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The deposition of iron ochre in drains and around outlets has been associated with the continual reduction in the
efficacity of anexperimental drainage system. Ochre formation was primarily due to theaction of the microorganisms
Gallionella andSphaerotilus. Thehighest amount of ochre deposition tookplace at groundwater temperatures between
10and 14°C. Draining ratesandheadlosses around drains were significantly affected dueto thedeposition of ironochre
associated with fine soil particles.

INTRODUCTION

Subsurface drainage of some soils suf
fers from deposition of iron ochre in and
around drains. This reduces the seepage
of water into drains. In severe cases,
drainage systems have been rendered in
effective due to a blockage of flow of
water into drains.

Iron ochre is a gelatinous complex of
ferric hydroxide, organic compounds, and
microbial components (Ford 1975). Its
deposition takes place in a series of steps,
beginning with the solubilization of iron
under water-logged, anaerobic condi
tions, subsequent movement through the
soil profile and eventual precipitation in
and around drains under aerobic condi

tions (Regamey and Jaton 1976). Al
though there is some controversy as to
whether ochre deposition is the result of
physico-chemical or biological phenom
ena, a predominant portion of the litera
ture on the subject substantiates micro
biological mediation in ochre deposition.

The problem of iron ochre deposition
exists primarily in sandy soils and muck
soils underlain with sand (Sojak and Ivar-
son 1977). There exists a significant
amount of actual or potential agricultural
land that is susceptible to iron ochre dep
osition problems.

A survey of the region of Drummond
County, Quebec, has shown a widespread
phenomenon of ochre deposition in and
around drains. The purpose of this study
was to determine the extent and nature of

this problem as it occurred in the fine
sandy soils in this region.

OBJECTIVES
The objectives of this study were: (a)

the identification of microogranisms in
iron ochre deposition, (b) the determina-

'This paper was presented as Paper 81-2543 at the
1981 American Society of Agricultural Engineers
Winter Meeting and is published with their permis
sion.

tion of temperature effects on iron ochre
deposition and transport, (c) the determi
nation of the extent of blockage of drain
tube openings and envelope materials by
ochreous deposits, (d) the measurement of
discharge from drains in 1979, as well as
a comparison with values obtained in
1977.

REVIEW OF LITERATURE

Iron ochre is a red to yellow, filamen
tous, gelatinous, amorphous, sticky mass
of ferric hydroxide plus an organic matrix
(Ford 1979b). Ochreous deposits are
known to reduce or block the flow of
water into drains (Puustjarvi and Juusela
1952; Sojak and Ivarson 1977). The na
ture of the problem seems to be the ac
cumulation of ochreous deposits around
the outside and inside of drain tubes (Ford
1970). This results in a decrease of the
hydraulic conductivity around drains, and
in the reduction of the flow cross-section

inside drains (Regamey and Jaton 1976:
Jaton 1977). In severe cases ochre depo
sition involves the sealing of drain envel
opes, drain openings, and soil adjacent to
drains.

The existence of ochre is a widespread
phenomenon. The severity of the problem
has led to extensive studies throughout
various parts of the world. Cullimore and
McCann (1977) carried out a survey of
150 countries in order to determine the

extent of bacterially produced iron prob
lems in groundwater and concluded that
iron-precipitating bacteria occur on all
continents surveyed.

Several types of soils are affected by
ochre problems. In Ontario, sandy soils
and muck soils underlain with sand are

those mainly affected by ochre deposition
(Sojak and Ivarson 1977). Ochreous dep
osition also takes place in acid fine sands
underlain with an organic pan (Ford and
Beville 1970; Ford 1973), in alkaline al
luvial deposits (Grass et al. 1973) and in
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organic soils overlying clay (Hundalet al.
1977).

Regamey and Jaton (1976), and Jaton
(1977) have schematically described the
precipitation of ochre in three phases: (a)
the solubilization of iron, (b) the migra
tion of soluble iron through the soil profile
towards drains, (c) the precipitation and
immobilization of iron in and around

drains.

There exists some controversy over
whether the deposition of ochre is primar
ily the result of chemical, physical or bi
ological phenomenon. Regamey and Jaton
(1976), and Jaton (1977) emphasized the
physico-chemical nature of deposition.
However, in experiments carried out by
Ford (1979a), it was found that no ochre
deposition took place without the activity
of microorganisms.

According to Ivarson and Sojak (1978),
the formation of ochre takes place when
reduced iron is oxidized by Gallionella to
form a ferric hydroxide colloid, eventu
ally becoming encrusted on the stalks of
the Gallionella and the sheaths of the

Sphaerotilus. A major portion of the lit
erature surveyed associates significant
amounts of ochre deposition with the so-
called "Iron bacteria."

