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1.0 Introduction 

1.1 Project Background 
Rio Tinto is undertaking construction and commissioning of a bore field in the Bungaroo Creek 
area, located approximately 35 km south-southeast of Pannawonica, in the Pilbara region of 
Western Australia (Figure 1.1).  Planned to be operational in the final quarter of 2013, the Coastal 
Water Project (CWP) will extract up to 10 GL per year from the Bungaroo Creek aquifer to 
supplement the West Pilbara Supply Scheme (Rio Tinto 2011).  CWP developments at Bungaroo 
include: 

• dewatering pumps and associated infrastructure, including the construction of nine 
production bores and 50 monitoring bores as part of the Pilbara Coastal Water Supply Project;  

• transfer pipelines (and associated infrastructure) between production bores and on to 
Millstream National Park approximately 85 km away; and 

• a single 33 kV power line from the existing Mesa J operations to the Bungaroo Valley. 
 
The CWP project was referred to the Environmental Protection Authority (EPA) in May 2010 and 
determined to be “not assessed” and would be managed under Part V of the Environmental 
Protection Act 1986. 
 
Dewatering and alterations to groundwater systems have the potential to impact stygal species 
and communities by reducing available habitat and changing hydrology.  A Water Resource 
Management Operating Strategy (Strategen 2012) has been prepared for the CWP to address 
this, which, in reference to stygofauna, states: 
 

“Monitoring of stygofauna occurrence will occur in areas of interest and control areas to enable 
impacts associated with groundwater to be evaluated.” 
 

and: 
 

“A detailed stygofauna monitoring programme will be developed and forwarded to the 
Department of Environment and Conservation (DEC) for review and endorsement.” 
 
Biota Environmental Sciences (Biota) was commissioned to undertake an initial feasibility 
assessment and design the monitoring programme required by the operating strategy (Biota 
2013b, 2013c).  This monitoring programme was subsequently reviewed and endorsed by DEC in 
2013. 
 

1.2 Scope of this Study 
This report details the results of the first phase of implementation of the required monitoring 
programme for stygofauna in the Bungaroo CWP study area and nearby Jimawarruda Creek.  
The sampling design follows the approach set out in Biota (2013c), incorporating an initial set of 
sites for sampling, and a subset of those sites for water chemistry profiling to characterise 
stygofauna habitat.  It represents a baseline survey phase prior to the commissioning of the bore 
field, to supplement the data set available from past historical surveys and collect data in a 
standardised fashion that will be continued for phases after commissioning. 
 

1.3 Previous Surveys 
Historic sampling within and around the Bungaroo Valley by Biota has been extensive, with 11 
phases completed since 2003 (Biota 2013a).  These surveys have demonstrated a diverse stygal 
community exists within the valley’s alluvial aquifer, including a number of species only known from 
this system (Biota 2010a, 2011a). 
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Figure 1.1: Location of the Bungaroo CWP study area (broadly divided into lower and upper Bungaroo 

Creek).  
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1.4 Background on Stygobitic Fauna 

Stygofauna refer to those fauna that inhabit groundwater, sometimes occurring very close to the 
surface.  They tend to be highly specialised to, and obligate dwellers of, subterranean 
groundwater habitats.  Stygofauna are known to be present in a variety of rock types including 
karst (limestone), fissured rock (e.g. granite) and porous rock (e.g. alluvium) (Marmonier et al. 
1993). 
 
The types of animals that have become stygal (groundwater inhabiting) in Western Australia 
include platyhelminthes, oligochaetes, crustaceans, water mites and water beetles (Humphreys 
1999, Watts and Humphreys 1999).  Much attention has been directed to the crustacean fauna, 
which includes ostracods, copepods, bathynellid syncarids, isopods and amphipods (Humphreys 
1999, Watts and Humphreys 1999). 
 
Subterranean food webs are typically almost entirely heterotrophic, with bioproduction primarily 
dependent on the transport of resources (biomass, detritus) from the surface (allotrophy; Gibert et 
al. 1994).  There are few primary producers (chemolithotrophic bacteria; Danielopol et al. 1994). 
However, groundwater microbes (i.e. bacteria, fungi and protozoans) are the primary consumers, 
with generally short direct trophic links to most meiofauna in the system. 
 
