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Abstract  
 

The design of hydraulic structures relies heavily on the estimation of rainfall generated runoff. The TR-

55 method is widely used throughout the world by engineers and hydrologists. This is the method 

prescribed by the local council for use in the Whangarei District. Both local consulting engineers and 

the author have concerns over the suitability of TR-55 as no local validation has been undertaken, with 

flood levels often being estimated above any known events.  

 

This research project aimed to assess the suitability of TR-55 in the Whangarei District. In particular, 

assessing where the primary local soil types fall into the method’s hydrologic soil groups and reviewing 

the Type IA rainfall distribution against known rainfall events. 

 

Field investigations and flood frequency analyses of the gauged watershed were used to complete the 

critical tasks of the research, which also required the estimation of baseflow using the recursive digital 

filter technique by Lyne and Hollick. 

 

The results of the research neither confirm or discount the suitability of the TR-55 method, but instead 

resulted in a set of recommendations and limitations for its use, with recommendations for further 

research. It was found that the TR-55 overestimated runoff by up to 327% and that the runoff 

characteristics of the major soil types in the Whangarei District were not well understood. 
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Nomenclature 

 

 
Symbol Description Unit 
Q Runoff or Discharge mm or m³/s 
P Rainfall mm 
S Maximum Potential Retention mm 
Ia Initial Abstraction (Taken as 0.2S in TR-55) mm 
CN Runoff Curve Number - 
A Area m² or ha 
PI Pattern Index - 
T Time Minutes 
L Length  m / km 
S Slope m/m 
Sa Slope m/km 
Rh Hydraulic Radius - 
V Velocity m/s 
n Mannings n  - 
qf(i) quick flow m³/s 
q(i) total flow m³/s 
qb(i) base flow m³/s 
α filtering parameter (Commonly 0.98) - 
m Plotting Position or mean  - 
n  Total Number of Years  - 
yi Logarithm Flow  - 
g skewness  - 

ky  Frequency factor  - 
Ȳ Average Logarithm Flow  - 
s Standard Deviation  - 
RB Under Peak Base Flow Ratio  - 
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Validation of the SCS TR-55 method on Whangarei 

District Watersheds and Soil Types 
 

 

1.0 Introduction  
 

 
 

Whangarei District is situated on the north east coast of New Zealand’s North Island, refer Figure 1. A 

subtropical district that receives on average 1500mm of rainfall annually. The primary land use in the 

district aside from urban areas are agriculture, horticulture, exotic plantation forestry and native bush 

(Edbrooke and Brook, 2009). 

 

 
Figure 1-1: Map of New Zealand (Help.zeald.com, 2019)  
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In civil engineering, the analysis and design of hydraulic structures rely heavily on the estimation of 

runoff/discharge from a given watershed. Regional or territorial authorities often prescribe a 

predetermined method for use. Estimation of rainfall excess during rainfall events is an integral 

component in the design of hydraulic structures and devices (Ajmal and Kim, 2015). 

 

Many methods exist for the estimation of runoff. One of the simplest and widely used methods is 

produced by the United States Department of Agriculture Natural Resources Conservation Service, 

called Urban Hydrology for Small Watersheds also known as Technical Release 55 (TR-55) (United 

States Department of Agriculture, 1986). TR-55 requires minimal input parameters, making this method 

popular among engineers and consultants.  

 

 

 
 

The Whangarei District Council requires the use of the TR-55 method and Type IA design rainfall 

distribution (WDC, 2010). WDC (2010) also recommends that the Hydrologic Soils Groups of the TR-

55 method be applied as follows; 

• D - Very low permeability such as clay (e.g. Northland Allochthon/Onerahi Chaos)  

 

• C - Low permeability such as loam (e.g. Maunu and Glenbervie volcanics)  

 

• B - Medium permeability, coastal windblown sands (e.g. Ruakaka and Waipu coastal sands)  

 

• A - High permeability such as fractured rock and deeply bedded scoria deposits.  

 

There is concern among the consulting civil engineers in the Whangarei District as to the suitability of 

the TR-55 method. No validation is locally available, with concerns being raised when apparent 100yr 

rainfall events do not remotely reach design flood levels. 

 

 

 
 

This project aims to assess the suitability of the TR-55 method in the Whangarei District. In particular, 

reviewing where major local soil types fall in the method’s hydrologic soil groups and comparing the 

Type IA design storm to actual rainfall events. The aim of the research project will be achieved by 
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selecting, analysing and modelling Whangarei District watersheds which are monitored by the 

Northland Regional Council to make a comparison of TR-55 estimated runoff against discharge from 

known rainfall events. To assess the correct use of the method and enable the validation processes, field 

investigation will be completed to aid in the categorisation of the local geologies and soil types. 

 

This research project will either provide a validation or develop the basis for further work to enable a 

better suited method to be identified. 

 

 

 
 

The following objectives were developed to achieve the aim of this research: 

1. Complete a detailed literature review to fully understand the TR-55 method, its key parameters, 

and potential methods of validation. 

2. Set criteria and undertake a selection process to identify suitable monitored watersheds in the 

Whangarei District for inclusion in this research project. 

3. Confirmation of where the major Whangarei District geologies/soil types fall within the four 

hydrologic soil groups. 

4. Complete a review of Type IA rainfall distribution for typical Whangarei District rainfall 

events. 

5. Make a comparison of actual watershed discharge and estimated discharge, using a flood 

frequency analysis and TR-55 to enable potential validation. 

 

 

 
 

The TR-55 method is highly sensitive to the simplistic parameters required, having significant 

implications of the results returned, with little thought often given to their effects. This research project 

will enhance the understanding of the TR-55 method and its uses to estimate peak watershed discharge 

in the Whangarei District, enabling the design of hydraulic structures that are neither conservative nor 

inadequate.  

 

The expected outcomes of this project are as follows: 

• Either validation of the TR-55 method prescribed by the Whangarei District Council or 

recommendation of an appropriate method, or further work. 

• An improved understanding of the TR-55 method and CN values on the Whangarei District. 

• Increased confidence/efficiency in design of local hydraulic structures. 
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Ultimately this project will provide a newfound understanding of the application of the TR-55 method 

in the Whangarei District, identifying where the local soils are placed in the existing soil categories and 

the appropriate use of CN values. 

 
 

 
 

Table 1-1: Description of Report Layout 

Chapter Topic Description 

1 Introduction Provides a brief description of the research project, stating 

the motivation, aims, and objectives. 

2 Literature Review A detailed review of the relevant literature is provided 

including exploration of the TR-55 method and its 

varying input parameters 

3 Methodology This chapter is split into section sections. Beginning with 

the process of watershed selection, moving on to the 

methods of analysis and validation. 

4 Results The results of the investigations, including the watershed 

inspections, and field testing results, are presented here 

with the results of the analyses presented in graphical 

form. 

5 Discussion Detailed discussion is provided, taking a look at the 

results achieved, potential sources of error and the 

author's thoughts during the research. 

6 Practical Implications A review of the result is made in relation to the practical 

implication of the research results, looking at several 

common hydraulic tasks. 

7 Conclusion  A summary of the research project is presented along with 

a summary of the conclusion reached.  A list of areas that 

require further research is provided.  

9 Recommendations A set of recommendations are made for local Whangarei 

District consultants to ensure the correct use of the TR-55 

method. 
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2.0 Literature Review 
 

 
 

The purpose of this literature review is to explore the TR-55 method, the associated manuals issued by 

the United States Department of Agriculture (USDA), evaluate the use of this method in New Zealand, 

identify existing literature of relevance to the method and consider potential means of validation. This 

chapter will conclude with a summary, identifying the critical knowledge gaps before the development 

of a methodology. 

 

Development of the Curve Number method occurred in the late 1950s by the United States Department 

of Agriculture (USDA) Soil Conservation Service (SCS) (Hawkins et al. 2008), with its origins traced 

back to the late 1930s, based on thousands of infiltrometer tests (Ponce and Hawkins, 1996). Although 

much of the literature on the development of the method has been lost, much research has been 

completed since to define this. 

 

 

 
 

The USDA Natural Resources Conservation Service (formally SCS) Technical Release 55 (TR-55) is 

a procedure to estimate peak runoff from rain storms. The method is called, Urban Hydrology for Small 

Watersheds, however it is commonly knowns as TR-55. Since the first issue being released by the SCS 

in January 1975 there have been multiple significant revisions and additions, with the current version 

being dated June 1986. 

 

TR-55 uses a simplified SCS equation for estimating runoff. The method uses runoff curve numbers 

(CN), which represent infiltration losses dependant on land use, ground cover and hydrologic soil type. 

Equation 2-1 is the SCS equation on which TR-55 is based: 

 

𝑄𝑄 =  (𝑃𝑃− 𝐼𝐼𝑎𝑎)2

(𝑝𝑝−𝐼𝐼𝑎𝑎)+𝑆𝑆
       𝑓𝑓𝑓𝑓𝑓𝑓 𝑃𝑃 >  𝐼𝐼𝑎𝑎        Eq. [2-1] 

𝑄𝑄 = 0                    𝑓𝑓𝑓𝑓𝑓𝑓 𝑃𝑃 ≤  𝐼𝐼𝑎𝑎  
 

 

TR-55 is based on the primary assumption that initial losses (Ia) are equivalent to 0.2S.  This assumption 

however often results in little to no runoff during small rainfall events (Priestley, 2015). With the 

substitution of Ia=0.2S, equation 2-1 is manipulated as follows: 
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𝑄𝑄 = (𝑃𝑃−0.2𝑆𝑆)2

𝑃𝑃+0.8𝑆𝑆
          𝑃𝑃 > 𝐼𝐼𝑎𝑎      Eq. [2-2] 

       

Maximum potential retention (S) is a depth, often in millimetres, and varies depending on ground cover, 

land use and soil type, related to CN in TR-55 by equation 2-3. 

 

𝑆𝑆 = 254 �100
𝐶𝐶𝐶𝐶

− 1�         Eq. [2-3] 

    

The S/CN relationship is considered somewhat arbitrary with the CN values based on an assessment of 

pore space and initial soil moisture. Soulis and Valiantzas (2011) and Levy (2017) consider the use of 

a single CN value as problematic. United States Department of Agriculture (2004) provides equation 2-

4 for losses: 

 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑆𝑆 +  𝐼𝐼𝑎𝑎                Eq. [2-4] 

 

 
 

The USDA introduced four hydrologic soil groups which play a crucial role in the SCS method and 

TR-55. Summarised below are the USDA (2009) details of the hydrologic soil groups and the criteria 

of their definition. TR-55 gives more straightforward criteria base on soil texture, as presented in Table 

2-1 (Hawkins, 2007). 

 

Group A 

• Less than 10% Clay 

• Greater than 90% Sand or Gravel  

• Gravel or Sand textures 

 

Group B 

• Typically, between 10% and 20% clay and 50% to 90% sand 

• Being, loam, silt loam, or sandy clay loam textures  

• Greater than 35% rock fragments 

• Water table greater than 60cm 

• Depth to water impermeable layer is greater than 50cm 

• Saturated hydraulic conductivity of 14.5mm/hr to 36mm/hr 

 

Group C 
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• 20% - 40% clay 

• Less than 50% sand 

• Loam, sandy clay loam, clay loam and silty clay loam textures 

• Water table greater than 60cm 

• Depth to water impermeable layer is greater than 50cm 

• Saturated hydraulic conductivity of 1.5mm/hr to 14.5mm/hr 

 

Group D 

• Greater than 40% clay 

• Less than 50% sand 

• Have high shrink-swell potential 

• All soils with water table less than 60cm deep 

• All soils where depth impermeable layer is less than 50cm 

• With water impermeable layer between 50-100cm, saturated hydraulic conductivity of less than 

3.6mm/hr 

• For soils deeper than 100cm to a restriction or water table, saturated hydraulic conductivity of 

less than or equal to 1.5mm/hr 

 

Saturated hydraulic conductivity should not be confused with infiltration. Research of infiltration rates 

in the Whangarei District in relation to hydraulic design is limited. Auckland Regional Council (2013) 

lists infiltration rates in relation to a soil textural class, varying between Sandy Clay loams and Clays 

with infiltration rates between 4.5mm/hr and 0.5mm/hr respectively. A brief description of the hydraulic 

soil groups by Musgrave (1955), which is supported by Matell (2005) are summarised in Table 2-1. 

