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Environmentally Safe Slurry Storage

Situation in Germany and in Kenya

For no other construction project
must as many different aspects be
observed as for slurry store con-
struction. They range from hygienic
measures to prevent epizootic dis-
eases, to selecting construction
materials, up to regulating con-
struction alterations. The two most
important standards for construct-
ing slurry stores, DIN 11622 “Si-
lage silos and slurry containers”
and the so-called concrete stand-
ard, which were revised recently,
are elaborated on in this report. A
new survey among rural construc-
tion societies revealed that a reduc-
tion in the number of regulations on
slurry store construction, as pro-
mised by politicians, has not been
achieved. Finally, a comparison of
the situation in Kenya is presented.
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Fig. 1: Linking of a
container to the compo-
site slurry system |

or the reduction and acceleration of per-

mit procedures under the immission pro-
tection law, a bill has been submitted to the
Federal Council, which is very likely to be
adopted. The environmental committee has
already adopted the draft including the re-
duction of the permission requirements for
animal housing facilities, which had been
agreed on by the parliamentary groups of the
coalition. This bill provides that permission
under the immission-protection law for
farms housing more than 50 livestock units
(LU) and more than 2 LU per ha will be
abolished entirely. In addition, permission
under the immission law is only required
from 600 places upwards for cattle stalls and
from 500 places upwards for calf stalls. The
decision of the Federal Council is expected
at the end of September 2007.

New Standardization

With the revision of DIN 1045, not only new
terms were introduced, but also new concrete
classes were standardized in a narrower grid
than before. This allows the planner and the
user to consider the individual elements of
the concrete more precisely so that calcula-
tions can be optimized even more. Parallel to
the “new” DIN 1045, the European standard
DIN EN 206-1 was introduced. For better
understanding, the different types of con-
crete relevant for slurry container construc-
tion are listed with their new and old classi-
fication:

B15 approximately corresponds to C12/15

B25 approximately corresponds to C20/30

B35 approximately corresponds to C30/37

The old type BS, which was often used as
a subbase instead of a compacted gravel
hardcore, is no longer included in this clas-
sification. Concrete types with greater pres-
sure resistance (C40/50 and higher) are not
required for the construction of slurry con-
tainers.

The most important standard for the con-
struction of silage silos and slurry containers
is DIN 11622, which was published for the
first time as early as 1949 and has been up-
dated several times. This standard has now
been revised completely and adapted to the
new regulations. It applies to silage silos,
slurry stores, and horizontal silos which can
be driven over [1, 2]. In principle, the bot-
toms of these containers are made of steel
concrete. The walls can consist of different
materials. This standard contains special re-
gulations for different kinds of concrete con-
struction with prefabricated parts, moulded
and formwork stones. Due to the high requi-
rements for concrete, the use of ready-mixed
concrete is explicitly recommended for all
concrete parts out of site concrete.

The most important requirement is that all
containers must be built such that they re-
main permanently functional. For this pur-
pose, first static calculations according to
DIN 1055 “Design load for buildings” (here:
“Storage materials, construction materials,
and construction parts”) must be carried out.

In these calculations, DIN 1045 “Concrete
and steel concrete” must be observed. In ad-
dition, water management requirements ap-
ply, according to which “containers must be
constructed, put up, maintained, and operat-
ed such that the best possible protection of
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water against pollution is achieved” [3]. In
the past years, this principle has been
strengthened by numerous individual regula-
tions, which have often been enacted at the
regional level.

Problems Caused by the Connection
of the Experimental Container to the
Compound Slurry System

The origin of the Research Station in Bruns-
wick dates back to the early 50s. Under Pro-
fessor A. Kostlin, the former director of the
Institute for Farm Building Research foun-
ded in 1953, the construction of experimen-
tal buildings was begun, for which the few
construction materials available after the war
were used. Reinforcement iron for construc-
tion parts out of compressed concrete, for
example, was gained through hard manual
labour from blown-up war concrete. The
construction of slurry stores was already ne-
cessary at that time. Since then, the Research
Station has grown slowly, but steadily (Fig.
I). The aerial photograph shows the current
state. The arrow marks the new experimental
container (V = 1,500 m?).

The size of the facilities shows that the
pipes are very long and extend over several
hundred meters. Since slurry de-mixes into
the three phases solid settling matter, efflu-
ent, and floating matter, the fear was that
some branches of the pipes may clog up.
Such obstructions would have been very dif-
ficult to remove. Experience showed, how-
ever, that the system of pump pits and pumps
constantly homogenizes the slurry. For the
above-mentioned reasons, however, this
does not allow any recommendations for
practice to be derived. On the contrary: the
connections between the stall building, the
slurry pit, and the storage container should
be kept as short as possible. Recommenda-
tions provide, however, that storage contai-
ners should not be placed on the outward ex-
tension of the longitudinal axis of the build-
ing so that they are not in the way for future
extensions.