The distribution of subterranean fauna species appears to generally be more restricted than that 
of surface fauna analogues.  High levels of endemism are typically characteristic of subterranean 
taxa and tend to be concentrated in regions that support relatively diverse communities, rather 
than being distributed randomly (Humphreys 2000). 
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2.0 Methodology 

2.1 Study Personnel and Survey Timing 

This single-phase stygofauna survey was co-ordinated and managed by Jessica Cairnes of Biota.  
Jessica Cairnes and Nicola Watson of Biota completed the survey work between the 1st and 5th of 
July, 2013.  Melissa Robinson and Ash Brown (Biota) prepared the maps for this report. 
 

2.2 Sampling Methodology 

Sampling was completed under Regulation 17 “Licence to Take Fauna for Scientific Purposes” 
Licence Number SF009207 issued to Jason Alexander (Appendix 1).  Sampling techniques were 
consistent with those outlined in Environmental Protection Authority (EPA) Guidance Statement 54 
(EPA 2003) and Draft Guidance Statement 54a (EPA 2007). 
 
Stygofauna was sampled for using modified plankton haul nets.  These sampling nets were 
constructed from 70 µm plankton mesh, with 50 mm and 100 mm apertures attached to a 
weighted catch jar.  Stygofauna sampling nets were lowered to the bottom of water bores and 
drill holes before being slowly hauled to the surface where the contents of the jar were flushed 
into a uniquely labelled container.  Each monitoring site was sampled in this way a total of five 
times.  On the final haul the net was agitated gently to stir the benthos layer and mobilise any 
fauna present for more effective specimen collecting.  Specimens were stored in a shaded esky 
in order to preserve the sample prior to sorting and identification. 
 
Following sampling of each monitoring site, the nets were thoroughly rinsed with water, inspected 
and where possible, left to dry before using on another site.  This prevented cross-contamination 
of specimens between aquifers and sample sites. 
 
Sorting of collected samples was completed in a laboratory on return to Perth, under dissecting 
microscopes (Olympus SZ40 and SZ61, magnification up to 40x). 
 

2.3 Survey Design and Sampling Effort 

A total of 33 sites were originally selected in the monitoring design (13 Impact and 20 Reference) 
that were accessible and provided a good spatial spread across the study area (Biota 2013c).  
Field constraints, including bores having been graded over, access tracks closed and blockages, 
prevented sampling of 12 of the originally selected bores.  This was supplemented during the field 
survey by the addition of a further six opportunistic bores, bringing the total that were able to be 
sampled during the monitoring phase to 27 bores (nine Impact bores and 18 Reference sites; Table 
2.1). 
 
The distribution of the sampling sites is shown in Figure 2.1 and Figure 2.2. 
 

2.4 Water Chemistry Data Collection 

Water chemistry data were collected to characterise habitat physical parameters relevant to 
stygofauna.  Parameters measured included dissolved oxygen (µg/l and % saturation), electrical 
conductivity (µS/cm), temperature (oC) and pH, with data collected using a Troll 9000 in situ water 
quality meter.  Values were logged at approximately 1 m intervals from the top of the water table 
to the bottom of profiled bores, with depth determined by pressure sensor. 
 
Consistent with the monitoring programme (Biota 2013c), water quality data were collected at a 
representative subset of 13 of the monitoring bores (Table 2.1). 
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Table 2.1: Sampled Impact and Reference area monitoring sites for the Bungaroo CWP (coordinates in 
Zone 50, datum GDA94). 