 
Table 2-1: Soil Types 

Soil Type Soil Textures Description Infiltration Rates 

A Sand, Loamy Sand, or 

Sandy Loam 

High Infiltration Rates >8mm/h 

B Silt Loam or Loam Moderate Infiltration Rates 4-8mm/h 

C Sand Clay Loam Low Infiltration Rates 1-4mm/h 

D Clay Loam, Silty Clay 

Loam, Sandy Clay, 

Silty Clay or Clay 

High Runoff Potential 0-1mm/h 
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A multitude of testing apparatus and procedures exist for the field determination of soil infiltration and 

percolation rates.  An Infiltrometer, which is designed to measure vertical infiltration rates only, is the 

most common method (U.S Department of The Interior, 1963). 

 

The Auckland Regional Council (2009) method (TP108) placed similar soil types in the hydrologic soil 

groups, based on validation in gauged watershed as presented in Table 2-2.  

 
Table 2-2: TP108 

Auckland Soil Hydrologic Soil Group 

Weathered Mudstone and Sandstone  

(Waitemata and Onerahi Series) 

Group C 

Alluvial sediments Group B 

Granular volcanic loam (ash, tuff, scoria) Group A 

Granular volcanic loam underlain by free 

draining basalt 

Use CN=17 for all pervious areas 

 

   

 
 

Williams (2005) details the field description of soil and rock in New Zealand, recommended by the 

New Zealand Geotechnical Society. This method of classification separates soils to either fine or coarse 

grained materials, being clay/silt, sand/gravel and organic soils, refer to Figure 2-1.  

 

 
Figure 2-1: NZGS Soil Descriptions 

 

The differentiation of sand from fine grained soils in the field can be difficult. Sand can however 

generally be felt between fingertips when rubbed together, as opposed to silt from clay which is 

indistinguishable between fingertips.  
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Clays and Silts are typically and technically differentiated by a particle size of 0.002mm. Williams 

(2005), however, provides the differentiation of clay from silt by the behaviour of the soil material. 

Clays are identified where the moist material behaves in a plastic manner, being continuously 

mouldable. Silts, on the other hand, are best identified using a basic dilatancy test where if the material 

softens, it is considered as quick. A field dilatancy test can be performed by placing a sample of the 

material in the palm of your hand and vibrating it horizontally. Williams (2005) makes a further 

differentiation between clay and silt, suggesting that high plasticity clays will become rock hard when 

dry, while material which tends towards silt that may display plastic behaviour will easily crumble. 

 

A full description of fine grained soils shall follow this sequence of terms; fraction, colour, structure, 

strength, moisture, bedding, plasticity, sensitivity, other. The New Zealand Geotechnical Society has 

issued a field guide sheet for the field description of soils which is included in Appendix B. 

 

 

 
 

The runoff curve numbers (CN) are one of the critical parameters in the calculation of rainfall excesses 

using the TR-55 method. Baltas, Dervos and Mimikou (2007) describe CN values as being largely 

dependent on soil type, surface condition and climate conditions, and state that they are often arbitrarily 

selected with little validation of their application. These values represent the runoff coefficient of the 

watershed. As CN values increase, so too does runoff, with impermeable surfaces such as concrete 

having a CN of 98. United States Department of Agriculture (1986) provides CN numbers for varying 

ground covers and land uses for the hydrologic soil groups. Table 2-3 provides a summarised list of CN 

values for different land use, and the four hydrologic soil groups. Although the calculations for peak 

runoff use a single CN value, a weighted average value can be determined for the given watershed or 

subarea as shown in Equation 2-5. 

 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡𝑡𝑡𝑡𝑡 𝐶𝐶𝐶𝐶 =  ∑𝐶𝐶𝐶𝐶𝑥𝑥𝐴𝐴𝑥𝑥
𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

        Eq. [2-5] 
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Table 2-3: Summary of CN Values 

Cover Description Hydrologic 

Condition 

Hydrologic Soil Group 

A B C D 

Impervious (Paved)  98 98 98 98 

Residential Districts Lot Size 500m²  77 85 90 92 

 

Pasture 

Poor 68 79 86 89 

Fair 49 69 79 84 

Good 39 61 74 80 

 

Woods 

Poor 45 66 77 83 

Fair 36 60 73 79 

Good 30 55 70 77 

 

 

 
 

The Whangarei District is made up of geology beginning with the Permian aged (greater than 108 

million years) Waipapa Group deposits which are primarily the basement material, outcropping in the 

east. Materials generally reduce in age moving towards the west, though due to faulting this can vary 

locally. The young materials within the Whangarei District are either Pleistocene and Pliocene age (0-

5.3 million years) volcanic cones and flows or recent alluvial deposits (Edbrooke, 2009). Figure 2-2 

displays the geology of the Whangarei District at a 1:250,000 scale.  

 

A summary of Edbrooke (2009) and T&T (2008) descriptions of the typical weathering of the four main 

geological groups, is presented below: 
 

• Waipapa Group – This material typically weathers to light brown and dark yellow clays which 

are very stiff to hard, predominantly containing non-swelling kaolinitic clays. 
 

• Northland Allochthon – Soils developed by weathering are often light greyish white, light 

yellow, and light brown, being highly plastic, very soft to stiff and typically wet. Groundwater 

is often near the surface. These materials are also considered as having high shrink/swell 

potential. 
 

• Kerikeri Volcanics – Pillow basaltic lava flows which weather to light and dark brown clays 

and are typically very well-drained.  
 

• Recent Alluvium – Holocene age fluvial sediment ranged from sands to clays, varying in 

strength from very soft to very stiff. 
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Figure 2-2:  Geology of the Whangarei District
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Synthetic rainfall distributions require extensive effort in development, generally based on depth-

duration-frequency relationships. The SCS rainfall distributions are conservative, however, are 

considered an adequate approach for where local rainfall distributions are not provided (Dalrymple, 

1960).  

 

Rainfall events of similar magnitude and duration often exhibit considerable variation in temporal 

pattern, consequently, adopting the incorrect design storm can lead to an inaccurate estimation of peak 

flow (Ball et al., 2019). Ball (2019) further describes that the tendency of historic design storms has 

been aimed at a representative or median approach, however modern techniques use an ensemble of 

rainfall distributions as an attempt to overcome this. A set of relatively accurate universal design storms 

is simply unavailable. 

 

Kimoto, Canfield and Stewart (2011) used a Pattern index (PI) to provide a ratio of area under the 

normalised rainfall distribution, as a mean of quantifying differences between rainstorms. An increased 

pattern index generally represents an early peak intensity or burst rainstorm. Equation 2-6 is proposed 

for the PI. 

 

𝑃𝑃𝑃𝑃 =  
∑ [

𝑃𝑃𝑖𝑖+1+𝑃𝑃𝑖𝑖
2

𝑛𝑛−1
𝑖𝑖=1 (𝑇𝑇𝑖𝑖+1−𝑇𝑇𝑖𝑖)]

𝑃𝑃𝑛𝑛𝑇𝑇𝑛𝑛
       Eq [2-6] 

 

 

 
 

The United States Department of Agriculture (1986) TR-55 method is based on a series of synthetic 

rainfall distributions, also known as design storms, or unit hydrographs. TR-55 presents multiple rainfall 

distributions, Type I, Type IA, Type II, and Type III. WDC (2010) requires the use of the Type IA 

rainfall distribution, which is recommended for dry summer, wet winter climates, and is likely the only 

reason for selection, considering the lack of validation given, shown in Figure 2-3. 
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Figure 2-3: Unit Hydrograph (Source: HydroCAD) 

 

 
 

Neighbouring districts, both north and south of Whangarei use the TP108 design storm provided by 

Auckland Regional Council (1999). A comparison to the Type IA event is presented in Figure 2-3.  

 

Observation of Figure 5 displays the difference between the TP108 and Type IA design storms.  No 

formal validation or methodology on the development of the TP108 design storm is publicly available, 

however Auckland Regional Council (1999) provides the following summarised limits of application: 

 

• The model has been validated for watershed up to 12km² with little storage. 

 

• The model applies to both rural and urban (or mixed) watersheds. 

 

• Rainfall losses and runoff have been validated for clayey and volcanic soil types. 

 

• Validation of the model used six gauged Auckland catchments, having a standard error of 21%. 

The model can be expected to be within +/-25% at a 90% confidence level. 
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Developing a model to represent the spatial variation of a watershed can range vastly in complexity, 

increasing from Lumped, Semi-distributed to Distributed (Ball et al. 2019). Based both on Ball et al. 

(2019) and Sharifi and Hosseini (2011) a summary of the models follows; 

• Lumped – Treat the watershed area as a single homogenous unit, spatial variability of 

parameters is disregarded. 

• Semi-distributed – Similar to a lumped model, with the watershed divided into areas to 

represent important features. 

• Distributed – Complex, splitting the watershed into small elements or cells. High data demands, 

best suited to Digital Elevation Models. 

 

 

 
 

Many methods are available for estimating time of concentration, generally based on flow length, slope, 

and roughness, with some methods employing watershed shape factors. Research by Salimi, 2016 

assessed 22 methods of determining the time of concentration, with the Bransby-Williams equation 

being considered the best estimate. Lockyer 2019 extends this, by recommending an average be taken 

of the before mentioned equation and the Ramser and Kirpich equation for undeveloped watersheds 

where the main channel length exceeds 1000m. 

 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾ℎ 𝑇𝑇𝑐𝑐 = 0.0195 𝐿𝐿0.77𝑆𝑆𝑎𝑎−0.385      Eq. [2-7] 

 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑇𝑇𝑐𝑐 =  𝐹𝐹𝐹𝐹
𝐴𝐴0.1𝑆𝑆0.2       Eq. [2-8]

  

It should, however, be noted that the before mentioned equations are based on empirical correlation and 

should generally only be considered as acceptable with regional validation. Sharifi and Hosseini, 2011 

state that due to variation in interpretation of parameters an exact global method to measure Tc does not 

exist, also suggesting that the velocity based methods, as presented in TR-55 are commonly selected as 

being the most accurate due to their strong hydraulic basis. The TR-55 method of calculating Tc is a 

distributed method based on parameters to determine velocity of runoff for the different segments of 

the flow path and channel (Sharifi and Hosseini, 2011). Sharifi and Hosseini (2011) however add that 

although the velocity based methods are considered most accurate, due to modelling assumptions and 
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a large number of input parameters required the method fails to produce repeatable estimates of time of 

concentration. Equations 2-9 to 2-12 form the basic velocity time of concentration equations. 

 

𝑇𝑇𝑐𝑐 = 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑓𝑓𝑓𝑓𝑓𝑓w  Eq. [2-9] 

 

𝑇𝑇𝑐𝑐 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 =  107𝑛𝑛𝐿𝐿
0.333

𝑆𝑆0.2         Eq. [2-10] 

 

𝑇𝑇𝑐𝑐𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑤𝑤 =  𝐿𝐿
295 𝑆𝑆0.5      Eq. [2-11] 

𝑇𝑇𝑐𝑐 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 =  𝐿𝐿
𝑉𝑉 60 

   𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒  𝑉𝑉 =  1
𝑛𝑛

 (𝑅𝑅ℎ
1
2 ) (𝑆𝑆

1
2)     Eq. [2-12] 

 

 

 
 

Peak flows measured during storm events consist of both quick flow (rainfall generated runoff) and 

baseflow, depicted in Figure 2-4. To determine actual rainfall generated runoff, baseflow must be 

separated. Groundwater discharge is commonly considered as baseflow, which generally reduces with 

time after a rainfall event (Ball et al., 2019). 

