160 and 200 mm dia-
Eter drainage tubing. The required tubing for the project included 10 and
inch, or equivalent diameter tubing.

?de? CIDA sponsorship the management of Corma, Inc., Canada evaluated the
suipmeht and proposed to furnish Corma dies and accessories for the WAVIN
e Tuder and a corrugator, mold blocks and & perforator to adapt the WAVIN
Hrude for production of 10 and 12 inch ASTM specified dimension tubing.

?ﬁs Quxiliary equipment was furnished, but problems were encounterﬁd in
Ual production. The first set of dies furnished were so called "offset
r&s", which were found to incompatible with the extruder. These were
Et“nled and one month later straight dies were furnished and successfully

“Sted on the WAVIN extruder.

?ﬁtial use of this equipment to produce 10 and 12 inch tubing resulted in a
é” Short run time when after & few hours the plastic burnt and adhered to

¢ extruder equipment and dies. With assistance from Corms specialist vari-
te Miustments and modifications were made extending the run periods from 4

hours to 20 to 30 hours before shut down was required,

?“ Only wag ghort run periods a problem from this application, but each time

milnd 12 inch diameter tubing was to be produced, the WAVIN corrugator was

the €d to the side and the Corms corrugator placed in line wi:? ;le E*"::;f

tty. ®ved aut when the production was adequate. With the ava ; e capa P

th.>, Of staff and methods for making the corrugator switches, td‘ "‘gl’“ o

h“t:a heavy 10 to 15 ton equipment was not only time consuming and tedious,
dzardous to personnel.

Jas Tecognized when signing the Purchase Order that ome addi;éonal pro—
lon ine would be required to produce the scheduled Mardan SCARP require-
“ of drainage tubing. WAPDA assisted the factory to obtain the equipment
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by utilizing IDA loan funds through international competitive tendering to
obtain equipment for & second production linme.

The winning tendetrer was Corma, Inc. of Canada. This equipment arrived and
was erected and commissioned in June 1985, and was capable of producing 100,
160 and 200 mm, and 10 and 12 digmeter tubing. To handle reject tubing &
second crusher was locally developed and aesembled at the plant.

The final arrangement of equipment is fully in production and has successful~
ly produced the major amount of the drainage tubing and fittings required for
the project.

Corrugations

Frequently tubing has been produced with incomplete corrugations end,
although the frequency has not escalated the problem has not been completely
solved, therefore, incomplete corrugations sti{ll randomly show up at times.

Laborateory Testing

Basic laboratory test equipment was purchased and imported by the Nowshera
P¥C Factory. The air conditioning and cold chambers have been provided from
locally avallable parts and materials.

Conditioning: A laborstory room temperature of 22° C has continued to be
paintained throughout the production with only minimal deviations. But in
the smaller refrigerated cold chamber it has been found difficult to maintain
a temperature of plus or minus 1°* C at all times.

Initially it was recognized that the above cold chamber had inadequate size
to condition 10 and 12 inch diameter samples for the bending and straighten-
ing tests. Therefore, the Nowshera PVC Factory obtained and installed a
large volume chilled brine tank. This tank can accommodate up to a 12 inch
diameter bending and straightening mandrel along with test specimens.

Elongation and Separation Tests: The laboratory equipment available ade-
quately performs the elongation and separation tests on all the tubing and
fittings, except for the tees., To date the laborstory does not have appro-
priate equipment to perform separation tests on tees. :

Bending and Straightening Tests: For carrying out the bending and straight-
ening test the SCS 606 standards specify the use of a cylindrical mandrel 3
times the nominal diameter of the tubing. The mandrels for the 100, 160 and
200 om are easily operated but those for the 10 and 12 inch diameter PVC
drainage tubing are difficult to manage.

COMMENTS AND RECOMMENDATIONS

The modern technology of using perfarated corrugated plastic tubing for sub~
surface drainage tubing 4s largely appreciated and accepted by the people of
Pakistan. The Government of Pakistan places a high priority on Salinfity
Control and Reclamation Projects. FVC corrugated drainage tubing has proved
to be an ideal for subsurface drainage on these projects. The following'
comments and recommendations are not only specifie to Pakistan but should
also be given serious considerations in other devaloping countriss.

