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Section 1 - Soil Survey and Report – June 2018 
 

 

 
 

Figure 1 – Soil map – showing soil types and areas 
 



Section 2 - Soil Survey, including soil descriptions and photos 
 
A soil survey based on local knowledge and a desk study comprising topographic and flood maps, 
was completed to produce a reasonably detailed soil map at a scale of about 1:5,000 – see Figure 1 
above.  
About 80% of the farm supports largely Horotiu sandy loam with some Bruntwood sandy/silt loam, 
both are versatile free draining soils and occupy the broad elevated terrace land. 
The remaining 20% of the site comprise largely Te Kowhai silty/clay loams found on the lower land 
within the swales. A few areas of the swale may support Eureka soils described below as poorly 
drained as a consequence of iron pans and perched water tables.   

 
Horotiu sandy loam 

    

 
 

Horotiu soils including the gravely and sandy loam phase are located on the terraces/low linear 
ridges of alluvium, their topsoil is 15 to 20 cm thick dark brown sandy loam with a crumb to granular 
structure that overlies gravely sands of the Hinuera Formation. These soils are well drained, the 
highest category according to Milne’s classification.  
 
Bruntwood silt loam 
 

                            
 
Bruntwood soils have formed on the flanks of the low ridges upon which the Horotiu soils are found. 
They occur slightly above the lower, poorly drained areas (swales). The topsoil is a 15 cm thick dark 
greyish brown and is moderately well structured (nut to crumby). The subsoil is yellow to grey in colour 
with yellow brown mottles. The soil is moderately well drained 



Te Kowhai silt/clay loams  
 

              
 

 
Te Kowhai soils are poorly drained gleyed soils, which can be saturated at the ground surface for 
long periods over the winter months. Te Kowhai soils are poorly drained with slow permeability and a 
shallow rooting depth. Topsoils are dark greyish brown silt or clay loam. Subsoils are light grey clay 
loams with a coarse blocky sometimes massive compacted structure with many mottles. The main 
soil limitation is very poor drainage resulting from water trapped on compact slowly permeable subsoil 
layers. The soil is very prone to livestock pugging during the winter and early spring.      

 
Eureka soils 

             
 

 
Eureka soils are located on the topographic lows where ancient rivers flowed and are characterised 
by a layer of coarse gravel found at varying depths. The gravels in many cases are cemented by 
layers (pans) of iron concretions/stones. They are gleyed soils and are poorly drained, especially if 
the water tables are perched. Where the gravels are within 40 cm of the ground surface the soils are 
sandy. Where the gravels are deeper say 60 cm depth the overlying subsoils are clayey and 
compacted and are very poorly drained. 

 



Soil risk categories in relation to irrigation of dairy effluent - according to Dairynz Guidelines 
– see appendix 2 
 
Horotiu sandy loam – Category D 
Bruntwood sandy loam – Category D 
 
Te Kowhai silt/clay loam – Category B 
Eureka silt/sandy loam – Category B 
Hamilton clay loam – Category C 

 
 

Note – the figure below describes effluent considerations related to the risk categories above 

             

 
 
 
1 SWD is the soil water deficit 
 
2 PAW is the plant available water in the top 300 mm of soil  
 
3 Only applicable when instantaneous application rate from the irrigator is less than the infiltration rate  
 
4 Suggested maximum application depths when a suitable SWD exists (> 15 mm). For all the risk categories 
the application rate should always be less than the soil infiltration rate otherwise you will get ponding (on 
sloping land the instantaneous application rate needs to be less than the soil infiltration rate or you will get 
run-off). 

 

 

 

 

 

 

 

 

 
 

Dr Richard Chapman 
 
Suitably Qualified Soil Practioner  
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Bardowie Investments Ltd 
1871 Cambridge Road 
Cambridge  
New Zealand 

Attention: Matt Smith 

10 July 2018 

Dear Matt Smith 

Proposed Plan Change 11 to the Waipa District Plan - Bardowie Industrial Precinct Hydrogeological 
Assessment 

Executive Summary 

Beca Ltd has been engaged by Bardowie Investments Ltd to undertake a desktop review of the current state 
of knowledge of the hydrogeological conditions across the Bardowie Industrial Precinct (“the site”) in order to 
provide an assessment of potential implications for the management of stormwater on the site. It is intended 
that the stormwater system will be designed to maximise the soakage potential within the site; soakage will 
deal with the frequent storm events and, where possible, will remove additional runoff volume completely 
from the Mangaone Stream.  