 

 
Figure 2-4: Baseflow (Knapp 1989) 

 

Baseflows can easily be assessed using simple graphical methods. Sloto and Crouse (1996) proposed 

several graphical methods for separating baseflow by connecting local minima or points of inflection, 

however for large data sets, this may be labour intensive. Novita and Wahyuningish (2016) however 

describe multiple analytical methods using frequency analysis to filter low-frequency signal (baseflow) 

from high-frequency signal (quick flow), using a Recursive Digital Filter Method. Novita and 
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Wahyuningish (2016) observed that the EWMA, Lyne-Hollick and Local Minimum methods performed 

the best. The Lyne-Hollick is a commonly accepted method, also being used in New Zealand by Singh 

et al. (2019), shown in Equation 2-9 and 2-10.  

 

𝑞𝑞𝑓𝑓(𝑖𝑖) = 𝛼𝛼𝑞𝑞𝑓𝑓(𝑖𝑖 − 1) + (1+𝛼𝛼)
2

�𝑞𝑞(𝑖𝑖) − 𝑞𝑞(𝑖𝑖 − 1)�   𝑓𝑓𝑓𝑓𝑓𝑓 𝑞𝑞𝑓𝑓(𝑖𝑖) > 0      Eq. [2-9]  

 

𝑞𝑞𝑏𝑏(𝑖𝑖) = 𝑞𝑞(𝑖𝑖) − 𝑞𝑞𝑓𝑓(𝑖𝑖)         Eq. [2-10] 

 

Where  

 qf(i) = quick flow 

 q(i) = total flow (gauged) 

 qb(i) base flow 

 α = filtering parameter (Commonly 0.98) 

 

The prediction of baseflow in relation to certain probability rainfall events is however problematic as 

baseflow varies dependant on many factors and will likely be dissimilar for events of a similar AEP. 

Murphy et al. (2011) completed a comprehensive study of Australian watershed to develop a simplistic 

method of baseflow calculation, using several ratios namely, the under peak ratio to represent baseflow 

to peak total flow. This simplified method was developed for ungauged watershed and is presented by 

Ball et al. (2019).   

 

 

 
 

Flood frequency analysis (FFA) is a tool for use on gauged watershed to assess the probability of known 

flood events. Using peak discharges, two methods of FFA are available, the first being an Annual 

Maximum Series, and the second, a Peak-Over-Threshold Series. The former relies on extracting the 

peak flow in each year being ideal for rarer events, while the latter extracts any storm event which 

exceeds a predetermined threshold, often used for minor works, and temporary structures. 

 

Several methods are available for FFA, namely the Generalized Extreme Value (GEV) and Log Pearson 

III (LP III). Although the GEV distribution is widely accepted, LP III is proven to perform best, 

consistently fitting flood data sets well. Ball, 2019 and ASCE, 1996 recommend LP III as the 

distribution of choice, however, is limited to the gamma-shaped density, where the absolute value of 

the skew of log Q is less than 2. Ball (2019) suggests that where the absolute values of skew are greater 

than 2, GEV or Generalized Pareto (GP) distributions are be better suited. 
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FFA are susceptible to several sources of error, particularly gaps in gauging data and rating curve errors. 

Ball et al. (2019) suggest for annual series, partials year are of no consequence and shall be maintained 

in the data set, supported by Dalrymple (1960) both recommending a reasonable estimate shall be made 

where a gap exists. Further to missing data, outliers can cause significant distortion of a fitting 

probability distribution. ASCE (1996) recommends that outliers should be discarded, particularly low 

flow values. Ball et al. (2019) also recommend a minimum record of 20 years, although 15 years is 

considered acceptable if required. 

 

 

 
 

United States Department of Agriculture (1986) provides the TR-55 method for determination of peak 

rainfall generated runoff, using simplified rainfall distributions and CN numbers for varying ground 

covers and four different hydrologic soil groups. Many sources of literature from New Zealand refer to 

the SCS and TR-55 methods discussing the four hydrologic soil groups and CN values for use with little 

to no validation. Hawkins et al. (2008) detail that little is known on the background and development 

of SCS methods on which TR-55 is based. 

 

The calculation of peak discharge from a watershed is dependent on multiple vital parameters. Many 

studies have investigated the effectiveness of the varying methods to determine the time of 

concentration, the suitability of the rainfall distributions and the CN values. However, an assessment of 

the total method in relation to the Whangarei District or similar soil types is non-existent. The author 

was unable to locate any research into appropriate CN values for the major local soil types in the 

Whangarei District.  

 

The local Basaltic soils produce little runoff during low-intensity events, likely having high initial 

abstraction. This is supported by the lack of well-defined natural drainage channels or flow paths. Due 

to the lack of drainage channels, storage is low, causing high runoff once initial abstraction is reached. 

This is often observed during high-intensity short duration thunderstorm type events.  

 

Many of the clay rich residual soil types are grouped into hydrologic soil group D, however, it is likely 

they produce significant variation in rainfall generated runoff. The Waipapa Group soils which are the 

local basement geology, are mantled in a shallow depth of approximately 1.0m of residual clays which 

are well structured. This compares to soils of Northland Allochthon origins which have high plasticity 

and are massive, lacking almost any structure, and almost certainly producing high volumes of runoff 

with minimal initial abstraction.  
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Given the lack of validation and certainty, and the high likelihood of inaccuracy in the methods currently 

employed, the findings of this project can be directly applied to the analysis and design of hydraulic 

structures in the Whangarei District, leading to more efficient and practical design. 
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3.0 Methodology 
 

 
 

In this section, watersheds are selected with the parameters determined, investigations are conducted, 

and analysis and validation completed. The methodology of selecting/procuring the data, assessing the 

rainfall events and the process of analysis is detailed. In order to meet the specified project objectives, 

the following methodology has been proposed; 

 

• Select watersheds for assessment. Undertake an assessment of each watershed, determining 

all crucial parameters. 

 

• Undertake field inspections and investigations of the selected watershed. Assess the 

investigations to determine the soil categories for Whangarei District keys soil groups. Collect 

and analyses rainfall and river flow data.  

 

• Compile the rainfall events corresponding to the peak annual discharge events for a minimum 

period of 10 years, assessing the events in comparison to the Type IA rainfall distribution. 

The Glenbervie Forest HG gauge monitored by the NRC will be used as it is located 

immediately adjacent to the Mangahahuru Stream watershed boundary. 

 

• Undertake an annual series flood frequency analysis of each watershed. 

 

• Complete a validation of the TR-55 method as prescribed by WDC (2010) against the flood 

frequency analysis completed above. 
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The project proposal risk has been separated into two separate categories, personal risk, and project 

risk. Table 3-1 provides the matrix which was used to assess the identified risk, with the identified risk 

and minimisation techniques identified in Tables 3-2 and 3-3. 

 
Table 3-1: Risk Matrix 

Determine the risk category using the Risk Matrix below.  

Risk Matrix 

 Result   

   

Likelihood 

Minor (1) Moderate (2) 
(first aid only) 

Severe (3) 

(serious harm) 

Major (4) 

(permanent 

disabling injury) 

Catastrophic (5) 

(Loss of life,  

> $1 million costs) 

People First Aid Medical 

Treatment 

Serious Harm Disabling Injury Loss of Life 

Project Annoyance Major Time 

Loss 

Re work of 

Project 

Difficulty 

Completing 

Project 

Unable to 

Complete Project 

Almost never  (1) Low (1) Low (2) Low (3) Low (4) Medium (5) 

Unlikely                

(2) 

Low (2) Low (4) Medium (6) Medium (8) High (10) 

Possible               (3) Low (3) Medium (6) Medium (9) High (12) High (15) 

Likely                

(4) 

Low (4) Medium (8) High (12) High (16) Critical (20) 

Almost certain   (5) Medium (5) High (10) High (15) Critical (20) Critical (25) 

Risk Categories 

Critical For consideration, consult immediately with your Supervisor/Manager to stop 

activity/process – action immediately 

High Inform people – immediate action to be taken and applied 

Medium Correction required 

Low Risk perhaps acceptable – attention indicated 
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Table 3-2: Personal Risk 

 

 
Table 3-3: Project Risk 

 

 

 
To eliminate errors and ensure the quality of this project, a series of criteria will be applied, which 

includes: 

• All field testing will be completed with the appropriate equipment and in accordance with the 

relevant standards, methodologies, and procedures. 

• All data will be physically checked to ensure accuracy. 

• Results of computational calculations and HydroCAD will be validated with simple hand 

calculations where suitable. 

 

 

 
Varying resources are required to complete this project. The essential requirements are field 

investigations, collection of the Northland Regional Council rainfall and river gauge data and the use 

of HydroCAD to analysis peak flows. 

 

Hazard Risk Minimisation 

Low  Driving on public roads 
Take it easy, during daylight hours. Stop often to 

make a visual assessment. 

Medium 
Field testing location on 

public land 

Locate an area well off the road edge, protect self 

with vehicle as barrier 

Low 
Harm from equipment use 

and environment 
Use equipment appropriately, with correct PPE 

Medium 
Safety around fast flowing or 

deep waterways 

Ensure safe positioning and footing adjacent to 

waterways, take 5 to assess your path 

Hazard Risk Minimisation 

Medium Data Retrieval Collect Data prior to project start 

Low Field testing Allow appropriate time to complete testing 

High Use of HydroCAD 
Ensure employment is maintained, Basic Version 

is available to purchase if required. 

High Loss of Data/Project 
Use Google Drive for storage and maintain 

weekly a backup on pen drive. 



22 
 

A list of the resources required for this project is presented in Table 3-4 below, along with their source 

and cost. 

 
Table 3-4: Required Resources 

Resource Source Cost Comment 

Rainfall and River 

Gauge Data 

Northland Regional 

Council 

Nil Available via an existing 

internet portal 

Hand Auger RS Eng Nil Afterhours access 

Infiltrometer Student Nil Student to Fabricate 

Field Equipment Student & RS Eng Nil Afterhours access and 

personal equipment 

PC Student & RS Eng Nil Afterhours access and 

personal laptop 

MS Work Student & RS Eng Nil Afterhours access and 

personal laptop 

MS Excel Student & RS Eng Nil Afterhours access and 

personal laptop 

AutoCAD RS Eng Nil Afterhours access 

Hydro CAD RS Eng Nil Afterhours access 

Hydraulic Modelling 

General Supplies RS Eng Nil Afterhours Access 

 

 

 

 
 

The Northland Regional Council monitors river flow in over 30 watersheds in Northland, 24 of which 

are in the Whangarei District. To complete several of the main tasks of this research project, watersheds 

must be selected for the analysis. A basic preliminary assessment of each watershed was undertaken to 

aid the selection process. A strict set of selection criteria was adopted to select the final watersheds, 

ensuing watershed fit the proposed research and the limitations of TR-55;  

• Consist of less than four major soil/geological types, 

• the main channels/watershed are free of obstructions, (e.g. water supply dams, detention 

structures, flood mitigation schemes), 

• gauging structures are not affected by tidal influence, 

• consist of mostly farmland and bush/forest (minimal urban area is acceptable), 

• have a time of concentration of less than 10 hours,  
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• are located within the Whangarei District, and 

•  have been gauged for greater than 20 years. 

