








4 . 1.2 Liming 

++ The intensity of Fe oxidation in the soil depends not only on the 

bility of oxygen, but also on the pH- value . The liming requirements of the 

soil increases -with the clay content and decreases with the humus content 

(Table 6). Often line applications for ochre precipitation in the soil are 

higher than those needed for optimum A four- fold applica

tion in addition to drainage, for example, was· necessary to precipitate 

730 t Fe/ha in an -alluvial meadow soil (Table 7). oxidized (i . e. 

non-chrystalline) iron in the soil is liable to reduction if the pH-value 

and soil aeration decrease in the course 9f land use. Therefore, a relati

vely high Ca-level must b.e maintained in the soil by successive liming and 

it must be controlled by regular tests. via drainage may reach up 

to ·0.8 t/ha in humid climates, whereas the withdrawal by crops relative! 

small. 

Liming of the whole field is often very expensive . Theref?re, at another 

trial, liming was concentrated on the drain ditch or its immediate neigh

bourhood. The lime quantity (0 . 5 - 2.0 kg/m drain ditch) was thus reduced 

to 10% of the area application. This lime distribution forces most of the 

iron precipitation to occur near the drain, thus deteriorating the physical 

characteristics of the soil in this important reach. The permeability of 

limed drain ditches decreases substantiaily with increasing iron deposition 

(Table 8). 

4.1.3 Filter materials 

I 

Coarse fi l ter material in the refilled drain excavation (gravel , slag, or 

voluminous, coarse-pored filter jackets) creates ap additional aeration 

space around the drain in periods when the groundwater level is below drain 

depth. Predominant ochre precipitation _in the filter proyides a clean drain , 

but it may clog the effective filter pores (Table 9). 

4.1.4. Vyredox-Method 

A final evaluation of the Vyredox-method is not yet possible because testing 

is still in progress. This technology was developed for water supply plants. 
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Oxygen-rich water is pressed v1a feeding wells into the groundwater around 

well galleries to promote iron oxidation in the soil. Th~ inflowing exter

nal water disposes of most of its iron content in such iron zones by ad

sorption. Because of its high cost, this method is feasible onl y for loca

lized, Fe-rich groundwater sour.ces or for protection of important outlet 

ditches . 

4.2 Precipitation of ochre in the ditch 

The possibilit~es of promoting iron oxidation in the soil are restricted 

to certain sites (suitable for liming or subsoiling) and to the autoch

· thonic ochre type. Therefore , the counter-measure 2 (iron clogging in the 

ditch) must be attempted in most cases. 

4. 2. 1 Drain slope 

A s t e e p (artificial) d r a i n s 1 o p e is often considered a 

possible solution. The iron content of the drain water increases. with the 

distance of flow and the chance for aeration towards the drain outlet , ir

respective o~ the slope . The critical limit fo r the tractive force may. be 

assumed only above 0.4% slope, in partially filled clay pipes of SO mm ¢, 
which corresponds with the findings of other authors . As a matter of fact, 

iron clogging and ~and deposition often go hand in hand: Soil parti~les 

>60 ~m are increasingl y detained with higher iron content in the drain 

sludge, while these may be washed out from iron free sediments (Fig . l) . 

4.2 . 2 Plastic pipes 

The higher adhesion of ochre to plastic material must be considered .even in 

smooth pipes. The adhesion to plastic surfaces exceeds that to clay pipes by 

up to 30% (Table 10). One of the reasons for this is the reaction to neces

sary production agents (stabilisators, emulgators). Thus a reduction of ochre 

adhesion by modified plastic material appears to be limited. This additional 

·adhesion can be overcome only above "10 - 20% slope, depending on size and 

degree of partial fill of the pipes. Such high slopes are not available for 

drains (Table II). 
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Fig.l. Content of iron and particles < 60 ~m and > 60 ~m in the 
drai~ sl~e. 

4 . 2~3 Inlet openings 

'The inlet openings into drains are particularly liable to iron clogging. 

Their size , form, and distribution must be carefully considered . On the one 

hand, they should be as large as possible to avoid hanging menisci between 

opening and s~rroundi~g soil particles. On the other hand, wide slots in 

texture-labile soil require jacket filters, which themselves are liable to 

iron clogging. If.there is an ochre hazard the ·minimum opening width should 

be I . 2 mm. 