Previous ground investigations on and around the site encountered topsoil and Hinuera Formation 
comprising predominantly alluvial rhyolitic sands and gravel, with some layers of silt. Information on hydraulic 
conductivity across the site has been inferred from soakage testing and rising head permeability tests 
undertaken on adjacent sites (Beca, 2016; Beca, 2018), preliminary soakage testing on the site (BCD, 2018), 
qualitative interpretation of the trickle irrigation system currently being used by Fonterra on the site and 
review of the WRC soil runoff risk map.  Review of the tests indicates hydraulic conductivities ranging from 
10-5 m/s to 10-3 m/s. These permeabilities are of the order of that which is required for stormwater soakage to 
the ground.   

Groundwater levels for the site have been compiled from a number of sources, and have been interpolated to 
provide a contour plan of winter groundwater level across the site. The shallowest winter groundwater levels 
in the wider project area are reported in the Cambridge North area; soil maps indicate that this area has soils 
that are of “high runoff risk”. This implies low permeability soils that will inhibit soakage deeper into the 
subsurface, resulting in shallower, possibly perched, groundwater levels.  There is some possibility that these 
soils extend across the eastern boundary of the proposed site where winter water levels are of the order of 
64 m to 65 m RL (0.3 m to 2.8 m bgl).  

Groundwater levels lower in an overall south-westerly direction, with winter groundwater levels of 60 m RL to 
63 m RL (2.5 m to 4.8 m bgl) along the southern and western boundaries of the site. In these areas, where 
the winter groundwater is > 2.5 m bgl, and, with consideration of the overall groundwater gradient, the ground 
is likely to be suitable for some soakage of stormwater. 

The data available is sufficient for plan change purposes and indicates that the Bardowie Industrial Precinct 
site will be able to accommodate some disposal of stormwater via soakage to the ground, though further 
investigation and analysis will be required to support developed design and confirm in more detail the likely 
infiltration rates and design storm volumes that can be accommodated (and over what area). Additional work 
should also consider the long term impacts of cumulative discharges to stormwater from this site and from 
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the Hautapu Structure Plan (industrial) area, Cambridge North and Cambridge C1 areas (which are 
downgradient from the site).  

1 Introduction 

Bardowie Investments Ltd (BIL) is developing a new 55 Ha industrial subdivision in Hautapu, Cambridge 
called the Bardowie Industrial Precinct (herein referred to as “the site”). Beca Ltd has been engaged by BIL 
to undertake a desktop review of the current state of knowledge of the hydrogeological conditions at the site, 
and, to provide an assessment of potential implications for the management of stormwater on the site.  

The site, located at Laurent Road, is currently owned by Fonterra who are understood to be using a trickle 
irrigation system. On this basis it is anticipated that the site may be able to utilise soakage as an on-lot 
means of managing stormwater.  

This letter report presents the findings of the desktop assessment and provides an initial review of the 
suitability of the site for the disposal of stormwater to ground as part any future development. 

2 Stormwater Design Option 

The overall approach to stormwater management is outlined in the accompanying stormwater design report 
(Harrison Grierson, 2018); however, a summary of the philosophy is provided below. 

It is intended that the stormwater system will be designed to maximise the soakage potential within the site. 
Soakage will deal with the frequent storm events and remove additional runoff volume completely from the 
Mangaone Stream. Following pre-treatment, soakage could be achieved via on-lot systems (i.e. under 
parking areas) or within communal soakage basins which could also provide for flood attenuation. Designed 
correctly, it is anticipated that these larger basins could provide for high visual amenity and recreational 
functions as well providing an additional level of pre-treatment within a planted base.  

Attenuated flood flows and overflows from the soakage system will be conveyed to the Mangaone Stream 
within open channel/swales which could potentially connect with existing wetland features adjacent to the 
stream, or a separate connection may also be appropriate. 

