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Foreword 

 

The author of this report has been involved in the testing of the SIC-Pressure Equalizing Modules 

for many years after a request from Mr. Poul Jacobsen, SIC. Although it was indeed not from a 

physical point obvious why such a drain system should have a significant effect, I recommended 

that the system was tried out in a field study, simply because it was a very inexpensive and harmless 

method and therefore had a large potential if it worked. My technical reasoning was that if the 

system could change ï even a little ï the delicate balance between sand settlement in wave up-rush 

and the erosion in wave down-rush then the effect could be positive. This pragmatic approach of 

trial and error was not understood among international coastal engineering specialists who regarded 

two system worthless. 

 

The former tests, based on very limited financial support ended to my opinion inconclusive with 

respect to the efficiency of the PEM system. 

 

The financial support of the present field test made it possible to go more in depth with the function 

of the system. 

 

 

Front: Photo of SIC-Pressure Equalizing Modules at Skodbjerge (Hans F. Burcharth). 
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1. Introduction 

 

1.1. Former investigations 

 

Skagen Innovation Center (SIC) has patented a method for coastal protection by means of spatially 

distributed vertical perforated drain pipes placed in the beach. The drain pipes are denoted Pressure 

Equalizing Modules (PEMs) by SIC. 

 

The author of this report participated in planning and evaluation of two earlier tests with PEMs. A 

five years test (1999-2004) at Skagen Klitplantage is reported in a number of reports, the latest one 

being Burcharth, 2005. A three years test (2000-2003) at Skallerup Klit is reported in Burcharth, 

2004. Both locations are sandy beaches facing the North Sea in the North of Jutland. 

 

The two studies were solely based on comparative analyses of surveyed beach profiles from 

stretches with and without PEMs. No financial support for more detailed investigations of the 

function of PEMs was available. Although some signs of a positive effect of the PEMs was 

observed, it was not possible for the author to present a definitive conclusion because the natural 

variations of the beaches due to erosion and accretion of sand are very large and hide the effects of 

any manmade interventions unless these have significant effects. Moreover, the author could not 

find a physical explanation pointing to a significant effect of the PEM system. 

 

1.2 The present investigation 

 

In accordance with the agreement of 18 August 2004 between Skagen Innovation Center (SIC) and 

the Danish Governmental Coastal Authority (KDI) a field test with the purpose of demonstrating 

the efficiency of the SIC vertical drain method as a means for coastal protecting was initiated in a 

meeting 24 August 2004. 

In the agreement is stated that the test period is three years after which a final report has to be 

presented. The report shall contain an evaluation of the drain system with respect to qualitative and 

quantitative efficiency and environmental impact, as well as a related comparison with conventional 

coastal protection methods. 

Besides the final report yearly reports have to be presented as well as a report half a year after the 

start of the field test. 
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With the availability of approximately 1 mill EURO for the test it was possible, besides surveying 

of the beach and shoreface, to make more detailed investigations of the function of the PEMs. 

 

For the evaluation the following two experts were retained 

 

  

 Prof.dr.techn., dr. h.c. Hans Falk Burcharth (HFB), appointed by SIC 

 Prof.dr.techn. Jørgen Fredsøe (JF), appointed by KDI. Participated since 29 October, 

 2004 

 

The two experts were obliged to take part in the planning of the field tests including selection of the 

test location. 

Besides the two experts the project group consists of  

 

             Director, engineer Poul Jakobsen, SIC 

             Engineer Claus Brögger, SIC 

             Project manager to 27th March 2006, M.Sc. Christian Laustrup, Senior Consultant, KDI 

             Project manager from 28th March 2006, M.Sc. Per Sørensen, Head of coastal research KDI 

             M. Sc. John Jensen, KDI  

 

The present report, authored by Hans Falk Burcharth, is the final report, written as a stand-alone 

report for which reason it repeats parts of the earlier project report. 

 

Figures and tables marked with KDI as origin have been defined and requested by the author. 

 

The overall conclusions are presented in Chapter 12. 

 

This report cannot be used in citations without the permission of the author. 

 

 

2. The PEM system 

 

The PEMs used in the present tests are 2 m long circular 63 mm diameter pipes. The upper 0.75 m 

is metal and the lower 1.25 m is plastic with 0.2 mm slots in the 1 m lowest part. The slots allow 

water to flow in and out of the pipe, but avoid penetration of sandy beach materials, see photo Fig. 