4 . 2 . 4 Submerged drain outlets 

Submerged drain outlets will prevent aeration of the drainage water, parti

cularly in permanently water-filled drain systems. Special drain outlets, 

which back up water into drain pipes by syphon devi~es were, tested. This 

method is possible in very deep drains or section- wise in less deep, small 

systems. The ·method is restricted to very permeable soils because backing u 
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reduces the tractive force of the water in the drain. Moreover, a mechanical 

filter is required (Tables 12 and 13). 

4.2.5 Antoc filter 

The application of partially decomposed organic filter materials (straw, 

chaff, sawdust) in soils with ochre hazard often results in the discharge of 

a grey-blue suspension instead of the yellow-brown drain-sludg7· The grey

blue colour indicates an iron reduction and iron complex formation. Disin

tegrating organic material liberates chelatizing phenoles, like tannin 

(Table 14). Two particularly tannin-rich natural materials are the' wood of 

the mimosa-bush (Accacia decurrens) and the fruit husk of the caucasian oak 

(Quercus valonea). These were embedded in straw and sold under the name 

Antoc-filter. This filter has a good ochre restricting effect for 2~4 years 

after drain construction ·(Table 15). However , the applied dosage (150 g 

mimosa/m) and the mostly too fine shredding caused a high extraction of the 

tanning shortly after completion of the drainage systems, which led to 

excessive oxygen consumption and fish-toxic effects (Fig . 2). Therefor~, a .. 

dilution of drain to surface water of more than 1:20 must be guaranteed. 

Antoc-filters ,_ which supply Fe-complexes according to the iron content of 

the groundwater, are still being developed. Selective Fe++_ion exchanges in 

filters are possible, but too costly up to now. Drain filters soaked with 

bactericides have not successfully stopped. biological ochre formation, as 

the bactericides are extracted too soon. However, Cu- slag as slow, long 

iasting source for Cu++_ioni has substantially reduced microbiological 

ochre formation, particularly for filamentous iron bacteria. 

4.3 Cleaning methods 

4 . 3 . 1 Mechanical methods 

All the above-mentioned measures require some additional effort, which 

counteracts mainly the initial pronounced ochre occurrence. In the long run 

continuous maintenance cannot be avoided to meet major allochthonic ochre 

hazards. A low pressure flushing with vacuum tank has proved successful for 

small systems with pure ochre deposits "~ich are not yet consoiidated by age. 
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Sand-ochre deposit~ are best removed by high pressure flushing. Individual 

drain pipes and open collector ditches are most suited for this .method, as 

well as for all other functional controls. The expense of high pressure 

flushing depends on the degree of iron clogging, ·and on s l ope and diameter 

of the drain pipe, but less on the type of pipe (Table 16). Regular flushing 

every 2 - 3 years will maintain an ochre-endangered drain in good condition. 

The intervals between flushes should be shorter in the begin~ing. 

4.3.2 Chemical methods 

Very persistent aged ochre needs a radical cure with· acids and reduction 

agents. In such cases the necessary acid-ochre proportion must be determined 

firs t, to avoid inflow of excess acid into the open ditches (Table 17). The 

best method is: to dam the acid in the drain for seve~al hours, repump the 

acid ochre suspension into tank-wagons, and repeat the process with fresh 

acid. A subsequent mechanical water flushing is generally required in 

addition. 
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5 . Final remarks 

The last · example demonstrates that a successful protection against ochre 

requires . a combination of different measures. The efficiency of the methods 

mentioned depends on a timely recognition of ochre type , the degree of 

clogging, and its aereal extent. 

Ochre- endangered sites always need drainage. Generally they have a good soil 

permeability and drainage is possible. However, it depends on the potential 

to avoid iron clogging by ·counter-measures with· lasting ef~ects whether 

drainage of such sites i's feasible. 
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TABLE I. Composition of iron ochre from drain pipes 
(n s 21) • 

Fe
2
o

3 
AliOJ 

tfnO 

CaO 

HgO 

soz
co2 
Org. mat.ter 

C/N 

pll 

3:0 - 65.9 

0.2- 39.3 

0 - 12 . 9 

0.06 - 12.8 

0. 13 - I.SS 

0 - 7.54 

0 - 9.04 

25.5 - 53.5 

I I 30 

3.6 - 7. I 

•in % of d~ matter without so~id fvnction 
(L.Petersen, 1955) 