Full details of the locations of all soakage features is not yet determined however for the purpose of this 
assessment we have considered that there are likely to be three main components to the stormwater system: 

n A conveyance channel(s), possibly with some soakage that will be used to transport stormwater from the 
impervious areas of the site to the southeast where a large basin will be constructed.  

n This basin will likely be the primary location for soakage and storage of stormwater for Stage One 
development of the site.  

n If the basin storage volume is exceeded (e.g. more water enters than can be soaked into the subsurface) 
then a second conveyance channel will divert water from the swale to the north towards the Mangaone 
Stream at the northern boundary of the site. 
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The design philosophy described above can only be finalised once the soakage potential of the site (e.g. the 
hydrogeological setting) is fully understood and hence the following hydrogeological assessment has 
considered the full extent of the Bardowie Industrial Precinct.  

3 Hydrogeological Setting 

3.1 Geology 

The site is located within the Hamilton Basin, which is a large graben flanked by greywacke ranges (Pakaroa 
to the east and Hakarimata to the west) (Edbrooke, 2005). The basin is infilled with a thick sequence of 
largely alluvial Tauranga Group sediments, which are comprised of pumiceous silts and sands. The 
Tauranga Group sediments have been distributed by the paleo-Waikato River (Hadfield, 2001) resulting in a 
complex distribution of lithologies of varying hydraulic conductivities. 

The subsurface in the immediate vicinity of the site has been investigated by a number of Beca studies, and, 
a pre-purchase geotechnical investigation of the site itself has been undertaken by BCD Group (2018). 
Figure 1 shows the locations of borehole data that has been used to inform this assessment. 

Investigations on and around the site intersected topsoil and Hinuera Formation alluvial rhyolitic sands and 
gravel with layers of silt and clay. The lithology of the site generally consists of a topsoil layer which overlies 
stiff silt with minor clay or loose sandy silt, which is in turn underlain by loose to dense sands (BCD Group, 
2018). There is variability in the depth to and grainsize of the sand layer, varying between 0.8 to 2.5 m bgl 
and ranging from fine to coarse sand and fine gravel. The sand layer is anticipated to be between 10.4 to 
17.5 m thick based on CPTs undertaken across the site (BCD, 2018).  

At least three topsoil types are identified on the site (Harrison Grierson, 2018). About 80% of the site is 
Horotiu and Bruntwood soil types which comprise free draining gravelly and sandy loam. The remaining 20% 
of the site is comprised of Te Kowhai soil, commonly found in in lower lying swales and composed of silt and 
clay, which results in poorly drained soils. The areas where Te Kowhai soils are mapped on the site broadly 
correlate to where Fonterra site staff have anecdotally identified surface flooding and “boggy conditions” after 
heavy rainfall. 

3.2 Groundwater Levels 

Groundwater levels for the site have been compiled from a number of sources: 

n Previous Beca reports for the Hautapu Structure Plan area and Cambridge C1-C3 growth cells (Beca, 
2016; Beca, 2018); 

n Fonterra groundwater monitoring bores; 
n On-site Stormwater Soakage Guidelines: Cambridge North Residential Zone (2014); 
n Interpretation of surface water bodies; and 
n Waikato Regional Council bore database. 

The groundwater levels measured during winter (e.g. the shallowest measured groundwater levels over the 
measurement period, where available) have been used, and, for some sites are compiled over multiple 
winters. Where periodic groundwater level measurements have not been given (e.g. the WRC database) only 
measurements that are taken during the winter season have been used (e.g. between August to October).  
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Winter groundwater levels for the site are presented in Table 1 and the interpolated and contoured winter 
groundwater levels for the site (and the wider area) are presented in Figure 2.   

Table 1: Winter groundwater levels for boreholes on the site. 
Borehole Easting (NZTM) Northing (NZTM) Groundwater 

level (m bgl) 
Groundwater 
level (m RL) 

BA2 1816514.84 5808987.13 2.55 63.02 

BA4 1817123.9 5806217.23 1.01 64.86 

BA8 1816762.11 5806444.56 0.27 64.27 

BA11 1816305.67 5806427.99 3.56 61.08 

BA12 1816056.32 5806808.58 4.46 60.04 

BA25 1816148.32 5806345.57 4.75 60.09 

BA14 1816509.86 5806381.99 2.49 63.39 

BA16 1816629.95 5806217.69 3.10 63.10 

BA24 1817393.16 5806060.39 2.10 64.22 

The overall trend of the groundwater levels is shallowing (i.e. coming closer to ground level) to the northeast 
and deepening (i.e. getting further from ground level) to the southwest.  

