
 
 
 

………………… SCHEME 
 
 

Particular Specification 

for 

Contract No. ……………. 
 
 
 
 

Supply and Placement of Rock RipRap 
…………………………. 

 
 
 
 
 
 
 
 

MONTH YEAR 
 



 Supply and Placement of Rock RipRap - [Location] 

 

 

Particular Specification – Contract No. 2009/***** i
Month 2010  
 

Horizons Regional Council 
 

………………………. SCHEME 
 

Particular Specification 
For Supply and Placement of Rock RipRap 

…………………………… 
 
 

Contents 
 
 
1. PREAMBLE 
 1.1 Introduction 
 1.2 Definitions and Abbreviations 
 1.3 Scope of Works 
 1.4 Drawings 
 1.5 Availability of Site 
 1.6 Requirements of the General Specification 
 1.7 Resource Consents 
 
2. GENERAL 
 2.1 Sequence of Work 
 2.2 Construction Constraints 
 2.3 Fencing 
 2.4 River Floods and Flood Warning 
 
3. BANK PREPARATION 
 3.1 Bank Clearance 
 3.2 Bank Shaping 
 3.3 Granular Fill 
 
4. ROCK SUPPLY 
 4.1 Definitions of Symbols 
 4.2 Rock Type 
 4.3 Rock Delivery 
 4.4 Grading 
  4.4.1 Rock Size 
  4.4.2 Grading Tests 
  4.4.3 Explanation of Nominal Mass Concept 
  4.4.4 Calculation of Nominal Mass 
  4.4.5 Initial Quarry Control Samples 
  4.4.6 Grading Tests for Delivered Rock 
  4.4.7 Acceptance Criteria for Grading 
  4.4.8 Elongation 



 Supply and Placement of Rock RipRap - [Location] 

 

 

Particular Specification – Contract No. 2009/***** ii
Month 2010  
 

 4.5 Specific Gravity 
  4.5.1 Specific Gravity Requirements 
  4.5.2 Reference Value for Specific Gravity 
  4.5.3 Specific Gravity Tests 
  4.5.4 Acceptance Criteria for Specific Gravity and Absorption 
 4.6 Soundness 
 4.7 Abrasion 
 4.8 Testing of Rock 
 4.9 Weighting of Rock 
 
5. ROCK LINING PLACEMENT 
 5.1 Definitions 
 5.2 Extent of Works 
 5.3 Rock Supply 
 5.4 Rock Placement 
 5.5 Placement Check 
  5.5.1 Initial 20 m Placement 
  5.5.2 Ongoing 
 5.6 Filter Material 
  5.6.1 Placement 
 
6. MEASUREMENT AND PAYMENT 
 6.1 Preliminary 
  6.1.1 Requirements of the General Specification 
  6.1.2 Pricing of Unspecified Items 
 6.2 General 
  6.2.1 Establishment 
  6.2.2 Site Clearance 
  6.2.3 Reinstatement 
  6.2.4 Dis-establishment 
 6.3 Rock Supply 
  6.3.1 Supply of Rock 
  6.3.2 Preparation and Testing of Initial Quarry Control Samples 
  6.3.3 Testing of Rock 
 6.4 Rock Placement 
  6.4.1 Bank Clearance and Shaping 
  6.4.2 Placement of Rock 
 
 
APPENDICES: 
A Locality Plan 
B Rock Grading Envelopes 
C Flood Warning System 
D Resource Consent Conditions 
 
 



 Supply and Placement of Rock RipRap - [Location] 

 

 

Particular Specification – Contract No. 2009/***** 1
Month 2010  
 

Horizons Regional Council 
 

……………………. SCHEME 
 

Particular Specification 
For Supply and Placement of Rock RipRap 

………………………………. 
 
 
1. PREAMBLE 
 

1.1 Introduction 
 
1.1.1 This Particular Specification shall be read in conjunction with the General 

Conditions of Contract, the General Specification, and Drawings. 
 
1.1.2 The General Specification shall apply except where specifically excluded or 

amended by the Particular Specification. 
 
1.1.3 This Particular Specification describes the scope of the Contract Works, sets 

out various restrictions, obligations and technical requirements to be met by 
the Contractor for this particular Contract. 

 
1.1.4 All clauses referred to in the Particular Specification shall mean clauses in this 

document unless stated otherwise. 
 
1.2 Definitions and Abbreviations 
 

TLB True Left Bank - the left bank of the river looking in the 
direction of the flow, that is, in a downstream direction. 

 
TRB True Right Bank - the right bank of the river looking in 

the direction of the flow, that is, in a downstream 
direction. 

 
Existing Channel The existing channel of the …………….. River at the 

Site, being the main flow channel of the river, made up 
of the low flow water area and gravel beaches. 

 
1.3 Scope of Works 
 
1.3.1 The site is located on the right bank of the ……………. River at …………..  

River distance ….. km. 
 
1.3.2 The Contract Works principally comprise: 
 

a. The quarrying of Greywacke or a suitable alternative rock from a 
suitable source (the quarry). 
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b. The grading and sorting of the rock to meet the quality and grading 

standards detailed in this Specification. 
 
c. The transport of the rock from the source to the delivery Site detailed 

in this Specification. 
 
d. The recordings and measurements of the rock for payment and total 

supply measurement purposes. 
 
e. The testing of the supplied rock in accordance with the Specification. 
 
f. The stripping of bank vegetation and its removal from the site and the 

re-establishment of a uniform berm alongside the rock lining and on 
the rock stockpile area. 

 
g. The supply and placement of granular material to form the batters. 
 
h. The shaping of the bank and placement of a filter layer of crushed 

gravel or rock. 
 
i. The placement of supplied rock along the bank to form an interlocking 

mass. 
 

 The scope of works is fully detailed in the Specification, Drawings and other 
documents forming part of the Contract. 
 

1.4 Drawings 
 
1.4.1 The following drawings will be issued for the construction of the Contract 

Works: 
 
Drawing Sheet 1: …………………… 
 …………………… 
 
Drawing Sheet 2: …………………… 
 …………………… 
 
Drawing Sheet 3: …………………… 
 …………………… 
 
Drawing Sheet 4: …………………… 
 …………………… 

 
Drawing Sheet 5: …………………… 
 …………………… 

 
 
1.5 Availability of Site and Access 
 
1.5.1 The Site for the Contract Works is shown on the Drawings. 
 
1.5.2 The Site for delivery of rock is shown on the Drawings. 
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1.5.3 The Contractor shall have possession of the Site from: 
 
 The date of acceptance of the Tender 
 
 and shall vacate the Site by: 
 
 [Type in numeric and words]…………  weeks following the Date of 

Acceptance of the Tender subject to the provisions of Clause 10.2 of the 
General Conditions of Contract. 

 
1.5.4 Access to the Site shall be restricted to ……………………..  The Contractor 

shall follow the access specified and not vary from this route unless approved 
by the Engineer.  Speed limits shall be restricted to 30 km per hour on 
……………….. and 20 km per hour on the farm races and tracks. 