 

Site Easting Northing 
Modelled 

Drawdown (m) 
Comments 

Impact Sites 
	
   	
   	
   	
  BC225 437839 7576280 2.0 Water chemistry profile site 

BC292 431917 7584919 13.6 Water chemistry profile site 
JW023 426138 7590140 10.5 Previously unsampled 
JW024 427126 7590154 11.5 Previously unsampled 
BC186 429578 7587212 12.2 Water chemistry profile site 
BUNWO1677 436758 7579076 2.9 - 
J154 422762 7591412 6.6 - 
BUNWP0006 438890 7576460 1.6 Water chemistry profile site 
SPUR01 426391 7587798 12.1 - 

Reference Sites 
	
   	
   	
   	
  BC156 442019 7573910 0.5 Water chemistry profile site 

BC210 443903 7573914 0.6 Water chemistry profile site 
BC360 448992 7570740 0 Water chemistry profile site 
BC401 443563 7574126 0.6 Water chemistry profile site 
BC434 444550 7572686 0.5 - 
BC495 448966 7569943 0 Water chemistry profile site 
BC667 447880 7570845 0.1 - 
BUNWB13 444783 7572485 0.4 - 
BUNWO1105 444843 7572206 0.5 Water chemistry profile site 
BUNWO1108 445709 7571522 0.5 Water chemistry profile site 
JIMWE003 430736 7595444 0 Water chemistry profile site 
JIMWE004 430286 7601160 0 - 
BC690 448665 7570594 0.1 Water chemistry profile site 
PZ11BUN008 469926 7587367 0.0 - 
BUNDD2260 443263 7574206 0.7 - 
BUNWB09 444380 7572966 0.4 - 
PZ11BUN003 470338 7587467 0.0 - 
WB11BUN001 502228 7604563 0.0 - 
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Figure 2.1: Locations of bores sampled successfully in the 2013 baseline CWP monitoring phase (Lower Bungaroo). 



Bungaroo Coastal Waters Project Stygofauna Monitoring 
 

 
14          Cube:Current:831 (Bungaroo and RTIO CWP Stygofauna Monitoring):Documents:Bungaroo CWP v2 

 
Figure 2.2: Locations of bores sampled successfully in the 2013 baseline CWP monitoring phase (Upper Bungaroo). 
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3.0 Results 

3.1 Stygofauna 

3.1.1 Overview of Records 

A total of 59 stygobitic fauna specimens were collected during the baseline sampling phase 
(Table 3.1).  The recorded stygobitic fauna represented five orders in five classes (Table 3.1).  As is 
common in stygobitic communities in the Pilbara, the recorded assemblage was dominated by 
the phylum Crustacea, accounting for more than two-thirds of the fauna. 
 

Table 3.1:  Specimens collected and taxonomic summary of stygobitic fauna collected in the baseline 
sample phase of 2013 (common names from Harvey and Yen 1989). 

Taxonomy Number 
Collected Phylum Class Order (Common Name) 

Chelicerata Arachnida Hydrachnidia (water mites) 2 

Crustacea 

Malacostraca Amphipoda (amphipods) 3 

Copepoda Cyclopoida (cyclopoid copepods) 32 

Podocopida Ostracoda (ostracods) 5 

Mollusca Gastropoda Sorbeoconcha (aquatic snails) 17 

	
   	
  
Total 59 

 

The water mites were superficially similar but could not be identified below sub-order level.  The 
amphipods recorded were all identified as Nedsia hurlbertii; a species recorded routinely during 
past sampling phases in the Bungaroo valley (Biota 2013a).  Four species of cyclopoid copepods 
and a single harpacticoid copepod species were recorded, all of which have been previously 
collected at Bungaroo (Biota 2013a), as has the ostracod species collected (Areacandona 
triangulum).  The hydrobiid snails collected also appear to be the same taxon previously recorded 
from the area Hydrobiidae sp. nov. (Biota 2013a). 
 

3.1.2 Distribution of the Fauna in Impact and Reference Areas 

Stygofauna were collected from eight of the 27 bores sampled; five from the Reference area and 
three Impact sites (Table 3.2).  A total of eight species were recorded from the five orders represented 
(Table 3.2).  The distribution of the sites yielding stygofauna is shown in Figure 3.1 and Figure 3.2. 
 

Table 3.2:  Site by taxon representation of stygofauna in Impact and Reference areas during the 2013 
baseline survey phase. 