There are many genera of microorga
nisms described as iron bacteria. Ford

(1979b) described Leptothrix and Galli
onella to be the main microorganisms in
volved in ochre formation. Gallionella

and Sphaerotilus were the predominant
microorganisms present in ochreous de
posits in Ontario drains (Ivarson and Sojak
1978).

In conditions pertinent to this study,
Gallionella and Sphaerotilus were the
predominant ochre forming bacteria.
Gallionella is an aquatic bacterium con
sisting of bean-shaped cells that secrete
twisted extracellular appendages (Kucera
and Wolfe 1957; Zavarzin and Hirsh
1974). The organism is microaerophilic
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with optimal growth at neutral conditions
and cold temperatures (Zavarzin and Hirsh
1974). Sphaerotilus is a rod-shaped,
aquatic bacterium occurring in chains
within a sheath of uniform width (Mulder
and van Veen 1974). It is a strict aerobe,
but can attain good levels of growth at low
oxygen concentrations, and tolerates tem
peratures between 15 and 37°C, with a
preferred range between 25 and 30°C
(Mulder and van Veen 1974). Sphaeroti
lus has a strong tendency to deposit oxides
of iron and manganese on its sheaths, and
also promotes the growth of Gallionella
by keeping oxygen levels at the lower con
centrations preferred by the latter orga
nism (Ivarson and Sojak 1978).

MATERIALS AND METHODS

The field utilized for this study is situ
ated in Drummond County, Quebec, about
120 km from Montreal. It is located within

an area of 200 000 ha of fine sandy loam
soils (Fig. 1). The experimental drains
were installed in the first week of August
1976 for the purpose of testing the effec
tiveness of various envelope-drain tube
combinations in preventing soil entry into
drains. The treatments and their arrange
ment are shown in Fig. 2.

The experimental drainage system con
sisted of 21 laterals, 134 m in length, and
spaced 16.8 m apart. In addition, two lat
erals, one on either extreme of the system,
were installed to minimize fringe effects.

The drain tubes were installed at depths
varying from 0.9 to 1.4 m. The outside
diameter of drain tubes without envelopes
and those with thin fabric envelopes was
120 mm with a corresponding inside di
ameter of 100 mm. Respective diameters
for the drain tube with gravel envelopes
were 95 and 80 mm. The slot size on one

treatment without envelopes was 0.75 mm

Flgure 1.
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2 REEMAY

3 CEREX
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7 NYLON

8 NO ENVELOPE, SMALL SLOTS
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13 NYLON
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19 NYLON

20 GRAVEL

21 NO ENVELOPE , SMALL SLOTS

22 NO ENVELOPE , STANDARD SLOTS

23 NO ENVELOPE , SMALL SLOTS

Figure 2. Field layout of the drainage system.

by 8 mm spaced at 590 slots/m. Slot sizes
for the drain tube with a gravel envelope
were 0.75 mm by 4 mm spaced at 510
slots/m. Drain tubes used in all other treat

ments had 1.6-mm by 30-mm slots spaced
at 120 slots/m.

The laterals of the drainage system
emptied into discharge observation cham
bers. Lateral outflow rates were deter-

mined by measuring discharge with a
graduated container and timing with a stop
watch. Water from these chambers dis

charged into a nonperforated collector
drain. The collector drain discharged into
a chamber equipped with a 30° V-notch
weir for the purpose of measuring the out
flow of the entire drainage system.

Piezometers were installed in two lines,
line A and line B, parallel to the collector,
in order to determine piezometric heads at
various points between laterals. The pie
zometers, with filter-cloth-wrapped open
ings in the bottom 150 mm of the pipe,
were placed such that the openings were
at drain tube depth. The water level in the
piezometers was determined with the use
of a 1.8-m long graduated blow tube con
sisting of galvanized pipe of 6 mm inside
diameter. Measurements were taken by
inserting the blow tube into the piezome
ters and slowly lowering it while blowing
through an attached mouthpiece. The
sound of air bubbling indicated the water
level. The location of piezometers is
shown in Fig. 3.

Field determination of iron content in

groundwater was conducted with the use
of a Hach Company chemical testing kit.

0.01 O.OOI

GRAIN SIZE d,mm

Particle size analysis of soil at drain depths.
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Figure 3. Layout of piezometers between laterals.

encrustation of individual microorga
nisms, but that these formed matrices
which entrapped even more deposits.