TABLE 2. Iron content of rocks, .sediments,· soils and clay minerals • 

Hincral 

Magmatite 

Granite 
Syen i te 
Diorite 
Gabbro 
Basalt 

Sediments 

upper Bunter (clay) · 
lower Bunter (sand) 
lower ~!uschel kalk (limestone) 
loess 
wind blown sand 

Soils (ace . clay content) 

Clay minerals 

Kaolinite 
Smectite 
111 ite 
Vermiculite 
Chlorite 

Iron containing minerals 

Siderite 
Pyrrholin 
Pyrite 
Vivianite 
Goethite , Lir.toni'te 
Lepidokr ok i te · 
Haematite 
Maghemite 
Magnetite 
Jarosite. cat clay 

in soi:ls 

0 ace. Schej"[cr and Schachtschabet, 1976 

1.6 
2.7 
3. 2 
3.2 
5. 4 

4.4 
3.6 
o. 7 
1.8 
0.2 

0. I - 5 

0 - 30 
2 - 5 
3 - 12 
0 - IS 

Fe CO, 
FeS 
FeSz 

FeO 

1.8 
3.3 
4 . 4 
6.o· 
6.4 

0.1 

0.4 

Fe~(PO,)z .8112 0 
aFeO(OH) 
yFeO(OH) 
aFezO, · 
yFezO, 
Fc 3 0, 
KzFe& (OH) ''-(so,). 



Table 3. Characteristics o£ sites for estimating iron ochre damage • 

Danger of 
iron 
clogging 

very low 

medium 

heavy 

very h~avy 

Surface 

Cree 

spondic 
oily 

wide spread 
oily 

coherent 
oily 

coherent 
oily 

• Kunt:e and Eggolsman, 1968 

Colour 
oC 
~:ater 

c:l ear colourless 

some o~hre flakes 

many ochre flakes 

1 ight brovn- red 
colour 

brown-red colour 
muddy 

Bottom 

free of ochre 

thin layer of 
ochre flakes 

red-brown coloured 
sediment 

distinct och.re 
sediment 

heavy layer of 
ochre sludge 

Soil 

equal, difCussc iron 
colour without oxi
dation and reduc tion 
horizons 

sporadic iron stains 

iron ttnins 

iron concretions 

bog iron-ore 
distinct oxidation 
& reduction horizons 

TABLE 4. iron ochre damaging for tile drains depending on Fe .. -content 
and pH of the groundwater • 

Fe 
++ 

- content (mg/1) 

ph >7 pH>7 

<0.5 <1.0 

0.5 ~ 1.0 1.0 - 3.0 

1.0 - 3.0 3.0 - 6.0 

3.0 - 6.0 6.0 9.0 
>6.0 >9.0 

• Kuntze and EggelGman, 1968 

Degree o£ damaging 

none 

small 

medium 

high 
very high 

TABLE S. Delimination of the soils by the danger of i ron ochring from the Fe++ -content and 
pH of the groundwater • 

Groundwater 
Danger of 

pH iron clogging 
Soil (n• ) 

Fe++ (mg/1) 

high bog (8) 0.5 {0.3 - 0. 7) 4.5 (3.5 - 5. 5) none 

low r.~oor ( 18) 5.4 (0.2 - 33.5) 6 . 0 (4. 7 - 7 .4) low - medium 
transition moor (15) 8.7 ( 1.8 - 19. 3) 4.8 (3.6 - 6. I) medium .- high 
pe!!ty soil (31) 8.7 (0.3 - 43.3) 6.2 (4. 3 - 7 .0) low - high 
clay pan moor (20) 13.8 (2. 1 - 58.5) 6.3 (4. 3 - 7. 7) high - very hi&h 

• Xunt :;s, 1966 
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TABLE 6. pH levels of soils needed to prevent deposition of ochre in drains 

% 2 lJ ·soit** 4(h) 4- 6(h) 8-IS(h) 15-30(a) 30-60(H) > 60(H) 

0 - 5 s 5.5 5.0 4.5 4.5 4.0 4.0 

--12 lS 6.0 5.5 5. 0 4.5 4.0 4.0 

12 - 17 sl.. 6.5 6.0 5. 5 5. 0 4.5 4.0 

17 - 25 L 1 .o* 6. 5 6.0 5.5 4.5 4.0 

> 25 L, LT, T 7 .o* 7.0 6.0 . 5.5 4.5 4.0 

* . favourable, if addittonal free Caco
3 

well distributed in the soil, is present for 
stabilization of soil structure 

"'* s sand sL • ·sandy loam I..T • loamy clay 
L = loam T • clay I..S • loamy sand 

TABLE 7. kg/ha Fe-total precipitated in the soil (0- 140 em) with different 
drainage and liming • 

Undrained Drained + CaO Drained + Cal 

209 377 354 187 460 590 

+144 8 10 

* Kuntze, 1967 

Drained + Ca2 Drained + Ca4 

46 7 564 730 04 7 kg/ha. 