Storage and Carriage

A totel storage area of 75,000 square feet was recommended by the Engineer.
This was to provide a three months supply for storage based on the pro}ecfed
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Use by the project's contractors. The supply of pipe and fittings was then
deterained from the anticipated demand for installation under two separate
ONstruction contracts. Murphy's law then prevailed; what could not go wrong
{ Bo wrong., The award of contract and consequently the conetruction work

" the contract went far behind schedule and the corrugated tubing tequired
‘Msiderably greater storage.

T°avoid such problems, it Ie recommended to make the Contractor responsible
§0r the gupply of all materials including the drainage tubing and fittings
F the work under a subsurface drainage contract. The Contractor should
ilgo be responsible for the carriage of all materials. The Engineer should
Stin be responsible for the quality ¢ontrol. In order to promote local
Plaatics industries, it might be wise in such contracts to prevent the Con—

actor frop importing the tubing.

§E£E£tion of Equipment

é“mple recommendation but of gold value: DO NOT COUNT ON INTERCHANGING
QUIPHENI FROM DIFFERENT COMPANIES especially in developing countries. Pro-
”en; of incompatibility between percentage of serap and time loss. It is
Eten Recessary to spend considerable effort and money in designing the manu-
acturing process to maintain a very low waste level.

P‘l‘i'l:-;--‘:‘-&_..lﬂeI'ldiﬂg Operations Beware of Contamination

x °Pening bags by tearing the top, care should be taken not to drop paper
preds into cthe product. A sieve fixed to the bin reduces considerably
Stentia) problems of contamination from this potential source.

QEQEEESECe and Lubrication Plans are Essential

%are Parts are very difficult to obtain in developing countries. A good

?i“tEnance program is essential and saves a lot of troubles. The Annual

) Ventive Maintenance and Lubrication Plans adopted by the Nowshera PVC
ory are shown in Appendix I and II.

§
dﬁﬁﬂsgggffor Qualiey Control

?Ril Now, SCS-606 standards have been applied for the testing of the materi-

3% well as for the inspection, testing and acceptance of che tubing.

%@ gtandards have been found to not be completely applicable to Pakistani

d tions. For instance, the high temperature Impact resistance should be

te ®d a5 per the Australian Standards (AS 2439, Part 1-1981). Methods for

%:;itf the stretch resistance for fittings should elso be specific to local
Ong,

: °tder to make the best use of time svailable resources, it iz normal and

uvisable to adopt standards from other countries with similar economic con-

ut %8 and climate, but the United Nations Industrial Development Organiza-
0

aves no doubt as to what should be done next.
",

évary country that plans industrialization and rapid economic growth through
Y, Mtroduction of standarization and quality control must consider estab-
Ming o central national standard body".

Ahmm all functions of such a natlonal standard body are the following:

~  Prepare and promote the general adoption of standards at the
national level in cooperation with other interested organizations
working to improve industry, agriculture, domestic and foreign

trade in a country.




- Undertake tests for industry and issue certificates of compliances
with standards.

- Implement netional standards through the administration of &
national certification mark scheme or the inspection of goods.

"It 1s not an exageration to say that the establishment and promotion of a
plastics industry should be the meost important conelderation in planning
industrialization in developing countries",

1.

1.
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APPENDIX 1

UNTT.
-Elz- NOWSHERA PVC ANNUAL PREVENTIVE MAINTENANCE PLAN YEAR: [986
S N0: EQUIPMENT DESCRIPTION OF WORK

L BLENDER 1.1 Check Power tightness of Seals on bowel cover

and chute covers, replace if damaged.
}.2 Check tightness of all bolts and fittings.
1.3 Check all electric connections.
I.4 Check calibration of thermocouple.
1.5 Check and replace if necessary filter socks on
cocoler cover.
1.6 Check correct operation of

(1) Proximity switches.