 
1.6 Requirements of the General Specification 
 
 The requirements of the General Specification shall apply to the Contract 

except as modified below: 
 

a. With respect to Clause 3.3.5 of the General Specification only the 
programme referred to in subitem i. is required to be provided. 

 
b. With respect to Clause 1.14.2 of the General Specification, the 

Contractor shall prepare a Traffic Management Plan in respect of rock 
cartage. 

 
1.7 Resource Consents 
 
 With respect to clause 1.8.2 of the General Specification the Principal has 

obtained Resource Consents for the execution of the Contract Works.  These 
are included in Appendix D.  The Contractor shall obtain any additional 
Resource Consents necessary as a consequence of his selected method of 
work. 

 
2. GENERAL 

 
 2.1 Sequence of Work 
 

2.1.1 Once work has commenced, the Contractor shall carry out the works 
continuously, and as expeditiously as possible.  Work shall generally proceed in 
sequence, starting at the downstream end and finishing at the upstream end, 
unless the Engineer gives written approval for an alternative sequence. 

 
2.1.2 The sequence of work shall be as follows: 
 

a. Site clearance. 
 
b. Strip vegetation from the channel bank and cart to designated 

stockpile. 
 
c. Remove or cut off protruding logs where they would interfere with the 

rock lining. 
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d. Bench and cut and fill batters to shape. 
 
e. Supply and place the supplied graded filter material on the batters. 
 
f. Supply the graded rock from the quarry. 
 
g. Place the graded rock on the filter material. 
 
h. Re-establish fences. 
 
i. Reinstatement. 

 
2.2 Construction Constraints 
 
2.2.1 The Contractor shall carry out the works in a prudent manner and shall make 

every practical endeavour to minimise threats to works under constructions 
and to existing protection works in particular. 

 
a. The Contractor shall provide a programme of works to the Engineer 

that makes it clear how the works are to be carried out in a sequence 
that minimises erosion risk to the works during construction.  Work 
shall not commence until the Engineer has approved the programme.  
If such approval is given: 

 
i. the excavations shall only be carried out during settled weather 

when the chance of high river flows are minimal; and 
 
ii. the work shall be carried out in short lengths (50 m) to ensure 

that the minimum length of channel bank is exposed to high 
water levels when cleared of vegetation. 

 
iii. No work on Items 4.1, 4.2 and 4.3 shall commence until a 

backup stockpile of 1,000 Tonne of graded 250 kg rock has 
been established at the site. 

 
2.2.2 The site as handed over to the Contractor is to be maintained in good order.  

All tree vegetation not along the bank over the actual rock lining length itself, 
is to be maintained without damage, unless its removal is specifically directed 
by the Engineer. 

 
The Contractor shall remain within the defined work area and designated 
access ways, keeping clear of the stopbank and managing the works to 
minimise any adverse effects on the adjacent property owners. 

 
2.2.3 Reinstatement 
 
 On completion of the works, the site is to be left in a tidy condition.  The berm 

land of the work area is to be left free of rock and any gravel mounds, and re-
formed as necessary to re-establish the uniform surface existing at the 
commencement of the Contract.  All vehicle rutting is to be levelled and bare 
ground areas disced, resown with a suitable grass mixture and levelled. 
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 All rubbish and vegetation debris, as well as plant, equipment and other work 
materials required for the construction of the works, or resulting directly or 
indirectly from the construction of the works, shall be removed off site.  Any 
damage to fences, gates and access roads, that is not fair wear and tear, shall 
be made good. 

 
 The riverbed shall be left free of extraneous rocks and mounds of gravel. 
 
2.3 Fencing 
 
2.3.1 The removal of existing fences within the Site and on the boundary of the Site 

where required to facilitate execution of the Contract Works, will be carried out 
by the Contractor. 

 
2.3.2 The Contractor will also provide all permanent replacement fencing upon the 

completion of work in any given area. 
 
2.3.3 In accordance with Clause 2.3.1 of the General Specification the Contractor 

shall provide all temporary fencing necessary to secure the Site. 
 
 In particular open trenches shall be adequately fenced at all times, except in the 

immediate location of work in progress, while that work is being carried out.  No 
excavation shall be left unfenced when unattended by the Contractor’s staff, or 
during hours of darkness. 

 
2.3.4 The Contractor shall not cut, lower, dismantle or otherwise interfere with any 

existing fence on the Site without the express permission of the Engineer and 
where necessary the consent of affected property owners. 

 
2.4 Signage 
 
2.4.1 The Contractor shall be responsible for the supply and the erection of safety 

and danger signage warning the public of the dangers associated with the 
activity. 

 
2.4.2 The Principal will supply information signage describing the Contract works.  

The Contractor shall erect any information boards supplied by the Principal. 
 
2.5 River Floods and Flood Warning 
 
2.5.1 Information on flood flows along the lower Manawatu River, and flood warning 

procedures for the river, is contained in Appendix C of the Particular 
Specification.  Detailed historical information about river flood flows and levels, 
and the duration of flood and low flows will be made available by the Engineer 
upon request by the Contractor. 
 

2.5.2 The Engineer will provide the Contractor with flood warning advice as 
described in Appendix C. 

 
 The provision of flood warnings and the requirements of the Particular 

Specification shall not in any way absolve the Contractor of his responsibilities 
for the security of his plant and equipment, and for the safety of his staff and 
of the public. 
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2.5.3 The Contractor shall make his own arrangements directly with the 

Meteorological Service of New Zealand Ltd to obtain heavy rain warnings 
throughout the duration of the Contract. 

 
2.5.4 The Contractor shall make himself familiar with the flood risk at the Site.  

During any flood event the Contractor shall take all reasonable precautions to 
maintain the integrity of Contract Works, protect plant, machinery and other 
assets, and ensure the safety of all personnel on the Site. 

 
3. BANK PREPARATION FOR ROCKWORK 

 
3.1 Bank Clearance 
 
 All existing tree vegetation along the riverbank over the length of the lining is 

to be cleared away.  This vegetation is to be removed from the site and 
stockpiled on the berm land at the site.  Silts cut from the batter slope shall be 
stockpiled on the berm land and spread, harrowed and grass seeded as part 
of the restoration. 

 
3.2 Bank Shaping 
 
 Following the removal of the bank vegetation, the design bank formation 

shown on the drawings shall be confirmed or amended by the Engineer, and 
the river bank along the lining length shall then be shaped to this formation. 

 
 Logs and timber projecting out from the formation line shall be removed if it is 

practicable to do so, or else they shall be cut off leaving no projection beyond 
the batter face. 

 
 The batter face for the lining is to be maintained at the required slope prior to 

the placement of lining materials.  Any under or over cutting must be made 
good before the filter material is placed.  Practical limitations on the shaping 
and maintenance of the design batter under water will be accepted at the 
discretion of the Engineer. 

 
 Material used for filling and shaping the batter under water and up to the water 

level shall be graded filter material.  Material used to fill and shape the batter 
from the water level to the finished design level of the rock shall be graded 
filter material. 