1. The bottom end of the pipe is closed. The top end is semi closed allowing only air and water to 

go through. 
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Fig. 1. Photo of PEM pipe (KDI).  

 

The pipes are placed vertically in digged or drilled holes with top level approximately 0.3 m below 

the beach surface at the time of placing, see Fig. 2. In the present tests the holes were drilled, see 

Fig. 3. The drilled hole has a diameter of app. 15 cm. The space around the 6 cm diameter pipe  

(30 cm
2
 cross sectional area) is filled with sand. This implies that possible impermeable or less 

impermeable layers down to app. 2.3 m under the sand surface are penetrated and a 680 cm
2
 sand 

drain established around the pipe. 

 

The pipes are positioned with a distance of 10 m in between them in rows across the beach. The 

distance between the rows is 100 m, see Fig. 4. The average spatial density is then 1 pipe per 1000 

m
2
, indicating the low cost of the system. More pipes can be added if the beach gets wider. 



8 

 

 

 
Fig. 2. Installed PEM.  

 

 
Fig. 3. Drilling of holes for placement of PEMs. (Photo: Poul Jacobsen). 
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Fig. 4. Lay-out of PEM scheme 

 

 

3. Selection of test site 

 

According to agreement between SIC and the Ministry of Transport a stretch of approximately  

10 km on the Danish North Sea Coast should be selected for the tests. 

Conditions with respect to hydrographic and geomorphological conditions should be as 

homogenous as possible along the stretch. Moreover, influence of man-made interventions should 

be as small as possible. 

Only two potential sites could be found by KDI: A 15 km long stretch at Skodbjerge just south of 

the port of Hvide Sande, and a 7 km long stretch at Skallingen north of the town of Esbjerg. 

The net-sediment transport is southwards at both sites, but much larger at the Skodbjerge site. The 

Hvide Sande jetties north of the Skodbjerge site create leeside erosion for which reason some beach 

parallel detached rock breakwaters are placed just south of the jetties. This coastal protection has 

been supplemented with beach nourishment and nourishment at the offshore bar approximately 600 

m from the shore, cf. Fig. 5. Erosion decreases to the south so that just south of the 15 km test 

stretch the beach is stable. Accretion takes place further south. Beach nourishment would, according 

to KDI, not take place in the three years test period, but nourishment at the offshore bar would 

continue. 

 

KDI and JF were in favour of inspecting and most probably selecting the Skallingen site as it seems 

more homogeneous, and no nourishment takes place. Erosion takes place over the full length of the 

actual stretch of coast, mainly because former supply of sediments from Blåvands Huk has more or 

less terminated. A groin system at the northern boundary of the Skallingen site might contribute to 

the coastline retreat due to lee side erosion. SIC argued that the length was too short as a 10 km  
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stretch was needed. Moreover, SIC regarded the influence of the groins to be to disturbing for the 

tests. As SIC refused to use Skallingen it was decided in a meeting 16.12.04 to use the Skodbjerge 

site, despite the not ideal conditions because of the bar nourishment. SIC claimed however that the 

bar nourishment would have no or marginal influence on the test results. 

 

It should be noted that in 2004, i.e. the year in which the project started, there was placed 600.000 

m
3
 of sand on the bar, so even if  the bar nourishment was stopped, the already placed large amount 

would have some ï but unknown ï effect on the coast. 
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Fig. 5. Position of the bar nourishment 2004-2007. 
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4. Planning of the test and installation of PEMs 

 

The basis for the evaluation of the tests is a comparison of the morphological changes in stretches 

with and without drain pipes as well as more detailed investigations and calculations related to the 

function of the drains.  

 

The total length of the Skodbjerge test site, chosen in meeting 16.12.04, was limited to 

approximately 11 km in order not to come too close to the beach breakwaters to the north and the 

accreting coast to the south. 

KDI preferred a split of the site in a number of relatively short stretches (say 2 km) with alternating 

drains and no drains. SIC could not accept this as ï based on experience ï they wanted longer 

stretches, basically a 6 km stretch with drains and a 4 km stretch without drains. However, due to 

the gradient in erosion along the test site this was not acceptable, and HFB proposed as a minimum 

stretches with no pipes on both sites of the drained stretch.  