 

The Northland Regional Council monitored watershed located within the Whangarei District were 

reviewed, and the selection process completed, with the results presented in Table 3-5 along with the 

result of the criteria. 

 

 
Table 3-5: Whangarei District Watershed 
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Waiotu at SH1 

Bridge 

Hikurangi Swap 

Flood Scheme 

          No 

Whakapara at 

Cableway 

Hikurangi Swap 

Flood Scheme 

          No 

Hikurangi at 

Moengawahine 

Hikurangi Swap 

Flood Scheme 

          No 

Mangakaghia at 

Gorge 

No None Yes   1960   No 

Oputeke at 

Suspension 

Bridge 

No None Yes Yes 1984   No 

Wairua at Purua Hikurangi Swap 

Flood Scheme 

          No 

Mangere at 

Knights Rd 

No No No Yes 1983 <10hr Yes 

Mangahahuru at 

County Weir 

No No No Yes 1969 <10hr Yes 

Ngunguru at 

Kiripaka 

No Yes - - - - No 

Ngugnuru at 

Dugmores Rock 

No Yes - - - - No 
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Mangakahia at 

Titoki Bridge 

No No No >4   >10hr No 

Wairua at 

Wairua Bridge 

Hikurangi Swap 

Flood Scheme 

          No 

Waipao at 

Draffins Rd 

Large Ponding 

Area 

No No 
 

1978   No 

Waiarohia at 

Lovers Lane 

Water Supply 

Dam 

          No 

Hatea at Town 

Basin 

No Yes         No 

Hetea at 

Whareora Rd 

No No Extensive     >10hr No 

Ruamanga at 

Bernard St 

Detention 

Structure 

          No 

Ruamanga at 

Kotuku Dam 

Intake 

Detention 

Structure 

          No 

Whangarei 

Harbour at 

Marsden Point 

No Yes         No 

Ruakaka at 

Flyger Rd 

Large Ponding 

Area Caused by 

SH1 

        >10hr No 

North at 

Applecross Rd 

Large Private 

Dam 

      1982   No 

Ahuroa at 

Braigh Flats 

        1983 >10hr No 

Waihoihoi at St 

Marys Rd 

Very Flat       1984   No 

Otaika at Kay No No Minimal 4 2011   No 
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The selected watersheds are listed below. A high elevation layout plan of the Whangarei District located 

the watershed boundaries presented in Figure 3-1. 

• Mangahahuru Stream County Weir  

• Mangere River at Knights Road  

 

 

 
Figure 3-1: Selected Watershed Location Plan  

 

 

 
 

Assessment and measurement of the required watershed spatial parameters will be completed using 

Autodesk Civil 3D, a drawing program capable of importing GIS layers. The following parameters will 

be measured from import topographical layers and geology maps; total watershed area, flow path length, 

land use areas and soil type/geology areas.  The varying spatial parameters will be measured manually 

by tracing the extents. 
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Topographical layers were imported from the New Zealand 1:50,000 scale topographic maps made 

publicly available by Land Information New Zealand (LINZ) at Data.linz.govt.nz (2019). The GIS 

layers import from LINZ will include 20m interval contours, stream/river centre lines, native bush 

extents, and aerial photography. 

 

The geology extents will be obtained by inserting and scaling of PDF files of the GNS Science 

1:250,000 regional geology maps into the drawing file. These geological maps are publicly available at 

Gns.cri.nz (2019).  

  

 

 
 

To gain further understanding of the soil types and infiltration properties of the soil, and of the 

watershed characteristics, a series of field investigations were undertaken. These consisted of hand 

augered boreholes, infiltration tests and visual inspections where public access permitted. The borehole 

and infiltration tests were limited to several locations within the identified soil type.  

 

Representative locations within the major soil types were selected where both the borehole and 

infiltration tests were completed. Suitable locations were selected based on the following criteria; 

• Clear of excavations or embankments, 

•  well elevated above watercourse or standing water, 

• of representative ground cover, 

• minimum separation between the borehole and infiltration test of 1.5m, 

•  and not completed during or following a period of prolonged rainfall. 

 

 

 
 

Where public access permitted, visual inspections were undertaken of the NRC gauging stations, the 

watersheds primary flow paths and ground cover/land use. This provided further insight into land 

coverage and an all-round greater understanding of the watershed, and so facilitating the selection of 

suitable locations for the field investigations.  
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The hand augered borehole consisted of 75mmø holes bored to a depth of at least 1.0m below ground 

level where achievable. The soil description was recorded in terms of the New Zealand Geotechnical 

Society, Williams et al. (2005). Figure 3-2 displays a typical hand augered borehole in progress. 

 

 
Figure 3-2: Typical Hand Auger 

 

 

 
 

Infiltration testing was completed using a single ring infiltrometer within a flooded excavation, to 

effectively replicate the hydraulic conditions of a Double Ring Infiltrometer. The tests were completed 

based on the methodology and procedure of U.S Department Of The Interior (1963) and ASTM 

International (2003). A typical infiltration tests in progress is shown in Figure 3-3. 

 

Infiltration testing was not completed in the Northland Allochthon materials due to their high shrink-

swell potential. The alluvial based materials were also excluded from the infiltration testing as these 
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materials are highly variable but are present in lower lying areas where groundwater levels are elevated, 

often being near the surface. 

 

 
Figure: 3-3 Typical Infiltration Test 

 

 

 
 

Assessment of the major soil types was completed using the published literature from the Whangarei 

District, and the field investigations completed as part of this dissertation. The process for determining 

the appropriate hydrologic soil groups is based on USDA (2009) presented is Section 2.3 of this report. 

The flow chart presented in Figure 3-4 has been prepared based on the beforementioned criteria to aid 

the categorisation process. 

 

Figure 3-4 does, however, present the idea that infiltration rates are the overarching criteria for 

determination of the hydrologic soil groups. It must, however, be appreciated that the TR-55 method 

and SCS equation is not considered an infiltration equation, and consequently engineering judgement 

must be used on the final selection of the hydrologic soil groups.  



Figure 3-4: Hydrologic Soil Group Selection Chart 

High Shrink/Swell 
Potential

Typical Water 
Table Depth

Depth To
Impermeable Layer

Infiltration Rate

Sand / Gravel 
Content

Hydrologic Soil 
Category D

>0.5m

<0.6m

Hydrologic Soil 
Category C

Hydrologic Soil 
Category B

>0.5m

90% > 
50%

<50%

Yes

<1.0mm
/hr

4.0 > 1.0 
mm/hr

No

Field Investigation 
Results 

>0.6m

Hydrologic Soil 
Category A

>90%

<50%

8.0 > 4.0 
mm/hr

>8.0 
mm/hr
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The data collection phase of this project comprised two main tasks, retrieval of the separated rainfall 

and river flow gauging data from the Northland Regional Council. 

 

The Northland Regional Council monitors rainfall at over 21 stations and river flow in over 30 

watersheds in Northland. The rainfall and river flow data are an essential part of this project, enabling 

a comparison of actual rainfall generated watershed discharge and calculated discharge. The Northland 

Regional Council monitors the gauging stations with the data available from an internet portal NRC 

(2019).  The portal has a map viewer system, which allows easy selection of the required gauging 

station. Upon selection of the desired station, a pop-up window enables selection of the date range, a 

plot of the data and download options to CSV or XML file types, Figure 3-4. 

 

 
 

 
Figure 3-5: Data Selection and Download (NRC, 2019) 
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To review the suitability of the Type IA rainfall distribution prescribed by WDC (2010), the 

methodology used by Kimoto, Canfield and Stewart (2011) will generally be employed. The following 

tasks were completed: 

 

i. A minimum of 10 rainfall events corresponding to annual maximum discharge events shall be 

isolated. Each event will be isolated in the recorded rainfall data. 

ii. Once isolated, a measure of total rainfall depth and duration were taken. 

iii. The maximum hour rainfall intensity was assessed by reviewing all hourly rainfall intensities.  

iv. The pattern index (PI) is calculated using the method provided in Section 2.7 of this document 

using Equation 2-6. 

v. A normalised accumulative rainfall depth and duration plot was prepared, where percentage 

rainfall event duration is plotted on the x-axis, against percentage total rainfall depth plotted 

on the y-axis. 

vi. Finally, using all measures taken above a discussion will be made as to the similarities, or lack 

thereof to assess the suitability of the Type IA design rainfall distribution. 

 

Table 3-6 below, provides a sample of the first three rows of calculations completed in Microsoft Excel 

to determine the before mentioned parameters. 

 
Table 3-6: Sample Rainfall Event Analysis 

 A B C D E F G 
1 

Duration 
(min) 

Total 
Rainfall 
(mm) 

Time to 
Peak 
(min)   

Peak 
Intensit
y 
(mm/hr) 

Patter
n 
Index 

2 2380 337.5 1745   46 0.423 
        

3 

Date - Time 
Rainfall 
(mm) 

% Total 
Time 

Accumulativ
e Rainfall 

% Total 
Rainfall 

Intensit
y 
(mm/hr) for PI 

4 28/03/2007 
9:20 0 0.00000 0 0.00000 1.5 0.001 

5 28/03/2007 
9:25 0.5 0.00210 0.5 0.00148 1.5 0.010 

6 28/03/2007 
9:55 0 0.01471 0.5 0.00148 1.5 0.007 

 

The summary of the spreadsheet and calculations completed is detailed in the following commentary; 

a) Columns A and B from row 4, contained the recorded and isolated rainfall values. 

b) Column C from row 4 contains percentage time, taken using Equation 3-1. 
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% 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑖𝑖− 𝑇𝑇0
𝑇𝑇𝑇𝑇

       Eq. [3-1] 

 

Where Ti = Time at ith time step, T0= Time at storm initiation, TT = Total Time/Duration 

 

c) Column D contains accumulation rainfall at each time step. 

d) Column E from row 4 contains percentage rainfall, taken using Equation 3-2. 

 

% 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝑖𝑖− 𝑃𝑃0
𝑃𝑃𝑇𝑇

       Eq. [3-2] 

 

Where Pi = Time at ith time step, P0= Time at storm initiation, PT = Total Time/Duration 

 

e) Column E reports hourly intensity values. This requires the summation of fall rainfall values 

for the 1-hour (60miniture) duration centred at the ith position being considered. Careful 

consideration needs to be given to the data to ensure/check the time intervals of data points 

which may not always be uniform. In this instance, the intervals are varied, requiring further 

manipulation in MS excel to identify and measure the hourly intensities. 

f)  Column G calculates the parameter of the PI for each timestep as require for Equation 2-6, 

with the result provided in cell G2. 

 

 

 
 

Validation of the method will ultimately be completed by completing a comparison of TR-55 calculated 

watershed discharge against actual discharge analysed using an Annual Series Flood Frequency 

Analysis. The validation will be completed in four steps; 

 

• An annual series flood frequency analysis will be completed using gauging records from the 

selected watershed to enable the fitting of a flood probability model. 

 

• Peak watershed discharge will be calculated for the standard AEP events using the TR-55 

method in HydroCAD. 

 

• Baseflow was assessed from gauging station records, using a low-frequency filtering technique. 
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• The result will be assessed and compared to determine the adequacy of prescribed methods for 

calculating discharge. 

 

 

 
 

An annual series of flood frequency analyses were used to enable the fitting of a flood probability model 

to gauge records of the selected watershed. To complete this, the following tasks were undertaken: 

i. The gauging records were checked for completeness, data errors, omissions, partial years. 

Calendar years were used for the analysis as opposed to water years as Northland, and the 

Whangarei District are susceptible to flood level rainfall events at any time. 

ii. Once the data quality was checked, annual peak discharge values were identified and ranked 

from largest to smallest. 

iii. Plotting the position AEP of each event was then completed using the Cunnane formula 

(Equation 3-3), recommended by Ball et al. (2019) for unbiased quantiles.  