 
Reference Impact 

Taxon BU
N

W
B1

3 

BU
N

W
O

11
08

 

JI
M

W
E0

03
 

BC
69

0 

BC
36

0 

JW
02

4 

BC
18

6 

BC
22

5 

Acariformes (water mite)  1    1   

Nedsia hurlberti (amphipod)   1   2   

Diacyclops cockingi (cyclopoid copepod)  3   6    

Thermocyclops aberrans (cyclopoid copepod)     15    

Diacyclops sp. (juvenile cyclopoid copepod) 1  1      

Elaphoidella humphreysi (harpacticoid copepod) 1      4  

Areacandona triangulum (ostracod)   4     1 

Hydrobiidae sp. nov. 17        
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Figure 3.1: Locations of bores yielding stygofauna specimens during the 2013 baseline CWP monitoring phase (Lower Bungaroo). 
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Figure 3.2: Locations of bores yielding stygofauna specimens during the 2013 baseline CWP monitoring phase (Upper Bungaroo). 
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Four of the five orders were collected from both Reference and Impact areas, with the aquatic 
snails the only order recorded from Reference areas only (Table 3.2).  Four of the eight species 
were also recorded from both Reference and Impact sites, and all species have previously been 
recorded at multiple locations within the Bungaroo Valley (Biota 2013a). 
 
In a broader context, six of the eight taxa (Nedsia hurlberti, Diacyclops cockingi, Thermocyclops 
aberrans, Diacyclops sp. (juvenile), Elaphoidella humphreysi and Areacandona triangulum) have 
been commonly recorded elsewhere in the Pilbara bioregion and have demonstrated wider 
distributions (Biota 2009, 2010b, 2011b).  The status of the water mite cannot be confirmed as it 
could not be determined to species level and the Hydrobiidae sp. nov. aquatic snail is currently 
only known from the Bungaroo Valley (Biota 2013a). 
 

3.1.3 Results in the Context of Past Data 

The fauna recorded during the 2013 baseline sampling phase at Bungaroo are a subset of the 
total fauna previously recorded from the valley (Biota 2013a).  The taxa recorded during the 
baseline phase (Table 3.2) were all represented amongst the known stygal community from the 
area (Figure 3.3).  No new taxa were recorded during the survey phase. 
 

 
Figure 3.3: Proportional representation of stygofauna recorded from Bungaroo from 11 previous phases of 

sampling (Biota 2013a). 

 

Hydrobiidae sp. nov. was previously recorded from Reference site BUNWB13, where it was again 
recorded during the current phase (Table 3.2).  The same site has also previously yielded three 
cyclopoid copepod species (Biota 2013a), also consistent with the current phase (Table 3.2).  
Reference sites BUNWO1108, JIMWE003 and BC360 all had records of cyclopoid copepods during 
both the current phase (Table 3.2) and past sampling work (Biota 2013a).  Site JIMWE003 has also 
previously yielded ostracod specimens, again consistent with the results from the current phase 
(Table 3.2; (Biota 2013a)).  In general then, the results from the current phase are in keeping with 
the results from the 11 previous surveys in the area (Biota 2013a). 
 

3.2 Water Chemistry 

Water chemistry data from the study area indicate that the groundwater at Bungaroo is warm, 
slightly acidic and virtually fresh in nature (Table 3.3).  Mean temperature and dissolved oxygen 
levels were not significantly different between the Impact and Reference sites, whereas Impact 
sites where on average closer to neutral pH and fresher than Reference areas (Table 3.3). 
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Table 3.3:  Mean values in key groundwater chemistry parameters (± standard error). 