 
 Concrete rubble along the bank may be left in place if the Engineer is satisfied 

as to its stability.  Pieces of rubble, which are elongated or slab shaped shall 
be re-orientated, at the direction of the Engineer, so that their long dimension 
is approximately horizontal and parallel to the bank.  The widest flat surface 
shall be close to horizontal, but shall slope slightly inwards towards the bank. 

 
 Voids in between pieces of concrete rubble shall be filled with the filter 

material, as directed by the Engineer, using the material specified in 
Section 5.6. 

 
 All fine material and surface debris is to be carted to waste, as directed by the 

Engineer. 
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3.3 Granular Fill 
 
 The drawings show an area where granular fill is to be placed.  The area is 

designated at “Zone A”.  Zone A is between the existing riverbank and the 250 
kg rock.  The material is to be hard granular material of a size comparable 
with river run or larger. 

 
 
4. ROCK SUPPLY 
 
 4.1 Definitions of Symbols 
 

For the purposes of this Contract the following symbols will have the 
meanings given: 

 
M Means mass of individual rock, in kilograms. 
 
M50 Means 50% of the rocks by weight have a nominal mass 

greater than or equal to this mass. 
 
M* Means the nominal mass of individual rock, in kilograms.  

Nominal mass is calculated from linear dimensions as 
described below, rather than by weighing. 

 
250 kg Rock Means rock having an M50 or 250 kg and conforming to the 

grading envelope for 250 kg Rock in Appendix B of the 
Particular Specification. 

 
D    Means nominal diameter of individual rock, determined by 

measuring the three opposing (and generally orthogonal) 
dimensions - as suits the rock shape - and dividing their sum 
by three, in metres. 

 
D50   Means 50% of the rocks by weight have an equivalent 

spherical diameter greater than or equal to this diameter, in 
metres.  “Equivalent spherical diameter” is the diameter of a 
sphere having the same volume as a D50 rock.  The term is 
illustrative, and is not part of the acceptance criteria. 

 
ρ  Means average specific gravity of the rock (based on the 

specific gravity reference test, of Section 4.4.2), in kg/m3. 
 
k  Means the shape factor, which is a measure of how rounded, 

angular or elongated the rocks are on average. 
 
Note: Every rock is taken as having the same 'k' value for the purpose of 

calculating gradings.  The nominal mass calculated using this 'k' factor 
is used only for calculating gradings.  Payment for rock supplied will be 
on the basis of measured mass as set out in Section 6 of this 
Specification.  ‘k’ does not form a direct part of the acceptance criteria. 
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4.2 Rock Type 
 

4.2.1 The Contract provides for the supply of greywacke rock with a specific gravity 
of 2.60 with grading envelopes specified.  An alternative rock type or rock of a 
different density or specific gravity to that specified in this Specification may 
be considered.  All rock supplied for this Contract shall be of the same 
type. 

 
4.2.2 All rock supplied shall have a uniform denseness. 
 
 The rock shall be sound and durable, be resistant to abrasion and free from 

cracks, seams and other defects that would tend to increase unduly the 
likelihood of destruction of individual rocks by normal handling or weathering. 

 
 Unsound material or fine materials unavoidably contained in a load will be 

accepted provided such material does not make up more than 1% of any 
delivery load. 

 
 The rock shall be angular, with broken faces over at least two thirds of the 

rock surface. 

 The rock shall have minimal weathering, being rock within grades I and II of 
the weathering term for the field description of rock, given in the 1988 
guidelines of the NZ Geomechanics Society. 

 
 4.3 Rock Delivery 
 

Rock shall be delivered to the Site, after being weighed in accordance with 
Clause 4.9, and stockpiled with due care and deposited in separate stockpiles 
for each delivered load.   
 
Each load shall be given a unique individual identification, for subsequent 
matching with delivery records.  The identification characters (letters or 
numbers) shall be marked on a clean surface of a large rock in the pile, using 
a water resistant marking paint. 
 
Each load shall be well graded. 
 
The Contractor shall maintain a supply record of loads delivered, giving the 
load identifier, the mass of the load and its position on the Site.   
 
Any rock that is rejected by the Engineer as not satisfying the requirements of 
the Contract shall be removed from the Site by the Contractor within 
14 working days of an instruction from the Engineer. 

 
 4.4 Grading 
 
 4.4.1 Rock Size 
 

Rock shall be supplied as specified in the following sizes, depending on rock 
type. 
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Rock Class 250 kg Rock 

M50 250 kg 

D50 
(indicative) 

620 mm 

 
The rock supplied shall comply with the grading envelope for the appropriate 
rock type as set out in Appendix B of the Particular Specification. 

 
 4.4.2 Grading Tests 
 

Grading tests shall be undertaken by measuring individual rocks, converting 
measured dimensions to a nominal rock mass, and from the calculated 
nominal masses drawing up a cumulative % by mass passed grading curve.  
The grading curve so obtained shall then be compared to the grading 
envelopes given in Appendix B of the Particular Specification. 
 
All individual rocks in the sample shall be measured.   
 

4.4.3 Explanation of “Nominal Mass” concept 
 
In order to determine whether the grading requirements of Appendix B of the 
Particular Specification are satisfied, it is necessary to know the mass of each 
rock in the load being tested for grading.  To avoid having to weigh each rock 
Clause 4.4.4 sets out a procedure which uses linear measurements to 
calculate a “nominal mass” (M*) for each rock. 
 
The nominal mass is an approximation which will sometimes differ a little from 
the true mass for individual rocks, but the discrepancy will be acceptable for 
the purpose of testing compliance with grading requirements. 
 
The formula  “M* = kρD3” calculates the nominal mass, using the nominal 
diameter “D”, the specific gravity ρ, and the shape factor “k”. 
 
The nominal diameter “D” of a rock is found by measuring three mutually 
perpendicular dimensions of the rock, eg. length, width and thickness.  The 
average of these three measurements is the nominal diameter. 
 
The specific gravity ρ is obtained according to Clause 4.5.2. 
 
The shape factor “k” is a measure of how rounded, and also how elongated 
the rock is.  As an example, a sphere and a cube with the same nominal 
diameter would have different shape factors, and hence different weights.  For 
a cube the shape factor k = 1, and for a sphere k = 0.52.  The more elongated 
rocks will have smaller “k” values than the less elongated rocks. 
 
“k” is also smaller if measurements are taken from point to point rather than 
from face to face.  It is recommended that point to point measurements be 
used because then it is easier to keep measurements consistent.  Either 
method may be chosen for the first test, but thereafter the same method 
should always be used. 
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At the commencement of the Contract, “k” is calculated from the initial sample 
in the quarry, using the formulae in Clause 4.4.4 b.  This will give an average 
value of “k” for the entire sample.  The value of “k” thus obtained shall be 
applied to all subsequent nominal mass calculations unless otherwise directed 
by the Engineer. 
 