+113337 

compared with undrained 

+375 860 kg/ha 
compared with unlimed 
but drained 

TABLE 8 . Physical and chemical qua li ties 6f soils in the drain trench (1966) • 

em under 
Permeability (em/day) . . Total pore spaces (vol.%) 

soil surface a b c a b c 

35 - 40 29.9 I .5 47.5 42.5 
60 - 65 20. I 8.6 10.9 47.6 55.2 46.5 

100 - 105 11.6 49.4 

vol.% macropores (>501J) vol.% macropores (50-IOJJ) 

35 - 40 11.2 3.9 4. I 2.5 
60 - 65 8.4 6.6 9.6 2.5 I, 7 3.2 

100 - 105 3.1 3.7 

%Fe - tota l mg Fe++ /100 g soil 

35 40 3.20 8 .07 18 
60 - 65 3:89 3 . II 2.48 29 

100 - 105 3.79 

% CaO % Caco3 
35 - 40 o. 14 0.42 
60 - 65 o. 14 0 . 33 I. 55 

100 - 105 

• a) un~imed 
bl· ~efi~~ed soi~- mixed with ~ime (25 kg!m' - 1956) 
cJ PefiLLed soi~ mixed with Lime (100 kg/m3 - 1956) 

6 
4 

138 . 

0.89 
1.08 



TABLE 9. Penoeabi lity of drain filter materials 4-12 ~ears 
after installation • 

·• 

Filter material 

sawdust, co1rse 
fine .sand 
humic crumb soil, fine sand 
sawdust, decomposed 
slag with support ing Fe(OH)l 
sa~dust vith FeS 
humic c rumb soil, fine sand with FeS 
glass E.ibre envelope with Fe(OH)) 

POPd Bt aL., 1968 

inch/hour 

15.41 
8.92 
5.14 
0.40 
0.25 
0.03 
0.03 
0 . 02 

Table 10. Adhesion (g/cma) of different suspensions at surfaces of materials (brick • 100) • 

Material l-Inter Artificial ochre Bentonite Bentonite/ochre 

brick 0 . 315±0.003( 100) 0 .42310.002( 100) 0.405±0.002(100) 0. 401 10.004(100) 

ultramid o. 395±0.004(!26) 0 .44 2±0.002(104) 0.429±0. 004(106) 0.43710.002(109) 
PE-hard 0. 39510.004( 126) 0.482~0 . 002(114) 0.475!0. 002(117) 0.478:0.004 ( 119) 
PVC-hard 0.370~0.006(117) O.SI3t0.003(121) 0.481 !0.001(119) 0 . 47510.002(116) 

PVC-firmed 0.405!0.003(129) 0.529!0.003(125) 0.503±0. 003(124) 0.50010.001(125) 
Polystyrol 0.39010.005(124) 0.556!0.002(13 1) 0. 517±0. 003( 128) 0 .528±0.002(132) 

• Xuntu, 1968 

TABLE II. Tractive force of water (g/cm2 ) within drain pipes of different diameters 
on s lope and degree of filling • 

Filling % slope of pipe 

of pipe o. 2 o.s 10 

diameter NW so ... 