 
Parameter Reference Sites Impact Sites 
Temperature (oC) 30.25 ± 0.61 30.92 ± 0.92 
pH 5.62 ± 0.17 6.70 ± 0.39 
Conductivity (µS/cm) 293.88 ± 52.93 622.36 ± 97.39 
Dissolved oxygen (µg/l) 17,116.48 ± 4,675.62 17,583.01 ± 5,089.54 

 
Ecological groundwater parameters can vary with depth, which can affect vertical distribution 
of fauna (Humphreys and Adams 1991). Profiles with depth were therefore constructed of 
recorded parameters where appropriate: pH did not vary with depth and graphs for this 
parameter were therefore not compiled.  Some monitored holes were very shallow with little 
data, and graphs were also not compiled for these sites (BC225, BC156, BC401 and BC495), but 
data from these sites were still used in deriving overall mean values for treatment areas (Table 
3.3; Appendix 2). 
 
Dissolved oxygen was variable with depth, but generally decreased with increasing depth 
through the water table in both Impact and Reference bores (Figure 3.4).  Two bores, 
BUNWP006 and BC360, displayed notable increases in oxygen levels deeper in the profile 
(Figure 3.4).  The latter bore showed the most marked increase at depth, which also had a 
corresponding minor decrease in salinity (Figure 3.5) and a substantial decrease in 
temperature (Figure 3.6).  
 

 
Figure 3.4: Profiles of groundwater dissolved oxygen with depth at Reference (shown in blue) and Impact 

(red) sites in the study area. 

 
Conductivity showed little variation with depth, with no evidence of a halocline in the aquifer 
(Figure 3.5), though there was substantial variation amongst bores in conductivity level. 
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Figure 3.5: Profiles of groundwater conductivity with depth at Reference (shown in blue) and Impact (red) 

sites in the study area. 

Most sites showed little variation in groundwater temperature with depth, though there was often 
a minor but steady increase in temperature with depth, without any evidence of a strong 
halocline (Figure 3.6).  Bore BC690 showed a small decrease in temperature at depth, 
corresponding to a slight decrease in conductivity (cf. Figure 3.5). 
 

 
Figure 3.6: Profiles of groundwater temperature with depth at Reference (shown in blue) and Impact (red) 

sites in the study area. 
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4.0 Summary and Conclusions 
The baseline monitoring phase for the Bungaroo CWP was completed in July 2013 and a total of 
27 bores (nine Impact bores and 18 Reference sites) were successfully sampled for stygofauna.  
Methodology and approach followed the programme prepared by Biota (2013c) as reviewed 
and endorsed by the DEC. 
 
A total of 59 stygobitic fauna specimens were collected during the baseline sampling, 
representing five orders in five classes.  Stygofauna were collected from eight of the 27 bores 
sampled; five from the Reference area and three Impact sites.  The fauna recorded during the 
baseline phase are a subset of the total fauna previously recorded from the Bungaroo valley 
(Biota 2013a).  The taxa recorded were all represented amongst the known stygal community 
from the area (i.e. no new species were found.) 
 
The fauna recorded during this monitoring phase accounts for only a small proportion of the 
known stygal assemblage of the Bungaroo valley (Biota 2013a).  A total of 51 taxa is currently 
documented for the area therefore many known species were undetected, but probably present 
during the current phase of work.  The issues contributing to this result; single-phase sampling, 
sampling effects and variability over time, were identified in the monitoring programme design as 
a limitation inherent to this type of ecological monitoring (Biota 2013c).  The inclusion of habitat 
(groundwater) monitoring data in the programme is a key component intended to address this 
and provide parallel evidence that the system is still suitable for stygofauna, and that the limited 
species records are likely to be indicative of the wider community persisting in the area. 
 
Water chemistry data indicate that the groundwater in the study area is warm, slightly acidic and 
virtually fresh in nature.  Mean temperature and dissolved oxygen levels were not significantly 
different between the Impact and Reference sites, whereas Impact sites where on average closer 
to neutral pH and fresher than Reference areas.  Some bores showed evidence of minor changes 
in dissolved oxygen and temperature at depth, which has previously been observed in other 
Pilbara locations (e.g. Biota 2006).  It is possible that these habitat changes correspond to areas of 
increased groundwater flow, cavernous sections in the profile or other changes in stratigraphy. 
 