4.4.4 Calculation of Nominal Mass 
 
 The mass of measured individual rocks for the purposes of sample grading 

shall be calculated using the following formula: 
 

  M* = kρD3  
 

The shape factor k shall be determined as part of the grading of the initial 
quarry sample (referred to in Clause 4.4.5) for each Rock Size and for each 
type of rock to be supplied, using the following procedure: 

 
a. The initial sample formed at the quarry or quarries in accordance with 

Clause 4.4.5, shall be weighed, on an approved weighbridge as 
described in Section 4.9, prior to any adjustment by adding or 
removing rocks.  This gives the total mass of the unadjusted sample.   

 
b. The initial sample shall then be used to determine the appropriate 

shape factor 'k'.  The nominal diameter D shall be measured for all 
rocks. Then using the total mass of the unadjusted samples, and the 
appropriate average specific gravity ρ (based on the specific gravity 
Reference Value - Clause 4.5.2), ‘k’ shall be calculated using the 
following formulae: 
 

k  =                        Total Mass of the Sample                     
ρ x [Sum of (D3) for all the Rocks in the Sample] 

 
c. If the total nominal mass of the initial sample has to be adjusted by 

more than 20% to meet the grading requirements, the rocks added or 
removed shall be weighed, and 'k' re-calculated. 

 
The Contractor should note that the shape factor 'k' shall be calculated in the 
above manner for the sample that is required to be formed in accordance with 
Clause 4.4.5.  The ‘k’ factor shall also be calculated whenever grading tests 
are carried out under Section 4.4.6. 
 
The Contractor shall propose for the Engineer’s approval the shape factor ‘k’ 
to be applied for the rock type, Rock Size and supplying quarry, as may be 
applicable. 

 
 4.4.5 Initial Quarry Control Samples 
 

Prior to the commencement of deliveries of rock to the Site, a sample 
stockpile shall be formed at the rock supply quarry.  The sample size shall be 
not less than 25 tonnes. 
 
The sample shall be weighed on an approved weighbridge in accordance with 
Clause 4.9.  The grading of the stockpile shall be determined as specified in 
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Clause 4.4.2.  The stockpiles shall be adjusted by the addition or removal of 
rock until the gradings lies within the specified envelope and is of a uniformity 
acceptable to the Engineer. 
 
The stockpile shall act as a control and reference sample for rock supply 
under the Contract and shall be retained throughout the supply period.  The 
Contractor may deliver this rock as the final rock supplied. 
 

4.4.6 Grading Tests for Delivered Rock 
 
 When instructed by the Engineer grading tests shall be carried out on rock 

delivered to the Site.  Sample sizes shall be in accordance with Clause 4.4.5. 
 
 4.4.7 Acceptance Criteria for Grading 
 

The grading of the rock in the Contract Works will be acceptable if the 
following criteria are satisfied: 
 
i. the M50 of the sample lies within the required grading envelope; 
ii.  no more than 5% of the sample is of undersize rock [outside the lower 

bound of the grading envelope]; 
iii. no more than 10% of the sample is of oversize rock [outside the upper 

bound]; and 
iv. no rocks shall have a nominal mass outside the following limits (in 

kilograms): 
 

Type of Rock 
Greywacke 

Minimum 
Nominal Mass 

Maximum 
Nominal Mass 

250 kg 20 kg 1,750 kg 

 
Any sample of delivered rock will be taken to be representative of the rock 
supplied over the same period as that of the sample, up to a quantity of 
10 times that of the sample.  If the sample grading does not comply, the 
Engineer may reject a quantity of rock of up to 10 times the sample size.   
 
Grading tests shall be carried out within two days of the instruction given to 
test.  If the test is not carried out within the two days and the test result is 
unsatisfactory, the Engineer may reject all rock placed since the instruction to 
test was issued. 
 
The Contractor may adjust the grading of any rejected rock until it complies.  
All further grading tests required to determine compliance shall be at the 
Contractor’s expense. 

 
 4.4.8 Elongation 
 

The ratio of the longest to the smallest dimension of individual rocks 
[elongation ratio] generally shall be less than 2 to 1, with no more than 5% 
having an elongation ratio of greater than 3 to 1, and no rocks having a ratio 
greater than 5 to 1. 
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4.5 Specific Gravity 
 
4.5.1 Specific Gravity Requirements 
 

Greywacke rock shall have an average specific gravity of not less than 2.60 
over three consecutive tests.  The specific gravity of any rock sample shall be 
not less than 2.55. 
 

 4.5.2 Reference Value for Specific Gravity 
 

At the commencement of the Contract a suitable sample shall be collected 
from the quarry in accordance with Clause 4.4.5 to test for specific gravity (dry 
basis) in accordance with Clause 12 of NZS 3111.  Absorption shall be 
determined as part of the test.  The sample shall be made up of material from 
at least 10 different individual rocks, to be representative of the quarry rock. 
 
The specific gravity determined shall be the Reference Value to be used in the 
determination of nominal rock mass.  The Reference Value shall be equal to 
or greater than the specific gravity offered by the Contractor in his Tender as 
the specific gravity of the rock to be supplied under the Contract. 

 
 4.5.3 Specific Gravity Tests 
 

When instructed by the Engineer, further specific gravity tests shall be carried 
out on material samples collected in the same manner as for the initial quarry 
sample and obtained from rock grading samples or rock stockpiles at the Site.  
Absorption shall be determined as part of these tests. 

 
 4.5.4 Acceptance Criteria for Specific Gravity and Absorption 
 

If the specific gravity of a sample of rock is below the Reference Value a 
quantity of rock up to 250 tonne, may be rejected by the Engineer in the same 
way as for rock grading tests.  Any adjustment of the rejected rock and re-
testing for compliance will be at the Contractor’s expense.   
 
Rock of insufficient density, as measured by the specific gravity test, will not 
be accepted. 
 
Water absorption for Greywacke rock shall be less than 2%.   
 

 4.6 Soundness 
 

4.6.1 The standard for soundness shall be the sodium sulphate test for coarse 
aggregate, using 5 cycles, in accordance with ASTM C88-76, or equivalent 
magnesium sulphate test.  For samples of representative material taken from 
at least 10 different individual rocks the averaged weight loss shall be less 
than 7% for greywacke. 

 
4.6.2 The Contractor shall undertake a soundness test at the commencement of the 

Contract and further tests shall be undertaken when directed by the Engineer. 
 
4.6.3 The Engineer will reject any rock found to have a soundness loss greater than 

7% for Greywacke. 
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4.7 Abrasion 
 

The standard for abrasion shall be the Los Angeles abrasion resistance test 
ASTM C535-81(1987).  For any samples of representative material taken from 
at least 10 different individual rocks the weight loss after 500 revolutions shall 
be less than 20% for greywacke. 
 
An abrasion tests shall be carried out at the commencement of the Contract 
and when directed by the Engineer. 

 
 4.8 Testing of Rock 
 

Unless otherwise approved by the Engineer all quality tests shall be carried 
out by a laboratory that is TELARC registered and shall be paid for either at 
the appropriate rate in the Schedule of Prices or will be deemed to be 
included in the rates for other items of work. 
 
The Contractor shall supply copies of the test results and appropriate 
certificates etc to the Engineer promptly following completion of the testing. 

