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Executive summary 

Trans-Tasman Resources Ltd (TTR) plans to extract titanomagnetite sand (ironsand) from 

an area in South Taranaki Bight.  As input to the Environmental Impact Assessment (EIA) 

for the proposed mining project, the National Institute of Water & Atmospheric Research 

Ltd. (NIWA) was commissioned by TTR to investigate the potential environmental impacts 

of the proposed extraction operation. 

Following the refusal of consent by the Decision Making Committee in June 2014, TTR are re-assessing their 

scientific case as background for a possible appeal and re-hearing.  One issue that arose was the need to 

re-assess the degree of uncertainty and conservatism in the NIWA sediment plume modelling studies and 

the interpretation of these results.  In July 2014 HR Wallingford (HRW) undertook a review of the NIWA 

modelling work (HR Wallingford, 2014). 

As a result of this review if became apparent that there was a degree of uncertainty as to how the tailings 

rejected from the ironsand extraction process might be expected to behave in a saline water environment.  

The assumptions for the NIWA plume modelling were that the materials released into the marine 

environment would remain in their particulate form (unflocculated) and would therefore have low settling 

velocities.  It was also noted that the NIWA laboratory tests to support the assessment of the optical effects 

of the plumes had been carried out in fresh water. 

HR Wallingford was commissioned by TTR to undertake a series of laboratory tests to investigate the 

behaviour of the tailings under both saline and fresh water conditions.  Tests were carried out to look at 

settling velocity, flocculation and critical shear stress for deposition and erosion. 

The results of the tests undertaken by HRW suggest that the mass of fine sediment that will be dispersed 

within the middle and upper parts of the water column upon release by mining will reduce by a factor of 3-5 

(compared to the revised NIWA prediction) as the majority of released fine sediment will settle to the bed or 

near-bed waters because of higher rates of settling.  It was also found that the critical shear stress for 

resuspension of freshly deposited material was likely to be in the range of 0.2 to 0.3Pa rather than the 0.1Pa 

assumed by NIWA. 

The results of HRW’s optical backscatter tests show that the sediment in suspension in the water column has 

different backscattering properties in saline water compared to that in de-ionised water.  It is likely that the 

material will behave differently than that identified in the Optical Effects Study as a result of flocculation in 

saline (rather than fresh) water. 
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1. Introduction 

1.1. Background 

Trans-Tasman Resources Ltd (TTR) plans to extract titanomagnetite sand (ironsand) from an area in South 

Taranaki Bight.  As input to the Environmental Impact Assessment (EIA) for the proposed mining project, the 

National Institute of Water & Atmospheric Research Ltd. (NIWA) was commissioned by TTR to investigate 

the potential environmental impacts of the proposed extraction operation.  

Following the refusal of consent by the Decision Making Committee in June 2014, TTR are re-assessing their 

scientific case as background for a possible appeal and re-hearing.  One issue that arose was the need to 

re-assess the degree of uncertainty and conservatism in the NIWA sediment plume modelling studies and 

the interpretation of these results.  In July 2014 HR Wallingford (HRW) undertook a review of the NIWA 

modelling work (HR Wallingford, 2014). 

As a result of this review if became apparent that there was a degree of uncertainty as to how the tailings 

rejected from the ironsand extraction process might be expected to behave in a saline water environment.  

The assumptions for the NIWA plume modelling were that the materials released into the marine 

environment would remain in their particulate form (unflocculated) and would therefore have low settling 

velocities.  It was also noted that the NIWA laboratory tests to support the assessment of the optical effects 

of the plumes had been carried out in fresh water.  In September 2014 TTR commissioned HR Wallingford to 

undertake a series of laboratory tests to investigate the behaviour of the tailings under both saline and fresh 

water conditions.  Tests were carried out to look at settling velocity, flocculation and critical shear stress for 

resuspension. 

1.2. Scope of Work 

The following laboratory tests were carried out by HRW on the supplied tailing sediments: 

 Sediment specific gravity; 

 Sediment particle size distribution; 

 Settling tests; 

 Turbidity tests; 

 Settling velocity measurements; 

 Flocculation measurements; 

 Critical shear stress for deposition and erosion. 