The shallowest groundwater levels are reported in the Cambridge North area. This areas does correlate to 
where soil maps indicate soils that are of “high runoff risk”. This implies low permeability soils that will inhibit 
soakage deeper into the subsurface, resulting in shallow, possibly perched, groundwater levels.  There is 
some possibility that these soils extend across the eastern boundary of the proposed Bardowie Industrial 
Precinct site. There is currently limited site investigation data in this area; however, winter groundwater levels 
of 64 m to 65 m RL are recorded in the eastern most bores (BA4, BA8 and BA24), and, the areas described 
by Fonterra staff as being subject to “wet” winter conditions tend to be in the eastern half of the site. 

It is anticipated that groundwater level will locally lower towards the level of the Mangaone Stream to the 
north of the site, however, there is currently not enough data to fully support this assumption. 

Towards the western and southern boundaries of the site the winter groundwater levels are in the range of 60 
m to 63 m RL (2.6 to 4.8 m bgl). This is consistent with winter water levels measured in the adjacent Hautapu 
Structure Plan (industrial) area and Cambridge C1 growth cell and likely reflect overall drainage towards the 
Waikato River some 3 km to the south of the site. 

Perched groundwater levels are reported for the Cambridge C2 growth cell (2 km southwest of the site) and 
are considered to occur as a result of an iron pan in the upper 1.5 m to 2.0 m of the soil profile.  No such iron 
pan has been encountered on the Bardowie Industrial Precinct site; however there remains some risk of 
localised perched groundwater levels on the site should lower permeability soils occur near surface.   

Groundwater levels are expected to vary seasonally (i.e. be deeper in summer) by typically between 1 m to 3 
m, but up to 6 m, based on quarterly monitoring of the Fonterra bores between 2015 and 2017. This is 
consistent with shorter duration, but near-continuous monitoring of bores for the Hautapu Structure Plan 
(industrial) area (Beca, 2016) and Cambridge C1 growth cell (Beca, 2018)  
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3.3 Hydrogeological Properties of Soils 

Information on hydrogeological properties across the site has been inferred from soakage testing (Beca, 
2018; BCD Group, 2018), rising head testing in piezometers (Beca, 2016), qualitative interpretation of the 
trickle irrigation system currently being used by Fonterra and the WRC soil runoff risk map.  Variable testing 
methodologies have been undertaken across the different projects.  For the purpose of having a consistent 
measure across the data sets, this report has converted all of the results to hydraulic conductivity (in SI units 
i.e. m/s) and based on late time test data.  

3.3.1 Hydraulic Conductivity Measurements  

A summary of the raw (un-factored) hydraulic conductivity measurements is given in Table 2, and displayed 
in Figure 3.  

Table 2: Summary of hydrogeological properties of soil on and nearby site.  
ID Easting Northing Depth (m 

bgl) 
Test 
Type 

Dominant Lithology Hydraulic 
Conductivity 
(unfactored) 

(m/s) 

Site 

TP01 1816050 5805715 6.2 
Test pit 
soakage 
vertical 
hydraulic 
conductivity 

Fine sand 1.50E-05 

Cambridge 
C1-C3 
(Beca, 2018) 

TP02 1816114 5805179 7.3 Silty fine sand 8.31E-05 

TP03 1815592 5804574 5.1 Fine to coarse sand 2.39E-04 

TP04 1815167 5804128 2.9 Fine to medium sand 1.00E-05 

TP05 1814598 5804925 5.0 Fine to coarse sand 7.89E-05 

BH101 1815363 5806084 5.0 – 8.0 
Piezo 
rising 
head 
test 
horizontal 
hydraulic 
conductivity 

Fine to medium sand 6.52E-05 

Hautapu 
Structure 
Plan (Beca, 
2016)  

BH102 1815344 5806482 5.0 – 8.0 Fine to coarse sand 9.25E-05 

BH103 1815694 5806492 5.0 – 8.0 Fine to medium sand 9.25E-05 

BH104 1814647 5806776 5.0 – 8.0 Fine gravelly to 
coarse sand 

2.75E-05 

BH105 1814582 5806571 5.0 – 8.0 Fine sand and sandy 
silt 

6.52E-07 

SH01 1816354 5806694 2.0 

Test 
hole 
soakage 
vertical 
hydraulic 
conductivity 

Sand 7.33E-04 

Bardowie 
Industrial 
Precinct 
(BCD 
Group2018) 