 
 4.9 Weighing of Rock 
 

4.9.1 All rock supplied under this Contract shall be weighed on an approved 
weighbridge. 

 
4.9.2 Each vehicle to be used for delivery of rock shall be given an identification that 

clearly identifies the vehicle at a distance of 50 m.  This information shall be 
provided to the Engineer. 

 
4.9.3 The Contractor shall be responsible for obtaining properly authorised 

weighbridge dockets and shall supply a copy of the dockets to the Engineer 
on a daily basis. 
 
The Contractor shall nominate the weighbridge to be used for the Contract. 
 
The weighbridge shall meet the following requirements: 

 
a. Have a current Certificate of Accuracy issued by an Accredited person 

in terms of the requirements of Regulation 15F of the Weights and 
Measures Regulations 1987. 

 
b. Have a capacity, location and docket issue system suitable for the 

purposes of the Contract. 
 

Weighbridge dockets shall clearly indicate the date and time of issue, the 
delivery truck (company name and number or other clear identification), gross 
weight and net load weight. 
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4.9.4 The Engineer shall be entitled at no additional cost to the Contract to divert 
any of the Contractor's delivery vehicles, to a weighbridge nominated by the 
Engineer, to check both the load mass and the tare weight of the vehicles.  
Any under weight load may be rejected in full. 

 
5. ROCK LINING PLACEMENT 
 

5.1 Definitions 
 
 M Means mass of individual rock, in kilograms. 
 
 D Means nominal diameter of individual rock, in metres. 
 
 D50 Means 50% of the rocks by weight shall have a nominal 

diameter greater than or equal to this diameter. 
 
M50 Means 50% of the rocks by weight have a nominal mass 

greater than or equal to this mass. 
 
250 kg Rock Means rock having an M50 of 250 kg and conforming to the 

grading envelope for 250 kg Rock in Appendix B of the 
Particular Specification. 

 
5.2 Extent of Works 
 
 This Contract includes the placement of rock along the bank of the Manawatu 

River, as specified here and shown on the drawings. 
 
 A filter material of crushed rock is to be placed onto the shaped bank over the 

full height of the rock lining, with the rock placed in front as a well formed 
interlocking lining. 

 
5.3 Rock Supply 
 
 Rock shall be delivered to the work site in graded loads suitable for placing 

directly into the lining.  Provided the loads have been accepted by the 
Engineer – the rock may be placed directly.  Otherwise the rock shall be 
stockpiled as individual loads at the stockpile area as shown on the Drawings.  
The Contractor is to allow for delivery to either the placement working area or 
the stockpile area in the Schedule Placement rate. 

 
 The rock grading specified in the rock supply is given by the grading 

envelopes of Appendix B.  Any load (or about 10 tonne) meets the 
specification if the D50 of the sample lies within the required grading envelope, 
no more than 5% of the sample is of undersize rock (outside the lower bound 
of the grading envelope), and no more than 10% of the sample is of oversize 
rock (outside the upper bound). 

 
 In placing the rock the Contractor shall maintain this grading throughout the 

lining by placing the rock load by load, and in a manner that ensures a graded 
mixture of smaller to larger rocks. 
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 Two or three loads may be combined at the placement site, provided the rock 
grading is maintained in the lining, and the completed placement of the 
combined loads is clearly identifiable.  Each load pile in the stockpile area 
must be brought to the placement site as a whole, with the placement 
operator aware of the rocks constituting each loads. 

 
5.4 Rock Placement 
 
 The rock shall be placed as specified herein for all parts of the lining above 

the water surface, and as far as can be reasonably ascertained below the 
water level.  Underwater the operator shall place, move and rearrange the 
rock to achieve the best possible arrangement of the rock consistent with this 
specification.  The amount of rock placed per unit of length along the lining 
shall be controlled as stated below. 

 
 The rock shall be carefully placed by hydraulic excavator to form an 

interlocking mass with a minimum of voids.  The rocks are not to be dropped 
from a height, but placed, and worked into a tightly fitting mass.  Larger and 
smaller rocks are to be interspersed to form a well graded mass of rocks 
throughout the lining. 

 
 Elongated rocks are to be placed with their long dimension approximately 

horizontal, and preferably dipped slightly inward.  Rocks must have at least a 
3 point bearing on underlying rocks, without including the bearing on small 
void filling rocks. 

 
 As far as practical the rock lining should be formed over its full thickness for 

any given section of the lining, that is, with full thickness lifts as the lining is 
built up. 

 
 Any reworking of the placed rock should be kept to a minimum, as this tends 

to increase the amount of voids.  Some readjustment of surface rocks will be 
necessary to ensure the interlocking of the surface rocks, and minimise rock 
instability.  A final surface adjustment is to be undertaken manually (by 
crowbar or equivalent) to stabilise rocks that would wobble when walked on by 
members of the public.  Particular attention shall be paid to this, as unstable 
rocks could present a safety hazard. 

 
 The outer face of the lining shall have a generally uniform surface with no 

significant protrusions.  Individual (larger) rocks shall not protrude beyond the 
general surface face by more than a quarter of the D50 dimension, and there 
shall be no significant bulging along the lining surface. 

 
 The rock shall be placed in accordance with the alignment, batter slope and 

thickness given in the drawings.  The rock placed will be measured by load 
mass, and the mass per unit length of the lining specified on the plans shall be 
met to within 10% of the specification, for any given 30 m length of lining. 

 
 The load mass will be that of the tally sheets of the rock supply contract.  The 

Contractor shall maintain a placement record, identifying all loads placed in 
terms of the lining set out line distances, as shown on the drawings. 
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 The record shall be adequate to enable the mass placed per unit length to be 
calculated for every 30 m length of the lining, following completion of any such 
length 

 
5.5 Placement Check 
 
5.5.1 Initial 30 m Placement 
 
 The rock is to be first placed along a 30 m length, as approved by the 

Engineer, to the full height of the lining, and the placed rock is to be surveyed 
for conformity to the lining dimensions. 

 
 The mass placed is to be determined from the load tally sheets and the placed 

mass compared to the specification requirement (of tonnes per lineal metre).  
Minor adjustments may then be made by the Engineer to the mass to be 
placed per lineal metre given in the specification drawings. 

 
 Based on the experience gained from this first 30 m of rock placement, the 

Contractor shall prepare a written statement on the rock placement process 
that will then be adopted and followed for the remainder of the contract, 
including the method to be used to determine the mass placed along the 
lining.  The Contractor’s management of the process must assist the Engineer 
with monitoring progress on a daily basis.   

 
The process shall be agreed with the Engineer and the statement approved 
by the Engineer.  Any major adjustment to the initial 30 m placement shall be 
at no additional cost to the Contractor. 

 
 No further rock is to be placed until the Engineer has approved the initial 30 m 

placement of rock and the Contractor’s method statement. 
 
5.5.2 Ongoing 
 
 The Contractor shall allow for ongoing inspection on request by the Engineer 

of the rock placement work and completed lengths of lining.  As far as 
practical, the full surface face of completed lengths of lining should be visible 
for the inspection by the Engineer to certify acceptance.  Any major 
adjustments outside of the initial placement shall be an additional cost to the 
Contractor. 