JF proposed to include an approximately 1 km stretch with drains in the south part of the test site. 

This proposal was accepted. The final division of the test site in stretches with and without drains as 

decided in a meeting 16.12.04 is shown in Fig. 6. From this it is seen that two stretches of 4.7 km 

(Rør I, chainage 4019200 - 4014500) and 0.9 km (Rør II, chainage 4012700 - 4011800) respectively 

were drained, and three stretches of 1.8 km (Reference I, chainage 4021000 ï 4019200), 1.8 km 

(Reference II, chainage 4014500 ï 4012700) and 1.8 km (Reference III, chainage 4011800 ï 

401000) respectively were left undrained.  

 

The drains were installed in January 2005. The positions and number of the drains and time of 

installations are shown in Tables 1A and 1B. As seen from the tables, drains have been added in 

some areas where increase in beach width made it possible, and drains have been eroded after 

February 2006. 
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Fig. 6. Location of test stretches.  
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Table 1A. Positions and number of drains placed. 

 

stn.  No. 1 2 3 4 5 6 7 8 9 10 11 12 

4011800 X X X X X X X X X X X 

4011900 X X X X X X X X X X X X 

4012000 X X X X X X X X X X X X    

4012100 X X X X X X X X X X X 

4012200 X X X X X X X X X X X 

4012300 X X X X X X X X X X X X 

4012400 X X X X X X X X X X X 

4012500 X X X X X X X X X X X    

4012600 X X X X X X X X X X X    

4012700 X X X X X X X X X X    

        No. 1 2 3 4 5 6 7 8 9 10 11 12    

4014500 X X X X X X X X     

4014600 X X X X X X X     

4014700 X X X X X X X 

4014800 X X X X X X X X 

4014900 X X X X X X X X 

4015000 X X X X X X X  

4015100 X X X X X X X X 

4015200 X X X X X X X  

4015300 X X X X X X X  

4015400 X X X X X X X  

4015500 X X X X X X X  

4015600 X X X X X X X X 

4015700 X X X X X X X X 

4015800 X X X X X X X X 

4015900 X X X X X X X X X 

4016000 X X X X X X X X X 

4016100 X X X X X X X X X 

4016200 X X X X X X X X X X X 

4016300 X X X X X X X X X X X X  

4016400 X X X X X X X X X X X  

4016500 X X X X X X X X X X X  

4016600 X X X X X  X X X X X X  

4016700 X X X X X X X X X X X X  

4016800 X X X X X X X X X X X  

4016900 X X X X X X X X X X X  

4017000 X X X X X X X X X X X  

4017100 X X X X X X X X X X X 

4017200 X X X X X X X X X X X 

4017300 X X X X X X X X X X X 

4017400 X X X X X X X X X X X  

4017500 X X X X X X X X X X X  

4017600 X X X X X X X X X X X 

4017700 X X X X X X X X X X X 

4017800 X X X X X X X X X X X 

4017900 X X X X X X X X X X X 

4018000 X X X X X X X X X X X 

4018100 X X X X X X X X X X X 

4018200 X X X X X X X X X X 

4018300 X X X X X X  X X X X 

4018400 X X X X X X X X X X X 

4018500 X X X X X X X X X X 

4018600 X X X X X X X X X X 

4018700 X X X X X X X X X 

4018800 X X X X X X X X X 

4018900 X X X X X X X X X 

4019000 X X X X X X X X X 

4019100 X X X X X X X X X 

4019200 X X X X X X X X X 

        No. 1 2 3 4 5 6 7 8 9 10 11 12 

PEM modules Skodbjerge 

 X PEM modules 28 Jan 2005 

 X ADDITIONAL 28 MAR 2005  

 X ADDITIONAL 06 MAY 2005  

 X ADDITIONAL 05 AUG 2005  

 X ADDITIONAL 20 OCT 2005  

 X ADDITIONAL 21 FEB 2006 
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Table 1B. Drains per 6 June 2007. 