1.3. Report Structure 

The remainder of this report comprises a further three sections.  Section 2 describes the materials supplied 

by TTR for testing. Section 3 presents the methodology and results of the various tests undertaken and 

Section 4 summarises the results of the investigations.   
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2. Source Material 

TTR arranged for three samples of sediment arising from the ironsand extraction process to be delivered to 

HRW in two 25 litre airtight plastic containers.  The accompanying covering letter from TTR stated that the 

samples are fine sediment that: 

1. Originate from the west coast of New Zealand. 

2. Are samples that have been obtained from depths greater than 2m below the seafloor. 

3. Have been heated to 100°C. 

4. Is clean and free of quarantine risk material. 

5. Are for material properties testing. 

6. Have a commercial value of $10. 

The materials, which were received on 10 September 2014, are described in the sections below. 

2.1. Container 1 of 2 

Container 1 of 2 weighed 8.9 kg and contained two sediment types. 

2.1.1. Sediment 1 (grip seal plastic bag) 

Bag label: TTR. X451. 2 kg. Post-Grind Tailings. Composite Sample. 

The contents of the Sediment 1 bag, which weighed 2.0 kg, are shown in Photograph 2.1.  The material was 

a very fine grey powder, where there were smaller lumps these broke down very easily between the fingers 

leaving fingers with a fine covering of powder. 
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Photograph 2.1: Sediment 1 – TTR. X451. 2 kg. Post-grind tailings. Composite sample. 

2.1.2. Sediment 2 (woven polypropylene bag) 

Bag label: Bulk 503D. Pre Grind. Ultra Fines. 

The contents of the Sediment 2 bag, which weighed 6.05 kg, are shown in Photograph 2.2.  The material 

comprised large dense lumps of clay type material that could be reformed by squeezing between the fingers.  

There appeared to be fine metallic looking particles present on some of the exposed edges. 
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Photograph 2.2: Sediment 2 – Bulk 503D. Pre-grind. Ultra fines. 

 

2.2. Container 2 of 2 

Container 2 of 2 weighed 11.7 kg and contained one sediment type. 

2.2.1. Sediment 3 (loose in sample container) 

Container label: Bulk 501. L2. P1. IBC. Tails. 11.7 kg. 

The contents of the Sample 3 container, which weighed 11.7 kg, are shown in Photograph 2.3.  The material 

was largely a very fine powder with some lumps of various sizes, the largest having a width of about 60 mm.  

All lumps broke down very easily between the fingers leaving fingers with a fine covering of powder. 
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Photograph 2.3: Sediment 3 – Bulk 501. L2. P1. IBC. Tails. 11.7 kg. 

 

3. Laboratory Testing 
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3.5. Suspension Mass Tests 
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4. Discussion of Results 

 

 

 

 

 

 

 

  

  

  

  

  

  

 

 

 

 

 



 

 

 

Support to Trans-Tasman Resources 

Laboratory testing of sediments 

DDM7316-RT002-R01-00 50 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

  

 

 

 

 

 

 

 

 

 

 



 

 

 

Support to Trans-Tasman Resources 

Laboratory testing of sediments 

DDM7316-RT002-R01-00 51 

 

 

    

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

     

        

        

          

     

        

        

 

 

 



 

 

 

Support to Trans-Tasman Resources 

Laboratory testing of sediments 

DDM7316-RT002-R01-00 52 

5. References 

Andersen, T.J. (2001). Seasonal variation of erodibility at two temperate, microtidal mudflats. Estuarine, 

Coastal and Shelf Science 53, 1–12. 

Bale, A.J., Uncles, R.J., Widdows, J., Brinsley, M.D., Barrett, C.D. (2002). Direct observation of the 

formation and break-up of aggregates in an annular flume using laser reflectance particle sizing. In: 

Winterwerp, J.C., Kranenburg, C. (Eds.), Fine Sediment Dynamics in the Marine Environment, Proceedings 

in Marine Science, vol. 5. Elsevier, Amsterdam, pp. 189–201. 

Benson, T. and Manning, A.J. (in preparation). DigiFloc: The development of semi-automatic software to 

determine the size and settling velocity of flocs. HR Wallingford Technical Report. 