{11) Pneumaric valves.

1.7 Clean whole equipment From dirt and dust.

EXTRUDER 2.1 Clean oil filters and replace if necessary.
2.2 Adjust Extrusion Head relative to barrel sup-
port. If necessary. Check Extrusion both for
Head/Barrel.
2.3 Clean grills of fans & Electric Motor assuring
unobstructed flow of Alr for cooling,
2.4 Maintain Die parts lying unassembled at work-

shop.

2.5 Clean filter vacuum pump.
2.6 Check all Electric Connections/Pyrometer/
Heaters /Gauges /Valves /Nuts & Bolts, etc.
Clean whole equipment.
. CORRUGATOR 3.1 Cooling fans of Drive Motor should be kept free
from dirt/dust.
3.2 Meagsure the wear of bronze guide faces of Corrup-
gator chain.
3.3 Check all Bushes/Links/Locks/Washers W.R.T.
Wesr/Tear. Clean whole Equipment.
3.4 Special sttention should be given to the profile
of Chains.
3.5 Clean filters, replace if necessary.
3.6 Carry out maintenance of mold blocks lying at
workshop.
PERFORATOR 4.1 Check tension & Wear/Tear. Clean whole Equip-
wpent.
4.2 Check Punches/Knives W.R.T. Wear/Tear.
4.3 Check all gears W.R.T. Wear/Tear. Clean whole
Equipment from Dirt & Dust.
5,
COILER 5.1 Clean all Levers & Grease them properly.
5.2 Check all Chains/Levers/Bearings/Clutches W.R.T.

Wear & Tear, Clean whole Equipment thoroughly,

' CRUSHER 6.] Check all Nuts/Bolts & tighten if necessary.

6.2 Special attention is to be paid to Knives Edges
clearance of 0.5-0.3 mm is to be waintained
between relating & fixed knives.
6.3 Tighten all screws of Knives at 30 K.P.M.
6.4 Check Edges of Knives & required them if neces-

sary. Clean whole Equipment thoroughly.
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UNTIT: NOWSHERA PVC
S. NO: EQUIPMENT
7. REFRIGERATION

7.1

7.2

7.3

APPENDIX 1 {Cont'd)

ANNUAL PREVENTIVE MAINTENANCE PLAN YEAR: 1986

DESCRIPTION OF WORK

Check alignwent/Proper functioning of all five
Centrifugal Pumps.

Check & carry out lagging of all brine/NH3/
Chilled Water Lines.

Check Tension of V. Belts & tightness of Multi/
Bolts/Fittings of NH3 Compressor.

Check & rectify leakage of NH3, Clean whole
Equipment thoroughly.
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APPENDIX Il

WIT:  Nowsuera Pvc LUBRICATION PLAN
S Ko: EQUIPMENT TYPE OF LUBRICANT CYCLE METHOD OF LUBRICATION
L BLEKNDER Axshell - 17 M1 Grease Gun
-do= M2 Grease Gun
Alvania R.A. Yl Grease Gun
Awshell - 17 M1 Grease Gun
Macoma R - 220 Ml Manual
3 EXTRUDER ~do- M2 Manual
-do- M2 Manual
Alvania - 2 M2 Grease Gun
Alvania EP -~ 2 Ql Grease Gun
Voluta 011 A M2 Manual
L2 CORRUGATOR Macoma R - 220 M3 Manual
Alvania EFP ~ 2 Wl Gresse Gun
Alvania - 2 wi Grease Gun
b PERFORATOR -do- w2 Grease Gun
~do- Q2 Grease Gun
=-do- Q2 Grease Gun
Macoma R - 220 M3 Manual
Macoma R - 220 wd Manual
Alnania EP - 2 Q3 Grease Gun
5 COILER Alnania = 3 Q3 Grease Gun
[
' CRUSHER
1
REFRIGERATION Vitrea 69 M Manual
Alnania - 3 Q4 Gresse Gun