SH03 1816291 5806270 2.0 Sand and sandy silt 8.41E-04 

SH04 1816493 5806267 1.7 Sand with trace of 
gravel 

2.90E-03 

SH05 1816694 5806257 1.9 Gravelly sand 3.33E-03 

SH06 1817081 5805983 1.8 Sand with some silt 5.67E-04 

SH07 1817197 5805979 1.7 Gravelly sand 2.00E-03 

The soakage tests performed by BCD Group (2018) have been reanalysed by Beca in order to allow a 
consistent measure across the various tests. The reanalysed soakage rates are slightly lower than the values 
reported by BCD Group (2018), as a result of adopting the later time data. We note that the above values are 
raw test results and a factor of safety should be applied to determine the longer term infiltration rate for 
design purposes 
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Overall the tests undertaken on site indicate that the vertical hydraulic conductivity of the shallow soils 
around the site is generally high, and likely to be suitable for soakage. However, there is some variability 
between tests on individual sites, with results ranging over 1 - 2 orders of magnitude (a factor of 10 to 100).  
This is to be expected given the depositional history of the soils, but could have implications for soakage.  

Specific testing of the horizontal hydraulic conductivity is also required.  Ultimately, the horizontal hydraulic 
conductivity will dictate how readily the disposed stormwater is transported away from the site (and hence 
what degree of mounding could occur beneath soakage areas). Results from testing of piezometers in the 
adjacent Hautapu Structure Plan area indicate that the saturated horizontal hydraulic conductivity may be 5x 
to 10x lower than that indicated by the shallow soakage testing undertaken on Bardowie Industrial Precinct 
site; however, this is still likely to be of the order required for soakage.  

3.3.2 Soil Risk Map 

Waikato Regional Council (WRC) have prepared a map showing the risk that soil will impede infiltration of 
effluent into the subsurface. Soils marked as high risk have an increased risk of effluent runoff to waterways, 
whereas soils marked as low risk will drain liquid more evenly through the soil profile as a result of their 
porosity and soil structure. Figure 3 shows the distribution of high risk, i.e. inferred low permeability soils in 
the vicinity of the site. The WRC have identified that soil risk for the site is low, with the soil being allophanic, 
well drained and having slight erosion potential. Soils with high risk for soil run off are mapped in the 
northeast of Cambridge North (located to the southeast of the site), and correspond to areas of shallow 
groundwater level and poor soakage. Although not mapped there is some risk that these soils could extend 
across the eastern boundary of the site. 

Three key soil types have been identified which can be divided into two main facies: freely draining sandy soil 
(80% of site), and poorly drained silty/clayey soil (20% of site). The WRC soil risk map is mapped at a larger 
scale than soil type map described in Harrison Grierson (2018), and does not show any low permeability soils 
at the site. However, the northwest / southeast oriented spatial trend of the poorly draining soil facies 
mapped by Chapman (2018) roughly matches that of the WRC high risk soils and as noted above could 
extend into the site.  

3.3.3 Trickle Irrigation System 

Fonterra have been distributing treated process water onto the site at an average rate of 1.3 x 10-5 m/s 
(range 1.9 x 10-7 to 4.0 x 10-5 m/s) over a large area of the site (Table 3).  

Whilst there is no formal reporting of the system, all communication with Fonterra suggests that there has 
been no runoff from the surface to nearby water bodies when irrigating at these rates. This indicates that the 
soil where irrigation takes places is conducive to soakage at those rates.  

Whilst this is indicative of potential for soakage it is emphasized that the trickle irrigation is widely distributed 
and at a low infiltration rate.  By contrast, soakage basins will be localised and require infiltration at a much 
higher rate.  Hence, soakage will be most effective where it is located in areas of high hydraulic conductivity 
soils and relatively deep groundwater levels.  
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Table 3: Fonterra trickle irrigation rates for various locations. 
Date Bardowle (11, 12) 

(Horotiu Soil) 
(m/s) 

Bardowle (18, 19, 20) 
(Te Kowhai Soil) 