Black, K.S., Paterson, D.M. (1997). Measurement of the erosion potential of cohesive marine sediments: a 

review of current in situ technology. Journal of Marine Environmental Engineering 26, 43–83. 

Bouyer D, Coufort C, Line A, Do-Quang (2005) Experimental analysis of floc size distributions in a 1-L jar 

under different hydrodynamics and physico-chemical conditions. J Colloid Interface Sci 292:413–428. 

Dyer, K.R., (1989). Sediment processes in estuaries: future research requirements. J. Geophys. Res., 94 

(C10): 14,327-14,339. 

Dyer, K.R., Cornelisse, J.M., Dearnaley, M., Jago, C., Kappenburg, J., McCave, I.N., Pejrup, M., Puls, 

W., van Leussen, W. and Wolfstein, K. (1996). A comparison of in-situ techniques for estuarine floc settling 

velocity measurements. Journal of Sea Research 36, 15-29. 

Eisma, D. (1986). Flocculation and de-flocculation of suspended matter in estuaries. Netherlands Journal of 

Sea Research, 20(2/3), 183-199. 

Environmental Protection Agency (1999). Enhanced coagulation and enhanced precipitative softening 

guidance manual. United States Environmental Protection Agency, Office of Water, Report no. EPA 815-R-

99-012. 

Fennessy, M.J. (1994). Development and testing of an instrument to measure estuarine floc size and 

settling velocity in-situ. Ph.D. Thesis, University of Plymouth, 128p. 

Fennessy, M.J., Dyer, K.R. and Huntley, D.A. (1994). INSSEV: an instrument to measure the size and 

settling velocity of flocs in-situ. Marine Geology, 117: 107-117. 

Gall M, Pinkerton M and Hadfield M (2013) Optical effects of an iron-sand mining sediment plume in the 

South Taranaki Bight region, Report prepared by NIWA for Trans-Tasman Resources Ltd, May 2013. 

Graham, G.W. and Manning, A.J. (2007). Floc size and settling velocity in tidal wetlands: preliminary 

observations from laboratory experimentation. Continental Shelf Research, 27, 1060-1079, 

doi:10.1016/j.csr.2005.11.017. 

Gratiot, N. and Manning, A.J. (2004). An experimental investigation of floc characteristics in a diffusive 

turbulent flow. Journal of Coastal Research, SI 41, 105-113. 

Hadfield (2013) South Taranaki Bight Iron Sand Extraction Sediment Plume Modelling, Phase 3 studies, 

Report prepared by NIWA for Trans-Tasman Resources Ltd, October 2013. 

Hadfield (2014) South Taranaki Bight Sediment Plume Modelling: the Effect of Revised Source Particle-Size 

Distributions, Report prepared by NIWA for Trans-Tasman Resources Ltd, 19 March 2014. 



 

 

 

Support to Trans-Tasman Resources 

Laboratory testing of sediments 

DDM7316-RT002-R01-00 53 

Kolmogorov, A.N. (1941a). The local structure of turbulence in incompressible viscous fluid for very large 

Reynolds numbers. Comptes Sendus de l'Académie des Sciences de l'URSS, 30 (301p). 

Kolmogorov, A.N. (1941b). Dissipation of energy in locally isotropic turbulence. “Comptes Rendus de 

l'Académie des Sciences de l'URSS 32 (16 p). 

Krone, R.B. (1962). Flume studies of the transport of sediment in estuarial shoaling processes. Final report. 

Hyd. Eng. Lab. and Sanitary Eng. Lab., University of California, Berkeley. 

Lau, Y.L., Droppo, I.G. (2000). Influence of antecedent conditions on critical shear stress of bed sediments. 

Water Research 34, 663–667. 

Manning, A.J. (2001). A study of the effects of turbulence on the properties of flocculated mud. Ph.D. 

Thesis. Institute of Marine Studies, University of Plymouth, Plymouth, UK, 282p. 

Manning, A.J. (2004a). Observations of the properties of flocculated cohesive sediment in three western 

European estuaries. Journal of Coastal Research, SI41, 70-81. 