It is often difficult to integrate a very
large slurry container into the entire group of
facilities, because these are often very volu-
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minous buildings, which are up to 6 m high.
Farm building experts are not the only ones
who agree that for reasons of practiced envi-
ronmental compatibility unsightly large
blocks in the landscape should be avoided.
The division of the store into several small
ones is excluded because this would lead to
a significant increase in the relative building
expenses in € per m>. As a solution, the sink-
ing of large containers into the ground sug-
gests itself. As shown by the horizontal
dotted line in the cross section of the experi-
mental slurry container (Fig. 2), this contain-
er was sunk by more than 2/3 of its con-
struction height. The trees around it were
then sufficient in order to almost reveal even
the PE membrane (manufacturer: company
Ceno), which was put on top of the container
as a cover.

The question of whether the points where
the pipes cut through containers and slurry
pits are “tight” as defined by the Water Ma-
nagement Act has hardly been discussed in
the literature so far. Doubts about the tight-
ness of these points may be raised by the hy-
pothesis that the different thermal expansion
coefficients of the materials steel concrete,
plastic, and galvanized pipe steel lead to a
loss of contact adhesion during temperature
changes. As a result of this argumentation in
a large number of construction permit pro-
cedures in the past, the filling and draining
pipes of slurry stores really had to be install-
ed above the edge of the container. One must
say, however, that these cut-through points
lie under ground and that therefore no no-
ticeable temperature fluctuations may occur.
In addition, no such defect has ever become
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known to the author of this contribution. Ne-
vertheless, all cut-through points in the ex-
perimental container were equipped with
prefabricated pipe ducts (Fig. 3), which have
been used for drinking water for a long time.
The layout of the pump pit shows that two
separate pits were dug for safety reasons be-
cause of the numerous pipes. The entire fa-
cility is under long-term observation. So far,
no problems have occurred.

Application of the Law in Construction
Requirements

A new survey among rural construction so-
cieties was intended to answer the question
of whether construction requirements have
been noticeably reduced in current construc-
tion projects. One rural construction society
each from the federal states of Lower Sa-
xony, Hesse, and Bavaria participated in this
survey, which provided the following over-
view of the relevant requirements which ap-
ply today:

 For slurry storage, the Fertilizer Decree
from 26th January 1996 (Federal Statute
Book, I, page 118) must be observed. The
volume of the demanuring channels in the
satble may not be considered in the calcula-
tion of the required storage capacity. The ca-
pacity of the slurry facilities must be larger
than the necessary capacity for the storage of
slurry during the longest period in which the
spreading on agricultural areas is not per-
mitted.

* For the slurry channels and the slurry pit,
grade B 25 WU concrete must be used. The
liquid level in the channels may rise to no
more than 20 cm below the slatted floors.

* The operator must regularly check the faci-
lity and in particular carry out visual tight-
ness checks. The slurry gate valve must be
maintained annually.

 Leak detection measures can be dispensed
with if the liquid-filled cross section of the
slurry channels does not exceed 6 m? and the
construction height of the channels is lower
than 1.50 m. This regulation exclusively ap-
plies to demanuring channels and not to
channels built for slurry storage.

* The tightness of permanent pressure pipes

351



RURAL CONSTRUCTION

must be checked in a pressure test according
to DIN 4279 at the 1.3 fold operating pres-
sure by the construction company in the pre-
sence of the owner. A pressure test is not ne-
cessary for pipes used for demanuring.

* The filling and draining pipe of the contain-
er must be slurry-resistant, liquid-tight, and
stable. The draining pipe must be secured
against unauthorized opening with the aid of
two separate automatic shut-off systems.

¢ The slurry container may only be commis-
sioned after inspection by the Lower Water
Authority. The owner must make an appoint-
ment for inspection without prior notifica-
tion by the authority.

» Before final inspection, the responsible
entrepreneur must examine the tightness of
the container and the pressure pipes in the
presence of the owner. This examination in-
cludes a tightness check of the free-standing
and not back-filled container, which must be
filled with water up to a height of at least
50 cm over a period of 48 hours. During this
period of observation, no visible water leaks
and no penetration of moisture may occur.
Filling quantity, time and date, as well as the
result of the tightness check are recorded. A
copy of this record must immediately be sent
to the Lower Water Authority. After the ma-
ximum slurry filling height has been reach-
ed, representatives of the Water Authority
carry out another visual check after notifica-
tion by the owner.

e The operator must regularly check the
tightness of the slurry container including
the facilities which belong to it.