Under suitable conditions, iron bacteria
can precipitate iron when the ferrous iron
content in groundwater is only 0.2-0.6
ppm (Ford 1970). Measurements of the
groundwater at the experimental plot
showed an iron content of 130 ppm. Con
ditions similar to that existing at the ex
perimental site are expected to have per
manent problems leading to the failure of
the drainage system (Kuntze 1978; Ford
1979b).

The fact that the drainage system still
functions at an acceptable rate indicates
that ochre has not completely blocked
drain tube openings. Discharge observa
tions throughout the drainage season
showed differences in the type of ochre
leaving drains, as seen in Table I. Large
amounts of ochre were observed in drain

discharge following early spring snow-
melt events. Groundwater temperature
was between 1 and 2°C. Ochre stayed in
suspension at the observed discharge
rates. The temperature was below ideal

levels for ochre forming microorganisms
and it was suspected that the ochre being
washed out was formed the previous sum
mer and fall. The temperature may also
have had an effect in changing the sticky
nature of ochre as no stickiness was ob

served.

Observations in late spring 1979, when
groundwater temperature was between 4
and 5°C, showed little ochre suspended in
the drain discharge. Ochre found in the
drains and outflow water had similar prop
erties to those following snow-melt
events.

Microscope slides installed inside
drains to monitor ochre formations showed

little deposition and poor attachment at
temperatures between 7 and 8.5°C. How
ever, when groundwater temperatures had
reached 12°C, there was an abundant
amount of ochre deposition 7 days after
the installation of slides. The ochre was

red to reddish orange, slimy, sticky and
not easily washed off the slides.

Sections of drain tubes 300 mm long
were removed for observation. These

samples had sediment accumulation with
a layer of ochre deposited on top of the
sediment. In drain tubes without envel

opes there was a stratified effect of alter
nating sediment and ochre layers resulting
from three years of drainage events.

Envelope material removed from drain
samples was studied under a stereo micro
scope. There was extensive attachment of
ochreous deposits to envelope material, as
well as bridging of ochre plus soil particles
across the openings of the envelope. Ob
servations of the pattern of light transmis
sion through the envelope samples indi
cated that 30%-80% of the area available

for flow was blocked. There was no cor

relation between the amount of blockage
and type of envelope.

Drainage Rates
Maximum drainage rates observed in

the fall of 1979 for the various treatments

ranged from 1 mm/day to 13.8 mm/day.
Treatments with no envelopes consistently
showed the lowest values. The highest

A 20-mL groundwater sample, obtained
from a newly augered hole, was mixed
with 50 mg of citric acid used for extract
ing ferrous iron, as recommended by Ford
(1979c). The ferrous iron content was then
measured with O-phenanthrolene using a
color wheel from a testing kit. The total
iron content in the groundwater was de
termined in a similar manner, but oxalic
and hydrochloric acids were used as ex
tracting agents.

Ochre-depositing microorganisms were
identified by means of an interference-
contrast microscope. A magnification of
1500 was used for this identification,
which was carried out in the laboratories

of Agriculture Canada, Ottawa.
For the determination of the rate of

ochre deposition inside drains, racks of
four microscope slides each were installed
near the outlets of laterals. The slides were
placed horizontally 5 mm apart within
each rack and observations were made 2

days and 7 days after placement.

RESULTS AND DISCUSSION

Ochre Deposition and Transport
Incorporated with the discharge from

the experimental drainage system was a
reddish suspension of ochreous material.
It was observed in abundant amounts at
the outlet of the drainage system, and in
side discharge observation chambers. A
microscopic study of drain effluent indi
cated Gallionella and Sphaerotilus to be
the predominant microorganisms. Both
microorganisms were encrusted with a red
deposit, that of the Gallionella being con
siderably more extensive. The deposition
of ochre was such that not only was there

TABLE I. TYPE OF OCHRE LEAVING DRAINS AT VARIOUS TIMES DURING THE
DRAINAGE SEASON

Date

April 1980

May 1980

June 1980

Aug. 1980
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Temp

1-2°C

5°C

8-10°C

14-15°C

Drainage
rate

150 L/m

22L/m

35 L/m

44 L/m

Ochre

color

Ochre

texture

Dull

brown-red

Fluffy
non-sticky

Dull

brown-red

Fluffy
non-sticky

Bright red Globular

Dull red

slimy, sticky
Fluffy, globular
slightly sticky
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rates observed were for the drain with a
gravel envelope.

Gibson (1978) in his study of the same
field indicated that drainage rates in ex
cess of 15 mm/day should be obtained
when the water table was near the soil sur
face. Although such water table levels
were attained in the fall of 1979, not one
drainattaineda rate of 15mm/day. In fact,
excluding the drain with a gravel enve
lope, the highest drainage rate obtained
was 10 mm/day.