Manning, A.J. (2004b). The observed effects of turbulence on estuarine flocculation. Journal of Coastal 

Research, SI41, 90-104. 

Manning, A.J. (2006). LabSFLOC – A laboratory system to determine the spectral characteristics of 

flocculating cohesive sediments. HR Wallingford Technical Report, TR 156. 

Manning, A.J. and Dyer, K.R. (1999). A laboratory examination of floc characteristics  with regard to 

turbulent shearing. Marine Geology 160, 147-170. 

Manning, A.J. and Dyer, K.R. (2002). The use of optics for the in-situ determination of flocculated mud 

characteristics. J. Optics A: Pure and Applied Optics, Institute of Physics Publishing, 4, S71-S81. 

Manning, A.J. and Dyer, K.R. (2007). Mass settling flux of fine sediments in Northern European estuaries: 

measurements and predictions. Marine Geology, 245, 107-122, doi:10.1016/j.margeo.2007.07.005. 

Manning, A.J., Schoellhamer, D.H., Mehta, A.J., Nover, D. and Schladow, S.G. (2010). Video 

measurements of flocculated sediment in lakes and estuaries in the USA. Proceedings of the Joint Federal 

Interagency Conference on Sedimentation and Hydrologic Modeling, Riviera Hotel, Las Vegas, Nevada, 

USA, 27th June  – 1st July 2010. 

Manning, A.J., Spearman, J.R., Whitehouse, R.J.S., Pidduck, E.L., Baugh, J.V. and Spencer, K.L. 

(2013). Laboratory Assessments of the Flocculation Dynamics of Mixed Mud:Sand Suspensions. In: Dr. 

Andrew J. Manning (Ed.), Sediment Transport Processes and their Modelling Applications, Publisher: InTech 

(Rijeka, Croatia), Chapter 6, pp. 119-164, ISBN: 978-953-51-1039-2, DOI: org/10.5772/3401. 

Manning, A.J. and Whitehouse, R.J.S. (2009). UoP Mini-annular flume – operation and hydrodynamic 

calibration. HR Wallingford Technical Report, TR169. 

McAnally, W.H., Mehta, A.J. (2001). Collisional aggregation of fine estuarine sediments. In: McAnally, W.H., 

Mehta, A.J. (Eds.), Coastal and Estuarine Fine Sediment Processes — Proc. in Mar. Sci., 3. Elsevier, 

Amsterdam, pp. 19–39. 

McCave, I.N. (1984). Size spectra and aggregation of suspended particles in the deep ocean. “Deep-Sea 

Research 31, 329–352. 

Mehta, A.J., Jaeger, J.M., Valle-Levinson, A., Hayter, E.J., Wolanski, E. and Manning, A.J. (2009). 

Resuspension Dynamics in Lake Apopka, Florida. Final Synopsis Report, submitted to St. Johns River Water 

Management District, Palatka, Florida, June 2009, Report No. UFL/COEL-2009/00, 158p. 



 

 

 

Support to Trans-Tasman Resources 

Laboratory testing of sediments 

DDM7316-RT002-R01-00 54 

Mietta, F., Chassagne, C., Manning, A.J. and Winterwerp, J.C. (2009). Influence of shear rate, organic 

matter content, pH and salinity on mud flocculation. Ocean Dynamics, 59, 751-763, doi: 10.1007/s10236-

009-0231-4. 

Millero, F.J. and Poisson, A. (1981). International one-atmosphere equation of state seawater. Deep-sea 

Research, 28 (A): 625-629. 

Mory, M., Gratiot, N., Manning, A.J. and Michallet, H. (2002). CBS layers in a diffusive turbulence grid 

oscillation experiment, In: J.C. Winterwerp and C. Kranenburg, (Eds.), Fine Sediment Dynamics in the 

Marine Environment - Proc. in Marine Science 5, Amsterdam: Elsevier, pp.139-154, ISBN: 0-444-51136-9. 

Ockenden, M.C. and Delo, E.A. (1991). Laboratory testing of muds. Geo-Marine Letters, 11, 138-142. 

Soulsby, R.L., Manning, A.J., Spearman, J. and Whitehouse, R.J.S. (2013). Settling velocity and mass 

settling flux of flocculated estuarine sediments. Marine Geology, doi.org/10.1016/j.margeo.2013.04.006. 