The data collected during this phase of work provide baseline information for the future 
monitoring of the Bungaroo CWP.  Future analysis of both fauna data and groundwater habitat 
data over time during the bore field’s operation will inform Rio Tinto’s management of the facility, 
and fulfil obligations from both the Water Resource Management Strategy (Strategen 2012) and 
the stygofauna monitoring programme design (Biota 2013c). 
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5.0 Glossary 

Aquifer Body of rock that is varyingly permeable, which contains or transmits 
groundwater. 

EPA Environmental Protection Authority of Western Australia. 

DEC Department of Environment and Conservation 

Halocline A rapid gradient in salinity level in natural water body. 

Meiofauna Marine and freshwater fauna inhabiting interstitial environments 

Stygobite Obligate groundwater fauna. 

Stygofauna Fauna inhabiting the various types of groundwater. 

Taxonomy Theory and practice of biological classification. 

Thermocline A rapid gradient in temperature in natural water body. 
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BORE DEPTH TEMP PH Conductivity DO DO
M C pH ms/cm %sat mg/L

Impact BC186 0.03 22.4 5.0 70.1 405.4 34299
Impact BC186 0.07 23.5 4.7 2.4 390.1 32267
Impact BC186 0.12 24.3 4.6 2.2 382.5 31230
Impact BC186 0.16 24.6 4.6 2.1 377.8 30669
Impact BC186 0.20 24.7 4.6 2.1 374.7 30343
Impact BC186 0.63 31.0 6.0 531.2 352.8 25507
Impact BC186 1.05 31.1 6.4 527.3 349.7 25236
Impact BC186 1.53 31.2 6.6 526.9 221.6 15985
Impact BC186 2.01 31.0 6.6 527.2 191.5 13849
Impact BC186 2.48 31.1 6.7 525.9 167.1 12077
Impact BC186 2.96 31.0 6.7 525.8 150.6 10898
Impact BC186 3.99 31.3 6.6 531.1 137.0 9864
Impact BC186 5.17 31.4 6.7 530.9 126.3 9086
Impact BC186 6.83 31.4 6.7 530.9 115.4 8304
Impact BC186 11.06 30.9 6.6 519.6 99.2 7201
Impact BC186 18.05 30.8 6.7 517.1 94.3 6870
Impact BC186 25.03 30.7 6.7 517.4 89.9 6549
Impact BC186 32.02 30.7 6.7 517.4 85.9 6259
Impact BC186 39 30.7 6.7 517.1 82.8 6033
Impact BC292 0.14 30.1 6.6 298.5 355.7 26065
Impact BC292 0.28 30.2 6.8 299 342.7 25107
Impact BC292 0.42 30.1 6.8 299.9 331.1 24268
Impact BC292 1.01 30.5 6.9 300.6 326.4 23812
Impact BC292 2.42 30.4 6.8 321.9 323.5 23680
Impact BC292 4.57 30.1 6.5 322.3 309.7 22810
Impact BC292 7.70 30.2 6.5 324.3 276.7 20339
Impact BC292 11.48 30.4 6.5 326.0 238.1 17462
Impact BC292 16.17 30.7 6.5 328.5 202.9 14817
Impact BC292 21.33 30.8 6.5 330.0 178.2 12992
Impact BC292 27.16 31.0 6.5 329.9 159.4 11596
Impact BC292 33.44 31.1 6.5 329.3 145.2 10551
Impact BC292 40.07 31.2 6.5 329.1 135.1 9812
Impact BC292 47.05 31.2 6.5 329.2 126.9 9212
Impact BC292 54.04 31.2 6.5 329.3 120.4 8748
Impact BC292 61.03 31.2 6.5 329.4 115.0 8350
Impact BC292 68.02 31.2 6.6 329.3 109.9 7979
Impact BC292 75.01 31.2 6.5 329.2 107.3 7786
Impact BC292 82 31.2 6.5 329.1 103.8 7534
Reference BC210 0.22 29.6 6.8 240.6 355.3 26051
Reference BC210 0.43 29.6 6.9 240.3 347.8 25504
Reference BC210 1.54 29.7 6.8 238.4 343.9 25222
Reference BC210 3.86 29.6 6.6 238.2 335.4 24657
Reference BC210 7.12 29.6 6.5 238.4 313.9 23094
Reference BC210 11.44 29.6 6.5 238.5 287.5 21157
Reference BC210 16.62 29.7 6.5 238.7 266.3 19595
Reference BC210 22.50 29.7 6.5 239.0 248.4 18264
Reference BC210 29.38 29.8 6.5 239.4 236.4 17364
Reference BC210 37.29 29.9 6.5 240.0 227.0 16656
Reference BC210 45.61 30.0 6.6 240.2 219.4 16086