 
 The Engineer will approve completed lengths of lining by signing the relevant 

sections of the Contractor’s placement record. 
 
5.6 Filter Material 
 
5.6.1 Placement 
 
 A filter material of crushed rock shall be placed between the shaped bank and 

lining rock as shown on the drawings. 
 
 The material shall be placed first against the bank, with a minimum thickness 

of 0.5 m (perpendicular to the bank), and the rock of the lining shall then be 
placed against this filter material.  The face of the filter material shall be 
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formed to the 1.5 to 1 design batter slope in advance of rock placement, with 
material placed under water placed as carefully as possible, to this batter 
slope. 

 
 

6. MEASUREMENT AND PAYMENT 
 

6.1 Preliminary 
 
6.1.1 Requirements of the General Specification 

 
The Contractor shall include in Item 1.3.i of the Schedule of Prices for all costs 
associated with compliance with the Resource Consent Conditions set out in 
Appendix D of the Particular Specification unless such costs have been 
included in the rates for other items. 
 

6.1.2 Pricing of Unspecified Items 
 
The Contractor shall include in Item 1.4 of the Schedule of Prices the costs of 
any obligation under the Contract that is not separately itemised in the Items 
in the Schedule of Prices, that is essential for the proper completion of the 
Contract and that the Contractor wishes to price separately.  Any obligations 
under the Contract not specifically priced by the Contractor in the Schedule of 
Prices will be deemed to be included in the rates for other items of work. 
 

6.2 General 
 

6.2.1 Establishment 
 
Item 2.1 shall include but not necessarily be limited to the transport of plant to 
Site, formation of access tracks, establishment of storage areas, setting up in 
position of all plant, provision of any site accommodation and site services 
and the provision of site fencing. 
 

6.2.2 Site Clearance 
 
The Contractor shall allow in Item 2.2 for any site clearance necessary for the 
proper execution of the Contract Works.  Payment for clearing will be on a 
lump sum basis.  The amount shall be in full compensation for removal of all 
obstacles including but not limited to trees, plantings and debris and uplifting, 
carting and dumping as necessary to facilitate the execution of the Contract 
Works. 
 
The Contractor shall also allow in Item 2.2 for the dismantling of fencing 
necessary to carry out the Contract Works. 
 

6.2.3 Reinstatement 
 
The Contractor shall allow in Item 2.3 for all costs to tidy the Site upon 
completion of the works including the removal of rubbish and debris that is not 
permitted to be disposed of onsite and the repair of any damage to fencing, 
stopbanks, access tracks and other structures arising from the Contractor’s 
operations. 
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6.2.4 Dis-establishment 

 
Item 2.4 shall allow for all costs for the removal of all plant, temporary 
accesses, accommodation, services, site fencing and other Establishment 
works from the Site. 

 
6.3 Rock Supply 

 
6.3.1 Supply of Rock  

 
Item 3.1 shall allow for all costs associated with the quarrying, transporting, 
weighing, unloading and stockpiling on Site of rock in the sizes and of the type 
specified. 
 
Measurement for rock supply will be based on weighbridge records of mass in 
tonnes of rock supplied.  The records shall be approved by the Engineer at 
the time of delivery of the rock to Site.  The Contractor shall submit copies of 
these records with the claims for progress payments. 
 
Rock that is rejected by the Engineer as not complying with the requirements 
of the Contract shall be removed from the Site at the Contractor’s expense. 
 

6.3.2 Preparation and Testing of Initial Quarry Control Samples 
 
Item 3.2 shall allow for all costs of preparing the initial quarry control samples 
including the initial grading and quality tests for specific gravity, absorption, 
abrasion and soundness and determination of the shape factor. 
 
Payment will be made following acceptance of the control samples by the 
Engineer as satisfying the requirements of the Contract. 
 

6.3.3 Testing of Rock 
 
Items 3.3, 3.4 and 3.5 shall allow for all costs of undertaking the testing 
including but not limited to labour and plant for the collecting of samples, 
delivery, storage, measurement, testing and reporting of results. 
 

Payment will be made following the provision of test results to the Engineer 
which confirm compliance with the Contract. 

 
6.4 Rock Placement 

 
6.4.1 Bank Clearance and Shaping 

 
Item 4.1 is a lump sum which allows for all the costs of constructing and 
maintaining a working bench or platform to facilitate the construction of the 
rock lining. 
 
Item 4.2 allows for all removal and disposal of bank vegetation on the batters 
down to the foundation level of the lining, preparatory to placement of the 
graded filter and rock lining.   
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Item 4.3 allows for the cutting and filling of batters and stockpiling of silts. 
 
Item 4.4 allows for the supply and placement of Zone A material to fill and 
shape the batters prior to graded filter and rock placement. 
 
Item 4.5 contains two provisional sums to cover the removal of logs, and the 
removal or restacking of concrete rubble.  The provisional sums shall be paid 
only for work authorised by the Engineer, and shall be calculated according to 
the rates in the dayworks schedule. 
 

6.4.2 Placement of Rock 
 
Items 4.6 and 4.7 shall allow for all costs of placing the graded filter layer and 
all costs of placing the rock, including any reworking of the placed rock.  
These items include any on-site transporting and stockpiling of rock, and 
include the keeping of placement records.  Item 4.8 shall allow for loading and 
carting of rock from the backup stockpile. 
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1.  MANAWATU RIVER FLOOD WARNING SYSTEM 
 
1.1 General 

 
The Manawatu River rises in the Tararua and Ruahine Ranges on both sides of the 
main divide, with the highest points in the catchment being about 1,700 m above sea 
level.  The catchment area of the river upstream of Palmerston North is about 
4,000 km2.  The river has a gravel bed at Palmerston North, and the floodplain 
consists mostly of gravel covered by various depths of silt and sand, with further 
layers of silt and sand at depth.  From Opiki Bridge to the sea, the riverbed consists of 
sand and silt. 
 
The discharge in the river (flow in cubic metres per second) has in the past varied 
between the maximum known flood of 4,000 m3/sec in 1880, and the lowest recorded 
flow of 8.8 m3/sec in 1928.  Low flows are usually between 20 and 50 m3/sec during 
summer, and between 40 and 100 m3/sec during winter.  At about 800 m3/sec the 
river starts to flow out of the channel in places, and onto the floodplain.  Flood 
warnings are issued to some affected parties when a discharge of 900 m3/sec is 
reached at Palmerston North.  During a dry year no such warnings need to be issued, 
and during a wet year between 5 and 8 warnings are issued.  Further warnings are 
issued from 1,200 m3/sec.  Table 6 presents all known occurrences of floods larger 
than 1,200 m3/sec. 
 

1.2 The Flood Warning System 
 
Horizons Regional Council operates river level recording installations on the 
Manawatu River and its major tributaries.  The purpose of the recorders is 
 
a. to provide a continuous record of river levels for hydrological analysis, and 
 
b. to provide advance warning of impending flood events 
 
A rise in river level at any of the recorder sites is followed by a rise in river level at 
Palmerston North some time later, as the flood wave travels down the river.  Tables 1 
and 2 give indicative times of travel for floodwaves between recorder sites and 
Palmerston North.  The times are useful for most floods and freshes larger than 
250 m3/sec.  Travel times for smaller freshes are generally longer and less 
predictable. 
 