 

𝑃𝑃(𝑖𝑖) =  𝑚𝑚−0.4
𝑛𝑛+0.2

          Eq. [3-3] 

 

Where; 

m = Plotting position 

n = Total number of years used 

 

iv. Once plotting positions are finalised the logarithm is taken of the observed discharge values 

using Equation 3-4. This is then used to determine the mean (m), standard deviation (s) and 

skewness (g) of the dataset. If the absolute value of skewness is greater than 2 an alternative 

flood probability distribution should be considered. Ball et al. (2019) recommend the 

Generalized Extreme Values (GVE) distribution. 

 

𝑦𝑦𝑖𝑖 =  log10(𝑞𝑞𝑖𝑖)          Eq. [3-4] 

  

Where; 

 qi = Observed flow (m³/s) 

 

v. Once the mean, standard deviation and skewness values are determined, frequency factors (kϒ) 

included in Appendix C can be used to fit the Pearson III (LP III) distribution. The LP III 

distribution calculates logarithm flows for varying AEP using Equations 3-5.  
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log10(𝑄𝑄𝛾𝛾) = 𝑚𝑚 +  𝑘𝑘𝛾𝛾(𝑔𝑔)𝑠𝑠        Eq. [3-5] 

 

Where; 

 m = mean 

 s = Standard Deviation 

 g = skewness 

 ky = Frequency factor, included in Appendix D 

 

vi. Values of low discharges can be detrimental to the fitting of the flood probability distribution. 

Low outliers generally occur in annual maximum series where a year did not experience a flood 

event. Multiple Grubbs-Beck test will be applied at the 0.5% and 10% significance level as 

recommended by Ball et al. (2019). This requires the calculation of Tn, defined by Equation 3-

6 

 

𝑇𝑇𝑛𝑛 =  (𝑦𝑦𝑖𝑖− 𝑦𝑦�)
𝑠𝑠

          Eq. [3-6] 

 

Where; 

 Ȳ = average of logarithm flow 

 yi = Logarithm flow at the ith position 

 s = Standard Deviation 

 

Where any values calculated using Equations 3-6 is greater than the values of Tn provided by Brubbs 

and Beck (1972) tables included in Appendix E, is like a low outlier and shall be discharged. As a final 

check, a visual check shall be made to assess the correctness of fit. Any values discarded shall be 

excluded, with the analysis being completed as if the year did not exist in the record. 

 

 

 
 

 
 

In order to estimate the discharge of the selected watershed during rainfall events, a hydrologic model 

must be constructed, and the remaining watershed parameters or characteristics determined. This 

section details the methodology surrounding the development of a hydrologic model, estimates of time 

of concentration, the use of HydroCAD for the hydrological calculations and the estimation of baseflow. 
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Several watershed models can be selected for this research however, only Lumped and Semi-Distributed 

are available for use with HydroCAD. For each watershed selected either a Lumped or Semi-Distributed 

model will be used, separating the watershed by topography, geology, and landuse to develop no more 

than several subareas. Ideally, the watershed will be separated into multiple subareas, however this 

begins to rely heavily on assumptions and interpretation by the modeller, which increases the difficulty 

of repetition.  

 

 

 
 

Although there is no single correct method to determine the time of concentration, the velocity based 

methods are considered the most accurate, with the accuracy increasing as the level of investigation 

increases. Equations 2-9, 2-10, 2-11 & 2-12 shall be used to calculate the Tc for each respective sections 

of the watersheds main channel.  

 

Tc requires several parameters, most notably the average slope of the watershed or channel section under 

consideration. The bed slope can be measured off of a long section for the channel or calculations made 

using the Land Information New Zealand Topo50 contours, for shorter sections. However, where a long 

section of the channel is to be considered which varies in slope the equal area method recommended by 

Auckland Regional (1999) shall be used, presented in Equation 3-6.  

 

𝑆𝑆𝑆𝑆 = 2𝐴𝐴𝑑𝑑
𝐿𝐿2

         Eq. [3-6] 

 

Where; 

∆A = Delta Area 

L = Section Length (m) 

 

Refer to Auckland Regional Council (1999) for a worked example of this method. 

 

 

 
 

It is a common practice among local consultants in the Whangarei District, to use a software program 

called HydroCAD to complete the hydrological and hydraulic calculations. HydroCAD is a software 

program specifically developed for hydrological and hydraulic modelling. HydroCAD Software 
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Solution LLC (2011) describes the program as combining the best parts of TR-20 and TR-55 for 

modelling of peak runoff. Using the watershed parameters, composite CN values, the Type 1A rainfall 

distribution and corresponding rainfall depths from HIRDS V4 as required by the WDC (2010), peak 

watershed runoff will be calculated. Runoff will be calculated for the following AEP rainfall events; 

10%, 5%, 2%, 1.2%, & 1%. The following provides a summary of the modelling processes: 

 

i. Observe the spatial, topographical and geological variation of the selected watershed, dividing 

it into several subareas of similar size where variation requires.  

ii. Assess the parameters of sub-catchment as previously detailed, requiring Tc, A and Weighted 

CN.  

iii. Collect the HIRDS V4 Depth-Duration-Frequency (DDF) rainfall data using the centroid 

position of the watershed. HIRDS V4 is located at www.hirds.niwa.co.nz. Once signed in, enter 

the Site Information in the fields provided, selecting DDF and generates the report. The values 

required shall be selected, based on the AEP listed previously for the 24-hour duration. 

iv. With all input data collected, this can be entered with the analyses for the varying AEP rainfall 

depths. Refer to HydroCAD Software Solutions LLC (2011) for the use of the software. 

v. Finally, the model can be run, providing the calculated estimates of watershed runoff. 

 

 

 
 

To assess baseflow from the gauging records, the filtering method proposed by Lyne-Hollick, 

recommended by Novita and Wahyuningish (2016) and Ball et al. (2019) will be used in a Microsoft 

Excel spreadsheet. The methodology proposed is as follows: 

i. Using the excel data files of the stream gauging records, the filtering technique can be applied 

using Equation 2-9 with the filtering parameter of α=0.98 to determine the quick flow. Quick 

flow will then be removed from total flow using Equation 2-10 to provide baseflow. This 

filtering method can only be applied to gauging data where record intervals have a frequency 

of less than 1hr. 

ii. Once the baseflow hydrograph is determined, isolation of individual events can be made to 

review the data fit. The fit of the baseflow filtering technique can be considered as having a 

good fit where baseflow meets total flow at a period of similar duration to the watershed time 

of concentration after rainfall subsides. This may, however, be difficult to observe where 

rainfall intensities vary, without the event subsides. 

iii. At this point, baseflow calculated which corresponds to the peak total flow or discharge will 

be retrieved, this is also known as under peak baseflow value. 

http://www.hirds.niwa.co.nz/
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iv. Once under peak baseflow is obtained all values of baseflow and total can be plotted against 

AEP to enable correlation to be derived as suggested by Ball et al. (2019). The under peak ratio 

can also be calculated using Equation 3-7. 

 

𝑅𝑅𝐵𝐵 = 𝑄𝑄𝑃𝑃𝑃𝑃
𝑄𝑄𝑃𝑃𝑃𝑃−𝑄𝑄𝑃𝑃𝑃𝑃

          Eq. [3-7] 

 

Where; RB = Under peak baseflow ratio, QPB = Under peak baseflow, and QPT = Peak Discharge 

 

v. The final step of this methodology is to make an assessment to the correlation of baseflow, in 

relation to AEP and/or discharge to assess the most practical baseflow factor or application 

factor to be applied to the calculated runoff. 

 

 

 
 

Finally, to a comparison was made of the TR-55 estimated total flow and the results of the flood 

frequency analysis. To assess the potential validation, the comparison was made both graphically and 

physically by plotting the fitted flood probability distribution and calculated discharge against (QT) AEP 

for visual inspection and making a comparison of tabulated results to assess the measure of error. Total 

flow / discharge will be calculated using Equations 3-8. 

 

𝑄𝑄𝑇𝑇 =  𝑄𝑄𝑄𝑄  × (1 + 𝑅𝑅𝐵𝐵)         Eq. [3-8] 

 

A wide range of variables influence the calculations of runoff and baseflow exist within the models 

developed, in particular the baseflow separation. Canterford (1987) suggested a margin of error of up 

to +/-30% is acceptable. 
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4.0 Results  
 

 
 

This chapter aims to present the results of the assessments and analysis of this research project. The 

analysis of the watershed selected in Chapter 3 will be presented, based on the investigation detailed 

within this Chapter and the data retrieved from the Northland Regional Council. This chapter is 

separated into the following sections; 

• Designation of Major Local Soil Types, 

• Rainfall Event Review, 

• Mangahahuru Stream Analysis and 

• Mangere Stream Analysis. 

 

 

 
 

 
 

 
 

Three hand augered boreholes have been excavated as part of this research, being dug within two of the 

main local soil types, namely the Kerikeri Volcanic Group and Waipapa Group materials. The field 

investigations found that the residual soils of the Kerikeri Volcanic Group and Waipapa Group are 

similar, both clay like, without a complete sand content observed. The Kerikeri Volcanic Groups 

materials are very well structured, as opposed to the moderate structure of the Waipapa Group materials. 

A summary of these results is presented in Table 4-1. 
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Table 4-1: Hand Augers Summary 

Hand 

Auger 

No. 

Depth of 

Topsoil (m) 

Main Soil Behaviour Sand / 

Gravel 

Fraction 

(%) 

Groundwater 

Depth (m) 

Impermeable 

Material 

Depth (m) 

HA1 50mm Light Whitish Orange 

Low Plasticity Silt 

CLAY  

0 Not 

Encountered 

Not 

Encountered 

HA2 100mm Light Whitish Orange 

Low Plasticity Silt 

CLAY  

0 Not 

Encountered 

Not 

Encountered 

HA3 200mm Light Reddish Brown 

Low Plasticity Silt 

CLAY some rounded 

cobbles 

0 Not 

Encountered 

Not 

Encountered 

 

 

 
 

Five infiltration tests were completed in total, two and three each in the Kerikeri Volcanic and Waipapa 

Group materials respectively. All tests recorded a minimum infiltration rate greater than 8mm/hr. 

 

 
 Table 4-2: Infiltration Test Summary 

Infiltration 

Test No. 

Test Duration 

(min) 

Minimum 

Infiltration Rate 

(mm/hr) 

Geological Group / 

Soil Type 

IT1 35 36 Kerikeri Volcanics 

IT2 20 72 Kerikeri Volcanics 

IT3 75 18 Waipapa Group 

IT4 70 12 Waipapa Group 

IT5 65 9 Waipapa Group 
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Based on the field Investigations and decision chart set out in Section 3 of this dissertation, the soil 

types under investigation have been placed into the Hydrologic Soil Groups, as presented in Table 4-3. 

The categorisation of the Northland Allochthon and Alluvial materials is based on the author's local 

experience and characteristics presented in the literature. Like the Kerikeri Volcanic Group, the 

Waipapa Group materials observed infiltration rates greater than the 8mm/hr threshold for Hydrologic 

Soil Group A. However, engineering judgement has prevailed, as this material is considered moderately 

expansive, well-structured and generally has a gradual transition into the free draining rock mass. The 

runoff characteristics are consequently better suited to placement within Hydrologic Soil Group B. 

 

 
Table 4-3: Hydrologic Soil Type Classifications 

Geological Group / 

Soil Type 

Hydrologic 

Soil Group 

 Remarks 

Kerikeri Volcanic 

Group 

A These materials often have cobbles and floating boulders. 