Spencer, K.L., Manning, A.J., Droppo, I.G., Leppard, G.G. and Benson, T. (2010). Dynamic interactions 

between cohesive sediment tracers and natural mud. Journal of Soils and Sediments, Volume 10 (7), 

doi:10.1007/s11368-010-0291-6. 

Stone, M., Krishnappan, B.G. (2003). Floc morphology and size distributions of cohesive sediment in 

steady-state flow. Water Research 37, 2739–2747. 

van Leussen, W. (1994). Estuarine macroflocs and their role in fine-grained sediment transport. Ph.D. 

Thesis, University of Utrecht, The Netherlands, 488p. 

van Leussen, W. (1997). The Kolmogorov microscale as a limiting value for the floc sizes of suspended fine-

grained sediments in estuaries. In: Burt, N., Parker, R., Watts, J. (Eds.), Cohesive Sediments. Wiley, New 

York, pp. 45–73. 

Williamson, H.J. and Ockenden, M.C. (1993). Laboratory and field investigations of mud and sand 

mixtures. In: Sam S.Y Wang (Ed.), Advances in Hydro-science and Engineering, Proceedings of the First 

International Conference on Hydro-science and Engineering, Washington D.C. (7-11 June 1993), volume 1, 

pp. 622-629. 

Winterwerp, J.C. and van Kesteren, W.G.M. (2004). Introduction to the physics of cohesive sediment in the 

marine environment. Developments in Sedimentology, 56, van Loon, T. (Ed.), Amsterdam: Elsevier, 466p. 

Winterwerp, J.C., Manning, A.J., Martens, C., de Mulder, T., and Vanlede, J. (2006). A heuristic formula 

for turbulence-induced flocculation of cohesive sediment. Estuarine, Coastal and Shelf Science, 68, 195-207. 

  



FS 516431
EMS 558310
OHS 595357

©  HR Wallingford

HR Wallingford, Howbery Park, Wallingford, Oxfordshire OX10 8BA, United Kingdom
tel  +44 (0)1491 835381  fax  +44 (0)1491 832233  email  info@hrwallingford.com
www.hrwallingford.com

HR Wallingford is an independent engineering and environmental hydraulics 
organisation. We deliver practical solutions to the complex water-related 
challenges faced by our international clients. A dynamic research programme 
underpins all that we do and keeps us at the leading edge. Our unique mix 
of know-how, assets and facilities includes state of the art physical modelling 
laboratories, a full range of numerical modelling tools and, above all, 
enthusiastic people with world-renowned skills and expertise.


	Document information
	Executive summary
	Contents
	1. Introduction
	1.1. Background
	1.2. Scope of Work
	1.3. Report Structure

	2. Source Material
	2.1. Container 1 of 2
	2.1.1. Sediment 1 (grip seal plastic bag)
	2.1.2. Sediment 2 (woven polypropylene bag)

	2.2. Container 2 of 2
	2.2.1. Sediment 3 (loose in sample container)


	3. Laboratory Testing
	3.1. Specific Gravity
	3.2. Sediment Particle Size Distribution
	3.3. Presence of Magnetic Arisings
	3.4. Visual Settling Tests
	3.4.1. Experimental Protocol
	3.4.2. Results

	3.5. Suspension Mass Tests
	3.5.1. Experimental Protocol
	3.5.2. Results

	3.6. Turbidity Tests
	3.6.1. Experimental Protocol
	3.6.2. Results

	3.7. Flocculation Jar Tests
	3.7.1. Overview
	3.7.2. LabSFLOC-2 Instrument
	3.7.3. Experimental Protocols
	3.7.4. Floc Data Processing
	3.7.5. Results

	3.8. Turbulent Flocculation Tests
	3.8.1. Overview
	3.8.2. Annular Flume
	3.8.3. Experimental Protocols
	3.8.4. Results

	3.9. Annular Flume Resuspension Tests
	3.9.1. Overview
	3.9.2. Experimental Protocols
	3.9.3. Results


	4. Discussion of Results
	5. References
	A.