Council staff and the public receive automated notification of rising river levels by 
phone from equipment located at many of the primary and secondary river level 
recording sites.  In some cases the warning is issued directly from the river level 
recording site, and in other cases the information is telemetered via the radio network 
to the Council’s Palmerston North office and warnings are issued by equipment 
located at that office.  In most cases Council has the ability to change alarm levels 
and also the phone lists associated with each alarm. 

 



 

 

1.3 Primary Recording Sites 
 
Primary telemetered recording installations are installed near the downstream end of 
all major subcatchments.  River level information from primary sites is transmitted to 
the Council’s Palmerston North office via a dedicated radio network.  Information is 
also generally available in the form of an automated telephone message.  The site 
locations are shown on Figure 1.  Table 1 lists the primary sites in the Manawatu 
catchment, and gives flood wave travel times. 
 
Council Hydrology staff are able to use the Mai’s Reach and Upper Gorge sites to 
provide predictions of floods at Palmerston North 4 hours in advance.  For floods 
greater than about 800 m3/sec such predictions are generally accurate to within 10% 
for discharge, and 200 mm for river level.  Unusual circumstances can increase these 
errors. 
 
Predictions from the sites upstream of Upper Gorge provide more warning time, but 
are less accurate due to the difficulty of estimating inflows from minor tributaries. 
 
 
Table 1:    Primary recorder locations and flood wave travel times. 
 

River Site Location 

Flood Wave Travel Time to 
Palmerston North (hours) 

(Approx.) 

Manawatu River Teachers College (PN)  

Manawatu River Upper Gorge 4 
Pohangina River Mai’s Reach 4 

*Mangahao River  Balance 6½ 
*Mangatainoka River  Suspension Bridge 7 
*Tiraumea River Ngaturi 8 
*Upper Manawatu River Hopelands 7 

* Sites upstream of  Upper Gorge  

 
 

1.4 Secondary Recording Sites 
 
Secondary recording sites are installed in the mid-catchment of all major 
subcatchments except the Tiraumea.  Their purpose is to improve the early prediction 
of impending flood events and also to provide a flood warning facility for residents 
within each catchment.  Site locations are shown on Figure 2, and Table 2 lists the 
secondary sites and gives flood wave travel times.  Operation of the secondary sites 
is currently via the telephone network which is less reliable than the radio network 
during storm events 



 

 

Table 2:    Secondary recorder locations and flood wave travel times. 
 

River Site Location 

Flood Wave Travel Time To 
Palmerston North (hours) 

(Approx.) 

Mangahao River  Kakariki 9 

Mangatainoka River  Larson’s Road Bridge 13 

Makakahi River Hamua 9 

Upper Manawatu River  Weber Road 12 

Pohangina River Piri Piri 7 

 
 

1.5 Rainfall Recording Sites 
 
Horizons Regional Council also operates a number of telemetered automatic rainfall 
recording sites which are generally located in the upper catchments. These 
installations provide an early indication of potential flooding and the likely duration of 
flood events as well as providing an input into a rainfall/runoff model. At present the 
only access is via the radio network.  The site locations are shown on Figure 3.  
Access to rainfall information is described in Section 2.6. 

 
 
2. ISSUING OF FLOOD WARNINGS TO THE CONTRACTOR 
 
2.1 General 

 
The network of Council operated recorders of rainfall and river levels is very 
extensive, as are the quantities and types of information that the network can supply.  
Information to be supplied to the Contractor is therefore not set out here in detail 
because it is not practical to do so.  The Contractor shall arrange to meet with the 
Principal at the commencement of the Contract to discuss his requirements for river 
information. 
 
All reasonable requests for information will be met at no cost to the Contractor 
providing that no new installations of equipment are required, and provided that the 
Principal has sufficient staff resources to meet such requests. 
 

2.2 River levels likely to be of concern to the Contractor   
 

The Contractor will need to make his own decision as to how high the river can rise at 
the site before he expects that placement of rock would become impossible.  The 
Principal will then be able to give advice on the frequency of occurrence of these river 
levels, and arrangements can be made in accordance with Section 2.1. 
 
The Contractor may also want to know when the river is likely to cover the berm, 
which is the flat area between the river channel and the stopbank.  This will start to 
occur approximately four to five hours after the river at Palmerston North reaches a 
level between 3.6 and 3.9 m.  The lower level will apply if there is a large flood in the 
Oroua River, and the higher level will apply if the flow in the Oroua Rver is small. 
 



 

 

Floods able to cover the berm at the site are less common in the months December 
to May inclusive, and more common June to November.  In the past 19 years there 
have been 13 such floods in the December to May period, and 39 floods in the June 
to November period.  Table 6 gives the month and year of all known floods with a 
discharge greater than 1,200 m3 per second, which corresponds to 4.9 m at 
Palmerston North.  Such a flood would flood the berm at the site to a depth of over a 
metre. 

 
2.3 Information Obtainable by Telephoning Recorder Sites 
 

The Contractor will be given telephone numbers which when rung will give automated 
messages stating the river levels at the primary recorder sites.  The Principal will give 
the Contractor some general guidance on the interpretation of river level information. 
 

2.4 Information Provided Automatically by Recorder Sites 
 
Some recorders are equipped to ring a list of telephone numbers when the river at the 
site reaches a predetermined level, and to give automatic notification that the river 
level has been reached.  The Contractor will be able to make an arrangement with the 
Principal to be included on such lists, and in some cases to select the level at which 
the notification will be telephoned out. 
 

2.5 Rainfall Information 
 
Rainfall information is at present available only by radio transmission from recorder 
sites to the Palmerston North Office.  Telephone queries about rainfall will be 
answered during normal office hours.  If enquiries outside office hours are likely to be 
made, prior arrangements for this should be made with the Principal. 
 

2.6 Historical Information 
 
The Contractor can gain an appreciation of the range and likelihood of different river 
flows by inspecting past records.  Figures 4 and 5 show the river discharges during 
1992, which had a very wet summer and autumn, and 1994 that had a dry summer 
and autumn.  Similar records can be produced for other years.  Figures 6 and 7 show 
river levels for those years. 
 
Data can be presented in other forms besides graphs of discharge against time.  
Table 3 sets out the number of days per month that river flows were below 100 
m3/sec during the months January to May inclusive, for the years 1991 to 1995, 
inclusive.  Similar tables for other discharges and times can be provided. 
 
 
Table 3:    Number of days with river flows less than 100 m3/sec. 
 

 Jan Feb Mar Apr May 

1991 26 23 25 13 18 
1992 26 16 21 25 23 
1993 23 17 28 22 20 
1994 28 28 31 26 9 
1995 30 26 26 15 18 

 



 

 

 
 Figures 6 and 7 show river levels at the PN Teacher’s College Recorder for 1992 and 

1994.  The left hand side Y-axis gives the level in the same datum as the voice 
message obtained over the telephone.  The right hand side Y-axis gives the level 
above mean sea level, which is the datum used for the drawings. 