Infiltration rates are high, >8.0mm/hr 

Waipapa Group B Infiltration rates >8.0mm/hr. Considered as moderately 

expansive 

Northland 

Allochthon 

D Highly expansive. Water table commonly at or near the surface 

Alluvial Sediments D Low lying, water table commonly at or near surface 

 

 

 
 

Thirteen rainfall events from between 2005 and 2017 measured at the Northland Regional Council 

monitored gauge, forest HQ, were isolated. These events correspond to the peak annual watershed 

discharge events used in the Flood Frequency Analysis of the Mangahahuru Steam. Table 4-4 outlines 

the tabulated results of the analysis detailed in the methodology. Figure 4-1 illustrates the rainfall events 

plotted as percentage time against percentage of accumulative rainfall. 

 

The Type IA rainfall distribution has a steep rate of change indicating the highest intensities nearer the 

centre of the storm. Multiple other rainfall events have similar steep portions, these are however 

generally not as steep and have longer durations. This is supported by the tabulated results, with a 

majority of storm events having maximum hour peak rainfall intensities greater than the Type IA event. 
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Table 4-4: Rainfall Event Review Results  

Date of 
Storm 

Total Rainfall 
Depth (mm) 

Storm 
Duration 
(min) 

Maximum 
Rainfall (mm/h) 

Time to Peak 
(min) Pattern Index 

6-Jul-05 139.50 1460.00 28.00 570.00 0.54 
27-Apr-06 46.50 210.00 30.50 120.00 0.45 
29-Mar-07 337.50 2380.00 46.00 1745.00 0.42 
26-Jul-08 141.00 1640.00 27.50 640.00 0.63 
5-Mar-09 112.50 1300.00 11.50 285.00 0.53 
5-Jul-10 113.00 2940.00 17.00 1025.00 0.39 

28-Jan-11 256.50 1015.00 43.50 740.00 0.39 
19-Mar-12 272.00 3020.00 26.00 1220.00 0.53 
2-Aug-13 131.00 1885.00 11.50 810.00 0.47 
9-Jun-14 209.00 2570.00 17.50 2365.00 0.33 
5-Aug-15 68.51 1905.00 24.92 1625.00 0.38 
7-Jul-16 47.50 1140.00 9.50 675.00 0.37 

13-Apr-17 77.00 905.00 13.00 55.00 0.60 
Type IA - 1440 8% 588 0.57 

 

 

 
Figure 4-1: Normalised Rainfall Distributions 
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The Mangahahuru Stream watershed at the County Weir is situated on the north side of Whangarei City 

draining into the Hikurangi Swamp. The watershed to the gauge is 2,110ha, and is predominantly in 

plantation forestry and situated over Waipapa Group soil. This watershed was available for reasonably 

detailed inspection due to the full public access available during weekends. Table 4-5 summarise the 

detailed of the Mangahahuru Stream Watershed. 

 

 
Figure 4-2: Mangahahuru Watershed Plan 
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Table 4-5: Mangahahuru Stream Watershed Details 

 

 

Details 

Watershed Mangahahuru 

Stream 

Gauge Location 

(Lat /Long) 

35°38’24.13S 

174°18’43.60E 

Gauging Begin 1969 

Area (ha) 2,109.53 

Flow Path Length (m) 12730 

Landuse 

(ha) 

Pasture 88.49 

Native Forest 324.64 

Exotic Forest 1,696.40 

Soil Type / 

Geology (ha) 

Waipapa Group 2,109.53 

Northland Allochthon 0.00 

Alluvial Sediment 0.00 

Volcanic Origin 0.00 

 

 

 
 

Given the lack of spatial variability, singular geology / soil type and singular land use of the forest, a 

lumped model has been considered suitable for the Manahahuru Stream watershed. The results of this 

model are summarised in the following sections. 

 

 
 

The velocity method of time concentration was applied to the longest flow path in Mangahahuru Stream 

where several points were observed during the field inspection. The results of the velocity based method 

for time of concentration are summarised in Table 4-6 below.  

 
Table 4-6: Mangahahuru Time of Concentration  

Subarea Tc (minutes) 

Total 

Tc 

Sheet Flow Shallow Concentrated Flow Channel Flow 

A 224 9 2 213 
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The HydroCAD modelling was completed using the routing diagram shown in Figure 4-3 which 

consisted of a single node to represent the lumped model. The estimated peak rainfall generated runoff 

calculated for the range of AEP is presented in Table 4-7. 

 

 
Figure 4-3: Mangahahuru Stream Routing Diagram 

 

 

Table 4-7: Mangahahuru Stream TR-55 Estimate Runoff 

Event AEP Rainfall (mm) Peak Runoff (m³/s)  

10% 207 32.4 

5% 238 44.5 

2% 279 62.2 

1.2% 300 71.8 

1% 310 76.5 

 

 

 
 

Using the NRC gauging records the annual maximum discharge events between 1969 and 2015 have 

been identified, shown in Table 4-5. Mangahahurhu Stream flow gaugings for 1976, 1977 and 1981 

have been discarded due to partial or total loss of data during that year.  The mean of the logarithmic 

annual flow peaks is 1.373, while the standard deviation is 0.168, prior to filtering of influential low 

discharge vales. 

 

The annual maximum series was checked for potentially influential low discharge which may have a 

detrimental effect on the results. Using Grubbs and Beck (1972) where n=43, the test values of Tn for 

the 0.5% and 10% significance levels were Tn=0.6296 and Tn=0.7172 respectively. This resulted in 

identifying seven (7) low outlying values from 1987, 1990, 1991, 1992, 2004, 2010 & 2013, which 

were discarded from the analysis. Table 4-8 presents the annual maximum values were used for the 

flood frequency analysis.  
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Table 4-8: Mangahahuru Annual Maximum Discharge 

Year Discharge 

(m³/s) 

Year Discharge 

(m³/s) 

2011 33.818 1986 27.623 

2007 33.15 2003 27.535 

1973 33.114 1998 27.458 

1971 32.195 1975 27.26 

1995 31.926 2000 27.205 

1997 31.601 1988 26.633 

1980 31.069 1996 26.149 

2012 30.725 2014 26.138 

1972 29.966 2002 26.017 

2008 29.339 1983 24.985 

1969 29.141 1979 24.632 

1974 28.679 1982 24.134 

1985 28.47 1993 24.056 

2001 28.195 1978 23.73 

1970 28.118 2005 23.496 

1989 27.986 1994 22.732 

1999 27.909 1984 19.97 

2009 27.832 2006 19.88 

       

 

Based on the methodology, Table 4-9 and Figure 4-4 report the results of the Mangahahuru Stream 

flood frequency analysis, where a Log Pearson III flood probability distribution was fitted.  

 

 
Table 4-9: Mangahahuru Stream Flood Frequency Results 

Parameter Value 

Mean (M)  1.437 

Standard Deviation (S) 0.056 

Skew (G) -0.615 
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Figure 4-4: Mangahahuru Stream Flood Frequency Analysis 

 

Observation of Figure 4-4 will find that the fitted LP III probability model wells the data set well. All 

data points lie within the 5% and 95% confidence limits. 

 

 
 

Separation of baseflow was completed using the methodology detailed in this research beginning at 

1969 through to 2015, excluding 1976, 1977, 1981.  

 

Figure 4-5 displays the baseflow filtering of the rain storm measured at Forest HG which resulted in the 

2011 maximum annual event in the Mangahahuru Stream, using the Lyne-Hollick method. Also shown 

in Figure 4-5 is the rainfall measured at the Forest HG gauge. It can be observed that the rainfall event 

subsides at a similar time to the peak flow and that the peak baseflow is observed approximately 4hrs 

beyond the rainfall event subsiding. It is worth mentioning again at this point that the Tc was 224 

minutes (3.73hr). 
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Figure 4-5: 2011 Annual Maximum Event Baseflow Separation – Mangahuru Stream 

 

 

Figure 4-6 displays and Table 4-10 presents the results of the baseflow separation analysis in relation 

to the corresponding AEP derived by the flood frequency analysis. Under peak baseflow values varied 

as a ratio of peak quick flow from 8% to 600%. From observation of Figure 4-5 it is clear that there is 

no statistically acceptable correlation between quick flow and baseflow with the variation in the low 

AEP events being very high. Consequently, to provide a means of determining baseflow for this 

research an average of under peak ratios was taken, which results in a value of 0.49, the ratios of 6.0, 

and 3.71, were considered as outliers and excluded from the average. 
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Figure 4-6: Under Peak Baseflow Separation 

 

 
Table 4-10: Under Peak Baseflow Filtering Results  

AEP 
Total Flow 
(m³/s) 

Baseflow 
(m³/s) 

Underpeak 
Ratio 

1.7% 33.8 11.8 0.53 
4.4% 33.2 13.7 0.70 
7.2% 33.1 6.0 0.22 
9.9% 32.2 15.4 0.92 

12.7% 31.9 2.2 0.08 
15.5% 31.6 4.9 0.18 
18.2% 31.1 4.6 0.18 
21.0% 30.7 20.1 1.90 
23.8% 30.0 1.9 0.07 
26.5% 29.3 8.0 0.38 
29.3% 29.1 23.0 3.71 
32.0% 28.7 4.7 0.20 
34.8% 28.5 7.9 0.38 
37.6% 28.2 7.8 0.38 
40.3% 28.1 6.4 0.30 
43.1% 28.0 10.9 0.64 
45.9% 27.9 9.8 0.54 
48.6% 27.8 7.7 0.38 
51.4% 27.6 7.5 0.37 
54.1% 27.5 11.2 0.68 
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56.9% 27.5 8.8 0.47 
59.7% 27.3 2.9 0.12 
62.4% 27.2 13.6 1.00 
65.2% 26.6 11.8 0.79 
68.0% 26.1 12.2 0.87 
70.7% 26.1 22.4 6.00 
73.5% 26.0 12.4 0.91 
76.2% 25.0 9.7 0.63 
79.0% 24.6 6.5 0.36 
81.8% 24.1 2.8 0.13 
84.5% 24.1 11.4 0.90 
87.3% 23.7 4.6 0.24 
90.1% 23.5 6.8 0.41 
92.8% 22.7 7.2 0.46 
95.6% 20.0 3.1 0.18 
98.3% 19.9 4.0 0.25 

 

 

 
 

Table 4-11 and Figure 4-7 presents the comparison of the TR-55 quick flow, total flow and the LP III 

floor probability distribution. 

  
Table 4-11: Mangahahuru Stream Comparison 

AEP 

Flood Probability 
Distribution 
Discharge (m³/s) 

TR-55 Estimate 
Discharge 
(RB=0.49) 

Margin of Error 

1% 34.8 114.0 327% 
2% 34.1 92.7 272% 
5% 33.0 66.3 201% 

10% 31.9 48.3 151% 
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Figure 4-7: Mangahahuru Stream Comparison 

 

 
 

 
 

The Mangere Stream watershed is located to the west of the Whangarei City, being 7520ha to the 

Knights Road bridge. The watershed is primarily pastoral farmland (80%) and is split one third each to 

Waipapa Group and Northland Allochthon soils, with the remainder split between Kerikeri Volcanics 

and alluvial sediments. Limited access is available to the Mangere Stream 10watershed with only 

several points of inspection available at public roads. Table 4-12 summarises the details of the Mangere 

Stream watershed. 
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Figure 4-8: Mangere Stream Watershed 

 

 
Table 4-12: Mangere Stream Watershed Details 

 

 

Details 

Watershed Mangere Stream 

Gauge Location 

(Lat /Long) 

35°41’51.95S 

174°08’42.64E 

Gauging Begin 1984 

Area (ha) 7,519.99 

Flow Path Length (m) 20730 

Landuse 

(ha) 

Pasture 6,059.92 

Native 1,388.58 

Exotic 69.49 

Soil Type 

/ Geology 

(ha) 

Waipapa Group 2458.98 

Northland Allochthon 2585.40 

Alluvial Sediment 1486.46 

Volcanic Origin 7,519.99 
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The Mangere Stream watershed, varied in geology and topography, having several distinct subareas. 