stn.  No.  1 2 3 4  5 6  7 8 9 10 11 12 

4011800 X X X X X X X X X X X  

4011900 X X X X X X X X X X X  

4012000 X X X X X X X X X X X    

4012100 X X X X X X X X X X X  

4012200 X X X X X X X X X X  

4012300 X X X X X X X X X X  

4012400 X X X X X X X X X  

4012500 X X X X X X X X    

4012600 X X X X X X X     

4012700 X X X X X X X     

        No. 1  2 3 4 5  6 7  8  9 10 11 12    

4014500 X X X X X X     

4014600 X X X X X X X     

4014700 X X X X X X X 

4014800 X X X X X X X  

4014900 X X X X X X X  

4015000 X X X X X X X X  

4015100 X X X X X X X X X  

4015200 X X X X X X X X  

4015300 X X X X X X X X  

4015400 X X X X X X X X  

4015500 X X X X X X X X  

4015600 X X X X X X X X X  

4015700 X X X X X X X X X X  

4015800 X X X X X X X X X X  

4015900 X X X X X X X X X  

4016000 X X X X X X X X X  

4016100 X X X X X X X X X X  

4016200 X X X X X X X X X X  

4016300 X X X X X X X X X X X  

4016400 X X X X X X X X X X X  

4016500 X X X X X X X X X X X  

4016600 X X X X X X X X X X X  

4016700 X X X X X X X X X X X  

4016800 X X X X X X X X X X  

4016900 X X X X X X X X X X  

4017000 X X X X X X X X X X  

4017100 X X X X X X X X X  

4017200 X X X X X X X X X  

4017300 X X X X X X X X X  

4017400 X X X X X X X X  

4017500 X X X X X X X  

4017600 X X X X X X X X  

4017700 X X X X X X X X  

4017800 X X X X X X X X X  

4017900 X X X X X X X X X X  

4018000 X X X X X X X X X X X  

4018100 X X X X X X X X X X X  

4018200 X X X X X X X X X X X  

4018300 X X X X X X X X X X X  

4018400 X X X X X X X X X X X  

4018500 X X X X X X X X X X X  

4018600 X X X X X X X X X X X  

4018700 X X X X X X X X X X X  

4018800 X X X X X X X X X X X  

4018900 X X X X X X X X X X X  

4019000 X X X X X X X X X X X  

4019100 X X X X X X X X X X X  

4019200 X X X X X X X X X X  

        No. 1  2 3  4  5 6 7 8  9 10 11 12 

PEM modules Skodbjerge 

 X PEM modules 6 June 2007 
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5. Characteristics of the test site 

 

5.1 Geomorphologic conditions 

 

The test site is situated on the southern part of a barrier spit separating the Ringkøbing Fjord lagoon 

from the sea. The spit is formed by sand deposition resulting from a decrease in the rate of 

southwards longshore sediment transport. The natural southwards shift of the opening between the 

lagoon and the sea has been stopped by the construction of a permanent sluice and a lock at Hvide 

Sande where also a fishing port is located. The entrance is protected by jetties of which the longest 

to the north built in 1962 extends approximately 450 m from the foot of the dunes today.  

 

As to the coastal profile along the test site, the distance from the coastline at level 0.0 m (equal to 

mean water level) to the 6 m depth contour is approximately 650 m over the full length of the test 

site, i.e. an average slope of app. 1:100. This slope has remained almost constant during the last 20 

years according to the profiling by KDI. The coastline has in the same period shown large 

fluctuations with changes in position up to 80 m, see Section 5.7. 

Grain size analyses of the sand in the foreshore and in the beach top layers show medium to very 

coarse sand with grain diameter in the range 0.3-2.5 mm often mixed with small stones in the range 

10-30 mm. Deeper borings show fine sand down to approximately 10-12 m below the surface. 

Underneath is very fine sand or silt, and in some places clay.  

 

The beach generally appears stratified as both waves and wind sort the materials. Eroded dunes also 

reveal stratification of former depositions, see Fig. 7. 
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Fig. 7. Stratified depositions in dune and on the beach. (Photos Hans F. Burcharth). 

 

Very thin layers of for example high density sand appear in some places in a patchy way. The layers 

are almost horizontal as they generally follow the mildly sloping beach surface when deposited. 

 

The average permeability of the upper metres of the beach is supposed to be only slightly larger in 

horizontal direction than in vertical directions, despite the layered structure. This is because the 

sand is packed in between the stones in the mixed layers (such layers can have reduced permeability 

compared to homogeneous sand due to the total blocking of the stones), and the layer thicknesses of 

the very fine materials are very small. 