Comparisons of the characteristics of
the drainage system in 1977 and 1979 in
dicatea large reduction in the performance
of the drainage system. An analysis of this
reduction over time indicated a decrease
in the drainage rate of the overall experi
mental system that was statistically sig
nificant.

The reduction in drainage rates since
the installation of the drainage system has
been such that the design rate is no longer
attained. However, in the past, design
drainage rates were selected by consider
ing very few drainage parameters and uti
lizing conservative design criteria. A re
cent study by Chieng et al. (1978), taking
into consideration an extensive set of

drainage factors, relates the effect of
drainage to water table height, and pre
sents a criterion whereby one can select a
design drainage rate on the basis of the
number of days that the water table level
may be at or higher than a depth deter
mined by the tolerance of a given crop.
On the basis of this criterion, the design
drainage rate for the experimental field
would have been 4 mm/day. This value is
attained by the drainage system as a
whole.

A study of the hydraulic head available
for flow versus drainage rates was carried
out for each treatment. Results of this

study consistently showed that the two
treatments without envelopes required the
highest hydraulic head for a given drain
age rate. It was seen from the sections
taken from these drains that soil particles
had entered and caused partial to near
complete blockage. Thus, the high hy
draulic head required to generate the
drainage rates obtained in these treatments
can be attributed to blockage of the drain
tubes. For drain tubes with envelope,
ochre associated with fine soil particles
contributed to increased hydraulic head
requirements. A comparison of hydraulic
head versus drainage rate is shown in Figs.
4a, b.

It has been concluded that ochreous de

posits associated with soil particles had
partially blocked the openings in envelope
materials, thus contributing to entrance
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resistance. Entrance head losses for given
drainage rates have increased consider
ably between 1977 and 1979. Values ob
tained for drainage rates of 5 mm/day and
10 mm/day are shown in Tables II and III.

It was impossible to differentiate among
the effects of ochreous deposits, soil sed
iment in drains and the development of a
flow restricting fine soil layer around
drains based on field studies. This prob
lem could be circumvented by setting up
a laboratory experiment whereby certain

soil treatments could be sterilized such

that only physical effects would be ob
served. Untreated soils would display the
cumulative contribution of biological and
physical effects and a comparison would
yield the extent of biological effects.

SUMMARY AND CONCLUSIONS

Observations at the experimental site
over a period of 3 yr showed a reduction
in the efficacity of the drainage system.
Associated with this was the deposition of
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TABLE II. HEAD LOSS VALUES, IN CENTIMETRES FOR 1977 AND 1979 AT A DRAINAGE
RATE OF 5 mm/DAY

Head losst

Line A Line B

Treatment ^ 1977 1979 1977 1979

1. Standard slots. No envelope 23 60 20 86

2. Small slots. No envelope 21 65 14 81

3. Cerex 13 50 77 49

4. Reemay 14 29 6 39

5. Nylon 4 47 10 52

6. Typar 18 60 10 38

7. Gravel 1 2 0 0

tHead loss indicates head difference between the water level in the drain and that in the piezometer 80 mm
from the center of the drain tube.

TABLE III. HEAD LOSS VALUES, IN cm, FOR 1977 AND 1979 AT A DRAINAGE RATE OF
lOmm/DAY

Head loss t

Line A Line B

Treatment 1977 1979 1977 1979

1. Standard slot. No envelope 33 88 33 120

2. Small slots. No envelope 36 85 30 115

3. Cerex 18 51 12 76

4. Reemay 26 47 16 61

5. Nylon 35 48 19 82

6. Typar 25 81 18 66

7. Gravel 1 6 1 0

tHead loss indicates headdifferencebetween the waterlevel in the drain andthat in the piezometer80 mm
from the center of the drain tube.

iron ochre in and around drains. On the

basis of this study the following conclu
sions have been drawn:

(a) Ochre deposition associated with the
experimental drainage system is primarily
due to the mediation of the microorga
nisms Gallionella and Sphaerotilus.

(b) The amount and type of ochre in
drains was dependent on groundwater
temperature.

(c) A large amount of ochreous material
came out of drain tubes with cold drainage
water in April 1979.

(d) Drainage rates have decreased sig
nificantly over a 3-yr period.

(e) Entrance head losses have increased
significantly over a 3-yr period.

(f) It was not possible to separate the
effect of ochre on the drainage system
from that of the development of a flow-
restricting soil layer around drains based
on a field evaluation of this drainage sys
tem.
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