Figure 4-8 shows the watershed boundary, subarea boundaries and main channels. 

 

 

 
 

The velocity method of time concentration was applied to the longest flow paths in each subarea of the 

Mangere Stream. The results of the velocity based method for time of concentration are summarised in 

Table 4-13 below.  

 

 
Table 4-13: Mangere Time of Concentration  

Subarea Tc (minutes) 

Total 

Tc 

Sheet Flow Shallow Concentrated Flow Channel Flow 

A 346 10 10 326 

B 536 8.2 1.3 526.5 

C 281 10 0.5 270.5 

D 438 11 1 426 

 

 

 
 

The HydroCAD modelling was completed using the routing diagram shown in Figure 4-9 which 

consists of four subareas and a node to represent the gauging station. The estimated peak rainfall 

generated runoff calculated for the range of AEP is presented in Table 4-14. 
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Figure 4-9: Mangere Stream Routing Diagram 

 

 

Table 4-14: Mangere Stream TR-55 Estimate Runoff 

Event AEP Rainfall (mm) Peak Runoff (m³/s)  

10% 159 88.1 

5% 182 112.8 

2% 214 149.2 

1.2% 231 169.4 

1% 239  179.1 

 

 

 
 

Using the NRC gauging records the annual maximum discharge events between 1984 and 2014 have 

been identified, shown in Table 4-5. The mean of the logarithmic annual flow peaks is 1.77, while the 

standard deviation is 0.212, prior to filtering of influential low discharge vales. 

 

The annual maximum series was checked for potentially influential low discharge which may have a 

detrimental effect on the results. Using Grubbs and Beck (1972) where n=31, the test values of Tn for 

the 0.5% and 10% significance levels were Tn=0.5091 and Tn=0.6455 respectively. This resulted in 

identified seven (7) low outlying values from 1986, 1987, 1990, 1991, 1996, 2004 & 2013 which were 

discarded from the analysis. Table 4-15 presents the annual maximum values were used for the flood 

frequency analysis.  
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Table 4-15: Mangere Annual Maximum Discharge 

Year Discharge 

(m³/s) 

Year Discharge 

(m³/s) 

1984 59.643 2001 83.033 

1985 71.438 2002 81.278 

1988 90.866 2003 66.245 

1989 89.723 2005 53.922 

1992 62.875 2006 70.935 

1993 69.489 2007 98.927 

1994 67.733 2008 92.726 

1995 52.747 2009 72.263 

1997 89.761 2010 53.885 

1998 54.363 2011 116.434 

1999 88.397 2012 89.226 

2000 59.914 2014 91.174 

       

 

Based on the methodology, Table 4-15 and Figure 4-16 report the results of the Mangere Stream flood 

frequency analysis, where a Log Person III flood probability distribution was fitted.  

 

 
Table 4-16: Mangere Stream Flood Frequency Results 

Parameter Value 

Mean (M)  1.871 

Standard Deviation (S) 0.097 

Skew (G) 0.009 
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Figure 4-10: Mangere Stream Flood Frequency Analysis 

 

Observation of Figure 4-10 will find that the LP III probability model fitted the data set well. All data 

points lie within the 5% and 95% confidence limits. 

 

 

 
 

Separation of baseflow was completed using the methodology detailed in this research beginning at 

1984 through to 2014, excluding 1986, 1987, 1990, 1996, 2004 & 2013. 

 

The baseflow filtering of the Mangere Stream Hydrograph is displayed in Figure 4-11 during the 2011 

maximum annual event. Also shown on Figure 4-12 is the rainfall measured at the Draffins gauge. It 

can be observed that the rainfall event subsides at a similar time to the peak flow and that the peak 

baseflow is observed at approximately 10hrs beyond the rainfall event subsiding. It is worth mentioning 

again at this point that the Tc was up to 536 minutes (8.96hr). 
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Figure 4-11: 2011 Annual Maximum Event Baseflow Separation – Mangere Stream 

 

 

Figure 4-12 displays and Table 4-17 presents the results of the baseflow separation analysis in relation 

to the corresponding AEP derived by the flood frequency analysis. Under peak baseflow values varied 

as a ratio of peak quick flow from 13% to 148%. From the observation of Figure 4-5 it is clear that there 

is no statistically acceptable correlation between quick flow and baseflow with the variation in the low 

AEP events being very high. Consequently, to provide a means of determining baseflow for research 

an average of under peak ratios was taken, which results in a value of 0.71. 
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Figure 4-12: Under Peak Baseflow Separation 

 

 
Table 4-17: Under Peak Baseflow Filtering Results  

AEP 
Total Flow 
(m³/s) 

Baseflow 
(m³/s) 

Under Peak 
Ratio 

2.5% 116.434 24.07636 0.26 
6.6% 98.927 39.38713 0.66 

10.7% 92.726 23.67496 0.34 
14.9% 91.174 64.51549 2.42 
19.0% 90.866 22.79098 0.33 
23.1% 89.761 25.41615 0.39 
27.3% 89.723 10.23365 0.13 
31.4% 89.226 47.53277 1.14 
35.5% 88.397 25.60611 0.41 
39.7% 83.033 23.95004 0.41 
43.8% 81.278 48.45595 1.48 
47.9% 72.263 28.95016 0.67 
52.1% 71.438 10.23265 0.17 
56.2% 70.935 28.9482 0.69 
60.3% 69.489 8.364626 0.14 
64.5% 67.733 28.48651 0.73 
68.6% 66.245 34.32883 1.08 
72.7% 62.875 27.24795 0.76 
76.9% 59.914 32.9254 1.22 
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81.0% 59.643 12.31139 0.26 
85.1% 54.363 19.23169 0.55 
89.3% 53.922 31.87551 1.45 
93.4% 53.885 28.4014 1.11 
97.5% 52.747 9.608627 0.22 

 

 

 
 

Table 4-18 and Figure 4-13 presents the comparison of the TR-55 quick flow, total flow and the LP III 

floor probability distribution. 

  
Table 4-18: Mangere Stream Comparison 

AEP 

Flood Probability 
Distribution 
Discharge (m³/s) 

TR-55 Estimate 
Discharge 
(RB=0.49) 

Margin of Error 

1% 125.1 306.3 245% 
2% 117.7 255.13 217% 
5% 107.4 192.9 180% 

10% 99.0 150.7 152% 
 

 

 
Figure 4-13: Mangere Stream Comparison  
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5.0 Discussion 
 

 
 

This chapter will discuss the identified issues of the research project, any potential sources of error and 

aims to gain an understanding of the results presented in Chapter 4. The results will also be discussed 

in relation to the literature to enable conclusions that are useful and make recommendations that ensure 

the correct use of TR-55 in the future. 

 

 

 
 

This research project relied on the selection of Whangarei District watersheds to undertake the 

validation process. A set of selection criteria were set to avoid inaccurate results, errors and ensure 

adequate gauging durations. These criteria were reasonably restrictive, however generally by the 

limitation of the TR-55 method. As a result of the selection criteria, only two watersheds in the 

Whangarei District were suitable for selection.  

 

The author had intended to select a minimum of five watersheds for use in this research project, however 

this could not be achieved. The use of watersheds beyond Whangarei District was considered, however, 

due to variation in geology, topography and rainfall events the decision was made to continue with a 

limited selection available. 

 

The limited number watersheds in the Whangarei District which were suitable for this research project 

suggests that many watersheds in the Whangarei District may not be suitable for hydrological analysis 

using TR-55, and as a result, further research should be completed to consider a method better suited. 

 

 

 
 

To achieve the third objective of this research project, the results had to identify the corrected placement 

of the significant Whangarei District soil types in the TR-55 methods hydrologic soil groups. The results 

have not only achieved the objective but demonstrated that the placement of the local soil types differs 

somewhat from that suggested by WDC (2010).  
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The results of the borehole tests were of no surprise to the author, many years of geotechnical 

investigation in the district has provided a thorough understanding of these soil types.  It was, however 

surprising to identify how incorrect WDC (2010) is in suggested the use of the hydrologic soil groups. 

The variation is most likely due to the lack of previous infiltration testing, but also potentially due to a 

perceived opinion of the materials runoff characteristics by the unnamed authors of WDC (2010). It is 

clear that the Kerikeri Volcanic Group materials should not be placed in the hydrologic soil group C, 

this supported by the lack of defined watercourses or continually running flow paths on the terrain. 

Auckland Regional Council (1999) also support this with their placement of basaltic volcanic soil in 

the hydrologic soil group A, although it is worth mentioning their soils are much younger than that of 

the Whangarei District. 

 

 

 
 

The fourth objective of this research project required a review and discussion around the suitability of 

the prescribed Type IA rainfall distribution, in comparison with actual rainfall events. Storm events 

collected from the Northland Regional Council Forest HG gauge were observed and compared with the 

Type IA rainfall distribution, comparatively assessing rainfall normalised distributions, peak hour 

intensities and pattern index (PI).  

 

The Type IA rainfall distribution is a nested design storm aimed at representing rainfall events of 

differing duration and intensity being suitable for a broad range watershed, which as a result may not 

accurately reflect a particular regions rainfall events. The results show that the Type IA event does not 

accurately represent the events observed at the Forest HQ gauge. The Type IA event has a maximum 

instantaneous rainfall intensity greater than that of any observed storm, but the observed peak hour 

intensities far exceeded that of the design storm. This is of importance as, depending on the time of 

concentration of a watershed, the critical duration of peak intensities will vary, which is supported by 

Kimoto, Canfield and Stewart (2011), where an observed 5% AEP rainfall event caused greater than  

1% AEP flood event as a result of differing critical durations. 

 

This part of the research was however limited to a small number of rainfall events due to time 

constraints. It was however clear to the author, from both the literature review and results that, nested 

design storms, like the Type IA event may not identify the critical discharge for a given watershed, and 

that an ensemble of temporal patterns or design storms similar to that required by Ball et al. (2019) 

should be developed. This would likely require the development of several distributions with differing 

durations to represent both the short duration, high intensity thunderstorm type events, and the long 

duration, low intensity cyclonic type events which are regularly experienced in the Whangarei District. 
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The fifth and final objective required the validation be completed. This required a flood frequency 

analysis of the gauged watershed recordings and the estimation of discharge using the TR-55 method. 

Estimation of baseflow was considered an essential part of this task, with the lack of certainty around 

the results of the analysis only became evident in the later stages of the research. 

 

 

 
 

The flood frequency analysis found that the commonly accepted Log Pearson III distribution fitted the 

data sets reasonably well, however upon completion of multiple Grubbs Beck tests as required by Ball 

et al. (2019) and the exclusion of the potentially influential low flow values, the fitting was improved 

substantially. 

 

An obvious limitation and potential source of error in this research, particularly with the flood frequency 

analysis, is the reliance on the rating curves given to the gauges by the Northland Regional Council. It 

would have been beneficial to review the rating curves and make an assessment as part of this research, 

however the Northland Regional Council were not forthcoming with the rating curves. Access was also 

not available to the Mangahahuru gauge for review, nor do elevation models of the gauging stations 

exist to enable a detailed review of the rating curves if supplied. 

 

 

 
 

The use of the Lyne-Hollick base flow filtering technique on the gauging hydrographs was successful, 

however achieving this result was difficult, given the volume of data, and the limitations of Microsoft 

Excel.  