 
 
3. HISTORICAL OCCURRENCE OF FLOODS LARGER THAN 1,200 m3 

 
River levels at Palmerston North have been recorded automatically since 1929, and 
between 1902 and 1929 river levels were recorded manually on a regular basis, with 
particular attention paid to flood peaks.  Reasonably reliable flood information also 
exists for the large floods in 1880 and 1897. 
 
Table 6 sets out a summary of this information.  It presents all floods larger than 
1,200 m3/sec according to their month of occurrence.  One pair of columns ranks the 
floods firstly by month and then in decreasing order of discharge.  The other pair of 
columns ranks the floods firstly by month and then by year, starting with the most 
recent. 
 
The Contractor is advised to make a careful study of this table.  Particular attention is 
drawn to the records for summer months.  There is no month free of floods, but the 
months December to April inclusive have the fewest floods. 
 
 



 

 

Table 6:    Floods greater than 1,200 cumecs, Historical plus 1902 to October 2000, inclusive. 
 

 Sorted by Sorted by   Sorted by Sorted by 
 Discharge Year   Discharge Year 
MONTH Discharge Year Discharge Year MONTH  Discharge Year Discharge Year 

JAN  3176 1953 1534 1967 MAY  3340 1907 1492 1981 
JAN  1534 1967 3176 1953 MAY   2605 1941 2019 1971 
JAN  1346 1930 1346 1930 MAY   2019 1971 1567 1959 
JAN 1218 1922 1218 1922 MAY   1728 1948 1244 1958 
     MAY   1672 1935 1728 1948 
FEB  2165 1936 1562 1992 MAY   1613 1929 2605 1941 
FEB  1694 1967 1694 1967 MAY  1589 1923 1672 1935 
FEB  1562 1992 1280 1955 MAY   1567 1959 1613 1929 
FEB  1280 1955 2165 1936 MAY  1554 1917 1589 1923 
     MAY   1492 1981 1554 1917 
MAR 3980 1880 1383 1972 MAY  1249 1904 3340 1907 
MAR  2744 1965 2744 1965 MAY   1244 1958 1249 1904 
MAR 1399 1907 1399 1907       
MAR  1383 1972 3980 1880 JUN  3800 1902 1307 1998 
     JUN  2165 1917 1215 1982 
APR 3333 1897 1280 2000 JUN   2312 1976 2312 1976 
APR  2404 1980 2205 1991 JUN   2185 1947 1316 1957 
APR  2205 1991 2404 1980 JUN   1711 1936 1280 1956 
APR  1387 1938 1387 1938 JUN   1351 1943 2185 1947 
 1280 2000 3333 1897 JUN   1316 1957 1351 1943 
     JUN   1307 1997 1711 1936 
     JUN  1280 1956 1230 1927 
     JUN  1261 1919 1261 1919 
     JUN   1250 1905 2165 1917 
     JUN   1230 1927 1250 1905 
     JUN  1215 1982 3800 1902 



 

 

Table 6:    Floods greater than 1,200 cumecs, Historical plus 1902 to October 2000, inclusive (continued). 
 

 Sorted by Sorted by   Sorted by Sorted by 
 Discharge Year   Discharge Year 
MONTH Discharge Year Discharge Year MONTH  Discharge Year Discharge Year 

JUL  2830 1992 1243 1994 AUG  2016 1949 1452 1988 
JUL 2613 1906 2830 1992 AUG  1980 1921 1319 1986 
JUL  2513 1956 1253 1988 AUG  1788 1916 1268 1986 
JUL  2157 1985 2157 1985 AUG  1788 1917 1320 1979 
JUL  2041 1926 1421 1974 AUG   1718 1932 1338 1975 
JUL  1920 1925 1326 1974 AUG   1613 1961 1252 1971 
JUL  1834 1942 2513 1956 AUG   1596 1939 1571 1965 
JUL  1683 1950 1553 1955 AUG   1584 1947 1613 1961 
JUL  1553 1955 1683 1950 AUG   1571 1965 2016 1949 
JUL 1548 1908 1446 1943 AUG   1465 1946 1584 1947 
JUL 1548 1911 1834 1942 AUG   1452 1988 1465 1946 
JUL 1548 1912 1246 1935 AUG  1396 1909 1215 1945 
JUL  1446 1943 2041 1926 AUG   1338 1975 1596 1939 
JUL  1421 1974 1920 1925 AUG   1328 1930 1211 1935 
JUL  1326 1974 1261 1921 AUG   1320 1979 1718 1932 
JUL 1261 1921 1548 1912 AUG   1319 1986 1328 1930 
JUL  1253 1988 1548 1911 AUG   1268 1986 1266 1930 
JUL 1249 1910 1249 1910 AUG   1266 1930 1980 1921 
JUL  1246 1935 1548 1908 AUG   1252 1971 1788 1917 
JUL  1243 1994 2613 1906 AUG   1215 1945 1788 1916 
     AUG   1211 1935 1396 1909 

 



 

 

Table 6:    Floods greater than 1,200 cumecs, Historical plus 1902 to October 2000, inclusive (continued) 
 

 Sorted by Sorted by   Sorted by Sorted by 
 Discharge Year   Discharge Year 
MONTH Discharge Year Discharge Year MONTH  Discharge Year Discharge Year 

SEP  2190 1988 2190 1988 NOV  2058 1924 1571 1999 
SEP  1872 1961 1258 1986 NOV   1926 1928 1261 1994 
SEP  1669 1961 1272 1981 NOV  1921 1920 1206 1994 
SEP 1548 1907 1538 1979 NOV  1556 1915 1253 1938 
SEP  1538 1979 1389 1976 NOV  1571 1999 1926 1928 
SEP  1389 1976 1872 1961 NOV  1261 1919 2058 1924 
SEP 1347 1919 1669 1961 NOV   1261 1994 1921 1920 
SEP  1305 1943 1305 1943 NOV   1253 1938 1261 1919 
SEP  1272 1981 1347 1919 NOV   1206 1994 1556 1915 
SEP  1258 1986 1548 1907       
     DEC  1546 1913 1242 1968 
OCT 2064 1913 1539 2000 DEC  1261 1920 1261 1920 
OCT  2165 1964 1303 2000 DEC   1242 1968 1546 1913 
OCT 2033 1904 1411 2000       
OCT  1984 1956 1588 1998       
OCT 1980 1919 1240 1996       
OCT  1966 1945 1741 1992       
OCT  1741 1992 1347 1988       
OCT 1588 1921 2165 1964       
OCT  1588 1998 1984 1956       
 1539 2000 1215 1953       
OCT  1506 1928 1966 1945       
 1411 2000 1506 1928       
OCT  1407 1926 1407 1926       
OCT 1347 1988 1588 1921       
 1303 2000 1235 1920       
OCT 1261 1918 1980 1919       
OCT  1240 1996 1261 1918       
OCT 1235 1920 2064 1913       
OCT 1215 1953 2033 1904       
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