(m/s) 
2003/04 2.3E-05 2.0E-06 
2004/05 1.1E-05 8.0E-06 
2005/06 5.3E-06 1.8E-06 
2006/07 4.8E-06 1.2E-05 
2007/08 3.6E-05 1.9E-05 
2009 1.7E-05 3.9E-06 
2010 3.3E-05 3.1E-05 
2011 3.0E-06 2.2E-05 
2012 4.0E-05 1.9E-05 
2013 2.6E-06 1.1E-06 
2014 1.9E-07 5.6E-06 
2015 2.2E-05 7.5E-06 
2016 5.6E-06 1.2E-05 
2017 2.0E-05 1.5E-05 

4 Potential Hydrogeological and Geotechnical Constraints for 
Stormwater Design 

4.1 Stormwater Options 

The proposed stormwater design is likely to comprise a series of conveyance/soakage channels and a 
primary storage/soakage basin. The channels will convey surface run-off from the built up area of the site to 
the primary basin. An overflow channel will divert any volume that cannot be soaked away to the Mangaone 
Stream at the north of the site.  

The dimensions and locations of these features has not yet been finalised, hence the statements below are 
typically generalised across the site. Specific commentary is however provided for the southern boundary of 
the site, where it is anticipated that the primary soakage basin will be located. 

4.2 Hydrogeological Constraints 

4.2.1 Depth to Groundwater 

Figure 2 and Table 1 show the depth to groundwater based on the current Fonterra piezometers on the site 
and previous monitoring by Beca in the wider area. It can be seen from this that the groundwater level is 
likely to be encountered at depths greater than 2.5 m across the southern and western parts of the site 
during winter. However there is some uncertainty that will need to addressed, regarding site specific 
groundwater levels at the locations of soakage features, and, of groundwater levels in the north-eastern 
quadrant of the site.  
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4.2.2 Infiltration Rates and Groundwater Mounding 

Whilst there is infiltration data available (e.g. Fonterra “trickle irrigation” system and nearby Beca hydraulic 
conductivity measurements), the spatial variability of soil types and therefore potential for variation in 
hydraulic conductivity, necessitates further investigation. Even where more permeable layers are present at 
the surface they may be underlain by lower permeability layers which could constrain the long term rate of 
infiltration.  

There is a risk that where stormwater is able to infiltrate through the base or sides of a channel or basin, it 
could lead to elevated groundwater levels (localised mounding) that reach or exceed the groundwater 
surface and result in surface flooding. Mounding of the groundwater levels will impede further soakage of 
water into the subsurface and it may be necessary to restrict groundwater infiltration in areas with shallow 
depths to water and limited freeboard in order to avoid excessive mounding. 

The magnitude and extent of groundwater mounding will be dictated by the saturated horizontal hydraulic 
conductivity which requires further testing. 

4.2.3 Cumulative Effects of Multiple Sites Discharging to Groundwater  

Discharge of stormwater to the ground is also proposed for the Hautapu Structure Plan (industrial) area, 
Cambridge C1 and C2 growth cells and Cambridge North Residential , all of which are along or down-
gradient from the site and hence could limit the long term discharge from the Bardowie Industrial Precinct 
site. Consideration of the cumulative effects of multiple discharges will be required.  

4.3 Geotechnical Constraints 

4.3.1 Stability of Cuts 

A shallow depth to groundwater (and the potential for seepage to reduce the stability of batter slopes) may 
require lower slope angles which would increase the area of the channels or basin. This is likely to be most 
significant across the northern and eastern parts of the site where the groundwater levels are closer to the 
surface but could also be significant where deep excavations are planned (if they are located below the 
groundwater level and in more permeable layers).  

4.3.2 Lateral Spreading 

Lateral spreading, or lateral movement, occurs when earthquake shaking induces soil to lose cohesion and 
move. The loss of cohesion may be caused by liquefaction, which is caused by earthquakes increasing pore 
water pressures such that grain on grain contact is reduced, resulting in the soil mass acting like a fluid. 
Three key elements are all required for liquefaction, and thus lateral spreading, to occur: 

1. Loose non-plastic soil (typically sands and silts) 

2. Saturated soil 

3. Sufficient ground shaking 

While a geotechnical evaluation is required to understand the liquefaction potential of the site (and this is the 
scope of BCD group), the soil types that are present at the site are considered potentially susceptible to 
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Figure 1: Overview of the site and borehole locations. 
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Figure 2: Interpolated winter groundwater levels. 
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Figure 3: Compiled hydraulic conductivity measurements. 