* A freeboard of 20 cm must be kept any-
where around the slurry container.

* A minimum distance of 50 m from stretch-
es of surface water must be kept.

* The construction of a liquid-tight filling
place with a sufficiently dimensioned catch
pit in front of the slurry storage container
can be dispensed with if the overhead con-
tainer is not filled beyond the edge of the
slurry transport container.

All in all, one must say that the number of
regulations in this area has not decreased. It
remains the urgent obligation of politics to
avoid disadvantages for German agriculture
within international competition.

The faultlessness, which is now guaran-
teed by some companies can be considered a
contribution of the construction industry to
the acceleration of construction permit pro-

cedures. The company Suding, which offers
a S-year warranty, can be mentioned as an
example.

The Situation in Kenya

Kenya is a country situated in Eastern Afri-
ca at a latitude between 4° N and 4° S and a
longitude between 34° E and 42° E. It has a
size of 584,000 km? and a population of ap-
proximately 34 million. Agriculture plays a
very important role there. Approximately
75% of the Kenyans are dependent on it, and
it accounts for about 26% of the gross natio-
nal product. Due to the climatic conditions,
however, only one third of the area can be
used for agriculture, namely regions in the
highlands, the coastal plains, and the lake re-
gion. The other areas are semi-arid to arid
and are used by shepherds for pasture. De-
spite the strong climatic differences, dairy
farming plays a very significant role in
Kenyan agriculture. Table 1 shows the statis-
tical data of livestock in Kenya [4].

Agriculture in Kenya is characterized by a
large number of small farmers on small
plots. As a result, animal excrement is not
produced in large quantities. Channels and
dung heaps are covered in order to avoid eva-
poration and to conserve nutrients.

Of course, this kind of storage poses a
threat to surface and ground water. In order
to avoid contamination of soil and water,
proven methods for the reduction of the sour-
ces, the storage, as well as the distribution
and use of animal excrement as fertilizer are
necessary. This also applies to composite
material for cofermentation during the com-
posting process [5].

Of course, the nitrification problem is
known in Kenya as well. However, it is not
considered as important as in Europe. Ne-
vertheless, slurry is estimated extraordinari-
ly as an alternative fuel source for cooking
and illumination. Based on several studies
on climatic change, the conclusion was
drawn that animal dung was the best source
for the production of methane gas. There-
fore, the Kenyan government supports the
construction of small biogas facilities with
standardized reactor sizes of 16 m?, 30 m’,
and 50 m® throughout the country. These re-
actors are not welded or concrete-built, but
constructed using bricks. Construction is su-
pervised by a civil servant, while the realiza-

Jahr [ year |1996]7997( 19981959 | 2000 20071

2002|2003 2004) 2005| Table 1: Kenya statistics

Rinder /caffle [11,50011,40[11,7012,80{11,7022 B0

11,5012 50012 00012 00| for Livestock numbers

Schafe [ sheep
Zegen | goals

7,70, 7,80] 7,00| 850( 7,00 7,50
10,30100,20) 8, 7011,00010,00(11,00

7.40| 9.8000,0010,00 for the period 1996-2005
11,0011, 0001:2,00{12,00 (M.) [4]

Kamele / camel | 0,86 0,70| 0,80/ 0,81) 0.82] 0,83

0.83| 0,83 0,83 0BY
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tion of the construction project is taken over
by the owner or the cooperative. Slurry con-
tainers out of concrete, which are exclusive-
ly used for fertilizer storage, are not built,
even though this would be appropriate under
environmental aspects.

Conclusions

At different levels, politicians had announc-
ed a reduction of regulation density (bu-
reaucracy). The Federal Council is now deli-
berating a bill which provides an accelera-
tion of the permit procedures. A decision is
expected in September 2007. A proposal of
the Institute for Production Engineering and
Building Research of the Federal Agricul-
tural Research Centre, which provided that
the construction industry should give a ma-
nufacturer warranty for the faultlessness of
slurry containers in order to accelerate con-
struction permit procedures, has been realiz-
ed in practice.

A comparison with Kenya as a typical Af-
rican country in the course of development
shows that nitrification problems do not
cause much concern there. However, solid
and liquid animal excrement is a welcome
raw material for fuel production and illumi-
nation in this country. In order to avoid un-
wanted immissions into soil, water, and air,
technically better slurry stores are urgently
required there.
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