Reference BC210 54.66 30.0 6.5 240.7 213.5 15646
Reference BC210 64.53 30.1 6.6 241.4 210.2 15381
Reference BC210 74.40 30.1 6.6 241.4 206.7 15130
Reference BC210 84.26 30.1 6.6 241.4 204.7 14985
Reference BC210 94.13 30.1 6.6 241.4 202.3 14807
Reference BC210 104 30.1 6.6 241.2 199.5 14596
Reference BC690 0.28 29.6 5.9 133.6 360.1 26461
Reference BC690 0.57 29.6 6.1 131.7 344.3 25294
Reference BC690 1.15 29.8 6.0 155.8 340.2 24904
Reference BC690 3.24 29.9 6.2 168.5 333.4 24414
Reference BC690 7.14 29.9 6.4 189.9 286.8 21013
Reference BC690 13.25 29.9 6.4 189.9 226.7 16620
Reference BC690 21.32 30.0 6.5 189.9 176.0 12905
Reference BC690 31.08 30.0 6.5 190.0 138.6 10166
Reference BC690 41.71 30.0 6.5 190.2 111.0 8144
Reference BC690 53.56 30.1 6.6 190.4 91.7 6726
Reference BC690 71.50 30.3 6.6 191.3 60.1 4402
Reference BC690 90.96 30.3 6.5 191.3 56.7 4150
Reference BC690 110.48 30.3 6.5 192.4 49.7 3642
Reference BC690 130 30.3 6.5 192.5 45.0 3300
Impact BUNWP0006 0.07 31.6 7.9 214.6 330.5 23533
Impact BUNWP0006 0.15 31.5 7.9 213.8 282.1 20121
Impact BUNWP0006 0.23 31.4 7.9 214.5 240.8 17191
Impact BUNWP0006 0.43 31.6 7.9 216.4 209.4 14931
Impact BUNWP0006 0.90 31.5 7.8 215.2 182.3 13026
Impact BUNWP0006 1.57 31.5 7.4 228.6 155.1 11088
Impact BUNWP0006 2.64 31.5 6.7 235.1 130.2 9315
Impact BUNWP0006 4.10 31.4 6.5 230.9 126.4 9052
Impact BUNWP0006 5.87 31.4 6.4 231.1 143.4 10278
Impact BUNWP0006 8.11 31.4 6.3 233.0 166.2 11920
Impact BUNWP0006 10.62 31.4 6.3 234.4 187.8 13477
Impact BUNWP0006 13.32 31.5 6.5 275.5 202.3 14510
Impact BUNWP0006 16.42 31.6 6.9 279.1 212.4 15223
Impact BUNWP0006 19.95 31.6 7.1 287.9 218.3 15650
Impact BUNWP0006 23.88 31.6 7.2 289.0 221.6 15892
Impact BUNWP0006 28.31 31.6 7.2 292.5 223.5 16038
Impact BUNWP0006 33.27 31.7 7.3 300.7 225.2 16158
Impact BUNWP0006 38.62 31.7 7.4 308.5 223.4 16022
Impact BUNWP0006 43.96 31.7 7.4 263.0 215.7 15473
Impact BUNWP0006 49.31 31.7 7.4 267.4 181.3 13005
Impact BUNWP0006 54.65 31.7 7.5 269.1 138.1 9905
Impact BUNWP0006 60 31.7 7.5 269.5 109.9 7881