 

Ball et al. (2019) suggested that baseflow from events with similar AEP can be adjusted for use in the 

estimated discharge calculations, however considerable variation in the ratio of base flow to quick flow 

were identified placing doubt around the use of this method. Consequently, a simplistic use of an 

average adjustment ratio was used, where large outlying values were excluded. This achieved differing 

results across the two watershed, however, given the spatial and geological variation between the two 

watersheds analysed, this was expected.  
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The literature review did not identify any research locally around potential baseflow adjustment factors 

which in the author's opinion, is an import part of the estimating total flow, particularly where the 

average under peak ratio suggests that baseflow is up to 70% of the quick flow. Consequently, it is 

recommended that further research be completed in this area to establish a set of under peak baseflow 

factors, similar to that of Ball et al. (2019). 

 

 

 
 

The research required the construction of hydrological model within HydroCAD to simulate and 

estimate rainfall generated runoff. The use of the software was a simple task, however the development 

of the physical model, ensuring the time of concentration was correct for subareas, and differing flow 

paths was time consuming, with a large volume of assumptions required. Although inspection of the 

watersheds was completed, with multiple observations of the main channels made where access existed, 

less than 1% of the channels within the watershed were likely viewed. Time of concentration requires 

a large volume of assumptions and will vary dependant on the modeller’s assumptions (Sharifi and 

Hosseini 2011). Using a singular lumped model has significantly reduced the potential for error in the 

analysis and calculation of the time of concentration but may have increased inaccuracies between the 

model and the watershed itself.  

 

 

 
 

This research aimed to identify the suitability of TR-55 in the Whangarei District. Observations and 

inaccuracies of the TR-55 are causing concern among local practitioners and as a result, the critical 

objective of this research requires the assessment of the TR-55 method, comparing it to the results of a 

flood frequency analysis. 

 

Over estimation of total flow may result in increased water surface levels when used for flood analysis, 

causing uneconomic results, however, underestimation would lead to unacceptable risk of flooding to 

the project under consideration. The research did not validate the method in the Whangarei District, 

however it also did not disprove it. The method, as described by United States Department of 

Agriculture (1968) is a simplified method, making assumptions to increase the ease of use, at the cost 

of accuracy. Consideration must be given to the use of the method and desired accuracy. The TR-55 

method was found to overestimate peak discharge by between 152% and 382% within the tested 

watershed, based on the previously stated base flow under peak factors.  
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The assessment was restricted to two watersheds, but also to watersheds greater than 2100ha, limiting 

the results of this research, with unknowns to it behaviour in smaller watershed.  This has resulted in a 

lack of assessment in short duration events which are often critical in watershed of low time of 

concentration, more commonly assessed as part of land development project. High intensity short 

duration events (commonly thunderstorms) are often isolated, not causing widespread damage, but are 

generally critical. 

  



64 
 

 

6.0 Conclusion 
 

 
 

This section outlines the conclusions of this research project, linking the aims and objectives with the 

results, discussion, and practical implications and affirms the key knowledge gaps identified in the 

literature review. This conclusion presents also presented areas of recommended further research. 

 

 

 
 

The Whangarei District Council stipulates the use of TR-55 in hydrological modelling for the design of 

hydraulic structures. TR-55, provided by the United States Department of Agriculture in June 1986 is 

a simplified rainfall runoff model for the Urban Hydrology of small watersheds. A method with long 

historical origins, developed over many decades, being traced back to the 1930s. The early development 

of the method is, however generally unknown with little background publicly available, and the 

development being lost over time. Extensive research exists on the suitability of the method, namely 

the validation of Runoff Curve Numbers, particularly internationally, however little justification or 

validation exists for use on New Zealand watersheds, more specifically in the Whangarei District.  

 

The research project aimed to assess the suitability of the TR-55 method in the Whangarei District. This 

required that the major local soil types are accurately placed in the hydrologic soil groups, the Type IA 

rainfall distribution is reviewed and a flood frequency analysis is completed. To complete these tasks, 

gain an understanding of the TR-55 method and develop the research methodology, a thorough literature 

review was required.  

 

The literature review focused on three key aspects; the particulars of the TR-55 and the parameters 

required, the associated hydrological and hydraulic aspects, and identified any inconsistencies or 

knowledge gaps. As a result of the literature review, the methodology developed enabled a review and 

potential validation of the TR-55 method on Whangarei District watersheds.  

 

The results of this project have provided valuable insight into the use of the TR-55 method in the 

Whangarei District. This project has also provided the author with an advanced understanding of the 

parameters of TR-55, its limitations, suitability and in particular, the accuracy of the simplified method. 

Although a validation was not achieved, the project aims and objectives were achieved. 
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This section will discuss the practical implications of using the TR-55 method in the Whangarei District 

for the estimation of peak discharge. The literature review, results, and discussion from Chapters 2, 4 

and 5 have provided a large insight in the TR-55 method, and conflict with the recommendations of 

WDC (2010) and standard practice of local consultants. This will cover the assessment of fluvial flood 

risk and design of culverts and similar hydraulic structures. 

 

The assessment of flood risk for land development commonly requires the calculation of flood levels 

by first estimating peak watershed discharge at the point of interest. The correct placement of the local 

soils in the hydrologic soil groups has resulted in both the Kerkeri Volcanics and Waipapa Group 

materials being subject to reduced CN values and hence less runoff, reducing the peak estimate total 

flow in a watershed, compared to that recommended by WDC (2010).  

 

The overestimation causes hydraulic structures to be inadvertently designed with an increased level of 

service. This comes at an additional expense, however proportionally insignificant for small structures. 

For large structures (e.g. box culverts and bridges), or those requiring a particular level of service, it is 

recommended that the full SCS method be utilised, with TR-55 perhaps being used for preliminary 

design, or feasibility only. 

 

 

 
 

This project investigated the suitability of the TR-55 method for use on Whangarei District watersheds. 

The various key parameters of TR-55 were explored in detailed, with their respective methods or criteria 

reviewed to allow an accurate validation.  

 

The literature review presented in Chapter 2 provides a detailed background of the TR-55 method and 

defines and reviews all the methods parameters. A further review was made to determine potential 

methods of validation in both New Zealand and internationally. The literature review provided a 

substantial increase in understanding of the TR-55, and provided the basis for the development of the 

methodology. 

 

The results of the investigation and testing identified that the placement of major local soil types by 

WDC (2010) is incorrect, and that the TR-55 method over estimates runoff in the Whangarei District, 
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particularly in events of low annual exceedance probability. An unexpected result of this research was 

the identification of the uncertainties around the estimation of baseflow, particularly in local 

watersheds, where little previous research could be located, let alone anything which quantified suitable 

baseflow factors. 

 

Although the author wished to either validate or disprove the use of the TR-55 method, it was really, 

not that simple. The method may overestimate discharge, however this is far better than 

underestimation. The calculation of parameters and development of routing models is open for 

interpretation where assumption are required. Consequently, this causes a range in which a model is 

considered accurate, with literature suggesting +/- 30% as acceptable. 

 

In conclusion, the TR-55 method is neither validated nor discounted but considered acceptable provided 

a set of limitations are applied to its use, and that the method is known as simplistic and likely to 

overestimate watershed discharge. Although the aim of this research was not achieved, each objective 

was completed, which provided the results detailed here within. 

 

 

 
 

This research project has alerted the author to varying issues and limitations of the TR-55 method. 

Before this project, no validation or assessment had previously been made as to the suitability of the 

TR-55 for use on Whangarei District watersheds. The results of the project could be considered 

inconclusive when considering the aim, however it was found that the method provides a conservative 

overestimation of watershed discharge. This was not the desired result of the research. However, it has 

confirmed the methods used as being acceptable, although not necessarily accurate. To improve the use 

of the method and provide further insight into its suitability, the author makes the following 

recommendations for further research: 

 

• A limited number of infiltration tests were completed as part of this project. The results, 

however, identified the inaccurate suggestions made by WDC (2010), placing major local soil 

types within hydrologic soil groups which would not have been selected based on soil 

description. To provide a greater understanding of the major soil types placement, and place 

other less frequent soil types within the hydrologic soil groups a thorough program of 

infiltration tests is recommended. 

 

• The velocity based time of concentration methods detailed by TR-55 are considered the most 

accurate, however, requiring an extensive watershed inspection to ensure accuracy which is 
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time consuming and often not achievable due to public and practical access limitations. The 

calibration of the empirical methods discussed herein is recommended across a sample of 

Whangarei District watershed. 

 

• The synthetic rainfall distributions provided by TR-55 are dated, and quite clearly are an 

inaccurate representation of rainfall events within the Whangarei District. It is unlikely a single 

design rainfall event will be adequate to provide an accurate estimate of peak discharge, 

consequently, it is recommended that an ensemble of rainfall events is developed to represent 

the varying events which are experienced in the Whangarei District. 

 

• The watershed selection process identified only several watersheds suitable for assessment as 

part of this research project. While compiling a complete list of the Whangarei District gauging 

stations it became clear to the author that many sizeable streams and rivers are monitored. It is 

recommended that discharge of several smaller watersheds be monitored, with one being a 

watershed comprising primarily if not completely of the Kerikeri Volcanic Group material.  

 

• Separation of baseflow from gauged watershed discharge has been subject to extensive research 

internationally, however little is available in the Whangarei District. To provide increased 

accuracy of the method used in this research it is recommend that a review of watershed is 

extended to include the majority of watersheds in the Whangarei District where suitable, and 

beyond into greater Northland.  
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7.0 Recommendations 
 

As a result of this research, a preliminary set of recommendations and limitations have been assembled 

for the use of TR-55 in the Whangarei District. The following recommendations were developed based 

on both the findings of the literature review and the results of this research; 

 

• Site-specific infiltration testing should be undertaken to ensure adequate placement of the soils 

present are correctly placed within the correct hydrologic soil groups. 

 

• Only velocity based methods are used to determine the time of concentration of any given 

watershed. 

 

• The TR-55 method is limited to use for assessment of peak discharge to the determination of 

flood levels or the design of hydrologic structures such as culverts and waterways.  
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ENG4111/4112 Research Project 

Project Specification 
 

 

 

 

For:   Matthew Jacobson  

Title:   Validation of the SCS TR-55 method on Whangarei District Watersheds and Soil Types 
Major:   Civil Engineering 

Supervisor:    Rezaul Chowdhury 

Enrolment:  ENG4111 - EXT S1, 2019 

   ENG4112 – EXT S2,2019 

Project Aim:  To assess the adequacy of, and validate the SCS TR-55 method, particularly the Type 1A 

design storm and the hydrologic soil groups for local soil types in the Whangarei District.  

Programme: Version 3, 16 September 2019 

1. Research existing studies and methods used to assess the adequacy of the SCS method 
 

2. Compile, review, select and inspect watersheds for analysis 
 

3. Undertake Field Investigation and Infiltration Testing 
 

4. Review rainfall and river flow data, select storm events, assess watershed baseflow and undertake 
an Annual Series Flood Frequency Analysis 

 

5. Assess watersheds, determine critical parameters, build hydrological models, analysis of design 
discharge for varying AEP 

 

6. Interpretation of results to undertake sensitivity analysis and validation of results. Determine 
correctness of Type 1A storm, and validation of TR-55 method 

 

7. Design implications to hydraulic structure. 

If time and resources permit: 

8. Recommend updated design storm suitable for Whangarei District  
 



B-1 
 

Appendix B - New Zealand Geotechnical Society Field Guide to Soil 

Description 

  



B-2 
 

 
Figure B-2: NZGS Soil Decision Field Guide
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Appendix C – Frequency Factor KT for Log Pearson 3 Distribution 
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Figure C-1: Frequency Factors KT for Positive Skew Coefficients 
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Figure C-2: Frequency Factors KT for Negative Skew Coefficients 
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Appendix D – Grubbs and Beck (1972) Table II
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Figure D-1: Grubbs and Beck (1972) Table II 
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