0.1 d 0.0006 0.00 15 0.0030 0.'006 0.015 0.030 
0.2 d 0.0012 0.0030 0.0060 0.012 O.OJO 0.060 
0.4 d 0.0021 0.005'· 0.0107 0.021 0. 054 o. 107 
1.0 d 0.0025 0.0063 0.0125 0.025 0.063 0.1 25 

diameter NW 100 mm 

0.1 d 0 . 00 12 0.0030 0.006 0.012 0.030 0 . 06 
0.2 d 0. 0024 0.0060 0.012 0.024 0.060 . o. 12 
0.4 d 0 .0043 0.0107 0.021 0 .043 0."107 0 . 21 
1.0 d 0 . 0050 0.0125 0.025 0.050 0.125 0.25 

diameter l\V 160 .JIIll 

0.1 d o.ooz 0.00) 0.010 o.ilz 0 . 05 0.10 
0 . 2 d 0.004 0.010 0.020 0.04 0.10 0.20 
0 .4 d 0 . 007 0 .017 0 . 034 0. 07 0 . 17 o. 34 
1.0 d 0.008 0.020 ·0 . 040 0.08 0 . 20 0.40 

• . ~ntz• and.Eggsl~. 197J 

Natural ochre 

0. 36910 . 003(100) 

0.436±0 . 003(1 18) 

0.4)4!0.003(1 17) 

0 . 444±0 . 002(120) 

0 . 45310.002( 123) 

0.49310.002(134) 

depending 

20 

0.06• 
0.12 
0.21 
0.25 

. 0. 12 
0.24 
0.43 
0.50 

0.20 
0.40 
0 .66 
0.80 
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TABLE 12. Iron ochre i n aerated and uoaerated pipes* 

Place of sampling in 
the drain pipe 

upper t hird 

middle third 

lower t _hi rd 

* Ku11tze, 1968 

Branch drain with 
free outlet 

2. 75 

2 . 2) 

I. 06 

Branch drain with 
back. water outlet 

2. 12 

0.57 

0.87 

TABLE 13. Degree of ochring of drains with free outlet 
and backwater* 

Place of sampling . Branch drain with Br anch drain with 
in the drain free outlet backwater outlet 

g/m vol. % g/m vol. % 

upper third 177 .3 7.2 177.7 7.4 
middle third 183.7 7. 7 136.2 5.7 
lower third 68.2 2.9 336.5 14.0 
average 176.7 7. 4 233.4 9 . 7 

* Kuntze~ 1968 

TABLE 14. Content of phenols ;tnd KMnO, of extracts of f ilter materials 
with tanni n (in g of dry matt~r)* 

Ha.terial ,Phenols KMnO, 

high moor peat, 0 . 43 mg 59 . 3 mg slightly decocposed 

wood wool 1.02 mg 73.5 mg 

rye straw 0.37 mg 95.3 mg 

spruce sawdust 0.05 mg 49.8 mg 

oak sawdust 1. 86 mg 110 .. 6 mg 

Mimosa! 51.3 mg 1990. 0 mg 

Tr i llo2 53.9 mg 2746.0 mg 

.. Kuntze and ScheUer, 1974 

Wood of the acacia decurreus or A. moUssima 
Fruit of· the Que~cus valonea 



TABLE IS: Average silting and Ochri ng degree depending on 
filter material* 

Filter Date Dry matter HCl- f'et 
insoluble 

(g/D) (g/m) (g/m) 

Duo U./74. 67.7 1.9 13.8 
An t oe lX/74 16.1 1.0 2.S 
Duo X/76 29.7 4. 8 6.0 
An t oe X/76 31.9 7. 8 5.0 

• OchN trial Bokk(lf'11, instatled 1972 

TABLE 16 . Der.>a nd of time Gnd wnter consumption (1/50 m) with high pressure cleaning of ochred 
drain pipes 

Diameter Type of Slope Degree ' o! 
pipe ochdng 

(em) (a) (b) (a) (b) (1) (a) (b) (g/e>) (a) (b) 

4 3 ' 93 c l ay 2'54" 118 0.25 2'4211 107 <. 100 2'42" 98 

s 2'48'' Ill PVC 3'30" 107 0.35 3'30" 116 100~250 3' 12'' 117 

6.5 2'42" 110 PE 2'·30" 93 > 250 1' 160 
4' 120 

a = demand of ~ime b = ooter consum;>tion 

TABLE 17 . Chemical dissolving of ochre after I hour 

Solution pH Acid:ochre Undissolved 
percentage of iron 

IICI 10% 0 62: l 0 
HCl 10% 0 23: I 0 
IICl 10% o. 2 I 3: l 0 
KCl 1% 1. 1 62 :1 62 
HCI 1% 1.4 23: l 88 
HCI 1% 1.8 13: I 95 
II: SO, a 1. 2 62: I 0 
H1S01 7% 1.4 29: I 36 
11150) 7% 1. 8 13: I 51 
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