 

Several shore parallel bars are formed along the coast. The net sediment transport in front of the test 

site is southwards amounting to approximately 2.1 million m
3
 per year in average (ref. KDI). Most 

of the longshore transport takes place in the bar zones.  

 

5.2 Water levels 

 

The difference between mean high water and mean low water is 0.7-0.8 m. Storm surge caused by 

strong westerly gales and low pressures can give water levels up to approximately 3.1 m above 

mean water level. Low water levels down to -2.0 m can occur during easterly winds. 

In the Ringköbing Fjord lagoon the water level varies between -0.5 m and +0.5 m, dependent on the 

operation of the sluices and on the wind set-up. 

 

A very severe storm with westerly winds of more than 26 m/s occurred 8-9 January 2005, shortly 

before the first survey took place in January 2005. Water levels up to 3.03 m above M.S.L. were 

recorded at the head of the jetties at the Port of Hvide Sande. Wave set-up might have caused an 

even higher maximum water level at the beach face of the test site. No severe westerly storms 

occurred in the first year period. The maximum water level recorded in this period was +1.44 m on 

the 26.10.2005 in a situation with only moderate wind. In 2006 occurred only one stormy situation 
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on the 27.10 with maximum water level +1.54 m and westerly winds of app. 20 m/s. However, in 

January 2007 occurred four storm situations, 1.1.07 max. water level +1.75 m with winds just over 

21 m/s, 11-12.1.07 max. water level +2.17 m with winds over 21 m/s, 14.1.07 max. water level 

+1.78  m with winds over 21 m/s, and 19-20.1.07 max. water level +1.82 m with winds over 21 m/s. 

 

The January 2007 survey was performed after this row of January storms. 

 

No stormy situations occurred after January 2007. 

 

5.3 Wind and waves 

´ 

The dominant directions of stronger winds are from the NW sector. This is also clearly seen from 

the dominant NW-SE direction of the dune tongues in the hinterland. 

 

The prevailing westerly winds cause quite frequent storm waves with significant wave heights in 

the range Hs = 3-4 m offshore in 20 m water depth, and related peak periods of approximately Tp = 

10 s. During more extreme events, say return periods of 5 years or more, Hs will exceed 6 m and Tp 

exceed 12 s. It is not often that Hs is less than 1 m and Tp less than 5 s during westerly winds. The 

waves are strongly seasonal as storms occur mainly in the autumn and during the winter. 

 

The dominating directional sector of the larger waves reaching the actual stretch of coastline is 

west-north west, causing the net sediment transport to be southbound. 

 

Fig. 8 shows the statistics of significant wave heights in the test period, recorded by a directional 

Wave rider buoy in 15.5 m water depth offshore Nymindegab. 

 

 

 
 

Fig. 8. Frequency and direction of significant wave height for the period 2005 ï 2008, recorded in 

15.5 m water depth offshore Nymindegab (KDI) . 
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It is seen from Fig. 8 that the angle between the coastline and the dominating incoming offshore 

waves is approximately 45
o
, thus causing a net-sediment drift in southern direction. 

 

 

5.4 Influence of bars on the wave impact on the coast 

 

The protective effect of bars is significant as explained in the following. Bars are formed on sandy 

coasts with small tidal water level variations as is the case for the test site. The number of bars 

depends on the steepness of the coastal profile and the amount of sand transport (littoral drift). The 

flatter the profile and the larger the transport, the more bars are formed. The protective effect of 

bars is due to the smaller water depth over the bars which triggers wave breaking and thereby 

reduces the height of the waves approaching the beach. A rule of thumb is that the maximum height 

of waves passing a bar is app. 0.8 times the minimum water depth over the bar (or a significant 

wave height of app. 0.6 times the minimum water depth). It follows that the protective effect against 

beach erosion increases with the bar heights and the number of bars. Fig. 9 illustrates the reduction 

in wave heights over the bars. 

 

 

 
 

 

Fig. 9. Illustration of reduction in wave heights by wave breaking over bars. 

 

 

Typical crest levels of the bars in the nearshore zone area are round 2 m below ML, limiting the 

significant wave height passing the inner bar to be approximately 0.6 x (2,00 + high water), i.e. 

around 3 m during the highest storm water levels. 

Wave breaking on a bar produces a net transport of water into the trough behind the bar. The water 

that in this way is ñpumpedò over the bar must escape back to the sea somehow. Usually this takes 

place as rather concentrated outgoing currents, so-called  rip currents, which create  or maintain 

breaches (rip holes) in the bars, see Fig. 10. The beach is much less protected against large waves 

and subsequent erosion where holes in the bars are present. This is clearly seen in aerial photos like 

those in Fig. 11 which shows local retreat where the coast is facing holes in the bars, and local 

depositions (salients) where sheltered by the bars. 
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Fig. 10. Ill ustration of wave breaking over bar and related net transport of water, causing rip current 

and breach in bar exposing the coast locally to larger waves and erosion. 
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Fig. 11. Aerial photos showing the effect of holes in bars on coastline formation (Digital Globe 

Scankort, COWI A/S). 

 

The major part of the longshore sediment transport takes place in the breaker zones, i.e. over the 

bars and in the beach breaker-zone. On the actual coast the net transport is in southerly direction. 

This causes a tendency to shifting of the holes in southerly direction because sediments are feeded 

mainly into the northern part of the holes. The shifting of the holes might be slow due to the effect 

of the rip currents. Anyhow, a given stretch of beach can therefore over the years experience 

periods with little bar protection ï and thereby erosion, as well as periods with better bar protection 

ï and thereby less erosion or even accretion. 

 

Besides the longshore changes in bar formation there are usually also significant cross shore 

changes in the bar formation. Sediments are transported towards the beach in periods without 

storms leading to movements of the inner bars towards the shore and built-up of the beaches. Some 

of the inner bars might connect to the beach and thereby for a period create a very wide beach. On 

the other hand, storms cause erosion of the beach as sand is transported offshore both from the 

beach and from the bars. In a following quiet period a large part of the eroded sand is transported 

back towards and to the beach again. It is well known that built-up of a beach can happen very 

quickly after an eroding storm. As an example Kriebel et al. ( 1986) reports that more than 50% of 

the eroded cross section of a beach on Long Island above MSL returned within two days of fair 

weather following a storm. It is beleived that the fairly quickly built-up of some beach stretches in 

the first quarter after the severe Janaury 2005 storm is due to return of eroded sand. 

 

In places like Denmark where severe storms usually occur only during winter we distinguish 

between so-called winter and summer profiles, the latter ones having wider and higher beaches. 
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If a coastal stretch with homogeneous soil conditions like the actual one maintains in average over 

the years a straight coastline and a straight dune front, then it is a sign of rather cyclic shifts in the 

bar formations as described above. This is the case for the actual coastal stretch. 

 

The time scale of the major cyclic changes is years for which reason a test period of three years as 

the actual one is the absolute minimum. 

 

 

5.5 Bar formation along the test site in the test period 

 

Because of the protecting effect of the bars against erosion it is important to identify positions and 

holes in the bars and to see if there is correlation between the bar topography and the beach erosion 

and beach accretion. 

 

Fig. 12 shows the bar formations January 05, 06, 07, May 07 and January 08. The outer bar is 

created and maintained by bar nourishment since 2004, cf. Table 3 in Section 5.7. The outer bar is 

clearly shielding the coast except in front of the southern part of Ref I and the southern part of Rør I 

and the whole of Ref II where large waves can penetrate to the inner bar close to the coastline. The 

fact that the most prominent erosion has taken place during the test periods in these stretches gives a 

very strong indication of the dominating effect of the bar formation on the changes of the beach. 

The long outer bar in front of Rør I is attached to the inner bar in the northern end leaving an 

opening to the south for the escape of the net inflow of water across the bar. The same bar 

configuration is seen developing both in the north and south parts of the test site. The existence of 

the holes in the outer bar has been visually observed by the author as stretches lacking wave 

breaking in windy weather. 

 

On Fig. 13 is seen the bar formations just after the January 2007 storms and two weeks later. A 

slight growth of the outer bars in southerly direction can be observed. Holes in the inner bars are 

much more narrow than those in the outer bar, but have in principle the same negative effect. 

 

It is evident that PEMs placed in the beach have no influence on bar formation. 

 

Outer bars existed also before the bar nourishment began in 2004. Surveys by KDI show f.ex. the 

existence of a very high outer bar in the years 2000-2002 in front of Ref. II, i.e. where today is a 

hole in the bar, see Fig. 18 in Section 5.7. 
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Fig. 12. Bar formations in the test period, (KDI). 

 

 

 

 


